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'HILQLQJ� �%LRGLYHUVLW\��� $VVHVVLQJ� %LRGLYHUVLW\��

���,QWURGXFWLRQ�

7KH� QHRORJLVP� 
ELRGLYHUVLW\
� ZDV� FRLQHG� E\�:DOWHU� *�� 5RVHQ� DW� VRPH�

SRLQW�GXULQJ�WKH�RUJDQL]DWLRQ�RI�WKH������� 6HSWHPEHU�������1DWLRQDO�
)RUXP� RQ�%LR'LYHUVLW\�� KHOG� LQ�:DVKLQJWRQ�� '�&��� XQGHU� WKH�DXVSLFHV� RI�

WKH�8�6�� 1DWLRQDO� $FDGHP\� RI�6FLHQFHV� DQG� WKH�6PLWKVRQLDQ� ,QVWLWXWLRQ���

7KH� QHZ� WHUP�ZDV� LQWHQGHG� DV� QRWKLQJ�PRUH� WKDQ�D� VKRUWKDQG� IRU��ELR�

ORJLFDO� GLYHUVLW\�� IRU�XVH� LQ�LQWHUQDO�SDSHUZRUN� GXULQJ� WKH�RUJDQL]DWLRQ� RI�

WKDW�IRUXP��+RZHYHU�� IURP� LWV�YHU\�ELUWK� LW�VKRZHG� FRQVLGHUDEOH� SURPLVH�
RI�WUDQVFHQGLQJ�LWV�KXPEOH�RULJLQV��%\� WKH�WLPH�WKH�SURFHHGLQJV�RI�WKH�
IRUXP�ZHUH� SXEOLVKHG� �:LOVRQ� ������� 5RVHQ
V� QHRORJLVP"WKRXJK� WHP�

SRUDULO\�PXWDWHG� DV� 
%LR'LYHUVLW\
"KDG� HOLPLQDWHG� DOO�ULYDOV� WR�HPHUJH� DV�

WKH�WLWOH�RI�WKH�ERRN��7KH�:DVKLQJWRQ�IRUXP�ZDV�KHOG�RQO\�VKRUWO\�DIWHU�
WKH�IRXQGLQJ�RI�WKH�8�6�� 6RFLHW\�IRU�&RQVHUYDWLRQ�%LRORJ\�LQ������ZKLFK��
VRFLRORJLFDOO\�� PDUNHG� WKH� IRUPDWLRQ� RI� D� QHZ� LQWHU�GLVFLSOLQDU\� ILHOG�

GHGLFDWHG� WR�WKH�FRQVHUYDWLRQ� RI�ELRORJLFDO� GLYHUVLW\��7KDW� FRQIHUHQFH� ZDV�

DOPRVW� LPPHGLDWHO\� IROORZHG� E\� WKH�SXEOLFDWLRQ� RI�0LFKDHO� (�� 6RXO"
V�

������� PDQLIHVWR� IRU�WKH�QHZ� GLVFLSOLQH�� �:KDW� ,V�&RQVHUYDWLRQ� %LRORJ\"��
ZKLFK��E\�EHLQJ�SXEOLVKHG�LQ�%LRVFLHQFH�� WKH�MRXUQDO�ZLWK�WKH�ZLGHVW�
JHQHUDO� ELRORJLFDO� UHDGHUVKLS� LQ�WKH�8�6��� HQVXUHG� DQ� LPPHGLDWH� KLJK� YLV�

LELOLW\�IRU�WKH�HPHUJLQJ�GLVFLSOLQH��:LWKLQ�HFRORJ\��'DQLHO�+��-DQ]HQ
V��������
H[KRUWDWLRQ� WR� WURSLFDO� HFRORJLVWV� WR� XQGHUWDNH� WKH� SROLWLFDO� DFWLYLVP�

QHFHVVDU\� IRU�FRQVHUYDWLRQ� IRUWXLWRXVO\� DSSHDUHG� LQ�������$� VRFLRORJLFDO�

O\�V\QHUJLVWLF� LQWHUDFWLRQ� EHWZHHQ� WKH�XVH� RI� 
ELRGLYHUVLW\
� DQG� WKH�JURZWK�
RI�FRQVHUYDWLRQ� ELRORJ\� DV� D�GLVFLSOLQH� RFFXUUHG� DQG� LW�OHG� WR�WKH�UH�FRQILJ�
XUDWLRQ� RI�HQYLURQPHQWDO� VWXGLHV� WKDW�ZH� VHH� WRGD\��ELRGLYHUVLW\� FRQVHUYDWLRQ�

KDV� HPHUJHG� DV� WKH�FHQWUDO� IRFXV� RI�HQYLURQPHQWDO� FRQFHUQ��

7KH� WHUP�
ELRGLYHUVLW\
�LPPHGLDWHO\�IRXQG�ZLGH�XVH�IROORZLQJ�LWV�
LQYHQWLRQ��$V� 7DNDFV� KDV� SRLQWHG� RXW�� �,Q� ������ELRGLYHUVLW\� GLG�QRW�DSSHDU�
DV� D� NH\ZRUG� LQ�%LRORJLFDO� $EVWUDFWV�� DQG� ELRORJLFDO� GLYHUVLW\� DSSHDUHG�

�'HILQLQJ� �%LRGLYHUVLW\���$VVHVVLQJ� %LRGLYHUVLW\�� E\�6DKRWUD� 6DUNDU��
7KH�0RQLVW�� YRO�� ����QR�� ���SS�� ��������� &RS\ULJKW�"� ������7+(� 021,67�� 3HUX�� ,OOLQRLV��������
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RQFH��,Q�������ELRGLYHUVLW\�DSSHDUHG����WLPHV��DQG�ELRORJLFDO�GLYHUVLW\����
WLPHV���������S������ LWDOLFV�DV�LQ�WKH�RULJLQDO���7KH�ILUVW�MRXUQDO�ZLWK��ELR�
GLYHUVLW\��LQ�LWV�WLWOH��&DQDGLDQ�%LRGLYHUVLW\��DSSHDUHG�LQ�������D�VHFRQG��
7URSLFDO�%LRGLYHUVLW\��DSSHDUHG�LQ�������%LRGLYHUVLW\�/HWWHUV�DQG�*OREDO�
%LRGLYHUVLW\� IROORZHG� LQ� ������0HDQZKLOH� FRQVHUYDWLRQ� ELRORJ\� DV� WKH�

VFLHQFH�ZLWK�WKH�H[SOLFLW�JRDO�RI�FRQVHUYLQJ�ELRGLYHUVLW\�HPHUJHG�DV�D�

KLJKO\�YLVLEOH�HQWHUSULVH�ZLWK�FRQVLGHUDEOH�SROLWLFDO�DSSHDO�LQ�(XURSH�DQG�
QHR�(XURSH��� 3ULPDFN� ������� SXEOLVKHG� WKH�ILUVW�WH[WERRN� RI�FRQVHUYDWLRQ�

ELRORJ\�LQ�������0HIIH�DQG�&DUUROO��������IROORZHG�ZLWK�WKHLU�FRPSUH�
KHQVLYH� VXUYH\� LQ��������

1HYHUWKHOHVV�� WKH�WHUP� 
ELRGLYHUVLW\
� KDV� UHPDLQHG� UHPDUNDEO\� YDJXH�
DQG� LWV�PHDVXUHPHQW� HTXDOO\� FDSULFLRXV�� ,V� DOOHOLF� GLYHUVLW\� SDUW� RI�ELRGL�

YHUVLW\"�2U�RQO\�VSHFLHV"�:KDW� DERXW�LQGLYLGXDO�GLIIHUHQFHV"�'R�ZH�KDYH�
WR�ZRUU\� DERXW� FRPPXQLW\� VWUXFWXUH"� ,V� WKH�QXPEHU� RI� VSHFLHV� WKH�DSSUR�

SULDWH�PHDVXUH"� 'R� ZH� KDYH� WR�WDNH�UDULW\�DQG� FRPPRQDOLW\� LQWR�DFFRXQW"�
2U� VKRXOG�ZH� ZRUU\� DERXW� GLIIHUHQFHV� EHWZHHQ� SODFHV"� %RWK� WKH�SUREOHPV�
RI�GHILQLWLRQ� DQG�PHDVXUHPHQW� DUH�ZLGHO\� DFNQRZOHGJHG� DPRQJ� FRQVHU�

YDWLRQ� ELRORJLVWV�� WKRXJK�SUHFLRXV� OLWWOH�LV�GRQH� DERXW� WKHP��7KH� SXUSRVH�
RI� WKLV�SDSHU� LV�DQ� LQLWLDO� DWWHPSW� WR�DGG� HQRXJK� SUHFLVLRQ� WR�WKH�FRQFHSW�
RI� ELRGLYHUVLW\� WR�PDNH� LWV� RUGLQDO�� LI�QRW� TXDQWLWDWLYH�� DVVHVVPHQW�

SODXVLEOH�� 7KLV� LV�GRQH� E\� UHWXUQLQJ� WKH�GLVFXVVLRQ� RI�ZKDW� ELRGLYHUVLW\�
PHDQV� IURP� WKH�DEVWUDFW� VSDFH� LQ�ZKLFK� LW�XVXDOO\� RFFXUV� WR� WKH�GHILQLWH�

KLVWRULFDOO\� FRQWLQJHQW� FRQWH[W� LQ�ZKLFK� WKH�WHUP�HPHUJHG�� 
ELRGLYHUVLW\
�
PXVW� EH� DQDO\]HG� LQ�WKH�FRQWH[W� RI�FRQVHUYDWLRQ� ELRORJ\� DQG�ZKDW� LW��DV� D�

JRDO�RULHQWHG� HQWHUSULVH� WKDW�SUHVFULEHV� SROLFLHV�� PXVW� DFFRPSOLVK� DV� LW�

WULHV�WR�FRQVHUYH� ELRGLYHUVLW\��
3XW�EOXQWO\��WKH�SRVLWLRQ�WKDW�WKLV�SDSHU�ZLOO�DUJXH�IRU�LV�WKDW�ELRGL�

YHUVLW\�LV�WR�EH� �LPSOLFLWO\���GHILQHG�DV�ZKDW� LV�EHLQJ�FRQVHUYHG�E\�WKH�
SUDFWLFH� RI�FRQVHUYDWLRQ� ELRORJ\�� +HUH�� RQH� GLVWLQFWLRQ� ZLOO� EH� FULWLFDO�� DQG�
D�PHGLFDO� DQDORJ\�ZLOO�KHOS�PDNH� WKDW�GLVWLQFWLRQ��7KH�DQDORJ\�EHWZHHQ�
FRQVHUYDWLRQ� ELRORJ\� DQG�PHGLFLQH� LV�GHHS� DQG� JHQHUDOO\� UHFRJQL]HG���
%RWK� DUH�JRDO�RULHQWHG� HQWHUSULVHV� DQG� ERWK� HPERG\� QRUPV� WKDW�DUH� VWUXF�

WXUDOO\�VR�VLPLODU�WKDW�LW�VHHPV�QDWXUDO�WR�VSHDN�RI�HFRV\VWHP�KHDOWK��WKH�
PDLQWHQDQFH� RI�ZKLFK� LV�D�FHQWUDO� WDVN�RI�FRQVHUYDWLRQ� ELRORJ\�� %RWK�PXVW�

RSHUDWH� ZLWK� ZKDWHYHU� WRROV� DUH� DYDLODEOH�� GHYHORS� VWUDWHJLHV� WR�FRPSHQ�
VDWH� IRU�XQFHUWDLQ� GDWD� DQG�� TXLWH� RIWHQ�� XQWHVWHG�PRGHOV�� )LQDOO\�� MXVW� DV�

PHGLFLQH� PXVW� DGMXVW� WR� WKH� LGLRV\QFUDFLHV� RI� LQGLYLGXDO� ERGLHV�� FRQVHU�
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YDWLRQ� ELRORJ\� PXVW� DGMXVW� WR� WKH�SHFXOLDULWLHV� RI� SODFHV�� 7KLV� PDNHV�

PHGLFLQH� GLIIHUHQW� IURP�� VD\�� SK\VLRORJ\�� DQG� FRQVHUYDWLRQ� ELRORJ\�
GLIIHUHQW�IURP�HFRORJ\��7KRVH� WZR�ODWWHU�GLVFLSOLQHV�WU\�WR�REH\�WKH�LPSHU�
DWLYH� RI� JHQHUDOL]DWLRQ� WKDW�FRQYHQWLRQDOO\� PDUNV� JRRG� VFLHQFH� �WKRXJK�
QRW� QHFHVVDULO\� DOZD\V� ZLWK� VXFFHVV�� HVSHFLDOO\� LQ�WKH�FDVH� RI�HFRORJ\����
0HGLFLQH� DQG� FRQVHUYDWLRQ� ELRORJ\� DUH� FRQVWUDLQHG� IURP� IROORZLQJ� WKDW�

LPSHUDWLYH� RYHU� HYHU\WKLQJ� HOVH�� WKH\�PXVW� HQVXUH� WKDW�WKH�SHFXOLDU� LQGL�

YLGXDO� HQWLW\� WKDW�WKH\�DUH� WUHDWLQJ�VXUYLYHV� HYHQ� LI�SURFHGXUHV� XQLTXH� WR�LW�

KDYH� WR�EH� FUDIWHG�� 7KH� PHGLFDO� DQDORJ� RI� �ELRGLYHUVLW\�� LV� �KHDOWK���

HTXDOO\�GLIILFXOW�WR�GHILQH�H[SOLFLWO\��EXW� LPSOLFLWO\�HPEHGGHG� LQ�WKH�

SUDFWLFH� RI�JRRG�PHGLFLQH��

,Q�WKH�PHGLFDO� FRQWH[W�LW�LV�VWUDLJKWIRUZDUG�WR�PDNH� D�GLVWLQFWLRQ��
WKRXJK� LW�PD\� ZHOO� RQO\� EH� D�PDWWHU� RI�GHJUHH�� EHWZHHQ� DPHOLRUDWLYH� DQG�

SUHYHQWLYH� PHGLFLQH�� 7KH� IRUPHU�VHHNV� WR�FRUUHFW�SUREOHPV� DIWHU�WKH\�ULVH��
WKH�ODWWHU�DLPV� WR�SUHYHQW� WKHP�WKURXJK�DGHTXDWH� SUHFDXWLRQDU\� PHDVXUHV��

YDFFLQDWLRQV�� SURSHU� GLHW�� DQG� VR�RQ��:KDW� KDSSHQV� LQ�DQ�HPHUJHQF\� URRP�

LV� DQ� H[WUHPH� FDVH� RI� DPHOLRUDWLYH� PHGLFLQH�� :H� SUDFWLFH� FRQVHUYDWLRQ�

ELRORJ\
V� DQDORJ� RI�DPHOLRUDWLYH� PHGLFLQH� ZKHQ�� IRU�LQVWDQFH��ZH� DOORZ� D�

VSHFLHV� WR�IDOO� LQWR�GHFOLQH� DQG� WKHQ�PDNH� DWWHPSWV� DW� LWV�UHFXSHUDWLRQ�� ,I�
ZH� LQWHUYHQH� RQO\�ZKHQ� LW�KDV� UHJUHVVHG� WR�WKH�EULQN�RI�H[WLQFWLRQ"DV�� IRU�

LQVWDQFH�� LQ� WKH�8QLWHG� 6WDWHV�� ZKHQ� ZH� XVXDOO\� LQYRNH� WKH�(QGDQJHUHG�

6SHFLHV� $FW��ZH� DUH� LQ�WKH�HPHUJHQF\� URRP��%ULQJLQJ� D�FULWLFDOO\�HQGDQJHUHG�

VSHFLHV� EDFN� IURP� WKH�EULQN� RI�H[WLQFWLRQ� LV�FHUWDLQO\� SDUW�RI�PDLQWDLQLQJ�
ELRGLYHUVLW\�� MXVW� DV� VXFFHVV� LQ�WKH�HPHUJHQF\� URRP� LV�SDUW�RI�PDLQWDLQLQJ�
KHDOWK�� %XW� MXVW� DV� D� GHILQLWLRQ� RI�KHDOWK�ZRXOG� EH� VNHZHG� LI�ZH� ZHUH� WR�

UHO\� VROHO\� RQ� WKH�PHDVXUHV� ZH� WDNH� LQ�HPHUJHQF\� URRPV�� RU�HYHQ� �PRUH�

JHQHUDOO\�� RQ� DPHOLRUDWLYH� PHGLFLQH�� FRQFHQWUDWLQJ� RQ�HQGDQJHUHG� VSHFLHV�
�RU�RWKHU�HQWLWLHV�RQ�WKH�EULQN�RI�H[WLQFWLRQ��ZLOO�VNHZ�RXU�GHILQLWLRQ�RI�ELR�
GLYHUVLW\��

,QVWHDG�� ZH� VKRXOG� IRFXV� RQ� WKH�SUHYHQWLYH� SDUW� RI� FRQVHUYDWLRQ�

ELRORJ\��� 6LQFH� WKH�WDVN�RI�FRQVHUYDWLRQ� ELRORJ\� LV�WR�FRQVHUYH� ELRGLYHUVL�

W\��FRQVHUYDWLRQ� VKRXOG� EH� SUDFWLFHG� HYHQ� EHIRUH� SRSXODWLRQ� GHFOLQHV� RU�

RWKHU�LQGLFDWRUV�RI�HFRORJLFDO�WURXEOH�KDYH�DSSHDUHG��)URP�WKLV�SRLQW�RI�
YLHZ�� GHYLVLQJ� SUHYHQWLYH� SURFHGXUHV� LV� WKH�FHQWUDO� WDVN�RI� FRQVHUYDWLRQ�

ELRORJ\��%XW�KRZ�LV�WKLV�WR�EH�DFKLHYHG"�2YHU�WKH�ODVW�ILYH�\HDUV�D�XQLILHG�
DQG� FRPSUHKHQVLYH� IUDPHZRUN� IRU�WKLV�WDVN�KDV� HPHUJHG� WKRXJK"WR� WKH�

EHVW�RI�P\�NQRZOHGJH"LW�KDV�QHYHU�EHHQ�IXOO\�DQG�H[SOLFLWO\�SUHVHQWHG�
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EHIRUH��7KH�PDMRU�SLHFHV�KDYH�EHHQ�GHYHORSHG�LQ�$XVWUDOLD�DQG�WKH�8QLWHG�
6WDWHV�� WKRXJK� FRQWULEXWLRQV� KDYH� DOVR� FRPH� IURP�,QGLD�� 6RXWK�$IULFD�� DQG�
WKH�8QLWHG�.LQJGRP��DQG��TXLWH�SRVVLEO\��RWKHU�SODFHV���7KH�EDVLF�VORJDQ��
DQG� WKLV� LV�DV� \HW�Q"�PRUH� WKDQ�D� VORJDQ�� LV�WKH��DGDSWLYH� PDQDJHPHQW� RI�

ODQGVFDSHV���
7KH� DFWXDO� IUDPHZRUN� WKDW�KDV� EHHQ� GHYHORSHG� LV�RQH� IRU�WKH�SULRULWL�

]DWLRQ� RI�SODFHV� IRU�ELRGLYHUVLW\� YDOXH�� DQG� WKH�IRUPXODWLRQ� RI�PDQDJHPHQW�

SURFHGXUHV�IRU�WKH�ORQJ�WHUP��LQ�SULQFLSOH��LQILQLWH��VXUYLYDO�RI�WKH�ELRORJ�
LFDO�XQLWV�RI�LQWHUHVW��7KH� HQWLUH�SURFHVV�LV�VXSSRVHG�WR�EH�SHULRGLFDOO\�
LWHUDWHG� EHFDXVH� VSHFLHV� �RU� RWKHU� XQLWV�� PD\� KDYH� EHFRPH� H[WLQFW"RU�
KDYH� UHFRYHUHG� IURP�SUREOHPV"LQ� WKH�LQWHULP��WKHUHE\�FKDQJLQJ� WKH�ELR�

GLYHUVLW\� YDOXH� RI� D� SODFH�� RU� EHFDXVH� PDQDJHPHQW� SUDFWLFHV� PD\� KDYH�
WXUQHG�RXW� WR�EH� LQHIIHFWLYH��7KLV� LV�WKH�RQO\� VHQVH� LQ�ZKLFK� WKH�SURFHVV� LV�

VXSSRVHG� WR�EH� DGDSWLYH�� +RZHYHU�� WKH�IUDPHZRUN� LV�VR�QHZ"LW� LV�\HW� WR�
EH� IXOO\� LPSOHPHQWHG� DQ\ZKHUH"WKDW� ZH� KDYH� QR� LGHD�ZKHWKHU� WKLV�UH�

TXLUHPHQW� RI�EHLQJ� DGDSWLYH� ZLOO� QHFHVVLWDWH� DQ\�FKDQJH� LQ�WKH�IUDPHZRUN�
DV� LW�LV�FXUUHQWO\�XQGHUVWRRG�� $W� SUHVHQW� �DGDSWLYH� PDQDJHPHQW�� LV�RQO\� D�

VORJDQ� HPERG\LQJ� D� WDQWDOL]LQJ� SURPLVVRU\� QRWH�� +RZHYHU�� DW� OHDVW� WKH�
EDVLF� SULRULWL]DWLRQ�PDQDJHPHQW� IUDPHZRUN� FDQ� EH� H[SOLFLWO\� DUWLFXODWHG��

%XW�� EHIRUH� ,� WXUQ�WR�WKDW��D� IHZ�SRLQWV� DERXW� �SODFH�� QHHG� WR�EH� QRWHG��
7DON� RI� �SODFH�� WDNHV�XV� LQWR� LQWXLWLYHO\� WULYLDO�EXW�� VWUDQJHO\�� SKLOR�

VRSKLFDOO\� UHODWLYHO\� XQFKDUWHG� WHUULWRU\��$� SODFH� LV�JHRJUDSKLFDOO\� URRWHG�
DQG� ORVHV� LWV�VHQVH� RI�SODFH� H[DFWO\� DV� LW�LV�JHQHUDOL]HG� DERXW�� D�SODFH� LV�D�

VSHFLILF� UHJLRQ� RQ�(DUWK
V� VXUIDFH� ILOOHG�ZLWK� WKH�SDUWLFXODU� UHVXOWV�RI� LWV�LQ�
GLYLGXDO� KLVWRU\��7R� JHQHUDOL]H� DERXW� D� SODFH� LQYROYHV� DEVWUDFWLRQ� IURP�
WKHVH�SDUWLFXODUV�� WKH�PRUH� ZH� DEVWUDFW�� WKH�PRUH� ZH� ORVH� WKH�SHFXOLDULWLHV�
WKDW�PDGH� LW�WKDW�SODFH�� %XW� SODFHV"SUHFLVH� ELRJHRJUDSKLF� ORFDWLRQV"DUH�
ZKDW� PDWWHU� IRU� FRQVHUYDWLRQ�� WKH\� DORQH� UHWDLQ� WKH�KHWHURJHQHLW\� WKDW�

SURYLGHV�WKH�LQWXLWLRQ�IRU�ELRGLYHUVLW\��$� SUHIHUHQFH�IRU�D�SODFH� LV�QRW�
PHUHO\� D� SUHIHUHQFH� IRU�DQ� HFRV\VWHP� RU� HYHQ� D� KDELWDW����ERWK� RI�ZKLFK�
DUH� VXSSRVHG� WR� DGPLW� DEVWUDFW� FKDUDFWHUL]DWLRQ�� WKH� VDPH� KDELWDW� DW�

GLIIHUHQW�SODFHV� PD\� KROG� D�GLIIHUHQW�FRPSOHPHQW� RI�JHQHV�� VSHFLHV�� FRP�

PXQLWLHV�� RU�ZKDWHYHU� RWKHU�XQLW� WKDW�PD\� EH� RI�FRQVHUYDWLRQ� LQWHUHVW��$V�

QRWHG� EHIRUH�� ZRUU\� DERXW� XQLTXH� HQWLWLHV� VXFK� DV� SODFHV� WDNHV�XV� DORQJ� D�

GLUHFWLRQ� RSSRVLWH� WR�WKDW�RI�FRQYHQWLRQDO� VFLHQWLILF�JHQHUDOL]DWLRQ�� 3KLORV�

RSK\"KLVWRULFDOO\� DQG�� DW� OHDVW�� WKH�FRQWHPSRUDU\� DQDO\WLF� WUDGLWLRQ� LQ�

:HVWHUQ�SKLORVRSK\��"KDV�ODUJHO\�IROORZHG�VFLHQFH�LQ�WKH�GHLILFDWLRQ�RI�
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JHQHUDOLW\�� &RQVHTXHQWO\� SODFHV� VHHP� LQDSSURSULDWH� ORFL� RI�SKLORVRSKLFDO�
RU� VFLHQWLILF� LQWHUHVW��1HYHUWKHOHVV�� LQ�WKH�FRQWH[W� RI�ELRGLYHUVLW\� FRQVHU�

YDWLRQ��ZH� KDYH� WR�ZRUU\� DERXW� WKH�SHFXOLDULWLHV� RI� LQGLYLGXDO� SODFHV�� ZKDW�

HQWLWLHV� WKH\� FRQWDLQ�� ZKDW� SURFHVVHV� WKH\� DGPLW�� DQG� ZKDW� FRQVWUDLQV�

WKRVH�SURFHVVHV�� DOO� RI�ZKLFK� EHLQJ� VXEMHFW� WR�WKH�FRQWLQJHQFLHV� RI�ELRORJ�
LFDO�DQG�JHRSK\VLFDO�KLVWRU\��$V� /HRSROG� �������S�� �����SXW�LW�LQ�KLV�
LQLPLWDEOH� ZD\�� �2QH� FDQQRW� VWXG\� WKH�SK\VLRORJ\� RI�0RQWDQD� LQ� WKH�

$PD]RQ��� 6LQFH�� ZH� KDYH� QHLWKHU� WKH�HFRQRPLF� QRU� WKH�KXPDQ� UHVRXUFHV�

WR�FRQVHUYH� HYHU\�SODFH� RI�DQ\�ELRORJLFDO� LQWHUHVW"ZH� ZRXOG� HQG�XS�ZDQWLQJ�
WR�FRQVHUYH� (DUWK� LWVHOI��3ODQV� IRU�FRQVHUYDWLRQ� PXVW� XOWLPDWHO\� LQYROYH� D�

SULRULWL]DWLRQ� RI�SODFHV��

5HWXUQLQJ�� QRZ�� WR� WKH�SULRULWL]DWLRQ�PDQDJHPHQW� IUDPHZRUN�� FRQ�

VHUYLQJ�ELRGLYHUVLW\�UHTXLUHV�D� �SUHIHUDEO\�SHULRGLFDOO\�LWHUDWHG"UHFDOO�
WKH�UHPDUNV� DERXW� �DGDSWLYH�� DERYH"�� IRXU�VWDJH� SURFHVV��

�L��:H� PXVW� VHOHFW�VRPH�IHDWXUH�E\�ZKLFK�ELRGLYHUVLW\�PD\� EH�
HVWLPDWHG�� VXFK� D� IHDWXUH� LV�XVXDOO\� FDOOHG� D� �VXUURJDWH�� DQG� WKH�SUREOHP�
RI�FKRRVLQJ� DQG� HVWLPDWLQJ� LW�LV�FDOOHG� WKH��VXUURJDF\� SUREOHP��� 6XUURJDF\�
LV�D� UHODWLRQ� EHWZHHQ� DQ� HVWLPDWRU� SDUDPHWHU� DQG� D� WDUJHW�SDUDPHWHU"WKLV�
ZLOO� EH� GLVFXVVHG� EHORZ�� 3RWHQWLDO� FDQGLGDWHV� DV� VXUURJDWHV� IRU�ELRGLYHUVL�

W\� LQFOXGH� WKH�QXPEHU� RI� VSHFLHV� RU� RWKHU� ELRWLF� HQWLWLHV� ��ULFKQHVV����

FRPSOH[LW\� RI� WURSKLF�ZHEV�� DQG� VR� RQ�� )URP� ZKDW� ZDV� VDLG� DERYH�� LW�

VKRXOG� EH� REYLRXV� WKDW�WKH�VXUURJDF\� SUREOHP� LV�QRQ�WULYLDO�� DQG�PXFK� RI�

WKLV�SDSHU��""������ZLOO�EH�VSHQW�DUJXLQJ�IRU�D�SDUWLFXODU�W\SH�RI�VROXWLRQ��
6XIILFH� LW�KHUH� WR�QRWH� WKDW�ZKDWHYHU� VXUURJDWHV�ZH� ILQDOO\� FKRRVH� PXVW� EH�
RQHV� WKDW�FDQ� EH� SUDFWLFDEO\� DVVHVVHG� LQ�WKH�ILHOG��

�LL��2QFH� ZH� KDYH� VHOHFWHG� DFFHSWDEOH� VXUURJDWHV��ZH� FDQ�XVH� WKHP�WR�

RUGHU�SODFHV�RQ�WKH�EDVLV�RI�WKHLU�ELRGLYHUVLW\�FRQWHQW��7KLV� LV�WKH��SODFH�
SULRULWL]DWLRQ�SUREOHP���+RZ�ZH�FKRRVH�WR�VROYH�LW�LV�FULWLFDO�WR�WKH�GHILQ�
LWLRQ�RI� 
ELRGLYHUVLW\
��7KH�PDMRU�SRLQW�EHLQJ�PDGH� LQ�WKLV�SDSHU��"���� LV�
WKDW�HDFK�SODFH�SULRULWL]DWLRQ�DOJRULWKP�LPSOLFLWO\�GHILQHV�D� �VOLJKWO\��
GLIIHUHQW�FRQFHSW�RI�ELRGLYHUVLW\���WKXV��ZH�DUH�OHIW�ZLWK�D�IDPLO\�RI��UHODWHG��
ELRGLYHUVLW\�FRQFHSWV��

�LLL��2QFH�ZH�KDYH�D�SULRULWL]HG�OLVW�RI�SODFHV�RQ�WKH�EDVLV�RI�ELRGL�

YHUVLW\� FRQWHQW��ZH� FDQ� SURFHHG� WR�DVVHVV� WKH�SURMHFWHG� ORQJ�WHUP� IXWXUH�RI�

HQWLWLHV� RI� LQWHUHVW� LQ�WKHP�� IRU� LQVWDQFH�� SRSXODWLRQV� RI� VSHFLHV���� 7KLV� LV�
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WKH��YLDELOLW\� SUREOHP��� $� YDULHW\� RI�PHWKRGV� KDYH� EHHQ� GHYHORSHG� WRZDUGV�

WKLV�HQG��IRU�LQVWDQFH��VWRFKDVWLF�SRSXODWLRQ�YLDELOLW\�DQDO\VLV��39$��IRU�
VPDOO� SRSXODWLRQV��� DV� ZHOO� DV�PRUH� FRQYHQWLRQDO� HFRORJLFDO� PHWKRGV�

�&DXJKOH\�DQG�*XQQ��������7KHVH�PHWKRGV�SURYLGH�HVWLPDWHV�IRU�D�YDULHW\�
RI�UHOHYDQW�SDUDPHWHUV�� IRU�LQVWDQFH�� LQ�WKH�FDVH� RI�SRSXODWLRQV�� WKH�H[SHFWHG�
WLPH�WR�H[WLQFWLRQ�DQG�WKH�SUREDELOLW\�RI�H[WLQFWLRQ�ZLWKLQ�D�VSHFLILHG�WLPH�
SHULRG�� JLYHQ� WKH� LQWULQVLF�JURZWK� UDWH��FDUU\LQJ� FDSDFLW\�� DQG� RWKHU� HFR�

ORJLFDO� SDUDPHWHUV�� 7KH� ELRGLYHUVLW\� YDOXH� RI� D� SODFH� FRQVLVWV� RI� LWV�UDQN�

E\�ERWK�ELRGLYHUVLW\�FRQWHQW�DQG�DQ�DVVHVVPHQW�RI�WKH�YLDELOLW\�RI�WKH�
HQWLWLHV� RI� LQWHUHVW��2QFH� ZH� NQRZ� WKH�ELRGLYHUVLW\� YDOXH� RI�SODFHV�� ZH� FDQ�

HVWDEOLVK�D�QHZ�SULRULWL]DWLRQ�XVLQJ�LW��

�LY��)LQDOO\��ZH�DUH�DW�WKH�VWDJH�ZKHQ�D�GLVFXVVLRQ�RI�DSSURSULDWH�SROLFLHV�
IRU�WKH�PDQDJHPHQW� RI�D�SODFH� FDQ�EHJLQ�� 7KLV� LV�WKH��IHDVLELOLW\� SUREOHP���
6RFLR�HFRQRPLF� DQG� SROLWLFDO� IDFWRUV� DUH� W\SLFDOO\�PRUH� LPSRUWDQW� LQ�WKH�

IRUPXODWLRQ� RI� VXFK�SROLFLHV� WKDQ��SXUHO\� VFLHQWLILF�� IDFWRUV��3HRSOH� OLYH� LQ�

SODFHV� DQG��E\� DQG� ODUJH��KDYH� FUHDWHG� WKHP��WKDW�LV��PDGH� WKHP� WKDW�SODFH��

,JQRULQJ� SHRSOH"RU�� ZRUVH�� H[FOXGLQJ� WKHP"LV� ZK\�PDQ\� FRQVHUYDWLRQ�

SURJUDPV� IDLO�PLVHUDEO\�� PRVW� QRWDEO\� 3URMHFW� 7LJHU� LQ�,QGLD����

7KLV� SDSHU� LV�RQO\� DERXW� WKH�ILUVW�WZR� VWDJHV� RI� WKLV�SURFHVV� EHFDXVH��
DW� WKH�SRLQW�ZKHQ� WKRVH� KDYH� EHHQ� VXFFHVVIXOO\� FRPSOHWHG�� WKH�SUREOHPV�
RI�GHILQLQJ� �ELRGLYHUVLW\�� DQG� DVVHVVLQJ� ELRGLYHUVLW\� DUH� VROYHG�� 6HFWLRQ� ��
ZLOO� VKRZ� KRZ� FRPSOLFDWHG� WKH�IRUPHU�SUREOHP� LV��6HFWLRQ� �� LV�DERXW� WKH�

VXUURJDF\� SUREOHP�� LWV� VROXWLRQ� ZLOO� VKRZ� KRZ� ELRGLYHUVLW\� VKRXOG� EH�
DVVHVVHG�� 6LPLODUO\�� 6HFWLRQ� �� LV�DERXW� WKH�SODFH�SULRULWL]DWLRQ� SUREOHP�� LWV�
VROXWLRQ�SURYLGHV� D�GHILQLWLRQ�RI��ELRGLYHUVLW\��� )LQDOO\�� 6HFWLRQ� ��GUDZV� VRPH�

FRQFOXVLRQV��

��� 7KH� 3UREOHP� RI� �%LRGLYHUVLW\��

:KDW�PDNHV� WKH�GHILQLWLRQ�RI� 
ELRGLYHUVLW\
�GLIILFXOW�LV�WKDW�WKH�ELR�
ORJLFDO� UHDOP"HQWLWLHV� DQG� SURFHVVHV"LV� PDUNHG� E\� YDULDELOLW\� DW�HYHU\�
OHYHO� RI�FRPSOH[LW\�� 5HVWULFWLQJ� DWWHQWLRQ� WR�HQWLWLHV���� WZR�GLIIHUHQW�KLHU�
DUFKLFDO�VFKHPHV�DUH�VWDQGDUGO\�XVHG�IRU�ELRORJLFDO�FODVVLILFDWLRQ�����L��D�
VSDWLDO��RU�JHQHUDOL]HG�HFRORJLFDO�� KLHUDUFK\�VWDUWLQJ�IURP�ELRORJLFDO�
PROHFXOHV� DQG�PDFURPROHFXOHV�� WKURXJK� FHOO� RUJDQG"HV�� FHOOV�� LQGLYLGX�

DOV�� SRSXODWLRQV� �GHPHV�� DQG�PHWD�SRSXODWLRQV�� FRPPXQLWLHV�� HFRV\VWHPV�
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�FRPPXQLWLHV�DQG�WKHLU�SK\VLFDO�KDELWDWV��XOWLPDWHO\�WR�WKH�ELRVSKHUH��DQG�
�LL�� D� WD[RQRPLF� KLHUDUFK\� IURP� DO"HOHV� WKURXJK� ORFL�� OLQNDJH� JURXSV��

JHQRW\SHV�� VXEVSHFLHV�� VSHFLHV�� JHQHUD�� IDPLOLHV�� RUGHUV�� FODVVHV�� SK\OD� DQG�

NLQJGRPV���� �0DQ\� LQWHUPHGLDWH� OHYHOV� DUH� LJQRUHG� LQ�WKLV�GHVFULSWLRQ���
7KHUH� DUH� WZR�SRLQWV� WR�QRWH� DERXW� HLWKHU�KLHUDUFK\�� �L�� LW�LV�QRW� FOHDQ�

LQ�WKH�VHQVH�WKDW�ELRORJLFDO�HQWLWLHV�IDOO�LQWR�SODFH� LQ�DQ�H[FHSWLRQOHVV�RS�
HUDWLRQDOO\�ZHOO�GHILQHG�IDVKLRQ���LL��WKHUH�LV�KHWHURJHQHLW\��UHVSRQVLEOH�IRU�

ELRORJLFDO� GLYHUVLW\�� DW�HYHU\� OHYHO��7KH� VHFRQG� SRLQW� LV�DOPRVW� WULYLDO�DQG�
D� IHZ�H[DPSOHV� ZLOO� VXIILFH� WR�GHOLQHDWH� LWV�VFRSH�� DOPRVW� DQ\� WZR�SRSXOD�
WLRQV�HYHQ�RI�WKH�VDPH�VXEVSHFLHV�ZLOO�GLIIHU�LQ�WKHLU�DOOHOLF�SURILOHV��
H[FHSW� IRU�VRPH� FORQDL� RUJDQLVPV�� DOPRVW� DQ\� WZR� LQGLYLGXDOV� RI� WKH�VDPH�

VSHFLHV� ZLOO� KDYH� GLIIHUHQW�JHQRW\SHV�� WKHUH�DUH� YLUWXDOO\� QR� WZR� LGHQWLFDO�

HFRORJLFDO� FRPPXQLWLHV� DQ\ZKHUH�� DQG� VR� RQ��7KH� ILUVW�SRLQW� LV�HTXDOO\�

LPSRUWDQW��ZKLOH� VRPH� HQWLWLHV� VXFK� DV� RUJDQHOOHV� DQG� FHOOV� DUH� UHDVRQDEO\�
ZHOO�GHILQHG�� H[DPSOHV� VXFK� DV� IXQJL�� V\PELRQWV� DQG� FORQDL� RUJDQLVPV�
VKRZ� WKDW�HYHQ� �LQGLYLGXDO�� LV�QRW� DOZD\V� SUHFLVHO\� GHILQHG����

$VH[XDO� VSHFLHV� DUH�QRWRULRXVO\� KDUG� WR�GHILQH� DQG�HYHQ� VH[XDO� VSHFLHV��

XVXDOO\�GHILQHG�E\�WKH�DELOLW\�WR�LQWHUEUHHG�ZLWK�IHUWLOH�RIIVSULQJ��SUHVHQW�
SUREOHPV���� 7KH� PRVW� VWULNLQJ�SUREOHP� LV�WKH�H[LVWHQFH� RI� �ULQJ� VSHFLHV���
,Q�%ULWDLQ��WKH�KHUULQJ�JXOO��/DUXV�DUJHQWDWXV��LV�HDVLO\�GLVWLQJXLVKHG"RQ�
PRUSKRORJLFDO� DV� ZHOO� DV� UHSURGXFWLYH� JURXQGV"DV� D� VHSDUDWH� VSHFLHV�
IURP� WKH� OHVVHU� EODFN�EDFNHG� JXOO� ^/DUXV� IXVFXV����� +RZHYHU�� DV� ZH� JR�
HDVW�� EHJLQQLQJ� ZLWK� WKH�6FDQGLQDYLDQ� FRXQWULHV�� DQG� FRQWLQXLQJ� DURXQG�

WKH�1RUWK�3ROH��ZH�ILQG�GLIIHUHQW�VXEVSHFLHV�RI�WKH�KHUULQJ�JXOO�ZKLFK�FDQ�
HDFK� LQWHUEUHHG�ZLWK� WKH�RQH� �JHRJUDSKLFDOO\�� SUHFHGLQJ� LW��7HQ� VXFK� VXE�

VSHFLHV� DUH� IRXQG� DV�ZH� WUDYHUVH�6LEHULD�� FURVV� WKH�%HULQJ� 6WUDLWV�� FRQWLQXH�

WKURXJK�$ODVND� DQG�&DQDGD�� 7KH� WHUPLQDO� VXEVSHFLHV� LQ�%ULWDLQ� LV�/DUXV�

IXVFXV� ZKLFK� GRHV� QRW�EUHHG� ZLWK� /DUXV� DUJHQWDWXV�� 7KXV�� WKH�XVXDO� GHIL�

QLWLRQ� RI� VSHFLHV� WXUQV�RXW�QRW� WR�EH� WUDQVLWLYH��

&RQVHUYLQJ� ELRGLYHUVLW\�� DQG� FRQVWUXLQJ� WKH�WHUP�LQWXLWLYHO\� WR�UHIHU�

WR�DOO�WKH�ELRORJLFDO�GLYHUVLW\�WKDW�WKHUH�LV�DW�HYHU\�OHYHO�RI�ERWK�KLHUDU�
FKLHV�� DPRXQWV� WR�VD\LQJ� WKDW��ELRGLYHUVLW\�� UHIHUV�WR�DOO�ELRORJLFDO� HQWLWLHV��

�%LRGLYHUVLW\��LQ�HIIHFW�EHFRPHV�DOO�RI�ELRORJ\��&RQVHUYDWLRQ�ZRXOG�EH�DQ�

LPSUDFWLFDO�SURSRVDO� LI��ELRGLYHUVLW\��LV�FRQVWUXHG�LQ�WKLV�ZD\��7KH�
VWDQGDUG�PRYH�DW�WKLV�VWDJH�LV�WR�VXJJHVW�WKDW�WKUHH�HQWLWLHV�FDSWXUH�ZKDW�LV�

LPSRUWDQW�DERXW� ELRGLYHUVLW\�� JHQHV� �DO"HOHV��� VSHFLHV�� DQG� HFRV\VWHPV�� $V�

D�VLPSOLI\LQJ�SURSRVDO�LQ�WKH�IDFH�RI�LQWUDFWDEOH�FRPSOH[LW\��WKLV�FRQYHQ�
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WLRQ�KDV�PHULW�� ,I�ZH� FRQVHUYH� DOOHOLF� KHWHURJHQHLW\� FRPSOHWHO\�� ZH� WDNH�

FDUH�RI�PXFK�RI�WKH�GLYHUVLW\�EHORZ�WKH�JHQRW\SLF�DQG�LQGLYLGXDO�OHYHOV�RI�
RXU� WZR� KLHUDUFKLHV���� ,I�ZH� FRQVHUYH� DOO� VSHFLHV�� ZH� GR� FRQVHUYH� DOO�

HQWLWLHV� DW�KLJKHU� OHYHOV� RI� WKH� WD[RQRPLF� KLHUDUFK\� WKRXJK�ZH� PD\� QRW�

FRQVHUYH� LQWHUVSHFLILF� K\EULGV�ZKLFK�� EHFDXVH� RI� WKH� OHDNDJH� LQ�RXU� FODV�

VLILFDWRU\� VFKHPD�� PD\� QRW� TXDOLI\� IRU�FRQVHUYDWLRQ�� ,I�ZH� FRQVHUYH� DOO�

HFRV\VWHPV� ZH�PD\� FRQVHUYH� PDQ\� FRPPXQLWLHV� DQG� VR�RQ�� WKRXJK� WKLV�LV�

KDUG� WR� JDXJH�� WKH�KLJKO\� IDVKLRQDEOH� WHUP� �HFRV\VWHP�� LV� DERXW� WKH�

ZRUVW�GHILQHG� LQ�WKH�HFRORJLFDO� OLWHUDWXUH��

1HYHUWKHOHVV�� HYHQ� WKLV�FDWKROLF� SURSRVDO� IDOOV� DIRXO� RI� WKH�GLYHUVLW\�
RI�ELRORJLFDO� SKHQRPHQD� DQG� GRHV� VR� LQ�D� UDWKHU� VSHFWDFXODU� PDQQHU�� 7KH�

PRQDUFK� EXWWHUIO\��'DQDXV� SOH[LSSXV�� KDV� WZR�PLJUDWRU\� SRSXODWLRQV� LQ�

1RUWK�$PHULFD�� %HJLQQLQJ� LQ�ODWH�$XJXVW�� WKH�HDVWHUQ� SRSXODWLRQ� PLJUDWHV�
WR�0H[LFR� IRU�ILYH�PRQWKV�� 7KHVH� EXWWHUIOLHV� DJJUHJDWH� LQ�PLOOLRQV� LQ�WKH�

KLJK�DOWLWXGH� ILU�IRUHVWV� LQ�WKH�6LHUUD� 7UDQVYROFDQLFD�� VRPH� ���NP�ZHVW� RI�

0H[LFR� &LW\�� 7KHUH� DUH�QLQH� RWKHU� VXFK� RYHU�ZLQWHULQJ� VLWHV� DOO�ZLWKLQ� DQ�

DUHD� RI����� NP��RQ� LVRODWHG�PRXQWDLQ� UDQJHV� EHWZHHQ� ������ DQG� ������P��

7KURXJKRXW� WKH�ZLQWHU� WKH\�UHPDLQ� VH[XDOO\� LQDFWLYH�� 6XUYLYRUV� PLJUDWH�
QRUWK�� VWDUWLQJ� LQ� ODWH�0DUFK�� DQG� OD\�HJJV� RQ�PLONZHHG� �$VFOHSLDV� VS���

DORQJ� WKH�*XOI� &RDVW�� 7KHVH� HLJKW�PRQWK�ROG� UHPLJUDQWV� GLH�� EXW� WKHLU�

RIIVSULQJ� FRQWLQXH� PLJUDWLQJ� QRUWK� WRZDUGV� &DQDGD�� 7ZR� RU� WKUHH�PRUH�

JHQHUDWLRQV� DUH�SURGXFHG� RYHU� WKH�VXPPHU��%\� WKH�HQG� RI� VXPPHU�� WKH�ODVW�
VXPPHU� JHQHUDWLRQ� HQWHUV� UHSURGXFWLYH� GLDSDXVH� DQG� LQVWLQFWLYHO\� EHJLQV�
D� VRXWKHUO\�PLJUDWLRQ� WRZDUGV�0H[LFR�� 7KH� ZHVWHUQ� SRSXODWLRQ� VKRZV�

VLPLODU� EHKDYLRU�� PLJUDWLQJ� WR�DERXW� ��� NQRZQ� RYHUZLQWHULQJ� VLWHV� LQ�&DO�

LIRUQLD��:KDW� LV�VWULNLQJ�DERXW�WKLV�EHKDYLRU�LQ�ERWK�SRSXODWLRQV�LV�WKDW�WKH�
PLJUDWRU\� LQVWLQFW� LV�KHUHGLWDU\� DQG�� \HW�� VR� VSHFLILF��

,Q�&DOLIRUQLD� VRPH�PHDVXUHV� KDYH� EHHQ� WDNHQ� WR�SURWHFW� RYHUZLQWHU�

LQJ�VLWHV�EXW� WKH�VKHHU� FRVW� RI� UHDO� HVWDWH�PD\� UHVXOW� LQ�RQO\� D� YHU\� IHZ� RI�

WKH�VLWHV�JHWWLQJ� WKH�QHFHVVDU\� SURWHFWLRQ�� 7KH� IXWXUH�RI� WKH�0H[LFDQ� VLWHV�

PD\� EH� HYHQ� PRUH� EOHDN�� 7KRXJK�� XQWLO� UHFHQWO\�� WKH�KLJK�DOWLWXGH� ILU�

IRUHVWV�RI�0H[LFR� KDG�EHHQ�UHODWLYHO\�VSDUHG�IURP�DGYHUVH�DQWKURSRJHQLF�
HIIHFWV��WKH\�QRZ�IDFH�DW�OHDVW�VL[�WKUHDWV�����L��ODUJH�VFDOH�OHJDO�DQG�LOOHJDO�
ORJJLQJ�IRU�WLPEHU�DQG�ILUHZRRG���LL��YLOODJH�H[SDQVLRQ�XS�WKH�PRXQWDLQV��
�LLL��LQFUHDVHG�XVH�RI�ILUH�WR�FOHDU�ODQG���LY��LQYDVLRQ�RI�WKH�IRUHVWV�E\�OHS�
LGRSWHUDQ�SHVWV���Y��VSUD\LQJ�RI�%DFLOOXV�WKXULQJLHQVLV��DQ�RUJDQLF�SHVWLFLGH��
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WKH�HIIHFW�RI�ZKLFK� RQ�PRQDUFK� EXWWHUIOLHV� LV�XQNQRZQ�� DQG� �YL�� LQFUHDVHG�

WRXULVP��

7KH� GLVDSSHDUDQFH� RI�RYHUZLQWHULQJ� VLWHV�ZLOO� QRW�QHFHVVDULO\� PHDQ�

WKH�H[WLQFWLRQ� RI�PRQDUFK� EXWWHUIOLHV�� WKHUH�DUH�QXPHURXV� QRQ�PLJUDWRU\�

WURSLFDO� SRSXODWLRQV�� +RZHYHU�� ZKDW� ZLOO� GLVDSSHDU� LV� WKH� UHPDUNDEOH�

PLJUDWRU\� EHKDYLRU� RI� WKH� WZR� SRSXODWLRQV� GLVFXVVHG� DERYH� ZKLFK� KDV�
FRPH� WR�EH� VHHQ� DV� DQ� H[DPSOH� RI��HQGDQJHUHG� ELRORJLFDO� SKHQRPHQD�����
2WKHU�H[DPSOHV�LQFOXGH�WKH�VHDVRQDO�PLJUDWLRQV�RI�ZLOGHEHHVW�LQ�$IULFD�
DQG� WKH� V\QFKURQRXV� IORZHULQJ� RI� EDPERR� LQ� ,QGLD��:KLOH� WKH� IRUPHU�

FHUWDLQO\� DUH� VSHFWDFXODU� DQG� LQ�GDQJHU� RI�GLVDSSHDULQJ� EHFDXVH� RI�WKH�FRQ�

VWUXFWLRQ� RI�IHQFHV� DORQJ�PLJUDWRU\� SDWKV�� WKH�ODWWHU�LV�SHUKDSV� HYHQ�PRUH�

SHFXOLDU���� 2QH� EDPERR� VSHFLHV�� 7KU\VRVWDFK\V� ROLYHUL�� IORZHUHG� LQ�%XUPD�

LQ� ����� DQG� VHHGV� ZHUH� VHQW� WR�&DOFXWWD� DQG�'HKUD� 'XQ�� DERXW� ������ NP�

DSDUW��&OXPSV� UDLVHG� DW�ERWK� WKHVH�SODFHV� IORZHUHG� VLPXOWDQHRXVO\� LQ�������

,Q� ������ WKHUH�ZDV� VLPXOWDQHRXV� IORZHULQJ� RI�0XOL� EDPERR� �0HORFDQQD�

EDFFLIHUD�� LQ�$VVDP� DQG�'HKUD� 'XQ�� DERXW� ������ NP� DSDUW�� ,Q� ���������
WKHUH�ZDV� VLPXOWDQHRXV� IORZHULQJ� RI� VSLQ\� EDPERR� �%DPEXVD� DUXQGL�

QDFHD�� WKURXJKRXW� ,QGLD� DIWHU�D� ODSVH� RI���� \HDUV�� &OHDUO\�� D� YHU\�SUHFLVH�

ELRORJLFDO� FORFN� H[LVWV� LQ�WKHVH� VSHFLHV�� ,Q� WKHVH� FDVHV�� H[WLQFWLRQ� RI� WKH�

VSHFLHV� ZRXOG� DOVR� OHDG� WR�WKH�H[WLQFWLRQ� RI� WKH�SKHQRPHQRQ� RI� V\QFKUR�
QRXV� IORZHULQJ�� 0RUH� LQWHUHVWLQJ�� LQ� WKLV� FRQWH[W�� LV� WKDW� LQ� H[WHQGHG�

KDELWDWV� FRQVLVWLQJ� RI�IRUHVWV�RI�D� VLQJOH� EDPERR� VSHFLHV�� IORZHULQJ� RFFXUV�

LQ�ZDYHV�� VWDUWLQJ�DW�RQH� HQG� DQG� HQGLQJ� XS� DW� WKH�RWKHU��7KLV� LV�WKH�SKH�
QRPHQRQ� WKDW�ZRXOG� GLVDSSHDU� LI�WKHVH� KDELWDWV� GR�� HYHQ� LI�WKH� VSHFLHV�

SHUVLVWHG� HOVHZKHUH� �IRU� LQVWDQFH�� DV� LVRODWHG� VWDQGV� LQ�ERWDQLFDO� JDUGHQV���

3URWHFWLQJ� WKH�KRO\� WULQLW\�RI� JHQHV�� VSHFLHV� DQG� HFRV\VWHPV� ZLOO�

W\SLFDOO\� QRW� VDYH� VXFK� SKHQRPHQD�� 7KH� H[DPSOHV� JLYHQ� DERYH� FOHDUO\�
VKRZ�ZK\� FRQVHUYLQJ� VSHFLHV� DQG�� WKXV�� WKH�JHQHV� ZLWKLQ� WKHP��ZLOO� QRW�

EH�VXIILFLHQW��,I�DOO�WKH�LQGLYLGXDO�SODFHV�DW�ZKLFK�WKHVH�SKHQRPHQD�RFFXU�
DUH�FRQVHUYHG��LW�IROORZV�WULYLDOO\�WKDW�WKH�SKHQRPHQD�ZLOO�QRW�GLVDSSHDU��
+RZHYHU�� VDPSOLQJ� HFRV\VWHPV� DQG� UHSUHVHQWLQJ� WKHP�PD\� OHDG� WR� WKH�

SURWHFWLRQ� RI� RWKHU� H[HPSODUV� RI� WKH� W\SH� LQ�TXHVWLRQ�� ,Q� WKDW�FDVH�� HYHQ�

FRQVHUYLQJ�UHSUHVHQWDWLYH�HFRV\VWHPV�ZLOO�QRW�OHDG�WR�WKH�SURWHFWLRQ�RI�
WKHVH�SKHQRPHQD�� 7KH� TXHVWLRQ� LV�ZKHWKHU� ZH� FDQ� GHYLVH� D�GHILQLWLRQ� RI�

�ELRGLYHUVLW\��WKDW�ZLOO� OHDG�WR�WKH�SURWHFWLRQ�RI�HQGDQJHUHG�DQG�RWKHU�EL�

RORJLFDO�SKHQRPHQD�RI�LQWHUHVW��DORQJ�ZLWK�DOO�RWKHU�FRPSRQHQWV�RI�ELRGL�
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YHUVLW\��7KH�SURSRVDOV�SXW�IRUWK�LQ�WKLV�SDSHU�ZLOO�QRW�SURYLGH�DQ�DGHTXDWH�
VROXWLRQ� WR�WKLV�SUREOHP��

��� 6XUURJDF\� DQG� WKH�$VVHVVPHQW� RI�%LRGLYHUVLW\�

,W�WXUQV�RXW� WKDW�GHILQLQJ� 
ELRGLYHUVLW\
� EHFRPHV� HDVLHU� RQFH� ZH� KDYH�

D� KDQGOH� RQ�ZKDW� VRUWV� RI�ELRORJLFDO� HQWLWLHV� DQG� UHODWHG� SDUDPHWHUV� ZH�

KDYH� D� FKDQFH� RI�DVVHVVLQJ� LQ�WKH�ILHOG��$W� WKH�YHU\� OHDVW�� WKH�GLVFXVVLRQ� RI�

WKH�ODVW�6HFWLRQ� VKRXOG� KDYH�PDGH� LW�FOHDU� WKDW��EHFDXVH� RI� WKH�EUHDGWK� DQG�

DFFRPSDQ\LQJ� LPSUHFLVLRQ� LQ� WKH�PHDQLQJ� RI� 
ELRGLYHUVLW\
�� QR� VLQJOH�

SDUDPHWHU�� ZKHWKHU� RU� QRW� LW�FDQ� EH� UHDOLVWLFDOO\� HVWLPDWHG�� LV� OLNHO\� WR�

FDSWXUH� DOO�ELRORJLFDO� IHDWXUHV� WKDW�ZH�PD\� ILQG�RI� LQWHUHVW��:H� ZLOO� DW� OHDVW�

SDUWO\� KDYH� WR�VHWWOH�RQ� FRQYHQWLRQV� WKDW�ZLOO� QHYHU� EH� IXOO\� VDWLVI\LQJ�� ,I�

D�GHILQLWLRQ�RI� 
ELRGLYHUVLW\
� LV�WR�KDYH� DQ\�SUDFWLFDO� DSSOLFDWLRQ�� WZR�SUREOHPV�
PXVW� EH� VROYHG�� �L�� D� UHODWLYHO\� WKHRUHWLFDO� RQH��ZKDW� LV�WR�EH�PHDVXUHG"��
DQG� �LL�� D�SUDFWLFDO� RQH�� FDQ�ZH� UHDOLVWLFDOO\� REWDLQ� WKH�GDWD� WKDW�ZH� ZDQW"���

WKH�IRUPHU� LV�WKH�SUREOHP� RI�TXDQWLILFDWLRQ
�� WKH�ODWWHU�LV�WKH�SUREOHP� RI�HV�

WLPDWLRQ�� -RLQWO\�� WKHVH� WZR�SUREOHPV� FRPSULVH� WKH�SUREOHP� RI�DVVHVVLQJ�
ELRGLYHUVLW\�� 7R� VROYH� ERWK� SUREOHPV� UHTXLUHV� FKRLFHV� RI�VXUURJDWHV��

7R� VROYH� WKH�TXDQWLILFDWLRQ� SUREOHP�� ZH� ZLOO� KDYH� WR�XVH� VXUURJDWHV�
WKDW� VHUYH� DV� LQGLFDWRUV� RI� JHQHUDO� ELRGLYHUVLW\�� 6XUURJDF\� LV�D� UHODWLRQ�

EHWZHHQ� D� VXUURJDWH� RU� LQGLFDWRU�YDULDEOH� DQG� D� WDUJHW�YDULDEOH�� WKH�VXUURJDWH�
YDULDEOH� UHSUHVHQWV� WKH�WDUJHW�YDULDEOH� LQ�WKH�VHQVH� WKDW�LW�VWDQGV� LQ�IRU�WKH�

WDUJHW�YDULDEOH� �WKDW� LV�� LW�UHSODFHV� WKH�WDUJHW�YDULDEOH� FRPSOHWHO\� LQ�DOO� RXU�

VXEVHTXHQW� FRQVLGHUDWLRQV��� 7KH� WHUP� 
VXUURJDWH
� KDV� FRPH� WR�EH� XVHG�

UDWKHU�LQGLVFULPLQDWHO\�DQG�,�ZLOO�LQWURGXFH�D�GLVWLQFWLRQ�WKDW�ZLOO�EULQJ�VRPH�
RUGHU� WR�WKH�RIWHQ�FRQIXVLQJ� GLVFXVVLRQ� RI�ILQGLQJ�DQG�PHDVXULQJ� VXUURJDWHV��

7KLV� GLVWLQFWLRQ� LV�RQH� EHWZHHQ� 
WUXH�VXUURJDWHV
� DQG� 
HVWLPDWRU�VXU�

URJDWHV
�� 7UXH� VXUURJDWHV� DUH� VXSSRVHG� WR�UHSUHVHQW� JHQHUDO� ELRGLYHUVLW\��
WKDW�LV��WKH�WDUJHW�YDULDEOH�LV�VXSSRVHG�WR�EH�JHQHUDO�ELRGLYHUVLW\��7KH�RQO\�
FRQVWUDLQW� RQ� D� WUXH�VXUURJDWH� LV�WKDW�� LQ�SULQFLSOH�� LW�VKRXOG� EH� DPHQDEOH�

WR�VXIILFLHQW�TXDQWLILFDWLRQ�WR�DOORZ�LWV�HVWLPDWLRQ�LQ�WKH�ILHOG��HYHQ�LI�RQO\�
ZLWK� GLIILFXOW\��7KXV�� RQFH� ZH� GHFLGH� RQ� D� WUXH�VXUURJDWH��ZH� KDYH� VROYHG�

WKH�SUREOHP� RI�TXDQWLILFDWLRQ� WR�WKH�H[WHQW� WKDW�ZH� UHTXLUH��7KH� WURXEOH�� RI�

FRXUVH�� LV� WKDW�EHFDXVH� ZH� GR� QRW�NQRZ� ZKDW� JHQHUDO� ELRGLYHUVLW\� LV��ZH�

ZLOO� QHYHU� EH� DEOH� WR�DVVHUW� EH\RQG� FRQWURYHUV\� WKDW�ZH� KDYH� IRXQG� WKH�
WUXH� VXUURJDWH��:RUVH�� HPSLULFDO� FRQVLGHUDWLRQV� DORQH� ZLOO� QRW� DOORZ� D�
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FRPSOHWH� VROXWLRQ� RI� WKLV�SUREOHP� EHFDXVH� RI� WKH�LQGHWHUPLQDF\� RI� 
ELRGL�

YHUVLW\
�� HPSLULFDO� DUJXPHQWV� FDQ� RQO\� VHWWOH� TXHVWLRQV� DERXW� UHODWLRQV�

EHWZHHQ� HPSLULFDOO\� ZHOO�VSHFLILHG� HQWLWLHV�� &RQYHQWLRQV� ZLOO� HQWHU� LQWR�

DQ\�GHWHUPLQDWLRQ� RI� WUXH�VXUURJDF\� DQG� WKHVH�FRQYHQWLRQV� ZLOO� KDYH� WR�EH�

MXVWLILHG��7KH�MXVWLILFDWLRQ�ZLOO�EH�EDVHG�RQ�ERWK�SUDFWLFDO�DQG�DSSDUHQWO\�
WKHRUHWLFDO� FRQVLGHUDWLRQV��

7KH�GHFLVLYH�SUDFWLFDO�FRQVLGHUDWLRQ�ZLOO�EH�WKDW�WKHUH�ZLOO�KDYH�WR�EH�
D� WUDFWDEOH� HVWLPDWRU�VXUURJDWH� IRU� WKH� WUXH� VXUURJDWH� ZH� FKRRVH�� ,�ZLOO�

UHWXUQ� WR� WKLV� LVVXH� VKRUWO\��7XUQLQJ� WR�WKH�WKHRUHWLFDO� FRQVLGHUDWLRQV�� ZH�

DUH� IDFHG�ZLWK� WKH�GRXEO\� XQIRUWXQDWH� VLWXDWLRQ� WKDW�WKHUH� LV�D�ZLGH� YDULHW\�
RI�FDQGLGDWHV� IRU�WUXH�VXUURJDF\� DQG� WKDW�MXVWLILFDWLRQV� IRU�DQ\�RI� WKHP�DUH�

WKHRUHWLFDO� RQO\� LQVRIDU�DV� WKH\�DUH�JXLGHG� E\�GHHSO\�KHOG� �WKHRUHWLFDO�� LQ�

WXLWLRQV��&RQVLGHU� IRXU�FRPPRQ"DQG� SODXVLEOH"FDQGLGDWHV��

�L��&KDUDFWHU�RU�WUDLW�GLYHUVLW\��WKH�LQWXLWLRQ�EHKLQG�WKLV�LV�WKDW�HYR�

OXWLRQDU\�PHFKDQLVPV�XVXDOO\�LPSLQJH�GLUHFWO\�RQ�WUDLWV�RI�LQGLYLGXDOV�LQ�

SRSXODWLRQV��:LOOLDPV�DQG�+XPSKUH\V��������7KH� WURXEOH�LV�WKDW�
WUDLW
�LV�
QRW�D� WHFKQLFDO�WHUP�ZLWKLQ�ELRORJ\�DQG�WUDLW�GLYHUVLW\�LV��WKHUHIRUH��QRW�

SUHFLVH�HQRXJK�WR�VROYH�WKH�TXDQWLILFDWLRQ�SUREOHP�DGHTXDWHO\��

�LL��6SHFLHV�GLYHUVLW\��DV�ZH� VKDOO�VHH�EHORZ��WKLV�FDQ�EH�PDGH� VXIIL�
FLHQWO\� SUHFLVH�� 0RUHRYHU�� VSHFLHV� GLYHUVLW\� LV� WKH�PHDVXUH� LQ�PRVW�
FRPPRQ� XVH� LQ�DOPRVW� DOO� SUDFWLFDO� GLVFXVVLRQV� RI�ELRGLYHUVLW\�� +RZHYHU��
WKLV�PD\� ZHOO� EH� EHFDXVH� LW�LV�UHJDUGHG� DV� DQ�DGHTXDWH� HVWLPDWRU�VXUURJDWH�
�VHH� EHORZ�� UDWKHU�WKDQ�DV� D� WUXH�VXUURJDWH��1HYHUWKHOHVV�� LW�LV�LPSRUWDQW� WR�

QRWH� WKDW�VSHFLHV� DUH� WKH�PRVW� ZHOO�GHILQHG� FDWHJRU\� DERYH� WKH�JHQRW\SH�
LQ�WKH�WD[RQRPLF� KLHUDUFK\� DQG��EHFDXVH� RI� WKDW��WKH�LQWXLWLRQ� WKDW�VSHFLHV�

GLYHUVLW\� LV�D� JRRG� WUXH� VXUURJDWH� KDV� VRPH� WKHRUHWLFDO�PHULW�� 7KHUH� DUH�

WZR�SUREOHPV���D��FRPSLOLQJ�D� OLVW�RI�DOO� VSHFLHV"LQFOXGLQJ�PLFURELDO�
RQHV"IRU� DQ\� UHJLRQ� LV�H[SHQVLYH� DQG� WLPH�FRQVXPLQJ�� DQG��PRUHRYHU��

�E��ZH�NQRZ�YHU\�ZHOO�WKDW�WKHUH�LV�PXFK�PRUH�WR�ELRGLYHUVLW\�WKDQ�VSHFLHV�
GLYHUVLW\��

�LLL��/LIH�]RQH�GLYHUVLW\��WKLV�UHIOHFWV�WKH�LQWXLWLRQV�WKDW��D��ZKDW� LV�

LPSRUWDQW�LV� WKH�YDULHW\�RI�ELRWLF�FRPPXQLWLHV�ZLWK� WKHLU�DVVRFLDWHG�

SDWWHUQV�RI�LQWHUDFWLRQV��DQG��E��WKDW�IRFXVLQJ�RQ�FRPPXQLWLHV�ZLOO� LSVR�
IDFWR� WDNH�FDUH� RI�VSHFLHV� VLQFH� FRPPXQLWLHV� DUH�FRPSRVHG� RI�VSHFLHV�� 7KH�
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FKLHI� GLVDGYDQWDJH� LV� WKDW�� DW� OHDVW� RQ� WKH� VXUIDFH�� WKH� TXDQWLILFDWLRQ�

SUREOHP� VHHPV� LQWUDFWDEOH�� DQ\� FODVVLILFDWLRQ� RI� FRPPXQLWLHV� VHHPV� WR�

LQYROYH� DUELWUDU\� FRQYHQWLRQV�� /LIH�]RQH� FODVVLILFDWLRQ� SURYLGHV� D� SDUWLDO�
ZD\� RXW�� LW�LQYROYHV� FRXSOLQJ� WKH�FKDUDFWHULVWLFV� RI� VRPH� FRPPXQLWLHV� LQ�
D� SODFH�� LQ�SDUWLFXODU� YHJHWDWLRQ�� ZLWK� HQYLURQPHQWDO� SDUDPHWHUV� VXFK� DV�

HOHYDWLRQ�� SUHFLSLWDWLRQ� DQG� WHPSHUDWXUH� �DQG�� VRPHWLPHV�� VRLO� W\SHV��� )RU�

PDQ\� DUHDV� RI� WKH�ZRUOG�� IDLUO\�SUHFLVH� OLIH�]RQH� FODVVLILFDWLRQV� H[LVW�� IRU�

LQVWDQFH�� WKH�+ROULGJH� ������� FODVVLILFDWLRQ� IRU� FHQWUDO� $PHULFD� DQG�
2VKDZD� ������� IRU� WKH�%KXWDQ� +LPDOD\D�� %HFDXVH� RI� WKLV�� IRU�PDQ\�

UHJLRQV�� WKH�TXDQWLILFDWLRQ� SUREOHP� KDV� D� UHDVRQDEO\� VDWLVIDFWRU\� VROXWLRQ�
VR� ORQJ� DV�ZH� PDNH� VXUH� WKDW�RXU� FKRLFH� RI� OLIH�]RQHV� LV� VXLWDEO\� ILQH�

JUDLQHG�� WKDW� LV�� WKH� GHILQLWLRQV� DUH� QRW� VR� EURDG� WKDW�PDQ\� GLIIHUHQW�
ORFDOL]HG�SDWWHUQV�RI�ELRGLYHUVLW\�DOO�IDOO�XQGHU�WKH�VDPH�OLIH�]RQH��6KRXOG�
RXU� FKRLFH� EH� WRR�FRDUVH� JUDLQHG�� D� FKRLFH� RI� VRPH� UHSUHVHQWDWLRQ� RI�D� OLIH�
]RQH� ZLOO� QRW� HQVXUH� WKH�IXOO"RU� HYHQ� DQ� DGHTXDWH"UHSUHVHQWDWLRQ� RI�DOO�
WKH�ELRGLYHUVLW\� ZLWKLQ� WKDW� OLIH� ]RQH�� 1HYHUWKHOHVV�� WKHUH� UHPDLQV� WKH�

QDJJLQJ� ZRUU\� WKDW�HYHQ� DIWHU�SD\LQJ� GXH� DWWHQWLRQ� WR�WKLV�SUREOHP�� OLIH�
]RQH� GLYHUVLW\� GRHV� QRW� IXOO\� WDNH� LQWR� DFFRXQW� VSHFLHV"RU� HYHQ�

FRPPXQLW\"GLYHUVLW\� VLPSO\� EHFDXVH� RQO\� D� IHZ� FRPPXQLWLHV� DUH�XVHG�
WR�GHILQH� OLIH�]RQHV��

�LY�� (QYLURQPHQWDO� SDUDPHWHU� GLYHUVLW\�� WKH�PRVW� WKHRUHWLFDOO\�
MXVWLILHG�LQWXLWLRQ�EHKLQG�WKLV�LV�WKDW�HDFK�SRLQW�RI�WKH�VSDFH�VSDQQHG�E\�
HQYLURQPHQWDO� SDUDPHWHUV� LV� D� SXWDWLYH� QLFKH� WR�EH� RFFXSLHG� E\� VRPH�

VSHFLHV�� 'LYHUVLW\� RI� HQYLURQPHQWDO� SDUDPHWHUV� LV� DOVR� GHILQHG� ZHOO�

HQRXJK�WR�VROYH�WKH�TXDQWLILFDWLRQ�SUREOHP�DGHTXDWHO\��1RWH� WKDW�VLQFH�ZH�
ZRXOG� VDPSOH� WKH�HQYLURQPHQWDO� VSDFH� XQLIRUPO\��ZH� GR� QRW� IDOO� DIRXO� RI�
WKH� SUREOHP� WKDW�QLFKHV� DUH� QRW� GHILQHG� LQGHSHQGHQWO\� RI� RUJDQLVPV��
+RZHYHU�� QRW� DOO� SXWDWLYH� QLFKHV� ZLOO� EH� RFFXSLHG�� DQG� WKH�FRUUHODWLRQ�
EHWZHHQ� ELRGLYHUVLW\"LQ� WKH�VHQVH� RI�GLYHUVLW\� VRPHKRZ� DVVRFLDWHG� ZLWK�

OLYLQJ� RUJDQLVPV"DQG� HQYLURQPHQWDO� SDUDPHWHUV� PD\� QRW�EH� YHU\�JRRG��
$JDLQ�� VLQFH� ZH� FDQQRW� PHDVXUH� ELRGLYHUVLW\� GLUHFWO\�� ZH� DOVR� FDQQRW�

HVWLPDWH� TXDQWLWDWLYHO\� KRZ� JRRG� WKLV� FRUUHODWLRQ� LV��)LQDOO\�� ZKHQ� ZH�

VHOHFW� SODFHV�� LI�ZH� GR� VR�XVLQJ� HQYLURQPHQWDO� SDUDPHWHUV� RQ� ODUJH�HQRXJK�
VSDWLDO�VFDOHV��ZH�DOVR�UXQ�LQWR�WKH�GDQJHU�RI�ORVLQJ�FRQYHUJHQW�EXW�GLIIHUHQW�
VSHFLHV� DQG� RWKHU� ELRORJLFDO� XQLWV�� IRU� LQVWDQFH��PDUVXSLDO� DQDORJV� RI�SOD�
FHQWDOV� LI�ZH� IDLO� WR�LQFOXGH�$XVWUDOLDQ� SODFHV� EHFDXVH� ZH� VHOHFWHG� VLPLODU�
HQYLURQPHQWDO� SDUDPHWHU� VHWV�HOVHZKHUH��
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7KHUH� LV�QR� IXOO\�QRQ�FRQYHQWLRQDO� VROXWLRQ� WR� WKH� WUXH� VXUURJDF\�

SUREOHP�� 7R� FKRRVH� DQ\� RI� WKHVH� IRXU� FDQGLGDWHV"RU� DQ\� RWKHU"ZLOO�

UHTXLUH� WKH�XVH� RI�SUDJPDWLF� FULWHULD�� LQ�RWKHU�ZRUGV�� WKH�DGRSWLRQ� RI� VRPH�

FRQYHQWLRQ�� 7ZR� RI�RXU� FDQGLGDWHV� KDYH� REYLRXV� GLVDGYDQWDJHV�� DV� QRWHG�

EHIRUH�� FKDUDFWHU� GLYHUVLW\� LV�WRR� LPSUHFLVH�� ,W�FDQQRW� EH� TXDQWLILHG� HYHQ� WR�

WKH�H[WHQW� UHTXLUHG� WR�MXGJH� WKH�DGHTXDF\� RI� HVWLPDWRU�VXUURJDWHV� IRU� LW��

HQYLURQPHQWDO�SDUDPHWHU� GLYHUVLW\�� EHVLGHV� KDYLQJ� WKH� RWKHU� SUREOHPV�
PHQWLRQHG� DERYH�� LV�DOVR� LQWXLWLYHO\�XQDSSHDOLQJ� VLPSO\�EHFDXVH� LW�LV�PDQ�

LIHVWO\�QRQ�ELRORJLFDO"DW� EHVW� LW�LV�D� SODXVLEOH� FDQGLGDWH� IRU�HVWLPDWRU�

VXUURJDF\�� 2XU� RWKHU� WZR� FDQGLGDWHV"VSHFLHV� DQG� OLIH�]RQH� GLYHUVLW\"�
UHPDLQ� SODXVLEOH�� 1RWH� WKDW�QRWKLQJ� UHTXLUHV� XV� WR�KDYH� RQO\� RQH� WUXH�

VXUURJDWH� DQG� LW�VHHPV� UHDVRQDEOH� WR�XVH� ERWK��0RUHRYHU�� QRQH� RI� WKH�FDQ�

GLGDWHV� DGGUHVVHV� WKH�LVVXH� RI�HQGDQJHUHG� ELRORJLFDO� SKHQRPHQD�� 7KLV� FDQ�

VLPSO\� EH� DGGHG� WR�WKH�RWKHU� WZR��7KLV� VHHPV� DG� KRF�� DQG� WKHUH� VHHPV� WR�

EH� QR�ZD\� RXW�� ,W�PDNHV� PRUH� VHQVH� WR�WU\�WR�SURWHFW�SODFHV� WKDW�DUH� FULWLFDO�

IRU�WKH�SHUVLVWHQFH�RI�HQGDQJHUHG�ELRORJLFDO�SKHQRPHQD�ZKLOH�SULRULWL]LQJ�
SODFHV��DV�GHVFULEHG�LQ�6HFWLRQ�����

,Q�FRQWUDVW� WR�WUXH�VXUURJDWHV��HVWLPDWRU�VXUURJDWHV� KDYH� D� WUXH�VXUURJDWH�
DV� WKH�WDUJHW�YDULDEOH�� )RU� HVWLPDWRU�VXUURJDWHV�� LW�LV�FULWLFDO� WKDW�WKH\�FDQ�

EH� UDSLGO\� DQG� HDVLO\� HVWLPDWHG�� 6LQFH� ZKLFKHYHU� WUXH�VXUURJDWH�ZH� FKRRVH�
ZLOO� KDYH� WR�EH� UHDVRQDEO\� SUHFLVHO\� GHPDUFDWHG�� HYHQ� LI�RQO\� E\� FRQYHQ�

WLRQ�� WKH�HVWLPDWRU�VXUURJDF\� UHODWLRQ� LV�TXDQWLWDWLYHO\� SUHFLVH�� 0RUHRYHU�
"DQG� WKLV� LV�D�SRLQW� WKDW�FDQQRW� EH� RYHU�HPSKDVL]HG"LW� LV�DQ� HPSLULFDO�
UHODWLRQ� WKDW�PXVW� EH� LQYHVWLJDWHG� WKURXJK� ILHOG�ZRUN����:KDW� KDV� WR�EH�
VKRZQ� LV� WKDW� WKHUH� LV�D� JRRG"SUHIHUDEO\� �EXW�XQDFKLHYDEO\�� SHUIHFW"�
PHWKRG� WR�SUHGLFW� WUXH�VXUURJDWH� GLYHUVLW\� XVLQJ� WKH�HVWLPDWRU�VXUURJDWHV��

'LYHUVLW\� �RI�WUXH�RU�HVWLPDWRU�VXUURJDWHV�� FDQ�EH�SODXVLEO\� TXDQWLILHG�
LQ�D�YDULHW\�RI�ZD\V��0DF�$UWKXU��������VKRZHG�KRZ�WKH�6KDQQRQ�:HDYHU�
PHDVXUH�RI�LQIRUPDWLRQ��VHH�6KDQQRQ�>����@��FDQ�EH�XVHG� WR�TXDQWLI\�
VSHFLHV� GLYHUVLW\��5RXJKO\�� WKLV�PHDVXUHV� WKH�YDULDELOLW\�ZLWKLQ� D�

FRPPXQLW\�� DQG� FDSWXUHV� LQWXLWLRQV� VXFK� DV� WKDW�D�FRPPXQLW\� ;�ZLWK� ����

VSHFLHV�$� DQG����� VSHFLHV� LV�PRUH�GLYHUVH�WKDQ�D�FRPPXQLW\�<�ZLWK�
����$� DQG� ����%�� ,W�LV�WULYLDO�WR�H[WHQG�WKLV�GHILQLWLRQ�WR�OLIH�]RQHV�

�WKRXJK�QRW�WR�HQGDQJHUHG�ELRORJLFDO�RU�RWKHU�SKHQRPHQD���,I�WKLV�LV�WKH�
PHDVXUH� ZH� DGRSW�� WKHQ� LW�PXVW� EH� VKRZQ� WKDW�RXU� HVWLPDWRU�VXUURJDWHV�
DOORZ�XV� WR�SUHGLFW�LW�FRUUHFWO\��7KH� VWUDWHJ\�VXJJHVWHG�KHUH�LV�GLIIHUHQW��
5HFDOO� WKH�GLVFXVVLRQ�LQ�6HFWLRQ���RI�KRZ�SODFHV�DUH�VXSSRVHG�WR�EH�SULRU�
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LWL]HG�RQ�WKH�EDVLV�RI�ELRGLYHUVLW\�FRQWHQW��6XSSRVH�WKDW�WKLV�LV�GRQH�IRU�D�
VPDOO� VXEVHW� RI� VSDFHV� XVLQJ� WKH�WUXH�VXUURJDWHV����1RZ�� UHSHDW� WKH�SULRUL�
WL]DWLRQ�XVLQJ� WKH�HVWLPDWRU�VXUURJDWHV�� ,I�WKH�HVWLPDWRU�VXUURJDWHV� DUH�DGH�

TXDWH�� WKH�UHVXOWV� VKRXOG� EH� WKH�VDPH�� DQG�ZH� FDQ�SURFHHG� WR�XVH� HVWLPDWRU�

VXUURJDWHV� LQ�WKH�IXWXUH����

7UDGLWLRQDOO\�� WKH�HVWLPDWRU�VXUURJDWH� WKDW�KDV� EHHQ� WKH�PRVW� SRSXODU�
LV�VSHFLHV� ULFKQHVV�� WKH�QXPEHU� RI� VSHFLHV� DW�D�SODFH�� ZKLFK� LV�GLVWLQFW� IURP�

VSHFLHV� GLYHUVLW\�� �5HWXUQLQJ� WR�WKH�H[DPSOH� IURP�WKH�ODVW�SDUDJUDSK�� FRP�

PXQLWLHV�;�DQG�<�KDYH�WKH�VDPH�VSHFLHV�ULFKQHVV�>QDPHO\���@�WKRXJK�;� LV�
PRUH�GLYHUVH�WKDQ�<���*DVWRQ� ������� OLVWV�ILYH�OLQHV�RI�HYLGHQFH�WKDW�SRLQW�
WR� VSHFLHV� ULFKQHVV� DV� D� JRRG� HVWLPDWRU�VXUURJDWH� IRU�ELRGLYHUVLW\�� �L��

VSHFLHV� ULFKQHVV� FDQ�EH� FRUUHODWHG� WR�PDQ\�PHDVXUHV� RI�HFRORJLFDO� GLYHUVLW\�
DQG� LW�IXQFWLRQV�EHWWHU� LQ�WKLV�ZD\� WKDQ�PRVW� HVWLPDWRU�VXUURJDWHV�� LQFOXGLQJ�

VSHFLHV�GLYHUVLW\��VHH��DOVR��0DJXUUDQ�>����@����LL��VSHFLHV�ULFKQHVV�LV�VRPH�
WLPHV�SRVLWLYHO\� FRUUHODWHG� ZLWK� WKH�QXPEHU� RI�KLJKHU� WD[D� VXFK� DV� JHQHUD��
�LLL��ZKHQ� VSHFLHV�ULFKQHVV�LV�UHODWLYHO\�KLJK��LW�LV�FRUUHODWHG�ZLWK�WUDLW�
ULFKQHVV�� �LY�� WKRXJK� WKLV�UHPDLQV� FRQWURYHUVLDO�� VRPH� SDUDPHWHUV� WKDW�DUH�

VXSSRVHG� WR�PHDVXUH� WKH�FRPSOH[LW\� RI� FRPPXQLW\� ZHEV� �LQFOXGLQJ� WKH�
QXPEHU�RI�HGJHV�DQG�WKH�OHQJWK�RI�GLUHFWHG�SDWKV�DORQJ�WURSKLF�OHYHOV��
VHHP�WR�EH�FRUUHODWHG�ZLWK�VSHFLHV�ULFKQHVV���Y��UHODWLYHO\�KLJK�VSHFLHV�
ULFKQHVV� LV�DOVR� FRUUHODWHG� ZLWK� LQFUHDVLQJ� WRSRJUDSKLF� GLYHUVLW\��2I� WKHVH�
ILYH�SRLQWV�� WKH�VHFRQG� DQG� WKLUG�DUH� LUUHOHYDQW� VLQFH� WKH\�UHIHU�WR�ULFKQHVV�
DW� WKH�OHYHO� RI�KLJKHU� WD[D�RU� WUDLWV�UDWKHU�WKDQ�GLYHUVLW\�� WKH�WKLUG�DVVXPHV�

WKDW�FRPSOH[LW\�RI�WURSKLF�ZHEV� LV�UHODWHG�WR�GLYHUVLW\�ZKLFK�LV�XQSURYHQ�
LQ�WKH�ILHOG��DQG�WKH�ILUVW�DQG�ILIWK�DUH�UHOHYDQW�RQO\�LI�ZH�DFFHSW�HQYLURQ�

PHQWDO� GLYHUVLW\� DV� D� WUXH�VXUURJDWH�� DQ�RSWLRQ� WKDW�ZDV� DUJXHG� DJDLQVW� DERYH��
7KHUH� DUH��PRUHRYHU�� WZR� VWURQJ� DUJXPHQWV� DJDLQVW� XVLQJ� VSHFLHV�

ULFKQHVV�� RU��IRU�WKDW�PDWWHU�� ULFKQHVV� RI�DQ\� HVWLPDWRU�VXUURJDWHV� WR�SULRU�
LWL]H�SODFHV�� �L��LW�LV�ZHOO�HVWDEOLVKHG�WKDW�SULRULWL]LQJ�SODFHV�E\�ULFKQHVV�LV�
XVXDOO\� QRW"DFFRUGLQJ� WR�FXUUHQW� �HPSLULFDO�� GDWD"DQ� HIIHFWLYH� ZD\� RI�

WDUJHWLQJ�GLYHUVLW\��7KH� WRS�WZR��RU�PRUH�� SODFHV�PD\�EH�ULFK� LQ�WKH�
WDUJHWHG� VXUURJDWHV� EXW�PD\� KDYH� YHU\� VLPLODU� VXUURJDWHV�� &RQVHUYLQJ� ERWK�

PD\�DGG�QRWKLQJ��RU�YHU\�OLWWOH��WR�ZKDW�ZRXOG�EH�REWDLQHG�E\�FRQVHUYLQJ�
RQH� DQG� VRPH� RWKHU� SODFH�� &RQVHUYLQJ� ERWK�ZRXOG� WKXV�EH� DQ� LQHIIHFWLYH�

DOORFDWLRQ�RI�OLPLWHG�UHVRXUFHV���DQG��LL��WKH�UHDVRQ�ZK\�VHOHFWLQJ�SODFHV�RQ�
WKH�EDVLV�RI�ULFKQHVV�LV�LQHIIHFWLYH�LV�WKDW��HYHQ�LQWXLWLYHO\��ULFKQHVV�LV�QRW�
WKH� VDPH� DV� GLYHUVLW\�� 'LYHUVLW\�� LQFOXGLQJ� ELRGLYHUVLW\�� FRQQRWHV� �GLIIHU�
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HQHH�� DQG� �XQOLNHQHVV�"WKH� DPRXQW� RI�YDULHW\����)LQDOO\��*DVWRQ
V� DQDO\VLV�
LJQRUHG� VSDWLDO� VFDOHV� DQG� LW�LV� LPSODXVLEOH� WKDW�KLV�ILYH� FODLPV� KROG� DW�DOO�
VFDOHV��

7KHUH� DUH� DW� OHDVW� VHYHQ�PRUH� SODXVLEOH� FDQGLGDWHV� IRU�HVWLPDWRU�VXU�

URJDWHV��

�L�� HQYLURQPHQWDO� SDUDPHWHU� FRPSRVLWLRQ���� WKDW�LV��D� OLVW�RI�SDUDPH�
WHUV� VXFK� DV� DYHUDJH� WHPSHUDWXUH� DQG� UDLQIDOO��ZKLFK� DUH� RIWHQ� HDV\� WR�
REWDLQ�� 7KH\� DUH�ZLGHO\� UHFRUGHG� RU�FDQ�EH� LQIHUUHG�IURP�UHOLDEOH�PRGHOV��

�LL��VRLO�W\SH�FRPSRVLWLRQ�ZKLFK�ZLOO�EH�EDVHG�RQ�D�FODVVLILFDWLRQ�RI�
VRLO�W\SHV�XVLQJ�WKHLU�FRPSRVLWLRQ�DQG�RWKHU�SK\VLFDO�SURSHUWLHV��2QFH�
DJDLQ�� VXFK�GDWD� DUH�HDVLO\� REWDLQDEOH�� DQG� FDQ� VRPHWLPHV� EH� LQIHUUHG�IURP�
VDWHOOLWH� LPDJHV��

�LLL��GRPLQDQW�YHJHWDWLRQ�FRPSRVLWLRQ�ZKLFK�FDQ�DOVR�EH� LQIHUUHG�
IURP� VDWHOOLWH� LPDJHV��

8VXDOO\� WKHVH� WKUHH�DUH�XVHG� VLPXOWDQHRXVO\�� 7KH\� KDYH� WKH�REYLRXV�

DGYDQWDJH� RI�EHLQJ� UHODWLYHO\� HDVLO\� DVVHVVHG�� 7KXV� WKH�HVWLPDWLRQ� SUREOHP�
KDV� D�JRRG� VROXWLRQ��+RZHYHU�� WKH�HPSLULFDO� TXHVWLRQ� RI�WKH�UHODWLRQ�RI�WKHVH�
GDWD� WR�VSHFLHV� GLYHUVLW\� �OHW�DORQH� RWKHU�SRWHQWLDO� WUXH�VXUURJDWHV�� UHPDLQV�
XQUHVROYHG�� 7KLV� TXHVWLRQ� LV�EHLQJ� V\VWHPDWLFDOO\� LQYHVWLJDWHG� LQ�1HZ�
6RXWK�:DOHV� DQG�7H[DV� �DQG�� YHU\�SRVVLEO\�� RWKHU�SODFHV��� 5HWXUQLQJ� WR�WKH�
FDQGLGDWHV� IRU�HVWLPDWRU�VXUURJDF\�� WKH�RWKHU� IRXU�DUH��

�LY�� VSHFLHV� FRPSRVLWLRQ�� D� OLVW�RI� WKH�VSHFLHV� RFFXUULQJ� DW�D�SODFH�� ,Q�

SUDFWLFH� ZH� QHYHU� KDYH� D� FRPSOHWH� OLVW��0LFURVFRSLF� VSHFLHV� DUH� DOPRVW�

LPSRVVLEOH� WR�VXUYH\� DGHTXDWHO\� DQG�� XVXDOO\�� QRW� HYHQ� DOO� ODUJHU� VSHFLHV�
DUH� VXUYH\HG��

�Y��OLIH�]RQH�FRPSRVLWLRQ��D� OLVW�RI�WKH�KDELWDWV�RFFXUULQJ�DW�D�SODFH�
�IRU� LQVWDQFH�� WURSLFDO�ZHW� IRUHVW��PRLVW� IRUHVW��HWF��� EDVHG� RQ� D�SUH�GHWHU�
PLQHG� FODVVLILFDWLRQ�� $V� QRWHG� DERYH�� FODVVLILFDWLRQV� RI� WKLV�VRUW�QRZ� H[LVW�
IRU�PDQ\� DUHDV� RI� WKH�ZRUOG��

�YL��JHQXV�RU�RWKHU�KLJKHU�WD[RQ�FRPSRVLWLRQ��ZKLFK�LV�ZKDW�ZH�RIWHQ�
KDYH�LQVWHDG�RI�FRPSRVLWLRQ�DW�WKH�VSHFLHV�OHYHO��

�YLL�� VXEVHWV� RI� VSHFLHV� FRPSRVLWLRQ�� RQFH� DJDLQ�� ZKDW� ZH�PD\� KDYH�
WR�XVH� EHFDXVH� FRPSOHWH� VSHFLHV� FRPSRVLWLRQV� DUH� DOPRVW� QHYHU� DYDLODEOH�
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LQ�SUDFWLFH�� )RU� VRPH� WD[D� VXFK� DV� ELUGV� DQG� EXWWHUIOLHV�� H[WHQVLYH� LQIRU�

PDWLRQ� H[LVWV��

$OO� IRXU�RI� WKHVH� DUH� WKH�RQHV�PRVW� FRPPRQO\� XVHG� LQ�SUDFWLFH�� EXW�

WKHUH�KDV�EHHQ�YHU\�OLWWOH�HPSLULFDO�ZRUN�HVWDEOLVKLQJ�WKH�DGHTXDF\�RI�WKH�
ODVW� WZR� DV� SUHGLFWRUV� RI� DQ\� WUXH�VXUURJDWH� GLYHUVLW\�� ,I�VSHFLHV� GLYHUVLW\�
LV�WDNHQ�WR�EH�WKH��RQO\��WUXH�VXUURJDWH��WKH�DGHTXDF\�RI�WKH�ILUVW�RI�WKHVH�
IRXU��VSHFLHV�FRPSRVLWLRQ��LV�REYLRXVO\�WULYLDOO\�JXDUDQWHHG��IRU�DQ\�RI�WKH�
RWKHU� WUXH�VXUURJDWHV� WKH�SUREOHP� RI�GHWHUPLQLQJ� LWV�HPSLULFDO� VXUURJDF\�
UHPDLQV�� $Q� DQDORJRXV� SRLQW� FDQ� EH�PDGH� DERXW� OLIH�]RQH� GLYHUVLW\� DV� WKH�

RQO\� WUXH� VXUURJDWH� DQG� OLIH�]RQH� FRPSRVLWLRQ� DV� DQ� HVWLPDWRU�VXUURJDWH�
IRU� LW��0RUHRYHU�� WU\LQJ�WR�XVH� WRWDO� VSHFLHV� FRPSRVLWLRQ� DV� DQ� HVWLPDWRU�

VXUURJDWH� LV�XQMXVWLILHG� IRU� WKH� VLPSOH� UHDVRQ� WKDW� LW�FDQQRW� EH� DVVHVVHG�

UDSLGO\� DQG� HDVLO\�� DV� LV�UHTXLUHG� IRU�VXFK� VXUURJDWHV�� 7KHUH� LV�QR� UHDVRQ� WR�

EHOLHYH� WKDW� WKH� VDPH� HVWLPDWRU�VXUURJDWHV� ZLOO� EH� WKH�EHVW� RQHV� IRU�DOO�

UHJLRQV�� %XW� WKDW� LV�QRW� QHFHVVDU\� VR� ORQJ� DV� WKH�RQHV� WKDW�DUH� XVHG� DUH�

VKRZQ� WR�EH� DGHTXDWH� IRU�WKH�FRQWH[W� RI� WKHLU�XVH��

���3ODFH� 3ULRULWL]DWLRQ� DQG� WKH�'HILQLWLRQ� RI� 
%LRGLYHUVLW\��

2QFH� WUXH� VXUURJDWHV� KDYH� EHHQ� FKRVHQ� �SDUWO\�E\� FRQYHQWLRQ��� DQG�

WKH�DGHTXDF\� RI�D� VHW�RI�HVWLPDWRU�VXUURJDWHV� KDV� EHHQ� HVWDEOLVKHG� HPSLU�

LFDOO\�� WKH� HVWLPDWRU�VXUURJDWHV� PXVW� EH� HVWLPDWHG� LQ� WKH� ILHOG�� ,Q� WKH�

LQWHUHVW� RI� EUHYLW\�� IURP� WKLV� SRLQW� RQ� LQ� WKLV� SDSHU�� XQOHVV� H[SOLFLWO\�
LQGLFDWHG� RWKHUZLVH�� 
VXUURJDWH
� ZLOO� EH� XVHG� RQO\� WR�UHIHU�WR�HVWLPDWRU�VXU�

URJDWHV��$W� WKLV�VWDJH��ZKDW� ZH� KDYH� LQ�KDQG� DUH� D� VHW�RI�SODFHV� DQG� OLVW�RI�

VXUURJDWHV� DW�HDFK� SODFH��:H� QRZ� KDYH� WR�SULRULWL]H� WKHVH�SODFHV� DQG� WKH�

SULRULWL]DWLRQ�SURFHGXUH�ZLOO� LPSOLFLWO\�GHILQH�ZKDW� 
ELRGLYHUVLW\
�LV�WDNHQ�
WR�EH��%XW��WR�SULRULWL]H�SODFHV�LQ�WKLV�IDVKLRQ"DQG�WKLV�LV�D�FULWLFDO�SRLQW"�
ZH� QHHG� QR� DEVROXWH� FRQFHSW� RU�PHDVXUH� RI�ELRGLYHUVLW\��:H� PHUHO\� QHHG�

WR�EH�DEOH�WR�GHFLGH�ZKHWKHU�SODFH�$�KDV�JUHDWHU�ELRGLYHUVLW\�WKDQ�SODFH�%��
,I�ZH� DFFHSW�WKLV�OLPLWHG�UHTXLUHPHQW�WR�FDSWXUH�WKH�LQWXLWLRQ�RI�ELR�

GLYHUVLW\�WKDW�LV�UHOHYDQW�IRU�RXU�SXUSRVHV��LW�EHFRPHV�IDLUO\�VWUDLJKWIRUZDUG�
WR�JLYH�DQ�RSHUDWLRQDOO\�SUHFLVH�GHILQLWLRQ�RI�ELRGLYHUVLW\�DV�D� UHODWLYH�
FRQFHSW��%LRGLYHUVLW\�ZLOO�EH� UHODWLYL]HG�LQ�WZR�ZD\V�� �L�� WKH�GHILQLWLRQ�
ZLOO�RQO\�WU\�WR�VD\�LI�SODFH�$�KDV�KLJKHU��RU�WKH�VDPH�RU�ORZHU��ELRGLYHU�

VLW\�WKDQ�%?�DQG��LL��LW�ZLOO�GR�VR�RQO\�DJDLQVW�D�EDFNJURXQG�VHW�RI�SODFHV�
��:KDW� RXU�SURFHGXUH��RU�DOJRULWKP��PXVW�GR� LV�WKLV��JLYHQ� DQG�D�VHW�
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RI�QHZ�SODFHV�� ��WKH�DOJRULWKP�PXVW�SULRULWL]H�WKHVH�SODFHV�RQ�WKH�EDVLV�
RI�ELRGLYHUVLW\�XVLQJ�WKH�VXUURJDWH�OLVWV�IRU� DQG�IRU�HDFK�SODFH�LQ� ��7KLV�
ZLOO� EH� GRQH� E\� FRQVLGHULQJ� WZR� SODFHV� DW� HDFK� VWDJH� DQG� LWHUDWLQJ� WKH�

SURFHVV� RYHU� WKH�HQWLUH� VHW�RI�SODFHV�� ��UHVXOWLQJ��ILQDOO\�� LQ�D�SULRULWL]HG� OLVW��

&RQVLGHU�DQ\�SDLU�RI�SODFHV�$�DQG�%��$W�WKH�ILUVW�VWHS�RI�WKH�DOJRULWKP�
$�KDV�KLJKHU��VDPH�ORZHU��SULRULW\�WKDQ� UHODWLYH�WR� LI�DQG�RQO\�LI�LWV�
VXUURJDWH�OLVW�KDV�PRUH��WKH�VDPH�QXPEHU�RI�OHVV��HQWULHV�QRW�LQ�WKH�OLVW�RI�

WKDQ�WKH�VXUURJDWH�OLVW�RI������7KLV�UXOH�RI�SULRULWL]LQJ�SODFHV�E\�FRQVLG�
HULQJ� WKH�QXPEHU� RI�QHZ� VXUURJDWHV� LV�FDOOHG� �FRPSOHPHQWDULW\�� LQ� WKH�

OLWHUDWXUH����1RWH� WKDW��DW� WKLV�VWDJH�� WKHUH�PD\� EH� D� WLH�EHWZHHQ� $� DQG�%��

7KH�ZD\�ZH�FKRRVH�WR�EUHDN�VXFK�WLHV�JHQHUDWHV��VOLJKWO\��GLIIHUHQW�DOJR�
ULWKPV��:H� PD\� EUHDN� LW�XVLQJ� D� UDQGRP� SURFHVV� �IRU� LQVWDQFH�� DSSHDOLQJ�
WR�D� UDQGRP� QXPEHU� JHQHUDWRU� RU��ZKDW� DPRXQWV� WR�WKH�VDPH� WKLQJ��XVLQJ�
OH[LFDO� RUGHU�� WKDW�LV��VHOHFWLQJ� ZKLFKHYHU� RI�$� RU� WKDW�LV�ILUVW�RQ� RXU� OLVW�

RI�SODFHV��� 7KLV� LV�D� �SXUH� FRPSOHPHQWDULW\�� DOJRULWKP��2U�� EHIRUH� LQYRNLQJ�
UDQGRPQHVV�� ZH�PD\� XVH� UDULW\��ZH� ZRXOG� JLYH� KLJKHU�SULRULW\� WR�WKH�SODFH�
ZKLFK� KDV�PRUH� UDUH� VXUURJDWHV� �HLWKHU� DPRQJ� WKRVH� QRW� DOUHDG\� UHSUH�
VHQWHG� LQ� RU� LQ� WKH�HQWLUH� GDWD� VHW��� 7KLV� FKRLFH� JHQHUDWHV� �FRPSOH�
PHQWDULW\�UDULW\�� DOJRULWKPV�� �,Q� VRPH� YHUVLRQV� RI� WKLV�DOJRULWKP�� UDULW\�LV�

XVHG� EHIRUH� FRPSOHPHQWDULW\�� UHVXOWLQJ� LQ��UDULW\�FRPSOHPHQWDULW\�� DOJR�
ULWKPV����� ,I�ZH� VWLOO�KDYH� D� WLH�DIWHU�LQYRNLQJ� UDULW\��ZH�PD\� LQWURGXFH�YDULRXV�
RWKHU� UXOHV�� DGMDFHQF\� �LV� D�QHZ� SODFH� DGMDFHQW� WR�RQH� DOUHDG\� LQ� "� ,I�VR��
FKRRVH� LW�EHFDXVH� LW�ZLOO� OHDG� WR� ODUJHU�FRQQHFWHG� UHVHUYHV��� DUHD� �FKRRVH�

VPDOOHU�ODUJHU� SODFHV��� FRVW� �FKRRVH� WKH�SODFH� ZLWK� WKH� ORZHU� FRVW��� HYHQ�

ULFKQHVV�� DQG� VR�RQ��(DFK� FRPELQDWLRQ� DQG� VXEVHTXHQW� SHUPXWDWLRQ� JHQHUDWHV�
D�GLIIHUHQW�DOJRULWKP��

2QFH� D� WLH� LV�EURNHQ��ZH� XSGDWH� E\� DGGLQJ� WKH�VHOHFWHG� SODFH� WR�LW��
DQG� LWHUDWH�WKH�SURFHVV��:H� VWRS� WKH�SURFHVV� RQFH� HYHU\� VXUURJDWH� LV�UHSUH�
VHQWHG���DQG�WKH�SULRULW\�OLVW�FRQVLVWV�RI�WKRVH�SODFHV�DGGHG�WR� LQ�WKH�
RUGHU�LQ�ZKLFK�WKH\�ZHUH�DGGHG��$W�WKH�HQG��ZH� VKRXOG�DGG�SODFHV�WKDW�DUH�
QHFHVVDU\� IRU�WKH�SHUVLVWHQFH� RI�HQGDQJHUHG� ELRORJLFDO� SKHQRPHQD�� 2QFH�

DJDLQ� WKLV�VHHPV� DG� KRF�� EXW�QR� EHWWHU� VROXWLRQ� VHHPV� WR�EH� IRUWKFRPLQJ��
7KLV� LWHUDWLYH�SURFHGXUH� VKRZV� KRZ� DGGLWLRQV� PD\� EH� JHQHUDWHG� WR�D�

V\VWHP�RI�UHVHUYHV�� +RZHYHU�� WR�VHW�WKH�LWHUDWLRQ�JRLQJ��ZH� QHHG� WR�VSHFLI\�
D�EDVH�OLQH��KRZ� LV�WR�EH�FRQVWUXFWHG�IURP�WKH�QXOO�VHW��,Q�SUDFWLFH�ZH�
ZLOO� UDUHO\�IDFH�WKLV�SUREOHP��H[LVWLQJ�QHWZRUNV�RI�SURWHFWHG�DUHDV�ZLOO�
SURYLGH� WKH�UHIHUHQFH� VHW�� WKRXJK��XVXDOO\�� EHFDXVH� WKHVH�SODFHV� KDYH� WUD�
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GLWLRQDOO\�EHHQ� VHOHFWHG�XVLQJ�FULWHULD�RWKHU�WKDQ�ELRGLYHUVLW\��VXEOLPH�
ODQGVFDSHV�� ZLOGHUQHVVHV�� HWF���� VXFK� UHIHUHQFH� VHWV�ZLOO� QRW�EH� UHSRVLWRULHV�
RI�KLJK�ELRGLYHUVLW\��1HYHUWKHOHVV��IRU�WKH�VDNH�RI�GHILQLWLRQDO�FRPSOHWH�
QHVV�� ZH�PXVW� EH� DEOH� WR�VROYH� WKH�SUREOHP� RI�GHILQLWLRQ�� WKH�UHIHUHQFH� VHW�

DE� LQLWLR��&RQVLVWHQW� ZLWK� WKH� LQWXLWLRQ� WKDW�KDV� JXLGHG� RXU� DOJRULWKPV�� ZH�

GR�VR�E\�LQYRNLQJ�UDULW\��7KH�ILUVW�SODFH�V�� WR�EH� LQFOXGHG�LQ� DUH�WKRVH�
WKDW�KDYH� WKH� UDUHVW� VXUURJDWHV�� ,I� WKHUH� DUH� SODFHV� ZLWK� VXUURJDWHV� WKDW�
RFFXU� QRZKHUH� HOVH�� WKHQ�WKHVH�HQWHU� DW� WKH�EHJLQQLQJ�� ,I�QRW��ZH� FKRRVH�

WKH�SODFH�V�� ZLWK� WKH�UDUHVW� VXUURJDWHV� WKDW�DUH�SUHVHQW� LQ�RXU�GDWD����
'LIIHUHQW�FRQFHSWV�RI�ELRGLYHUVLW\�DUH�LPSOLFLWO\�GHILQHG�E\�WKHVH�DO�

JRULWKPV��ELRGLYHUVLW\�LV�WKH�UHODWLRQ�XVHG�WR�SULRULWL]H�SODFHV��7KH�FUXFLDO�
UXOH� LV� FRPSOHPHQWDULW\�� E\� IRFXVLQJ� RQ� QHZ� VXUURJDWHV� LW�QDWXUDOO\�
FDSWXUHV� RXU� LQWXLWLRQ� RI� ELRGLYHUVLW\�� :LWK� VRPH� UKHWRULFDO� IORXULVK� ZH�

PD\� MXVW� DV�ZHOO� VD\� WKDW�ZKDW�PDWWHUV� LV�FRPSOHPHQWDULW\�� WKH�FRQFHSW� RI�

ELRGLYHUVLW\� LV�SDUDVLWLF� RQ� WKH�FRQFHSW� RI�FRPSOHPHQWDULW\�� 7KDW� FRPSOH�
PHQWDULW\� DQG� UDULW\�VKRXOG� KDYH� VRPH� UROH� LQ�RXU� FRQFHSW� RI�ELRGLYHUVLW\�
VKRXOG� QRW� EH� FRQWURYHUVLDO�� 5HFDOO� WKDW�RXU� FRQWH[W� LV�RQH� RI�ELRORJLFDO�
FRQVHUYDWLRQ�� :H� ZDQW� WR�SURWHFW�ZKDW� LV�WKUHDWHQHG� E\�H[WLQFWLRQ�� E\� DQG�

ODUJH�� UDULW\�FDSWXUHV� WKDW�LQWXLWLRQ����:H� ZDQW� WR�SURWHFW� DV�PDQ\� GLIIHUHQW�
HQWLWLHV� WKDW� DUH� QRW� DOUHDG\� DGHTXDWHO\� SURWHFWHG�� FRPSOHPHQWDULW\�
H[DFWO\� FDSWXUHV� WKDW�LQWXLWLRQ��

,W� LV�IDU� OHVV� FOHDU� WKDW�ZH� DUH� VWLOO�GHILQLQJ� 
ELRGLYHUVLW\
� ZKHQ� ZH�

LQYRNH� WKH�RWKHU� UXOHV� VXFK� DV� DGMDFHQF\�� DUHD�� RU�FRVW� LQ�RXU� DOJRULWKPV�� ,�
OHDYH� LW�DV� DQ� RSHQ� TXHVWLRQ� ZKHWKHU� ZH� VKRXOG� UHVWULFW� 
ELRGLYHUVLW\
� WR�
ZKDW� LV�GHILQHG� E\� DOJRULWKPV� WKDW�RQO\� LQYRNH� UDULW\�DQG� FRPSOHPHQWDUL�
W\�RU�ZKHWKHU�ZH� VKRXOG�EH�PRUH�FDWKROLF�LQ�RXU�WDVWH��,�ZLOO�DGRSW�WKH�
ODWWHU�DSSURDFK� LQ�6HFWLRQ� ��� WKRXJK� RQO\� IRU�H[SRVLWRU\� FRQYHQLHQFH��

)LQDOO\��LW�LV�LPSRUWDQW�WR�QRWH�WZR�SRLQWV�DERXW�WKHVH�DOJRULWKPV���L��
WKH\�RSHUDWH� RQ� OLVWV�RI� VXUURJDWHV� IRU�HDFK� VSDFH��:H� FDQQRW� FRPSRXQG�
WKHVH� OLVWV� LQWR�VLQJOH� QXPEHUV"VXFK� DV�ULFKQHVV� RU�0DF$UWKXU
V� GLYHUVLW\�
LQGH["DQG� FRQWLQXH� WR� XVH� WKHVH� DOJRULWKPV�� )LHOG� ZRUN� JHQHUDOO\�
LQYROYHV�FRPSLOLQJ�VXFK�OLVWV��<HW�� LW�LV�FRPPRQ�SUDFWLFH�DPRQJ�ILHOG�EL�
RORJLVWV�WR�UHGXFH�WKHVH�OLVWV�WR�VLQJOH�QXPEHUV��RU�VPDOO�VHWV�RI�QXPEHUV��
DQG�GLVFDUG�WKH�SULPDU\�GDWD��7KH� SURSRVDOV�EHLQJ�PDGH� LQ�WKLV�SDSHU�
DERXW�WKH�GHILQLWLRQ�DQG�DVVHVVPHQW�RI�ELRGLYHUVLW\�DUJXH�VWURQJO\�DJDLQVW�
WKLV�SUDFWLFH��DQG��LL��WKHVH�DOJRULWKPV�VKRZ�YHU\�VWURQJ�KLVWRU\�GHSHQ�
GHQFH��:KLFK� SODFHV�ZH� VWDUW�ZLWK�DQG�WKH�RUGHU�LQ�ZKLFK�WKH�UXOHV�DUH�
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DSSOLHG�PDNH�D�YHU\�VLJQLILFDQW�GLIIHUHQFH�RQ�WKH�SULRULW\�RUGHULQJ�RI�WKH�
VHW�RI�SODFHV� ZH� ZRUN� ZLWK�� &RQVHTXHQWO\�� LI�ZH� LQWURGXFH� D�FXW�RII�DERYH�

ZKLFK� ZH� FRQVHUYH� SODFHV� DQG� EHORZ� ZKLFK� ZH� GR� QRW�� WKH� VHW�RI�SODFHV�

WDUJHWHG� IRU� FRQVHUYDWLRQ� LV� VLPLODUO\� KLVWRU\�GHSHQGHQW�� :KLOH� WKLV�

LQLWLDOO\� DSSHDUV� WR�EH� D�SUREOHP"RU� DW� OHDVW� DQ�XQGHVLUDEOH� IHDWXUH"RI�
RXU� SURFHGXUH�� LQ� VRPH� FRQWH[WV� ZH� FDQ� FRQYHUW� LW� LQWR� D� YLUWXH�� )RU�

LQVWDQFH�� VXSSRVH� WKDW�ZH� KDYH� VRFLRSROLWLFDO� FRQVWUDLQWV� WKDW�ZH�PXVW� DOVR�

WU\�WR�VDWLVI\�ZKLOH� UHFRPPHQGLQJ� D� VHW�RI�SODFHV� IRU�FRQVHUYDWLRQ� �WKDW� LV��
D� UHVHUYH� QHWZRUN� RI� VRPH� VRUW�RU�RWKHU���:H� FDQ� LQLWLDOL]H� RXU�SURFHGXUH�

E\�FKRRVLQJ�WKH�ILUVW�SODFH�GLIIHUHQWO\�DQG�JHQHUDWH�GLIIHUHQW�VHWV�RI�SR�
WHQWLDOO\�FRQVHUYHG�SODFHV�ZKLFK�HTXDOO\�VDWLVI\�RXU�ELRGLYHUVLW\�FULWHULD��
7KHQ� ZH� FDQ� RSW� IRU�WKH�RQH� WKDW�EHVW� VDWLVILHV� RXU� VRFLRSROLWLFDO� FULWHULD��

���&RQFOXVLRQV�

7KLV� SDSHU� KDV� VXFFHHGHG� LQ�VKRZLQJ"SRVVLEO\� YHU\�XQVDWLVIDFWRUL�

O\�IRU�SXULVWV"KRZ�ELRGLYHUVLW\�PD\�EH�GHILQHG�DQG�DVVHVVHG��7KH�VROXWLRQ�
RI� WKH�DVVHVVPHQW� SUREOHP� LQYROYHG�� LQ�SDUW��UHFRXUVH� WR�FRQYHQWLRQ�� 7KLV�

ZLOO� SUREDEO\� EH� XQSDODWDEOH"RU�� DW� OHDVW��XQGHVLUDEOH"WR� VRPH�� ,� VKDUH�
WKLV�GLVTXLHW� DQG� DZDLW� WKHLU�OHVV�FRQYHQWLRQDO� DOWHUQDWLYH� SURSRVDOV�� 0RUH�

LPSRUWDQWO\�� WKH�VROXWLRQ� SRLQWV� WR�HPSLULFDO� ZRUN� WKDW�PXVW� EH� GRQH�� QRW�

VROHO\�IRU�SKLORVRSKLFDO�UHDVRQV��EXW�IRU�WKH�SUDFWLFDO�JRDO�RI�VXFFHVVIXOO\�
FRQVHUYLQJ� ELRGLYHUVLW\�� 7KH� HPSLULFDO� ZRUN� WKDW�LV�FULWLFDO� LQ�WKLV�PDQQHU�

LV� WKH� LGHQWLILFDWLRQ� RI� DGHTXDWH� HVWLPDWRU�VXUURJDWHV�� 7R� WKH�H[WHQW� WKDW�

SKLORVRSKLFDO� DQDO\VLV� KDV�KDG� WKLV�SUDFWLFDO� VFLHQWLILF�FRQVHTXHQFH"DQG� RQH�

WKDW�KDV�XQIRUWXQDWHO\�QRW�UHFHLYHG� DGHTXDWH� DWWHQWLRQ�ZLWKLQ� VFLHQFH"LW� XQ�

GHUVFRUHV� WKH� LPSRUWDQFH� RI�SKLORVRSK\� IRU�VFLHQFH��

7XUQLQJ�WR�WKH�SURSRVHG�VROXWLRQ�RI�WKH�SUREOHP�RI�GHILQLQJ�
ELRGL�
YHUVLW\
�� WKH�IROORZLQJ� ILYH�SRLQWV� VKRXOG� EH� QRWHG��

�L��7KH�PRVW�LQWHUHVWLQJ�IDFHW�RI�WKLV�VROXWLRQ�WR�WKH�GHILQLWLRQ�DQG�DV�
VHVVPHQW�SUREOHPV�IRU�ELRGLYHUVLW\�LV�WKDW�LW�ZDV�RQO\�SRVVLEOH�EHFDXVH�RI�
FRQWH[WXDOL]DWLRQ�� :H� GHWHUPLQHG� ZKDW� 
ELRGLYHUVLW\
� LV�E\�H[SORULQJ� ZKDW�

LW�ZDV� VXSSRVHG�WR�DFFRPSOLVK��DQG�VXSSRVHG�WR�GR�VR�LQ�WKH�YHU\�VSHFLILF�
DQG�KLVWRULFDOO\�FRQWLQJHQW�FRQWH[W�RI�WKH�GHWHULRUDWLRQ�RI�RXU�ELRORJLFDO�
OHJDF\�GXULQJ�WKH�SDVW�KDOI�FHQWXU\��7KH�UDWLRQDOH�IRU�WKLV�PRYH�ZDV� WKDW�
WKLV�ZDV� WKH�FRQWH[W�LQ�ZKLFK�WKH�WHUP�
ELRGLYHUVLW\
�ZDV� LQWURGXFHG�DQG�

JDLQHG� FXUUHQF\��:LWK� FRQWH[WXDOL]DWLRQ�� WKH� VROXWLRQ� DSSHDUV� HDV\�� HYHQ�
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WULYLDO��3HUKDSV� DQ� LPSRUWDQW�PRUDO� WR�EH� GUDZQ� IURP�WKLV�VWRU\�LV�WKDW�FRQ�

WH[WXDOL]DWLRQ� PD\� EH� RI� JHQHUDO� WKHUDSHXWLF� YDOXH� IRU� WKH� DQDO\VLV� RI�

UHFDOFLWUDQW� FRQFHSWV��

�LL��%HFDXVH�D�YDULHW\�RI�SULRULWL]DWLRQ�DOJRULWKPV�KDYH�EHHQ�SURSRVHG��
ZKDW�ZH� KDYH� GHILQHG� DUH�D� VHW�RI�GLIIHUHQW�FRQFHSWV� RI�ELRGLYHUVLW\��+RZHYHU��
WKHUH� LV�RQH� YHU\� JRRG� UHDVRQ� WR� VXSSRVH� WKDW�WKHVH� GLIIHUHQW�GHILQLWLRQV�

IRUP�D�IDPLO\��RI�FORVHO\�UHODWHG�FRQFHSWV���WKH\�DOO�VKDUH�WKH�LQYRFDWLRQ�
RI� WKH�FRPSOHPHQWDULW\� DQG� UDULW\�UXOHV��0RUHRYHU�� LI�ZH� UHVWULFW�RXU�GHIL�

QLWLRQV� WR�DOJRULWKPV� WKDW�LQYRNH� RQO\� WKRVH� UXOHV�� WKH�GLIIHUHQFHV� EHWZHHQ�

WKH�GHILQLWLRQV� DUH� UHODWLYHO\� WULYLDO��6RPH� PD\� SUHIHU"RU� HYHQ� GHPDQG"�
D� VLQJOH� GHILQLWLRQ�� EXW� LW�LV�KDUG� WR�VHH� DQ\� WKHRUHWLFDO� RU�SUDFWLFDO� UDWLRQDOH�

EHKLQG� VXFK� D�PRYH��

�LLL��7KH�RIIHUHG�GHILQLWLRQV�DUH�LPSOLFLW�UDWKHU�WKDQ�H[SOLFLW�VLQFH�WKH\�
DUH�GHILQHG�WKURXJK�WKH�DOJRULWKPV�WKDW�DUH�XVHG��UDWKHU�WKDQ�E\�H[SOLFLW�
QHFHVVDU\� DQG� VXIILFLHQW�FRQGLWLRQV�� ,W�LV�LQFXPEHQW� XSRQ� WKRVH�ZKR� SUHIHU�

H[SOLFLW� GHILQLWLRQV� DV� D�PDWWHU� RI�SULQFLSOH� WR�FRPH� XS�ZLWK� D� UHDVRQDEOH�

SURSRVDO� IRU� 
ELRGLYHUVLW\
�� 7KH� GLIILFXOWLHV� GLVFXVVHG� LQ�6HFWLRQ� �� VXJJHVW�
"DW� WKH�YHU\� OHDVW"WKDW� WKLV�ZLOO� QRW�EH� HDV\��0RUHRYHU�� LPSOLFLW� GHILQL�
WLRQV�DUH�GH� ULJHXU� LQ�VFLHQFH� DQG�PDWKHPDWLFV� DQG� LW�GRHV� QRW� VHHP� UHDVRQ�

DEOH� WR�ZDQW� WR�UXOH� WKHP� LOOHJLWLPDWH� LQ�FRQVHUYDWLRQ� ELRORJ\��

�LY��5HFDOOLQJ�WKH�DQDORJ\�EHWZHHQ�FRQVHUYDWLRQ�ELRORJ\�DQG�PHGLFLQH�
WKDW�ZDV� GUDZQ� LQ�6HFWLRQ� ���WKH�VROXWLRQV� RIIHUHG�KHUH�XQGHUVFRUH� WKH� LP�

SRUWDQFH� RI�D�SUHYHQWLYH� UDWKHU�WKDQ�DPHOLRUDWLYH� DSSURDFK� LQ�FRQVHUYDWLRQ�

ELRORJ\��:KLOH� WKH�HPSKDVLV� RQ� UDULW\�FDSWXUHV�� LQ�SDUW��RXU�FRQFHUQ� IRU�HQ�

GDQJHUHG�VSHFLHV�DQG�RWKHU�ELRORJLFDO�HQWLWLHV��FRPSOHPHQWDULW\�WDNHV�XV�
WR�DOO� VXUURJDWHV�� QR�PDWWHU� ZKDW� WKHLU�HQGDQJHUPHQW� VWDWXV� LV��

�Y��7KH�PDMRU�IODZ�RI�WKH�SUHVHQW�DQDO\VLV�LV�WKDW�WKH�WUHDWPHQW�RI�WKH�
SUREOHP� RI� HQGDQJHUHG� ELRORJLFDO� SKHQRPHQD� UHPDLQV� DG� KRF�� 3ODFHV�

UHTXLUHG�IRU�WKHLU�SURWHFWLRQ�ZHUH�DGGHG�WR�WKH�OLVW�RI�SULRULWL]HG�SODFHV��LQ�
6HFWLRQ����E\�ILDW��)XUWKHU�ZRUN�QHHGV�WR�EH�GRQH�WR�VHH�LI�WKLV�ODFXQD�FDQ�
EH� UHPRYHG��

6DKRWUD� 6DUNDU�

8QLYHUVLW\�RI�7H[DV�
DW�$XVWLQ�



'(),1,1*� �%,2',9(56,7<��� $66(66,1*� %,2',9(56,7<� ����

127(6�

���0XFK� RI�ZKDW�LV�VDLG�KHUH�HPHUJHG�IURP�\HDUV�RI�FROODERUDWLRQ�DQG�GLVFXVVLRQ�ZLWK�
&KULV�0DUJXOHV�� WKRXJK�KH�FDQQRW�EH�KHOG�UHVSRQVLEOH�IRU�DQ\�HUURUV�WKLV�FRQWDLQV��2XU�
MRLQW�ZRUN�LV�DYDLODEOH�DV�6DUNDU�DQG�0DUJXOHV� ��������7KLV�DQDO\VLV�ZDV�ILUVW�SUHVHQWHG�DV�
D� VHPLQDU�WR�WKH�8QLW�IRU�WKH�+LVWRU\�DQG�3KLORVRSK\�RI�6FLHQFH��8QLYHUVLW\�RI�6\GQH\�
�>QRUWKHUQ@�6XPPHU��������&RPPHQWV�E\�PHPEHUV�RI�WKDW�DXGLHQFH��LQ�SDUWLFXODU�'DQ�
)DLWK�DQG�3DXO�*ULIILWKV��ZHUH�VLQJXODUO\�KHOSIXO��)RU�FRPPHQWV�RQ�SUHYLRXV�GUDIWV�RI�WKLV�
PDQXVFULSW��WKDQNV�DUH�GXH�WR�-XVWLQ�*DUVRQ��%U\DQ�*��1RUWRQ��DQG�.LP�6WHUHOQ\��

���+LVWRULFDO�PDWHULDO�DERXW��ELRGLYHUVLW\��LV�IURP�7DNDFV� ��������
���(VVHQWLDOO\�IROORZLQJ�&URVE\����������QHR�(XURSH��LV�EHLQJ�XVHG�IRU�SODFHV�ZLWK�D�

VLJQLILFDQW�LQIOX[�RI��DQG�SROLWLFDO�GRPLQDWLRQ�E\��(XURSHDQ� VHWWOHUV��IRU�LQVWDQFH��ODUJH�
DUHDV� RI� WKH�$PHULFDV�� $XVWUDODVLD� DQG� VRXWKHUQ� $IULFD��

���$Q�DGHTXDWH�KLVWRU\�RI�WKH�HPHUJHQFH�RI�FRQVHUYDWLRQ�ELRORJ\�LV�\HW�WR�EH�ZULWWHQ��
VHH��KRZHYHU��6DUNDU������E��IRU�D�VNHWFK�RI�WKDW�KLVWRU\��

���7KH� VHQVH�RI� 
LPSOLFLW
�KHUH�LV�WKH�WHFKQLFDO��D[LRPDWLF��RQH��D� VHW�RI�D[LRPV�LP�
SOLFLWO\�GHILQH�WKH�FRQFHSWV�RFFXUULQJ�LQ�WKHP���,PSOLFLW�GHILQLWLRQV�DUH�WR�EH�FRQWUDVWHG�
ZLWK�H[SOLFLW�GHILQLWLRQV�XVXDOO\�LQWURGXFHG�E\�QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV���,Q�RXU�
FDVH�� KRZHYHU�� ZH� ZLOO� KDYH� D� YDULHW\� RI� DOJRULWKPV� UDWKHU� WKDQ� D[LRP� VHWV��

��� ,W�ZDV� DOUHDG\�PHQWLRQHG�LQ�6RXO"
V� �������PDQLIHVWR��
��� )RU�D�FULWLTXH�RI�HFRORJ\�WKDW�HPSKDVL]HV�WKLV�SUREOHP��VHH�6KUDGHU�)UHFKHWWH�DQG�

0F&R\� ��������
��� ,Q�D�SKLORVRSKLFDOO\�YHU\�LPSRUWDQW�SDSHU��&DXJKOH\� �������GLVWLQJXLVKHV�EHWZHHQ�

D� �VPDOO� QXPEHUV� SDUDGLJP�� ZKLFK�� DV� KH� FRUUHFWO\� QRWHV�� KDV� GRPLQDWHG� FRQVHUYDWLRQ�

ELRORJ\��LQ�WKH�8�6��� DQG�D��GHFOLQLQJ�QXPEHUV�SDUDGLJP��ZKLFK��DFFRUGLQJ�WR�KLP��KDV�
EHHQ�GRPLQDQW�LQ�$XVWUDOLD�� ,PSOLFLW�LQ�&DXJKOH\
V� DQDO\VLV�LV�DQ�RQO\�SDUWO\�YHLOHG�
FULWLFLVP�RI�WKH�IRUPHU��VKHHU�VWRFKDVWLFLW\�FDQ�WDNH�D�SRSXODWLRQ�WR�H[WLQFWLRQ�LI�LWV�VL]H�KDV�
EHHQ� DOORZHG� WR�IDOO� ORZ� HQRXJK� QR�PDWWHU� ZKDW� W\SH�RI� DPHOLRUDWLYH� LQWHUYHQWLRQ� ZH� WKHQ�

HQJDJH� LQ��3RSXODWLRQ� YLDELOLW\�DQDO\VLV� �39$��� WKH�WKHRUHWLFDO�WHFKQLTXH�GHYHORSHG�
SULPDULO\�LQ�WKH�8�6�� WR�VWXG\�WKH�IDWH�RI�VXFK�VPDOO�SRSXODWLRQV��%R\FH��������KDV�DPSO\�
GHPRQVWUDWHG�WKH�GLIILFXOW\�RI�SUHYHQWLQJ�WKH�H[WLQFWLRQ�RI�VPDOO�SRSXODWLRQV��&DXJKOH\
V�
SRLQW� LV� WKDW�ZH� VKRXOG� LQWHUYHQH� DV� VRRQ� DV� GHFOLQHV� VHW� LQ��GHWHUPLQH� WKH�HFRORJLFDO� IDFWRUV�

UHVSRQVLEOH� IRU� WKH�GHFOLQHV�� DQG� FRXQWHUDFW� WKHP�� ,�JR� IXUWKHU� WR�VXJJHVW� WKDW�FRQVHUYDWLRQ�

ELRORJ\�EH�SUDFWLFHG�HYHQ�EHIRUH�WKH�RQVHW�RI�GHFOLQHV��
���7KLV� LV�WR�EH�GLVWLQJXLVKHG�IURP�SULRULWL]DWLRQ�IRU�ELRGLYHUVLW\�FRQWHQW��VHH�EHORZ��LQ�

WKH� WH[W���
����%RWK� 
HFRV\VWHP
�DQG� 
KDELWDW
�DUH�XQXVXDOO\�YDJXH�WHUPV��
HFRV\VWHP
�XVHG�WR�EH�

JHQHUDOO\�XQGHUVWRRG�LQ�WHUPV�RI�DQ�HFRV\VWHP�HFRORJ\�ZKLFK�XVHG�SK\VLFDO�YDULDEOHV�
�PRVW�QRWDEO\�HQHUJ\�IORZV��WR�GHVFULEH�VSDWLDOO\�H[WHQGHG�ELRORJLFDO� V\VWHPV��,Q�WKDW�
FRQWH[W��
KDELWDW
�ZDV�PRUH�URRWHG�LQ�SODFH�EXW�KDELWDWV�DUH�DOVR�FODVVLILHG�E\�W\SH��ZHWODQG��
WURSLFDO� ZHW� IRUHVW�� DQG� VR� RQ��� 7KHVH� GD\V� WKH� WZR� WHUPV� VHHP� WR�EH� XVHG� LQWHUFKDQJHDEO\��

����6HH�� LQ�FRQWUDVW��0DOSDV� �������� ,Q�JHQHUDO��WKH�VR�FDOOHG�FRQWLQHQWDO�WUDGLWLRQ�LQ�
:HVWHUQ�SKLORVRSK\�KDV�SDLG�PXFK�PRUH�DWWHQWLRQ�WR��SODFH��WKDQ�WKH�DQDO\WLF�RQH��

����/RJLFDOO\��ZH�FDQ�DWWHPSW�WR�VROYH�WKH�YLDELOLW\�SUREOHP�ZLWKRXW�SODFH�SULRULWL]DWLRQ��
+RZHYHU��LQ�SUDFWLFH�ZH�ZRXOG�EH�XQOLNHO\�WR�GR�VR��8QOHVV�ZH�ZHUH� WKLQNLQJ�RI�SURWHFW�
LQJ�VRPH�SODFHV�DQG�QRW�RWKHUV��WKHUH�LV�OLWWOH�UHDVRQ�WR�DWWHPSW�VRPHWKLQJ�DV�FRPSOLFDWHG�
DV�YLDELOLW\�DQDO\VLV��
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����6HH�%R\�FH� �������IRU�D�UHYLHZ��
����$�GHWDLOHG�KLVWRU\�RI�SURMHFW�7LJHU� LV�\HW�WR�EH�ZULWWHQ��VHH��KRZHYHU��*XKD� �������

DQG�*XKD� DQG�0DUWLQH]�$OLHU���������
����&RQFHUQ� IRU�SURFHVVHV� OHDGV� WR�DUJXPHQWV�IRU�WKH�FRQVHUYDWLRQ�RI�ELRORJLFDO�

�LQWHJULW\��UDWKHU�WKDQ�GLYHUVLW\�DQG�LV�EH\RQG�WKH�VFRSH�RI�WKLV�SDSHU��IRU�D�FULWLFDO�GLV�
FXVVLRQ��VHH�.DUU��������DQG�$QJHUPHLHU�DQG�.DUU���������

����7KH� SKLORVRSKLFDO� LPSRUWDQFH�RI�GLVWLQJXLVKLQJ�EHWZHHQ�WKHVH�WZR�KLHUDUFKLHV�LV�
DUJXHG�IRU�LQ�6DUNDU������D��ZKHUH� LW�LV�VKRZQ�WKDW�LW�FDQ�VKHG�VLJQLILFDQW�OLJKW�RQ� WKH�
XQLWV�RI�VHOHFWLRQ� FRQWURYHUV\�� ,W�VKRZV� ZK\� DO"HOHV� DQG� LQGLYLGXDOV� FDQ� VLPXOWDQHRXVO\� EH�

XQLWV�RI�VHOHFWLRQ�FRQWUDU\�WR�WKH�SRSXODU�SKLORVRSKLFDO�YLHZ�WKDW�VHOHFWLRQ�RQ�RQH�RI�WKHVH�
WZR�XQLWV�LV�LQ�FRQIOLFW�ZLWK�VHOHFWLRQ�RQ�WKH�RWKHU��+HUH�� LW�LV�VLPLODUO\�XVHIXO�EHFDXVH� LW�
VKRZV�WKDW�IRFXVLQJ�VLPXOWDQHRXVO\�RQ�XQLWV�RI�FRQVHUYDWLRQ�LQ�WKH�WZR�GLIIHUHQW�KLHUDU�
FKLHV�� IRU� LQVWDQFH�� RQ� DO"HOHV� DQG� HFRV\VWHPV�� QHHG� QRW� EH� LQFRQVLVWHQW� ZLWK� HDFK� RWKHU�

ZKHUHDV� IRFXVLQJ� HQWLUHO\� RQ� GLIIHUHQW� XQLWV� LQ� WKH� VDPH� HFRV\VWHP�� IRU� LQVWDQFH�� VSHFLHV�
RYHU� DO"HOHV�� LV�PXFK� PRUH� SUREOHPDWLF�� )RU� D� GLIIHUHQW� SHUVSHFWLYH� RQ� ELRORJLFDO� KLHUDU�

FKLHV��EXW�RQH�WKDW�DOVR�HPSKDVL]HV�WKH�LPSRUWDQFH�RI�SUHFLVHO\�GHILQLQJ�DQG�GLVWLQJXLVKLQJ�
EHWZHHQ�GLIIHUHQW�KLHUDUFKLHV��VHH�(OGUHGJH���������

����3UHVXPDEO\�ERWK�KLHUDUFKLHV�UHIOHFW�HYROXWLRQDU\�KLVWRU\�DQG�DUH�FRQVWUDLQHG�E\�
HYROXWLRQDU\� PHFKDQLVPV�� 6LQFH� FRQVHUYDWLRQLVW� SUDFWLFH� VKRXOG� WDNH� IXOO� FRJQL]DQFH� RI�

RSHUDWLYH�HYROXWLRQDU\�SURFHVVHV��XQGHUVWDQGLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�SK\ORJHQ\�DQG�
WKHVH�WZR�KLHUDUFKLHV�LV��LQ�SULQFLSOH��FULWLFDO�WR�WKH�GHVLJQ�RI�FRQVHUYDWLRQ�UHJLPHV��,Q�

SUDFWLFH�ZH� DOPRVW�QHYHU�NQRZ�WKHVH�UHODWLRQVKLSV�IXOO\�EXW�PXVW�SURFHHG�DQ\ZD\��,�ZLOO��
WKHUHIRUH��LJQRUH�WKLV�IXQGDPHQWDO�GHWDLO��

