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7UDQVLWLRQ�SDWKV�DQG�XUEDQ�IXWXUHV��
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$GDSWDWLRQ��$�PHWDSKRU�IRU�WKH�DJH�RI�FOLPDWH�FKDQJH��
>�@�

�

*LDFRPR�0DJQDERVFR���0DWWLD�%HUWLQ���/RUHQ]R�)DELDQ��
�8QLYHUVLWj�,8$9�GL�9HQH]LD��JPDJQDERVFR#LXDY�LW�

��8QLYHUVLWj�,8$9�GL�9HQH]LD��OIDELDQ#LXDY�LW��
��8QLYHUVLWj�,8$9�GL�9HQH]LD��PEHUWLQ#LXDY�LW�

�
$EVWUDFW��7KH�IROORZLQJ�FRQWULEXWLRQ�DLPV�WR�H[SORUH�WKH�SURMHFWLYH�TXDOLWLHV�RI�WKH�PHWDSKRU��ZLWK�D�
VSHFLILF� IRFXV�RQ� WKH�RUJDQLF�PHWDSKRU�� DQG� LWV�SRWHQWLDO� DSSOLFDWLRQV�ZLWKLQ� WKH�PLOLHX�RI� FOLPDWH�
FKDQJH��)LUVWO\�� WKH�SDSHU�ZLOO� FRQFHQWUDWH� RQ� WKH�XQGHUVWDQGLQJ�RI� WKH�PHWDSKRU� DV� D� WRRO� IRU� WKH�
FRQVWUXFWLRQ� RI� UHIHUHQWLDO� LPDJHV� DQG� LPDJLQDU\� SURMHFWV�� WDNLQJ� LQWR� FRQVLGHUDWLRQ� VRPH� RI� WKH�
SURMHFWV� WKDW�KDYH�EHHQ�JHQHUDWHG� WKURXJK�WKLV�SRZHUIXO��FRJQLWLYH�PHDQV��6HFRQGO\��DQDO\]LQJ� WKH�
WHUP�DGDSWDWLRQ�DQG�WKH�ZKROH�RI�LWV�VSDWLDO�FRQQRWDWLRQV��DQ�LQYHVWLJDWLRQ�ZLOO�EH�SURSRVHG��ZKLFK�
ZLOO�LGHQWLI\�WKLV�YHU\�FRQFHSW�DV�WKH�YHFWRU�IRU�WKH�PRGLILFDWLRQ�RI�FLWLHV�DQG�DUHDV�WKDW�DUH�±�RU�VRRQ�
ZLOO�EH�±�IDFLQJ�WKH�LPSDFW�RI�FXUUHQW�DQG�SURVSHFWLYH�FOLPDWH�WUDQVIRUPDWLRQV���

.H\ZRUGV��FOLPDWH�FKDQJH��XUEDQ�WKHRU\��DQWKURSRORJ\��DGDSWDWLRQ��

�

��_�7KH�RULHQWLQJ�SRWHQWLDOLW\�RI�WKH�LPDJH�� � � � � � �������������
2YHU�WKH�FRXUVH�RI�KLV�SURIHVVLRQDO�FDUHHU��)UDQFR�)DULQHOOL�GHPRQVWUDWHG�WKDW�WKH�FRQVWUXFWLRQ�RI�WKH�
PDS�� IDU� IURP�EHLQJ�DQ�REMHFWLYH�JHVWXUH�RI�JUDSKLF� WUDQVODWLRQ��DOZD\V� LQKHUHQWO\� LPSOLHV�D�FHUWDLQ�
GHJUHH�RI�UHSUHVHQWDWLRQDO�ELDV��EH�LW�FRQVFLRXV�RI�XQFRQVFLRXV���)DULQHOOL���������$W�WKH�GDZQ�RI�WKH�
PRGHUQ�DJH��WKH�VKLIW�IURP�FHOHEUDWLYH�FDUWRJUDSKLFDO�PRGHOV�WR�GHQRWDWLYH�PRGHOV��PDUNHG�E\�WKH�©WKH�
GLVDSSHDUDQFH�RI� WKH�SDUDGLVH�RI� WKH�PDSª>�@�� �)DULQHOOL�� �����S����� LQHYLWDEO\� FRUUHVSRQGHG� WR� WKH�
HSRFKDO�VKLIW�IURP�DQ�RWKHUZRUOGO\�OHJLWLPDWLRQ�RI�SRZHU�WR�D�V\VWHP�EDVHG�RQ�LWV�ZRUOGO\�GLVWULEXWLRQ�
�&IU��+HLGGHJHU���������©*UDVSLQJ�WKH�DQDORJ\�EHWZHHQ�WKH�FDUWRJUDSKLF�UHSUHVHQWDWLRQ�DQG�WKH�PDUNHW��
ZKLFK�LV�LWV�YHU\�LPSOHPHQWDWLRQ��WKH�QDWXUDO�IRUP�EHFRPHV�YDOXH�IRUP�>«@�,Q�RWKHU�ZRUGV��VSDFH�DQG�
PRQH\�DUH�DOO�WKH�VDPH��LQ�WKH�VHQVH�WKDW�FDUWRJUDSKLF�V\PEROV�DQG�PRQH\�IXQFWLRQ��WKH�IRUPHU�LQ�WKH�
PDS�DQG�WKH�ODWWHU�LQ�WKH�PDUNHW��H[DFWO\�LQ�WKH�VDPH�ZD\�>«@�7KH�RUJDQL]DWLRQ�RI�UHDOLW\�GRYHWDLOV�ZLWK�
LWV� JHRJUDSKLFDO� PDQLIHVWDWLRQ�� QDPHO\�� FDUWRJUDSK\ª>�@�� �)DULQHOOL�� ������ ������� 7KLV� YHU\� VKLIW��
ZKHWKHU�FRQVFLRXV�RU�QRW��WUDQVIRUPV�WKH�UROH�RI�FDUWRJUDSK\��IURP�FHOHEUDWLQJ�WKH�(DUWK�DV�D�PHWDSKRU�
RI�WKH�GLYLQH�SRZHU�±�WKDW�LV�HPERGLHG�LQ�WKH�ZRUOGO\�SRZHU�±�WR�HPSOR\LQJ�LW�DV�WKH�VLWH��DQG�PHWDSKRU��
RI�KXPDQ�SRZHU��7KXV��WKH�UHQRZQHG�SKLORVRSKHUV�RI�QDWXUDO�ODZ�SRVWXODWHG�WKH�H[LVWHQFH�RI�WKH�6RFLDO�
FRQWUDFW�±�D�FRQFHSW�WKDW�UHIHUUHG�WR�WKH�WUDQVSRVLWLRQ�RI�WKH�SULPDU\�VRXUFH�RI�SRZHU�IURP�*RG¶V�ZLOO�
WR�WKH�FROOHFWLYH�EHLQJ��0LFKHO�)RXFDXOW��VLPLODUO\�WR�ZKDW�)DULQHOOL�SURSRVHG�LQ�KLV�GHILQLWLRQ�RI�WKH�
PDS��GHVFULEHV�KRZ�WKH�ILUVW�FKDQJH�LV�WKH�HFRQRPLF�SROLWLFDO�FKDQJH��ZKLFK�LV�WKHQ�IROORZHG�E\�WKH�
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MXVWLILFDWLRQ��,Q�RWKHU�ZRUGV��ZH�FDQ�VD\�WKDW�WKH�GHVFULSWLYH�PHWDSKRU�LV�D�SURGXFW�RI�WKH�FRQWH[W�DQG�
QRW�YLFH�YHUVD���&IU��)RXFDXOW�������� � � � ��������������� � �������������
:LWK�UHJDUG�WR�WKH�ILHOG�RI�XUEDQ�SODQQLQJ��ZH�PLJKW�WUDFH�EDFN�WKLV�SURFHVV�WR�WKH�YHU\�VKLIW�IURP�WKH�
FLW\�RI�*RG�±�VXFK�DV�3ORWLQXV¶�3ODWRQRSROLV��0RUH¶V�8WRSLD���0XPIRUG���������������DQG�&DPSDQHOOD¶V�
&LW\�RI�WKH�6XQ�±�WR�WKH�QRYHO�XQGHUVWDQGLQJ��RI�WKH�WRZQ�SODQQHU�DV�D�VRFLDO�SK\VLFLDQ��EHDULQJ�LQ�PLQG�
WKH�QRWLRQ�RI� WKH�FRUUHFWLYH�PDFKLQH�� LQWURGXFHG�E\�%HQWKDP¶V�3DQRSWLFXP�DQG�+DXVVPDQ¶V�DUWLVWH�
GpPROLVVHXU� �&IU��)RXFDXOW���������7RJHWKHU�ZLWK� WKH� WXUQ�IURP�DQ�RWKHUZRUOGO\� WR�D�ZRUOGO\�SRZHU�
DWWULEXWLRQ��WKH�YHU\�IRFXV�RI�XUEDQ�GHYHORSPHQW�VKLIWHG�IURP�WKH�GLYLQH�ILHOG�WR�WKH�HDUWKO\�RQH��� �
7KXV�� WKLV� DUFKHW\SDOO\� RULHQWLQJ� YDOXH� UHVLGHV� LQ� DQ� XQGHUVWDQGLQJ� RI� WKH� LPDJH� DV� DQ� ©DFW� RI�
WHUULWRULDOL]DWLRQ�� ZKHUHE\� LW� EHFRPHV� SRVVLEOH� WR� WDNH� XS� WKH� GHILQLWLRQ� RI� D� UHODWLRQDO� V\VWHP��
FRQQHFWLQJ�SK\VLFDO�WHUULWRU\��EXLOW�HQYLURQPHQW��DQG�DQWKURSLF�VSDFHª>�@��*XLGD���������WKLV�KDG�EHHQ�
SUHYLRXVO\�GHVFULEHG�E\�*LXVHSSH�*XLGD�LQ�KLV�,PPDJLQDUH�&LWWj��DQG��LQ�WXUQ��LQVSLUHG�E\�WKH�ZRUN�RI�
3DVTXL��������DQG�%UX]]HVH��������� � � � � � � �������������
©7KH�FRQVWUXFWLRQ�RI�LPDJHV�LV��HVVHQWLDOO\��D�FRJQLWLYH�DFW�WKDW�XQIROGV�DFFRUGLQJ�WR�D�SUHFLVH�VHW�RI�
PHQWDO�SURFHHGLQJV��DSW�WR�H[SORUH�QHZ�DUHDV�RI�NQRZOHGJH��E\�WDNLQJ�XS�D�NQRZQ�FRQWH[W�DV�WKH�VWDUWLQJ�
SRLQW�RI�WKH�PDS��,Q�GHDOLQJ�ZLWK�WKHVH�RYHUODSSLQJ�LQWHUSUHWDWLRQDO�OD\HUV��LPDJLQDWLRQ�FDQ�IXQFWLRQ�DV�
D�FRPSOH[�DQG�DPELWLRXV�VSDFH��ORFDWHG�LQ�EHWZHHQ�UKHWRULF��SRHWU\�DQG�VSHFXODWLRQª�>�@�WKDW�LV�GHILQLQJ�
RI�WKH�PHWDSKRU���*XLGD���������7KXV��*XLGD�XQGHUVWDQGV�WKH�PHWDSKRULFDO�VWUXFWXUH�RI�WKH�LPDJH�DV�DQ�
RSHUDWLRQ�©LQ�EHWZHHQ�WKH�OD\HU�RI�VFLHQWLILF�NQRZOHGJH�DQG�WKDW�RI�D�PHUH�RSLQLRQª���,YL��S�����ZKLFK�
DLPV� DW� WKH� DOWHUDWLRQ� RI� D� VSHFLILF� UHVHDUFK� DV�ZHOO� DV� DW� WKH� SURGXFWLRQ� RI� VSDFH� DQG� LQVWLWXWLRQV��
$FFRUGLQJ� WR� *XLGD�� WKH� DFW� RI� JHQHUDWLQJ� WKH� PHWDSKRULFDO� LPDJH� LV� DW� RQFH� LQWHUSUHWDWLRQDO� DQG�
RULHQWDWLRQDO�� ,Q� RWKHU� ZRUGV�� WKH� LPDJH� LV� DEOH� WR� JLYH� VXEVWDQFH� WR� D� GHVFULSWLRQ� QRW� RQO\� YLD�
FRPSUHKHQVLRQ��EXW�DOVR�WKURXJK�D�GLPHQVLRQDO�TXDOLW\�RI�WKH�SURGXFWLYH�WKRXJKW��©$FFRUGLQJ�WR�ZKDW�
KDV� EHHQ� SUHYLRXVO\� VWDWHG�� ZKHQ� LW� FRPHV� WR� WHUULWRULDO� VFLHQFHV� DQG� XUEDQ� SODQQLQJ�� D� ILJXUDWLYH�
DSSURDFK�FDQ�IDFLOLWDWH�D�KRUL]RQWDO�DQG�YHUWLFDO�GLDORJXH�DPRQJ�WKH�DFWRUV�LQYROYHG�LQ�WKH�SUDFWLFHV�RI�
SODQQLQJ��WKHUHE\�VWUXFWXULQJ�D�VKDUHG�YLVLRQ�WKDW�LV�QHFHVVDU\�LQ�RUGHU�WR�GHVFULEH�DQG�DFW�XSRQ�FRPSOH[�
UHDOLWLHVª>�@���,ELGHP�� � ������ � � � � � � � �����
,I�WKLV�LV�WKH�FDVH��WKDW�LV��LI�©GHVFULSWLRQ�LV�WR�XUEDQ�SODQQLQJ�QRW�RQO\�D�VRUW�RI�UHFRQVWUXFWLRQ�RI�UHDOLW\��
EXW�DOVR�D�JHQHUDWLYH�QRWLRQ��LPSOLFLWO\�LQWURGXFLQJ�D�SURMHFWLYH�VWDQFHª>�@���,YL��S�����ZH�PLJKW�EH�DEOH�
WR�DVN�RXUVHOYHV��ZLWK�D�FHUWDLQ�GHJUHH�RI�ERWK�PDOLFH�DQG�DZDUHQHVV��ZKLFK�PHWDSKRULFDO�LPDJHV�FDQ�
EH�RULHQWDWLRQDO�WRZDUGV�WKH�GHVLUHG�SURMHFWV�DQG�PRGHOV��6SHFLILFDOO\��ZH�PLJKW�ZRQGHU�ZKLFK�FODVV�RI�
LPDJHV�KDV�WKH�FDSDFLW\�WR�WDNH�RYHU�WKH�YHU\�UROH�RI�WKH�SDUDGLVH�RI�WKH�PDS�±�RU�RI�WKH�OHYLDWKDQ�±�LQ�
JXLGLQJ�XUEDQ�SODQQHUV�DQG�FLWL]HQV�WRZDUGV�D�SHUWLQHQW�FROOHFWLYH�UHVSRQVH�WR�WKH�FKDOOHQJHV�SRVHG�E\�
WKH�FRQWHPSRUDU\�WHQGHQFLHV� LQ�XUEDQ�SODQQLQJ��+DYLQJ�VDLG� WKDW�� WKH�FULWLFDO�TXHVWLRQ�UHJDUGLQJ�WKH�
UHODWLRQVKLS�EHWZHHQ�ULVN�PDQDJHPHQW�DQG�LWV�DFWXDO�FRQFUHWH�LPSOHPHQWDWLRQ��SRVLWHG�E\�*LOEHU�:KLWH��
5REHUW�.DWHV��DQG�,DQ�%XUWRQ�LQ�.QRZLQJ�EHWWHU�DQG�ORVLQJ�HYHQ�PRUH��UHPDLQV�XQVROYHG��:KLWH�HW�DO���
�������,Q�WKHLU�ZRUN�±�ZKLFK�ZDV�SURYHG�VROLG�E\�WKH�UHLWHUDWLRQ�RI�WKHLU�H[SHULPHQWV�LQ�WKH�IROORZLQJ�
GHFDGH�±�LW�ZDV�DUJXHG�WKDW�WKH�SURJUHVVLYH�LPSURYHPHQW�RI�ULVN�DQG�HPHUJHQF\�PDQDJHPHQW�WHFKQLTXHV�
GLG�QRW�UHVXOW�LQ�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�FDVHV�ZKHUH�WKHVH�YHU\�WHFKQLTXHV�FRXOG�KDYH�EHHQ�DSSOLHG�
WR�WDFNOH�ORFDO�LVVXHV�� � � � � � � � � � �
2XU�HVVD\�LV�LQWHQGHG�DV�DQ�DQDO\VLV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�ULVN�PDQDJHPHQW�WHFKQLTXHV�DQG�WKH�
PHWDSKRUV�WKDW�DUH�FXUUHQWO\�DGRSWHG�LQ�WKH�ILHOG�RI�XUEDQ�SODQQLQJ��ZLWK�VSHFLILF�LQWHUHVW�SDLG�WR�WKH�
PDQDJHPHQW�RI�WKH�ULVNV�EURXJKW�DERXW�E\�FOLPDWH�FKDQJH��0RUHRYHU��LW�ZLOO�TXHVWLRQ�WKH�DFWXDO�HIILFDF\�
RI�WKHVH�PHWDSKRUV�DV�WRROV�IRU�WKH�SURGXFWLRQ�RI�LPDJLQDU\�VFHQDULRV�DQG�ORFDO�SUREOHP�VROYLQJ�� �
7KH�PDLQ�IRFXV� LV�SXW�RQ�DGDSWDWLRQ��ZKLFK�KHUH�ZLOO�EH�DQDO\]HG�DJDLQVW� WKH�EDFNGURS�RI� WKH� ORQJ�
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ODVWLQJ� WUDGLWLRQ� RI� RUJDQLF� PHWDSKRUV� LW� RULJLQDWHV� LQ�� DV� ZHOO� DV� ZLWKLQ� WKH� FRQWH[W� RI� LWV� FXUUHQW�
SRWHQWLDOLW\� WR�IRVWHU�D� WUDQVIRUPDWLYH�FKDQJH� LQ� WKH�DSSURDFK�WRZDUGV� WKH�FLW\�±�ZKLFK� LV�QHHGHG�LQ�
WDFNOLQJ�FOLPDWH�FKDQJH��

�_�&OLPDWH�FKDQJH�DQG�WKH�FLW\��$�QHZ�RUJDQLF�PHWDSKRU�� � � � �������������
:LWK�UHJDUG�WR�KLV�RZQ�GHILQLWLRQ�RI�K\SHUREMHFWV�±�HQWLWLHV�WKDW�TXHVWLRQ�WKH�YHU\�QRWLRQ�RI�WKH�REMHFW�
GXH�WR�WKHLU�DPELJXRXV�SRVLWLRQLQJ�ZLWKLQ�WKH�ILHOGV�RI�WLPH�DQG�VSDFH�±�SKLORVRSKHU�7LPRWK\�0RUWRQ�
>�@� DUJXHV� WKDW� FOLPDWH� FKDQJH� KDV� UHQGHUHG� FOLPDWH� D� VXEVWDQFH� UDWKHU� WKDQ� DQ� DFFLGHQW�� 7KLV� LV� D�
WHQGHQF\� WKDW� SHUPHDWHV� HYHU\� DVSHFW� RI� FRQWHPSRUDU\� OLIH�� 2SSRVLQJ� LW� UHTXLUHV� XUEDQ� SODQQHUV��
SROLWLFLDQV��DQG�FLWL]HQV�WR�UHWKLQN�WKHLU�DSSURDFK�WRZDUGV�WKH�FLW\�DQG�WKH�WHUULWRU\��DV�D�UHVSRQVH�WR�
H[WUHPH� QDWXUDO� SKHQRPHQD� VXFK� DV� IORRGLQJ� DQG� ULVLQJ� WHPSHUDWXUHV� ±� EH� WKH\� WHPSRUDU\� RU�
SHUPDQHQW�>�@�©7KLV�FKDOOHQJH�ZLOO�OHDG�EXLOGLQJV��FLWLHV��DQG�ZLGHU�DUHDV�WR�VKDSH�RXU�OLYHV�DQG�RXU�
HQYLURQPHQWDO�IRRWSULQW��$VLGH�IURP�WKH�WUDQVLWLRQ�WR�FOHDQ�HQHUJ\��XUEDQ�SODQQLQJ�ZLOO�SOD\�D�FULWLFDO�
UROH�LQ�IDFLQJ�WKH�LQWHUWZLQHG�PHQDFHV��$V�D�PDWWHU�RI�IDFW��LW�ZLOO�EH�LPSRVVLEOH�WR�SURYLGH�D�VXFFHVVIXO�
DQVZHU� WR� FOLPDWH� FKDQJH� DQG� WR� RXU� HQHUJ\� FKDOOHQJH� ZLWKRXW� D� PRUH� VXVWDLQDEOH� IRUP� RI� XUEDQ�
SODQQLQJª� �&DOWKURSH�� ������� $FFRUGLQJO\�� WKH� IXWXUH� RI� XUEDQ� SODQQLQJ� ZLOO� UHVLGH� LQ� D� JOREDO�
XQGHUVWDQGLQJ� RI� WKH� XUEDQ� WHUULWRU\�� DV� ZHOO� DV� LQ� FRPLQJ� WR� WHUPV� ZLWK� WKH� FRQVHTXHQFHV� RI� LWV�
XQSUHFHGHQWHG�JURZWK�DQG�H[SDQVLRQ��>ILJ���@   

 

)LJXUH���±�-XG\�1DWDO��)XWXUH�3HUIHFW�������6RODU�3DQHO�DQG�6WHDP�3RUWUDLW�:RPDQ�:LWK�+HOPHW��
-XG\�1DWDO�LV�D�FRQWHPSRUDU\�DUWLVW�ZKR�H[SORUHV�WKH�IXWXUH�RI�WKH�DQWKURSRFHQH�EHWZHHQ�VFLHQFH��

SKLORVRSK\�DQG�FOLPDWH�FKDQJH��
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�

7KLV�HVVD\�ZLOO�TXHVWLRQ��ILUVWO\��WKH�HIILFDF\�RI�WKH�RUJDQLF�PHWDSKRU�RI�DGDSWDWLRQ�DV�D�WRRO�IRU�IRVWHULQJ�
KXPDQ� DJHQF\�ZLWKLQ� WKH� FRQWH[W� RI� ©D�ZRUOG� RI� SODQHWDU\� GLVDVWHUV�� HPHUJLQJ�SDQGHPLFV�� WHFWRQLF�
VKLIWV��VWUDQJH�ZHDWKHU��RLO�GUHQFKHG�VHDVFDSHV��DQG�WKH�IXUWLYH��DOZD\V�ORRPLQJ�WKUHDW�RI�H[WLQFWLRQª�
�7KDFNHU���������6HFRQGO\��LQ�D�PRUH�SUDJPDWLF�IDVKLRQ��LW�ZLOO�DVN�ZKHWKHU�WKH�QRWLRQ�RI�DGDSWDWLRQ�
>��@�LV�DEOH�WR�VHUYH�DV�XVHIXO�FRQFHSWXDO�IUDPHZRUN�IRU�WKH�VWXG\�RI�WKH�XUEDQ�IRUP��LWV�PRUSKRORJLFDO�
IHDWXUHV��DQG�LWV�SRWHQWLDO�GHYHORSPHQW��

��_�6RPH�NH\�SRLQWV�RQ�RUJDQLFLVP�� � � � � � � � ����
,Q� WKH� ODVW� WZR�FHQWXULHV�RI� WKH�EULHI�KLVWRU\�RI�XUEDQ�SODQQLQJ��RUJDQLF�PHWDSKRUV�KDYH�SURYLGHG�D�
IXQGDPHQWDO�EDVLV�IRU�WKHRULHV�DQG�SURMHFWV�FRQFHUQLQJ�WKH�FLW\�DQG�WKH�WHUULWRU\��,Q�SDUDOOHO�ZLWK�WKH�
GHYHORSPHQW�RI�VFLHQFH�DQG�ELRORJ\��ZH�FDQ�REVHUYH�WKDW�RUJDQLFLVP�>��@�KDV�SURJUHVVLYHO\�EURDGHQHG�
LWV�ILHOG�RI�DFWLRQ��,W�ILUVW�HPHUJHG�DV�D�GLVFLSOLQH�EDVHG�RQ�WKH�VROH�TXHVW�IRU�IRUPDO�KDUPRQ\��DQG�WKHQ�
HYROYHG� WR�RQH�IRFXVHG�RQ� WKH� LPLWDWLRQ�RI� WKH�ELRORJLFDO�SURFHVVHV��6LQFH� WKH�EHJLQQLQJ�RI� WKH���WK�
&HQWXU\��LW�VWDUWHG�WR�LQFRUSRUDWH�WKH�PRGHOV�RIIHUHG�E\�PDFKLQHV��WHFKQRORJLFDO�QHWZRUNV�DQG�VRFLDO�
UHODWLRQVKLSV�� � � � � � � � � � � �����
,W�LV�SRVVLEOH�WR�REVHUYH�VRPH�WUDFH�RI�RUJDQLFLVP�DV�HDUO\�DV�LQ�WKH�ZULWLQJV�RI�9LWUXYLR�DQG�$OEHUWL��
�YDQ�(FN��������ZKHUHLQ�WKH�QRWLRQ�RI�KDUPRQ\�ZDV�HPSOR\HG�WR�GUDZ�FRPSDULVRQV�EHWZHHQ�WKH�KXPDQ�
ERG\� DQG� WKH� VKDSH� RI� WKH� &RULQWKLDQ� DQG� 'RULF� FROXPQV�� 7KLV� LGHDO� ZDV� ERXQG� WR� FKDQJH� DV� D�
FRQVHTXHQFH�RI�*DOLOHR¶V�VFLHQWLILF�PHWKRG�DV�ZHOO�DV�RI�WKH�DGYHQW�RI�QDWXUDO�VFLHQFHV��,Q�3LFFLQDWR¶V�
/D� SURJHWWD]LRQH� 8UEDQLVWLFD�� /D� FLWWj� FRPH� RUJDQLVPR�� DQ� RUJDQLF� YLHZSRLQW� ZDV� XQGHUVWRRG� DV�
QHFHVVDU\� WR� ERWK� WKH� H[SODQDWLRQ� RI� WKH� HYROXWLRQDU\� SDWWHUQV� WKDW� OHG� WR� WKH� WUDQVIRUPDWLRQ� RI� WKH�
PHGLHYDO�FLW\��DQG�WR�WKH�JUDVSLQJ�RI�WKHLU�UHVHPEODQFH�RI�DQ�DQWKURSRPRUSKLF�RUJDQLVP��ZKHUHLQ�EUDLQ��
KHDUW�DQG�PXVFOHV�FDQ�EH�PHWDSKRULFDOO\�GLVFHUQHG�>��@��3LFFLQDWR���������©,Q������:LOOLDP�+DUYH\�
H[SODLQHG�KRZ�WKH�KXPDQ�KHDUW�FDXVHV�EORRG�WR�FLUFXODWH�PHFKDQLFDOO\�WKURXJK�DUWHULHV�DQG�YHLQV��>«@�
$�FHQWXU\�ODWHU�+DUYH\¶V�GLVFRYHU\�DERXW�WKH�FLUFXODWRU\�V\VWHP�EHFDPH�D�PRGHO�IRU�XUEDQ�SODQQLQJ��
WKH�)UHQFK�XUEDQLVW�&KULVWLDQ�3DWWH�XVHG�WKH�LPDJHU\�RI�DUWHULHV�DQG�YHLQV�WR�LQYHQW�WKH�V\VWHP�RI�RQH�
ZD\�VWUHHWV�ZH�NQRZ�WRGD\��(QOLJKWHQPHQW�SODQQHUV�LPDJLQHG�WKDW�LI�PRWLRQ�WKURXJK�WKH�FLW\�EHFDPH�
EORFNHG�DW�DQ\�PDMRU�SRLQW��WKH�FROOHFWLYH�ERG\�ZRXOG�EH�SURQH�WR�D�FULVLV�RI�FLUFXODWLRQ�OLNH�WKDW�DQ�
LQGLYLGXDO�ERG\�VXIIHUV�GXULQJ�D�KHDUW�DWWDFNª���6HQQHW�������� � � � �����
$FFRUGLQJ� WR�%HQHGLNWH�=LWRXQL�� VLQFH� WKH�EHJLQQLQJ�RI� WKH�;,;�&HQWXU\�� WKH�6FKRRO�RI�(GLQEXUJK�
GHYHORSHG�DQ�HFRV\VWHPLF�XQGHUVWDQGLQJ�RI�WKH�XUEDQ�G\QDPLFV��ZKLFK�ZDV�XVHIXO�IRU�WKH�DQDO\VLV�RI�
WKH� KLVWRULFDO� HYROXWLRQ� RI� WKH� FLW\�� DQG� EHVW� HSLWRPL]HG� LQ� WKH�ZULWLQJV� RI� 6FRWWLVK� VRFLRORJLVW� DQG�
XUEDQLVW�3DWULFN�*HGGHV���,Q�&LWLHV�LQ�HYROXWLRQ��*HGGHV���������REVHUYLQJ�WKH�RULJLQDWLRQ�RI�WKH�(QJOLVK�
FLWLHV�IROORZLQJ�WKH�LQGXVWULDO�UHYROXWLRQ��*HGGHV�GHWHFWHG�±�ZLWK�UHJDUG�WR�WKHLU�ELUWK��GHYHORSPHQW��
H[SDQVLRQ��DQG�FRQWUDFWLRQ�±�D�SUHFLVH�FRUUHODWLRQ�EHWZHHQ�WKH�ORFDWLRQ�RI�WKH�UHVLGHQWLDO�DUHDV�DQG�WKDW�
RI�SRWHQWLDO�PLQLQJ�VLWHV��$Q�RUJDQLF�DSSURDFK�EHFRPHV�IXUWKHU�H[SOLFLW�LQ�KLV�LQIDPRXV�FRQFHSW�RI�WKH�
YDOOH\�VHFWLRQ��ZKLFK�±�LQ�UHIHUHQFH�WR�WKH�UHODWLRQVKLS�EHWZHHQ�SODQWV��DQLPDOV��DQG�ELRWRSHV�LQFOXGHG�
LQ� 9RQ� +XPEROW¶V�*HRJUDSKLH� GHV� SODQWHV� HTXLQR[LDOHV� ±� SLQV� GRZQ� WKH� VWURQJ� OLQN� EHWZHHQ� WKH�
SRWHQWLDO�SURGXFWLYLW\�RI�D�VSHFLILF�WHUULWRU\�DQG�WKH�SURFHVV�RI�VHWWOLQJ��,Q�*DUGHQ�&LWLHV�RI�7RPRUURZ��
(EHQH]HU�+RZDUG�HVWDEOLVKHG�WKDW�WKH�IRXQGDWLRQDO�DVSHFWV�RI�D�FLW\�DUH�RQH�FHQWUDO�QRGH�DQG�WKH�VHW�RI�
VPDOOHU�VDWHOOLWH�QRGHV�FRQQHFWHG�WR�LW��WKHUHE\�SURSRVLQJ�D�PRGHO�ZKHUHLQ�WKH�ZHOO�EHLQJ�RI�WKH�FLWL]HQV�
LV�JUDQWHG�E\�D�FORVH�FRQQHFWLRQ�WR�WKH�FRXQWU\VLGH��WR�DYRLG�WKH�FRQJHVWLRQ�RI�WKH�ELJ�FLW\�� ����
$W�WKH�EHJLQQLQJ�RI�WKH���WK�&HQWXU\��WKH�6FKRRO�RI�&KLFDJR�PDGH�D�VLPLODU�XVH�RI�WKH�RUJDQLF�PHWDSKRU��
+RZHYHU��D�QHZ�VHW�RI�FRQFHSWV�ZDV�LQWURGXFHG��ZKLFK�DOVR�LQFOXGHG�WKH�RUJDQLF�IHDWXUHV�HPEHGGHG�LQ�
PDFKLQHV�DQG�QHZ�WHFKQRORJLHV��DQG�FKDUDFWHUL]HG�WKH�FLW\�DV�DQ�LQGHILQLWH�HQWLW\��LQKHUHQWO\�GHYRLG�RI�
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DQ\�SK\VLFDO�DQG�FRQFHSWXDO�WKUHVKROG��,Q�WKLV�FRQWH[W��)UDQN�/OR\G�:ULJKW¶V�%URDGDFUH�&LW\�ZDV�DEOH�
WR� EULQJ� WKLV� YHU\�PXWDELOLW\� WR� WKH� IRUHIURQW�� ,Q� VXSSRUW� RI� WKH� LGHDOV� RI� GHPRFUDF\� DQG� LQGLYLGXDO�
IUHHGRP��D�-HIIHUVRQLDQ�JULG�HVWDEOLVKHG�D�QHZ�VHW�RI�VSDWLDO�UHODWLRQV�GLUHFWO\�WDLORUHG�RQ�WKH�LQGLYLGXDO��
WKHUHE\�DVVXPLQJ�WKH�RUJDQLF�PHWDSKRU�DV�D�IXQGDPHQWDO�LQWHUSUHWDWLYH�IUDPHZRUN�±�EDVHG�RQ�OLYLQJ�LQ�
KDUPRQ\�ZLWK�QDWXUH��,Q�NHHSLQJ�ZLWK�WKLV�QR�ORQJHU�DQWKURSRPRUSKLF�SHUVSHFWLYH��LW�LV�ZRUWK�WR�PHQWLRQ�
WKH�,QIODWLRQ�GHU�*URVV�6WlGWH��*ORHGHQ���������D�PRGHO�DFFRUGLQJ�WR�ZKLFK�DQ�XQGHUVWDQGLQJ�RI�WKH�
FLW\�DV�D�PXOWLFHOOXODU�OLYLQJ�RUJDQLVP�LV�WKHRUL]HG��,WV�IRUP�LV�LQGHILQLWH��DQG�FDSDEOH�WR�FRPSO\�ZLWK�
WKH�ZKROH�RI�WKH�XUEDQ�QHFHVVLWLHV��E\�GLQW�RI�D�SURFHVV�RI�IXQFWLRQDO�VSHFLDOL]DWLRQ�RI�WKH�LQGLYLGXDO�
FHOOV��ZKLFK�LV�JRYHUQHG�E\�WKH�ORJLFV�RI�SURGXFWLRQ��KDELWDWLRQ��DQG�PRELOLW\��>ILJ���@  