���� ,QGLYLGXDOLW\�� DV� %XVV� ������� KDV� SHUVXDVLYHO\� DUJXHG�� LV� LWVHOI� D� JUDGXDOO\� HYROYHG�

SKHQRPHQRQ� ZKLFK�� WKHUHIRUH�� LV� D�PDWWHU� RI� GHJUHH�� &RQVHTXHQWO\� WKH� SRURVLW\� RI� WKH�

FDWHJRU\��LQGLYLGXDO��LV�KDUGO\�VXUSULVLQJ��
����6HH�6RNDO�DQG�&URYHOOR� ��������UHSULQWHG�LQ�(UHVKHIVN\���������
����'HWDLOV� DUH�IURP�0D\QDUG�6PLWK��������SS�����������
���� 0XFK�� EXW� QRW� DOO�� XQOHVV� ZH� HQGRUVH� D� JOREDO� JHQHWLF� UHGXFWLRQLVP�� WKDW� LV��ZH�

HVSRXVH�WKH�YLHZ�WKDW�DOO�ELRORJLFDO�IHDWXUHV�DUH��LQ�VRPH�VLJQLILFDQW�ZD\��UHGXFLEOH�WR�WKH�
JHQHV�� )RU� DUJXPHQWV� DJDLQVW� WKLV�SRVLWLRQ�� VHH� 6DUNDU� ��������
���� 6HH�%URZHU�DQG�0DOFROP� ��������
���� 6HH�%URZHU
V�FRQWULEXWLRQ�WR�0HIIH�DQG�&DUUROO��������SS�����������
����'HWDLOV� DUH�IURP�%DKDGXU� ��������
���� 6HH�:LOOLDPV� DQG�+XPSKUH\V���������
����7KLV�SRLQW�LV�FRUUHFWO\�HPSKDVL]HG�LQ�DQ� LPSRUWDQW�SDSHU�E\�/DQGUHV��9HUQHU�DQG�

7KRPDV� �������� ,Q�WKHLU�WHUPLQRORJ\��HVWLPDWRU�VXUURJDWHV�DUH��LQGLFDWRUV���WKH\�DOVR�GR�
QRW�PDNH� WKH�GLVWLQFWLRQ�EHWZHHQ�WKH�WZR�NLQGV�RI�VXUURJDF\�WKDW�LV�LQWURGXFHG�KHUH��
���� ,W�FDQ�SUDFWLFDEO\�RQO\�EH�GRQH�IRU�D�VPDOO�VXEVHW�RI�SODFHV�VLPSO\�EHFDXVH� WKH�DV�

VHVVPHQW�RI�WUXH�VXUURJDWHV�LV�W\SLFDOO\�GLIILFXOW��
���� 6HFWLRQ���ZLOO� VKRZ�KRZ�WKLV�SURFHGXUH�LPSOLFLWO\�XVHV�WKH�FRQFHSW�V��RI�ELRGLYHU�

VLW\�DV�GHILQHG�WKHUH��
����8VLQJ�ULFKQHVV�LV�RIWHQ�FRQQHFWHG�ZLWK�WKH�LGHQWLILFDWLRQ�DQG�XVH�RI��KRW�VSRWV���WKDW�

LV��SODFHV�ZLWK�YHU\�KLJK�ULFKQHVV�WR�SULRULWL]H�SODFHV��7KHUHIRUH��UHMHFWLQJ�ULFKQHVV�PHDQV�

UHMHFWLQJ�VXFK�KRW�VSRW�DQDO\VLV��1RWH��KRZHYHU��WKDW�WKLV�LV�QRW�WKH�RQO\�XVH�RI��KRW�VSRW���
0\HUV� ������������ DQG�RWKHUV�KDYH�WDNHQ�DFFRXQW�RI�HQGHPLVP��EHVLGHV�ULFKQHVV��LQ�WKHLU�
GHILQLWLRQ�RI��KRW�VSRW���7KHVH�DQDO\VHV�FRPH�FORVHU�WR�WKH�RQH�LQ�WKH�WH[W�WKDQ�WKRVH�ZKLFK�
DUH� RQO\� EDVHG� RQ� ULFKQHVV��
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����7KHVH� �FRPSRVLWLRQV��VKRXOG�EH�YLHZHG�DV�D� OLVW�RI�HQWULHV�IRU�HDFK�SODFH��7KH� LP�
SRUWDQFH�RI�PDLQWDLQLQJ"DQG� QRW�FRPSRXQGLQJ"VXFK� OLVWV�ZLOO�EH�H[SODLQHG�LQ�6HFWLRQ�
���

���� ,Q�SUDFWLFH��WKH�DOJRULWKPV�WKDW�DUH�XVHG�DUH�VOLJKWO\�PRUH�FRPSOH[��,QVWHDG�RI�RQO\�
LQTXLULQJ�ZKLFK�VXUURJDWHV�GR�QRW�RFFXU�LQ� ��WKH\�LQTXLUH�ZKLFK�VXUURJDWHV�DUH�QRW�\HW�DG�
HTXDWHO\�UHSUHVHQWHG�LQ� ��+RZHYHU�� WKH�OHYHO�RI�UHSUHVHQWDWLRQ�WKDW�LV�FRQVLGHUHG�WR�EH�

DGHTXDWH� LV�XOWLPDWHO\�VHW�E\�FRQYHQWLRQ��WKRXJK�LW�SUHVXPDEO\�ZLOO�EH�JXLGHG�E\�D�IDLU�
DPRXQW�RI�LQIRUPDWLRQ�DERXW�SUREDELOLWLHV�RI�H[WLQFWLRQ�RI�GLIIHUHQW�HQWLWLHV��
����7KLV�SULQFLSOH�ZDV� LQGHSHQGHQWO\�GLVFRYHUHG�DW�OHDVW�IRXU�WLPHV��.LUNSDWULFN���������

$FNHU\�DQG�9DQH�:ULJKW���������0DUJXOHV��1LFKROOV� DQG�3UHVVH\��������DQG�5HEHOR� DQG�
6LHJIULHG���������7KH� FOHDUHVW�HDUO\�VWDWHPHQW�LV�GXH�WR�0DUJXOHV��1LFKROOV� DQG�3UHVVH\�
�������� WKH�WHUP��FRPSOHPHQWDULW\��ZDV� LQWURGXFHG�E\�9DQH�:ULJKW��+XPSKULHV�DQG�

:LOOLDPV� ��������
����5DULW\�FRPSOHPHQWDULW\�DOJRULWKPV�DUH�RIWHQ�VXSSRVHG�WR�EH�DGGUHVVLQJ�WKH�SUREOHP�

RI�HQVXULQJ�WKH�SURWHFWLRQ�RI�HQGHPLF�VSHFLHV��RU�RWKHU�VXUURJDWHV��EHWWHU�WKDQ�FRPSOH�
PHQWDULW\�UDULW\�DOJRULWKPV��$JJDUZDO�HW�DO���������:KLOH� WKLV�LV�LQWXLWLYHO\�SODXVLEOH��LW�
KDV� QRW� EHHQ� HPSLULFDOO\� GHPRQVWUDWHG��

����8VXDOO\� �VHH�QRWH�����ZH�ZDLW�XQWLO�HYHU\�VXUURJDWH�LV�UHSUHVHQWHG�WR�WKH�OHYHO�RI�
DGHTXDF\� ZH� LQLWLDOO\� FKRVH��

����$Q�DOWHUQDWLYH�ZD\�RI�LQWLWLDOL]LQJ�WKH�SURFHVV�LV�WR�XVH�ULFKQHVV��.LUNSDWULFN��������
7KLV� LV�WKH�RQO\�VLWXDWLRQ�LQ�ZKLFK�ULFKQHVV�LV�VRPHWLPHV�PRUH�HIILFLHQW�WKDQ�UDULW\�LQ�WKH�
VHQVH� WKDW�D� VPDOOHU� VHW�RI� SODFHV� PD\� HYHQWXDOO\� VXIILFH� WR�HQVXUH� DGHTXDWH� UHSUHVHQWDWLRQ�
RI� VXUURJDWHV�� +RZHYHU�� WKH�GLIIHUHQFHV� DUH� QRW� JUHDW��

���� +RZHYHU� LW�GRHV� QRW� FDSWXUH� LW�FRPSOHWHO\�� VRPH� VSHFLHV�� IRU� LQVWDQFH�� PD\� QDWXUDOO\�
EH� UDUH�ZLWKRXW� EHLQJ� LQ�GDQJHU� RI� H[WLQFWLRQ��

5()(5(1&(6�

$FNHU\�� 3��5�� DQG�9DQH�:ULJKW�� 5�� ,��� ������0LONZHHG� %XWWHUIOLHV�� ,WKDFD�� 1<�� &RUQHOO� 8QL�

YHUVLW\� 3UHVV��

$JJDUZDO�� $��� *DUVRQ�� -���0DUJXOHV�� &�� 5��� 1LFKROOV�� $�� 2��� DQG� 6DUNDU�� 6��� ������ 5HV1HW�

PDQXDO�� 9HU� �����5HSRUW�� %LRGLYHUVLW\� DQG� %LRFXOWXUDO� &RQVHUYDWLRQ� /DERUDWRU\�� 8QL�

YHUVLW\� RI�7H[DV� DW�$XVWLQ��

$QJHUPHLHU�� 3��/�� DQG� .DUU�� -��5��� ������ �%LRORJLFDO� ,QWHJULW\� YHUVXV� %LRORJLFDO� 'LYHUVLW\�
DV�3ROLF\�'LUHFWLYHV���%LRVFLHQFH� ������������

%DKDGXU�� ��1��� �������%DPERRV��� ,Q�+DZNLQV��5�� (��� �HG����(QF\FORSHGLD� RI�,QGLDQ�
1DWXUDO�+LVWRU\��1HZ�'HOKL��2[IRUG�8QLYHUVLW\�3UHVV��SS���������

%R\FH��0�� 6��� �������3RSXODWLRQ�9LDELOLW\�$QDO\VLV���$QQXDO�5HYLHZ�RI�(FRORJ\�DQG�6\V�
WHPDWLFV��������������

%URZHU�� /�� 3�� DQG�0DOFROP�� 6�� %��� ������ �$QLPDO� 0LJUDWLRQV�� (QGDQJHUHG� 3KHQRPHQD���

$PHULFDQ�=RRORJLVW�������������
%XVV��/��� ������7KH�(YROXWLRQ�RI�,QGLYLGXDOLW\��3ULQFHWRQ��1-��3ULQFHWRQ�8QLYHUVLW\�3UHVV��

&DXJKOH\��*��� �������'LUHFWLRQV�LQ�&RQVHUYDWLRQ�%LRORJ\���-RXUQDO�RI�$QLPDO�(FRORJ\�����
��������

&DXJKOH\�� *�� DQG� *XQQ�� $��� ������ &RQVHUYDWLRQ� %LRORJ\� LQ�7KHRU\� DQG� 3UDFWLFH�� %RVWRQ��
0$�� %ODFNZHOO�6FLHQFH��



���� 6$+275$� 6$5.$5�

&URVE\��$��:��� ������(FRORJLFDO� ,PSHULDOLVP��7KH�%LRORJLFDO� ([SDQVLRQ� RI�(XURSH��
����������&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��

(OGUHGJH�� ���������8QILQLVKHG�6\QWKHVLV��%LRORJLFDO�+LHUDUFKLHV�DQG�0RGHUQ�(YROXWLRQ�
DU\�7KRXJKW��1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV��

(UHVKHIVN\��0�� �HG���� ������7KH�8QLWV�RI�(YROXWLRQ��(VVD\V� RQ� WKH�1DWXUH�RI�6SHFLHV��
&DPEULGJH�� 0$�� 0�,�7�� 3UHVV��

*DVWRQ�� ��-��� ������ �6SHFLHV� 5LFKQHVV�� 0HDVXUH� DQG�0HDVXUHPHQW��� ,Q�*DVWRQ�� ��-���

�HG����%LRGLYHUVLW\��$�%LRORJ\�RI�1XPEHUV�DQG�'LIIHUHQFH��/RQGRQ��%ODFNZHOO��SS��
��������

*XKD��5��� �������5DGLFDO�$PHULFDQ�(QYLURQPHQWDOLVP�DQG�:LOGHUQHVV�3UHVHUYDWLRQ��$�
7KLUG�:RUOG�&ULWLTXH���(QYLURQPHQWDO�(WKLFV������������

*XKD�� 5�� DQG�0DUWLQH]�$OLHU�� -��� ������ 9DULHWLHV� RI�(QYLURQPHQWDOLVP�� (VVD\V� 1RUWK� DQG�

6RXWK��1HZ�'HOKL��2[IRUG�8QLYHUVLW\�3UHVV��
+ROGULGJH��/��5��� ������/LIH�7MRQH�(FRORJ\��6DQ�-RV"��&RVWD�5LFD��
-DQ]HQ�� '�� +��� ������ �7KH� )XWXUH� RI�7URSLFDO� (FRORJ\��� $QQXDO� 5HYLHZ� RI�(FRORJ\� DQG�

6\VWHPDWLFV�������������
.DUU��-��5��� �������%LRORJLFDO� ,QWHJULW\��$�/RQJ�1HJOHFWHG�$VSHFW�RI�:DWHU�5HVRXUFH�0DQ�

DJHPHQW��� (FRORJLFDO� $SSOLFDWLRQV� ��� �������

.LUNSDWULFN��-��%��� �������$Q�,WHUDWLYH�0HWKRG� IRU�(VWDEOLVKLQJ�3ULRULWLHV�IRU�WKH�6HOHFWLRQ�
RI� 1DWXUH� 5HVHUYHV�� $Q� ([DPSOH� IURP� 7DVPDQLD��� %LRORJLFDO� &RQVHUYDWLRQ� ����

��������

/HRSROG��$��� ������$�6DQG�&RXQW\�$OPDQDF��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��
0DF$UWKXU��5��� �������3DWWHUQV�RI�6SHFLHV�'LYHUVLW\���%LRORJLFDO� UHYLHZ�������������
0DJXUUDQ�� $�� (��� ������ (FRORJLFDO� 'LYHUVLW\� DQG� ,WV�0HDVXUHPHQW�� 3ULQFHWRQ�� 1-��

3ULQFHWRQ� 8QLYHUVLW\� 3UHVV��

0DOSDV�� -��(��� ������ 3ODFH� DQG� ([SHULHQFH�� $� 3KLORVRSKLFDO� 7RSRJUDSK\�� &DPEULGJH��
&DPEULGJH�8QLYHUVLW\�3UHVV��

0DUJXOHV�� &�� :�� 1LFKROOV�� $�� 2��� DQG� 3UHVVH\�� 5�� /��� ������ �6HOHFWLQJ� 1HWZRUNV� RI�

5HVHUYHV� WR�0D[LPL]H� %LRORJLFDO� 'LYHUVLW\��� %LRORJLFDO� &RQVHUYDWLRQ� ���� �������

0D\QDUG� 6PLWK�� -��� ������ 7KH� 7KHRU\� RI�(YROXWLRQ�� �UG� HG��� +DUPRQGV� ZRUWK�� 3HQJXLQ��
0HIIH�� *�� .�� DQG� &DUUROO�� &�� 5��� ������ 3ULQFLSOHV� RI�&RQVHUYDWLRQ� %LRORJ\�� 6XQGHUODQG��

0$�� 6LQDXHU� $VVRFLDWHV��

0\HUV�� 1��� ������ 
7KUHDWHQHG� %LRWDV�� 
+RW�6SRWV
� LQ�7URSLFDO� )RUHVWV��� (QYLURQPHQWDOLVW�

��� ���������
B�� �������7KH�%LRGLYHUVLW\�&KDOOHQJH��([SDQGHG�+RW�6SRWV�$QDO\VLV���7KH�(QYLURQ�

PHQWDOLVW����������������
2VKDZD��0��� ������8IH�=RQH�(FRORJ\�RI�WKH�%KXWDQ�+LPDOD\D�� &KLED��&KLED�8QLYHUVLW\�

/DERUDWRU\�RI�(FRORJ\��
3ULPDFN��5��%��� ������(VVHQWLDOV�RI�&RQVHUYDWLRQ�%LRORJ\��6XQGHUODQG��0$�� 6LQDXHU��
5HEHOR��$��*�� DQG�6LHJIULHG��:��5��� ������%LRORJLFDO�&RQVHUYDWLRQ����� �������
6DUNDU��6��� ����D��*HQHWLFV�DQG�5HGXFWLRQLVP��1HZ�<RUN��&DPEULGJH�8QLYHUVLW\�3UHVV��

B�� ����E���5HVWRULQJ�:LOGHUQHVV�RU�5HFODLPLQJ�)RUHVWV"��7HUUD�1RYD� ������ �������
6DUNDU�� 6�� DQG� 0DUJXOHV�� &�� 5��� ������ �2SHUDWLRQDOL]LQJ� %LRGLYHUVLW\� IRU�&RQVHUYDWLRQ�

3ODQQLQJ��� 6XEPLWWHG� WR�&RQVHUYDWLRQ� %LRORJ\��
6KDQQRQ�� &�� (��� ������ �$� 0DWKHPDWLFDO� 7KHRU\� RI� &RPPXQLFDWLRQ��� %HOO� 6\VWHP�

7HFKQLFDO�-RXUQDO����������������������
6KUDGHU�)UHFKHWWH��.�� 6��DQG�0F&R\��(��'��� ������0HWKRG� LQ�(FRORJ\��6WUDWHJLHV�IRU�&RQ�

VHUYDWLRQ��1HZ�<RUN��&DPEULGJH�8QLYHUVLW\�3UHVV��
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6RNDL�� 5�� DQG� &URYHOOR�� 7��� ������ �7KH� %LRORJLFDO� 6SHFLHV� &RQFHSW�� $� &ULWLFDO� (YDOXDWLRQ���

$PHULFDQ� 1DWXUDOLVW� ����� ��������

6RXO"�� ��(��� ������ �:KDW� LV�&RQVHUYDWLRQ� %LRORJ\"
� %LRVFLHQFH� ���� ��������

7DN"FV��'�� ������7KH�,GHD�RI�%LRGLYHUVLW\��3KLORVRSKLHV�RI�3DUDGLVH�� %DOWLPRUH��-RKQV�
+RSNLQV� 3UHVV��

9DQH�:ULJKW�� 5�� ,���+XPSKULHV�� &�� -���DQG�:LOOLDPV�� S��+��� ������ �:KDW� WR�3URWHFW""6\V�
WHPDWLFV� DQG� WKH�$JRQ\� RI�&KRLFH��� %LRORJLFDO� &RQVHUYDWLRQ� ���� ��������

:LOOLDPV�� 3�� DQG� +XPSKULHV�� &�� -��� ������ �%LRGLYHUVLW\�� 7D[RQRPLF� 5HODWHGQHVV�� DQG�

(QGHPLVP� LQ�&RQVHUYDWLRQ��� ,Q�)RUH\�� 3�� /��� +XPSKULHV�� &�� -���DQG� 9DQH�:ULJKW�� 5��

,��� �HG���� 6\VWHPDWLFV� DQG� &RQVHUYDWLRQ� (YDOXDWLRQ�� 2[IRUG�� &ODUHQGRQ� 3UHVV�� SS��
��������

B�� ������ �&RPSDULQJ� &KDUDFWHU� 'LYHUVLW\� $PRQJ� %LRWDV��� ,Q�*DVWRQ�� ��-����HG���� %LR�

GLYHUVLW\��$�%LRORJ\�RI�1XPEHUV�DQG�'LIIHUHQFH��2[IRUG��%ODFNZHOO� 6FLHQFH��SS��
�������

:LOVRQ�� (�� 2��� �HG���� ������ %LR'LYHUVLW\�� :DVKLQJWRQ�� '&�� 1DWLRQDO� $FDGHP\� 3UHVV��
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