�

)LJXUH���±�7KH�PRGHO�SURSRVHG�E\�*ORHGHQ�DSSOLHG�WR�WKH�FHQWUDO�9HQHWR�DUHD�DFFRUGLQJ�WR�D�SULQFLSOH�
RI�FHOOXODU�GXSOLFDWLRQ�DFFRUGLQJ�WR�SXUHO\�VHWWOHPHQW�SDUDPHWHUV��OHIW��DQG�DFFRUGLQJ�WR�PHWDEROLF�

SDUDPHWHUV��ULJKW���$XWKRU¶V�SURFHVVLQJ��
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�

,Q� WKH� VDPH� SHULRG�� /H� &RUEXVLHU� IRVWHUHG� D� VKLIW� LQ� WKH� LQWHUSUHWDWLRQ� RI�ZKDW� KDG� EHHQ� JHQHUDOO\�
GHVFULEHG�ZLWK�WKH�QRWLRQ�RI�RUJDQLFLVP��,Q�WKH�FRQWH[W�RI�KLV�PDFKLQH�j�KDELWHU��ZH�FDQ�REVHUYH�WKDW�
WKH�PDFKLQH�� IDU� IURP�EHLQJ�ELRORJLFDO�SHU� VH��EHJLQV� WR�EH�XQGHUVWRRG�DV� VXFK�� LQVRIDU� DV� LWV� LQQHU�
IXQFWLRQLQJ�UHSURGXFHV�WKH�VDPH�G\QDPLFV�DV�WKRVH�RI�DQ�RUJDQLVP�>��@�� � � � ����
,Q�-DSDQ��RYHU�WKH�FRXUVH�RI�WKH�����V��WKH�DIRUHPHQWLRQHG�XQGHUVWDQGLQJ�RI�WKH�PDFKLQH�DV�DQ�RUJDQLVP�
PRUSKV�LQWR�DQ�HYHQ�PRUH�UDGLFDO�DFFHSWDWLRQ�±�ZKLFK�UHVXOWV�LQWR�WKH�SURMHFW�IRU�WKH�7RN\R�ED\�>��@��
WKH�2VDND�([SR��DQG�WKH�1DNDJLQ�&DSVXOH�WRZHU�>��@��©0HWDEROLVP�>��@�>«@�UHJDUGV�KXPDQ�VRFLHW\�DV�
D� YLWDO� SURFHVV� ±� D� FRQWLQXRXV� GHYHORSPHQW� IURP� DWRP� WR� QHEXOD�� 7KH� UHDVRQ�ZK\�ZH� XVH� VXFK� D�
ELRORJLFDO�ZRUG��WKH�PHWDEROLVP��LV�WKDW�ZH�EHOLHYH�GHVLJQ�DQG�WHFKQRORJ\�VKRXOG�EH�D�GHQRWDWLRQ�RI�
KXPDQ�YLWDOLW\ª��.XURNDZD��������7KH�UHVXOW�LV�D�F\ERUJ�DUFKLWHFWXUH��RU�FDSVXOH��ZKHUHLQ�PDQ��VSDFH�
DQG�PDFKLQHV�DUH�DOO�SDUW�RI�D�XQLTXH�RUJDQLF�HQWLW\�� � � � � ������������
7KXV��WKH�FDSVXOH�EHFRPHV�D�WRRO�IRU�VRFLDO�GLIIHUHQWLDWLRQ��QDPHO\�D�VKHOWHU�SURWHFWLQJ�WKH�FHOO�DV�WKH�
PLQLPXP�XQLW�LQ�WKH�SRWHQWLDOO\�LQILQLWH�SURFHVV�RI�JURZWK�RI�WKH�-DSDQHVH�FLW\�� � � ����
,Q� WKH� ODVW� GHFDGHV�� WKH� WKHRUHWLFDO� GLVFRXUVH� DURXQG� WKH� RUJDQLF�PHWDSKRU� KDV� HYROYHG� IXUWKHU� DQG�
VKDUSHQHG�WKH�IRFXV�RQ�WKH�VRFLDO�GULYHUV�XQGHUSLQQLQJ�WKH�FRQVWUXFWLRQ�RI�VSDFH��7KLV�WHQGHQF\�LV�EHVW�
HSLWRPL]HG�LQ�WKH�SURMHFW�IRU�095'9¶V�$OPHUH�2VWHUZRUOG��ZKHUH�LW�LV�LPSOLHG�WKDW�©ERWK�WKH�SDVVLQJ�
RI� WLPH�DQG� WKH�QHZ� UHVLGHQWV� DUH� �I�DFWRUV� LQIOXHQFLQJ� WKH� IXWXUH�GHVLJQ�RI� WKH�GLVWULFWª� �6FKLOGHUV��
������� 7KH� PHWDSKRU� KHUH� EHFRPHV� WKH� LGHDO� VXSSRUW� RI� D� ERWWRP�XS� DSSURDFK�� XQGHUVWRRG� DV� WKH�
FRQFUHWH�PDQLIHVWDWLRQ�RI�D�QDWXUDO�SURFHVV�RI�VHOI�RUJDQL]DWLRQ��ZKHUHE\�VSRQWDQHRXV�DFWLRQV�IXHO�WKH�
PDLQ�YHFWRUV�RI�WKH�SURFHVV�RI�SODQQLQJ��*LYHQ�WKH�UHOHYDQFH�WKH�RUJDQLF�PHWDSKRU�PDLQWDLQHG�LQ�XUEDQ�
SODQQLQJ�RYHU� WKH� FRXUVH� RI� WKH� ODVW� FHQWXULHV�� LW� LV� WLPHO\� WR� UHIOHFW� XSRQ� WKH� SRWHQWLDOLWLHV� RI� VXFK�
SRZHUIXO�FRJQLWLYH�WRRO�±�LQ�UHODWLRQ�WR�WKH�WUDQVIRUPDWLRQV�EURXJKW�DERXW�E\�FOLPDWH�FKDQJH��$�XVHIXO�
UHDGLQJ�PLJKW�EH�IRXQG�LQ�WKH�ZRUGV�RI�=LWRXQL��ZKR�DUJXHG�WKDW�©7KH�FLW\�QHHGV�EUHDGWK�RI�YLVLRQ�>«@��
WKHUH�KDV�EHHQ�D�QHHG�IRU�VLGHWUDFNLQJ�LQWR�ELRORJ\�RU�OLIH�VFLHQFHV�LQ�RUGHU�WR�GHVFULEH�LQWULFDWH�DFWLRQ�
SDWWHUQV��7KH�RUJDQLF�PHWDSKRU�JLYHV�XV� D� VHQVH�RI�ZKDW� FDXVDOLW\�PD\�EH� OLNH� LQ� D� FRPSOH[�XUEDQ�
V\VWHP��&DXVDOLW\��WKHQ��LV�WKH�ZD\�LQ�ZKLFK�DFWLRQ�WUDYHOV�LQVLGH�D�V\VWHP�RU�VHW�RI�LQWHUDFWLRQVª���,YL��

�_�$GDSWDWLRQ��D�PHWDSKRU�IRU�XUEDQLVP�LQ�WKH�DJH�RI�FOLPDWH�FKDQJH�� � � ���
$V� SUHYLRXVO\� VWDWHG�� D� VHW� RI� WHUPV� ERUURZHG� IURP� ELRORJ\� ±� VXFK� DV� HYROXWLRQ�� PHWDEROLVP� DQG�
UHVLOLHQFH�>��@�±�KDV�FRPH�WR�EH��RYHU�FRXUVH�RI�WKH�ODVW�WZR�FHQWXULHV��D�VRXUFH�RI�LQVSLUDWLRQ�IRU�WKH�
GHYHORSPHQW�RI�RUJDQLF�PHWDSKRUV�LQ�WKH�ILHOG�RI�XUEDQ�SODQQLQJ��6SHFLILFDOO\��ZLWK�UHJDUG�WR�WKH�ODVW�
GHFDGHV��HYROXWLRQDU\�ELRORJLVWV¶�QRWLRQ�RI�DGDSWDWLRQ�>��@�KDV�EHFRPH�D�VKDUHG�IUDPH�RI�UHIHUHQFH�IRU�
HFRORJLFDO�WKLQNHUV��0RUWRQ���������DUFKLWHFWV��DQG�XUEDQ�SODQQHUV�DOLNH�� � � � �
7KH�HPSOR\PHQW�RI�WKLV�YHU\�PHWDSKRU��ZKLFK�KDV�EHHQ�WUDQVSRVHG�IURP�ELRORJ\�DQG�HFRORJ\�WR�XUEDQ�
SODQQLQJ�� KHOSHG� DUFKLWHFWV� DQG� XUEDQ� SODQQHUV� WR� IRFXV� RQ� QHZ� IHDWXUHV� ±� DQDWRPLFDO� �VKDSH��
RULHQWDWLRQ��ORFDO�VSHFLILFLWLHV��IL[HG�FDSLWDO���SK\VLRORJLFDO��IORZV��PHWDEROLVP��WHUULWRULDO�FDSLWDO���DQG�
EHKDYLRUDO� �PRGHV� RI� XVH�� OLIHVW\OHV�� FXOWXUDO� FDSLWDO��� ,W� IXUWKHU� DOORZHG� IRU� DQ� DQDO\VLV� RI� VRFLHW\��
HQYLURQPHQW�� DQG� XUEDQ� WHUULWRU\�� EDVHG� RQ� D� FRQWLQXRXVO\� HYROYLQJ� V\VWHP� RI� LQWHUFRQQHFWHG�
LPSOLFDWLRQV��$FFRUGLQJ�WR�WKLV�LQWHUSUHWDWLRQ��ZKLFK�VKHGV�QHZ�OLJKW�RQ�WKH�PRGLILFDWLRQ�WKHRU\�>��@�
GHYHORSHG�LQ�,WDO\�RYHU�WKH�FRXUVH�RI�WKH�µ��V��DGDSWDWLRQ�LQWURGXFHV�D�VRIW�DSSURDFK�WR�SODQQLQJ��ZKLFK�
LV� RULHQWHG� WRZDUGV�SURJUHVVLYH�� FRQWLQXRXV� DQG�QRQ�WUDXPDWLF� WUDQVIRUPDWLRQV�RI� WKH�EXLOG� VSDFH� ±�
ZKRVH�HIIHFWV�FDQ�EH�PHDVXUHG�LQ�WKH�ORQJ�WHUP��,Q�UDGLFDOL]LQJ�WKHVH�FRQFHSWV�±�LQ�RUGHU�WR�IRVWHU�D�
SHUWLQHQW� UHVSRQVH� WR� WKH� VKLIWLQJ� HQYLURQPHQWDO� FRQGLWLRQV� ±� LW�PLJKW� EH� XVHIXO� WR� WXUQ� WR� WKH� IRXU�
YDULDQWV�RI� DGDSWDWLRQ� UHFHQWO\� LGHQWLILHG�E\�)UHQFK�ELRORJLVW� DQG�HYROXWLRQLVW�*XLOODXPH�/HFRLQWUH��
SUpDGDSWDWLRQ��H[DSWDWLRQ��WUDQVDSWDWLRQ��DGDSWDWLRQ�>��@�� � � � � �����
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,Q�WKH�FRQWH[W�RI�/HFRLQWUH¶V�RZQ�GLVWLQFWLRQ�EHWZHHQ�SULPLWLYH�DQG�GHULYDWLYH�VWUXFWXUHV�DQG�IXQFWLRQV��
SUpDGDSWDWLRQ�DQG�H[DSWDWLRQ�GHVFULEH�WKH�SURFHVV�ZKHUHE\�WKH�IXOO\�HYROYHG�FKDUDFWHU�RI�D� VSHFLILF�
IXQFWLRQ�LV�UHSXUSRVHG�LQWR�D�QHZ�RQH��H�J��WKHURSRGV¶�SOXPDJH��ZKLFK�ZDV�FULWLFDO�WR�WKHLU�HYROYLQJ�
LQWR�IO\LQJ�VSHFLHV��ZDV�RULJLQDOO\�PHDQW�WR�FDUU\�RXW�D�VHW�RI�WKHUPRUHJXODWRU\�IXQFWLRQV���2Q�WKH�RWKHU�
KDQG��DFFRUGLQJ�WR�WUDQVDSWDWLRQ�DQG�DGDSWDWLRQ��WKH�HYROXWLRQDU\�SURFHVV�UHVLGHV�LQ�WKH�JOREDO�IXQFWLRQ�
RI�D�SDUWLFXODU�HOHPHQW��ZKLFK�FDQ�EH�LGHQWLILHG�DV�DQDWRPLFDO��SK\VLRORJLFDO��RU�EHKDYLRUDO��>ILJ���@�

)LJXUH���±�$GDSWDWLRQ�SURFHVV�GLDJUDP��$XWKRU¶V�SURFHVVLQJ��

+HQFH��DFWLQJ�XSRQ�WKH�YDULDQWV�RI�DGDSWDWLRQ�RI�WKH�DQDWRPLFDO�IHDWXUHV�RI�WKH�WHUULWRU\�±�VXFK�DV�WKH�
EXLOGLQJ�VWRFN��WKH�URDG�V\VWHP��WKH�ZDWHU�GLVWULEXWLRQ�V\VWHP��DQG�WKH�HQHUJ\�DQG�WHFKQRORJ\�QHWZRUNV�
±� LW� LV� SRVVLEOH� WR� EXLOG� D� VHW� RI� HYROXWLRQDU\� VFHQDULRV� WKDW� VLPXODWH� WKH� SRWHQWLDO� SURJUHVVLYH�
WUDQVIRUPDWLRQV�RI�WKH�IL[HG�FDSLWDO��)RU�LQVWDQFH��DGDSWLQJ�WKH�FRQVWUXFWLRQ�VWRFN�LQ�FRQIRUPLW\�ZLWK�
WKH�FRQVXPSWLRQ�SDWWHUQV��E\�GLQW�RI�RSHUDWLRQV�VXFK�DV�EXLOGLQJ�FRPSDUWPHQWDWLRQ��LQILOO��DFFUHWLRQ��
VWUXFWXUDO� DGMXVWPHQW�� YROXPHWULF� H[WHQVLRQ�� DQG� HQHUJ\� UHWURILWWLQJ�� DOORZV� IRU� D� VXVWDLQDEOH�
LPSOHPHQWDWLRQ� RI� WKH� XUEDQ� GHQVLW\�� ZKLFK� GRHV� DZD\� ZLWK� DGGLWLRQDO� ODQG� FRQVXPSWLRQ�
�WUDQVDSWDWLRQ±DGDSWDWLRQ��� $QRWKHU� H[DPSOH� PLJKW� EH� WKH� SURFHVV� RI� ULYHU� DGDSWDWLRQ� �EDVHG� RQ�
RSHUDWLRQV� VXFK�DV� WKH� WUDQVIRUPDWLRQ�RI� WKH� VWUHDPEHGV� DQG� WKH� UHGHVLJQ�RI� WKH� ULYHUEDQNV���ZKLFK�
DOORZV�WR�DFTXLUH�D�QHZ�VHULHV�RI�VSHFLDOL]HG�VLWHV�IRU�WKH�FRQWUROOHG�ZDWHU�LQILOWUDWLRQ�LQ�WKH�VRLO��DQG��DW�
WKH�VDPH�WLPH��WR�REWDLQ�±�DV�D�GHULYDWLYH�IXQFWLRQ��H[DSWDWLRQ��±�D�VHULHV�RI�LQIUDVWUXFWXUHV�WKDW�PLJKW�
FRXSOH�WKH�VROXWLRQ�RI�K\GUDXOLF�SUREOHPV�ZLWK�WKH�VDIHJXDUGLQJ�RI�WKH�HQYLURQPHQWDO�ELRGLYHUVLW\�DV�
ZHOO�DV�ZLWK�WKH�OHLVXUH�UHODWHG�UHTXLUHPHQWV�RI�WKH�FRPPXQLWLHV��� � �������������
)XUWKHUPRUH�� WKH� DGDSWDWLRQ� RI� WKH� HQHUJ\� QHWZRUNV� �YLD� WKH� UHGLVWULEXWLRQ� RI� WKH� V\VWHPV� RI�
DFFXPXODWLRQ��WKH�HPSOR\PHQW�RI�RII�JULG�V\VWHPV��DQG�VR�IRUWK��DOORZV�IRU�WKH�SURJUHVVLYH�WUDQVLWLRQ�
IURP�D�FHQWUDOL]HG�V\VWHP�WR�RQH�EDVHG�RQ�WKH�GLVWULEXWHG�DQG�GHFHQWUDOL]HG�JHQHUDWLRQ�RI�HQHUJ\�� ���
2Q�WKH�RWKHU�KDQG��DFWLQJ�XSRQ�SK\VLRORJLFDO�IHDWXUHV�VXFK�DV�GHQVLW\��PL[LWp��HQHUJ\��ZDWHU��DQG�IRRG��
LW�EHFRPHV�SRVVLEOH�WR�UHYLVH�WKH�PHWDEROLF�IORZV�SRZHULQJ�WKH�FLW\��DV�SDUW�RI�D�SURFHVV�RI�RSWLPL]DWLRQ�
RI� WKH� SUH�H[LVWLQJ� SHFXOLDULWLHV� �WUDQVDSWDWLRQ� ±� DGDSWDWLRQ��� ZKLFK� LV� UHDOL]HG� YLD� RSHUDWLRQV� RI�
UHF\FOLQJ�DQG�ZDVWH�UHGXFWLRQ�±�LQVSLUHG�E\�FLUFXODULW\�DV�ZHOO�DV�E\�D�V\VWHPLF�GHVLJQ���%HUJHU��������

1692



�

�

)LQDOO\��WKH�DGDSWDWLRQ�RI�WKH�EHKDYLRUDO�IHDWXUHV�UHTXLUHV�D�JUDGXDO�YDORUL]DWLRQ�RI�WKH�WHUULWRULDO�FDSLWDO�
±�ZKLFK� LV� XQGHUVWRRG� DV� WKH� WRWDOLW\� RI� WKH� VRFLR�FXOWXUDO� DQG� HQYLURQPHQWDO� VNLOOV� RI� WKH� FLWL]HQV�
�&DPDJQL� ������ ±� RQ� WKH� EDVLV� RI� WKH� SRWHQWLDO� EHKDYLRUDO� VKLIWV� LQ� WKH� FRQWH[W� RI� DQ� HYROXWLRQDU\�
VFHQDULR��ZKHUHLQ�LQGLYLGXDO�DFWLRQ�FDQ�VWLOO�EH�FRQVLGHUHG�XVHIXO�IRU�JOREDO�VFDOH�WUDQVIRUPDWLRQV�������
,W�LV�WKLV�YHU\�SURFHVV�RI�DGDSWDWLRQ��ZKLFK�OD\V�WKH�JURXQGV�IRU�©D�ZRUOG�ZKHUH�HYHU\RQH�GHVLJQVª��WKDW�
SURPSWV�DQ�XQGHUVWDQGLQJ�RI�WKH�XUEDQ�SODQQHU�DV�D�GHVLJQHU��ZKR�IDFLOLWDWHV�WKH�RQJRLQJ�SURFHVV�RI�
VRFLDO� LQQRYDWLRQ�E\�IRVWHULQJ�QHZ�FROODERUDWLYH�HFRQRPLHV��HYHU\GD\�SROLWLFV��DQG� OLIH�SURMHFWV� WKDW�
FRQFUHWHO\�FKDQJH�WKH�ZRUOG��0DQ]LQL�������������� � � � � �����������
*LYHQ� WKH�ZLGH�UDQJH�RI� WKH�REVHUYDWLRQDO�PHWKRGV�PDNLQJ�XVH�RI� WKH�RUJDQLF�PHWDSKRU� LQ� WKH�SDVW�
FHQWXU\��LW�LV�QRW�KDUG�WR�LPDJLQH�KRZ�DGDSWDWLRQ�FDQ�EHFRPH�D�XQLI\LQJ�IRUFH�LQ�WKH�UHFRQFLOLDWLRQ�RI�
WKH�GLIIHUHQW�QDWXUHV�RI�WKH�QRWLRQ�RI�WKH�SURMHFW��DV�ZHOO�DV�LQ�WKH�GHILQLWLRQ�RI�D�IUXLWIXO�FRPELQDWLRQ�RI�
XUEDQ�VSDFH�DQG�DUFKLWHFWXUDO�SRVVLELOLWLHV�� � � � � � �����
+RZHYHU��GHVSLWH�WKH�PDQLIHVW�SRWHQWLDOLW\�RI�WKH�FRQFHSW�RI�DGDSWDWLRQ��LW�LV�HTXDOO\�LPSRUWDQW�WR�NHHS�
LQ�PLQG�WKDW�WKLV�VRIW�DSSURDFK�GRHV�QRW�WDNH�LQWR�FRQVLGHUDWLRQ�WKH�UDGLFDO�UHYROXWLRQDU\�SURFHVVHV�WKDW�
DUH�QHFHVVDULO\�UHTXLUHG�E\�WKH�PRVW�SUHVVLQJ�DQG�FDWDVWURSKLF�LVVXHV�FDXVHG�E\�FOLPDWH�FKDQJH�� ,I�
WKH�UROH�RI�WKH�LPDJH�DV�D�WHUULWRULDO�PHWDSKRU�LV�WKDW�RI�DFWLQJ�GHVFULSWLYHO\�QRW�RQO\�LQ�WKH�SURFHVV�RI�
XQGHUVWDQGLQJ�� EXW� DOVR� LQ� WKH� SURVSHFWLYH� WKLQNLQJ� FRQFHUQLQJ� WKH� SURGXFWLRQ� RI� VSDFH�� LW� EHFRPHV�
QHFHVVDU\� WR� LQYHVWLJDWH� WKH� OLPLWV�DQG� WKH�RSSRUWXQLWLHV�RI�DGDSWDWLRQ��ZKHQ�DSSOLHG� WR� WKH� UHODWLRQ�
EHWZHHQ�FOLPDWH�FKDQJH�DQG�EXLOW�HQYLURQPHQW�� � � � � � ��� �����
,W� EHFRPHV� QHFHVVDU\� ±� LQ� REVHUYLQJ� WKH� FLW\� DQG� LWV� GHYHORSPHQW� IURP� DQ� RUJDQLF� VWDQGSRLQW� ±� WR�
KHUPHQHXWLFDOO\�DQWLFLSDWH�WKH�HIIHFWV�RI�DGDSWDWLRQ�LQ�DOO�LWV�VSDWLDO�LPSOLFDWLRQV��WKHUHE\�IRFXVLQJ�RQ�
WKH�PRGDOLWLHV�WKURXJK�ZKLFK�WKH�DGDSWLYH�PRGHO�FDQ�SURGXFWLYHO\�DIIHFW�WKH�PHWDEROLF�XQGHUVWDQGLQJ�
RI�WKH�FLW\�� � � � � � � � � � ����
$VVXPLQJ�WKH�HIILFDF\�RI�WKLV�PHWDSKRU�LQ�IDYRULQJ�WKH�UHVLOLHQFH�RI�D�JLYHQ�WHUULWRU\��ZH�PXVW�IXOO\�
XQGHUVWDQG� WKH� SRWHQWLDO� RI� LWV� VSHFLILF� IHDWXUHV� �DQDWRPLFDO�� SK\VLRORJLFDO�� EHKDYLRUDO�� DQG� RI� LWV�
ELRORJLFDO� YDULDQWV� RI� DGDSWDWLRQ� �SUpDGDSWDWLRQ�� H[DSWDWLRQ�� WUDQVDSWDWLRQ�� DGDSWDWLRQ��� 'RLQJ� VR�
IRVWHUV�FRQFUHWH�DQG�XVHIXO�GHYHORSPHQWV��FDSDEOH�RI�ERWK�WDFNOLQJ�VKRUW�WHUP�HPHUJHQFLHV�DQG�EXLOGLQJ�
D�UREXVW�VHW�RI�ORQJ�WHUP�GHULYDWLYH�VWUXFWXUHV��,Q�RWKHU�ZRUGV��ZH�QHHG�DGDSWDWLRQ�±�DQG�LWV�YDULDQWV�±�
WR�OD\�WKH�IRXQGDWLRQV�IRU�DPELWLRXV�SURMHFWV�FDSDEOH�RI�QXUWXULQJ�DQ�HIIHFWLYH�DQG�PHDQLQJIXO�HYROXWLRQ�
RI�WKH�VHWWOHPHQWV��

�

$FNQRZOHGJPHQWV��

>�@�$OWKRXJK�WKLV�SDSHU�LV�D�FROODERUDWLRQ�EHWZHHQ�WKUHH�DXWKRUV��ZKRVH�FRQWHQW�KDV�EHHQ�WKRURXJKO\�
GLVFXVVHG�E\�DOO�RI�WKHP��WKH�ZULWLQJ�SURFHVV�KDV�EHHQ�GLVWULEXWHG�DV�IROORZV��SDUDJUDSK����ZDV�SXW�LQWR�
ZULWLQJ�E\�0DWWLD�%HUWLQ��SDUDJUDSK���DQG���ZHUH�SXW�LQWR�ZULWLQJ�E\�*LDFRPR�0DJQDERVFR��SDUDJUDSK�
��ZHUH�SXW�LQWR�ZULWLQJ�E\�/RUHQ]R�)DELDQ��

>�@�©OD�VFRPSDUVD�GHO�SDUDGLVR�GDOOH�FDUWHª��)DULQHOOL���������

>�@�©&RJOLHQGR�O¶DQDORJLD�WUD�OD�UDSSUHVHQWD]LRQH�FDUWRJUDILFD�H�LO�PHUFDWR��FKH�q�OD�VXD�PHVVD�LQ�RSHUD��
OD�IRUPD�QDWXUDOH�GLYHQWD�IRUPD�GL�YDORUH�>���@�,Q�DOWUH�SDUROH�VSD]LR�H�GHQDUR�VRQR�OD�VWHVVD�FRVD��QHO�
VHQVR�FKH�LO�VLPEROR�FDUWRJUDILFR�H�OD�PRQHWD�IXQ]LRQDQR��LO�SULPR�VXOOD�PDSSD�H�OD�VHFRQGD�QHO�PHUFDWR��
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HVDWWDPHQWH�DOOR�VWHVVR�PRGR�>���@�/D�JHVWLRQH�GHOOD�UHDOWj�SDVVD�DWWUDYHUVR�OD�VXD�HVSUHVVLRQH�JHRJUDILFD��
FLRq�FDUWRJUDILFDª��)DULQHOOL���������

>�@�©DWWR�WHUULWRULDOL]]DQWH�DWWUDYHUVR�LO�TXDOL�q�SRVVLELOH�SDUODUH�HVLWR�GL�XQ�SURFHVVR�H�VLVWHPD�UHOD]LRQDOH�
IUD�DPELHQWH�ILVLFR��DPELHQWH�FRVWUXLWR��DPELHQWH�DQWURSLFRª��*XLGD���������

>�@�©/D�FRVWUX]LRQH�GL�LPPDJLQL�q��LQ�VRVWDQ]D��XQ�DWWR�FRJQLWLYR�FKH�DYYLHQH�VHFRQGR�GHILQLWL�SURFHVVL�
PHQWDOL�FKH�FRQVHQWRQR�GL�HVSORUDUH�FDPSL�QXRYL�GHOOD�FRQRVFHQ]D��XWLOL]]DQGR�FRPH�PDSSD�XQ�FDPSR�
JLj�QRWR��1HOOD�VLQWHVL�GHL�GLYHUVL�OLYHOOL�LQWHUSUHWDWLYL�SXz�DJLUH��TXLQGL��O¶LPPDJLQD]LRQH�TXDOH�VSD]LR�
FRPSOHVVR�H�DPEL]LRVR�WUD�GLPHQVLRQH�UHWRULFD��SRHWLFD�H�VSHFXODWLYDª��*XLGD���������

>�@�©'D�TXDQWR�VL�q�DFFHQQDWR�LQ�SUHFHGHQ]D��UHODWLYDPHQWH�DOOH�VFLHQ]H�GHO�WHUULWRULR�H�DOO¶XUEDQLVWLFD�
LQ�SDUWLFRODUH��O¶DSSURFFLR�ILJXUDWLYR�SXz��LQ�VRVWDQ]D��IDFLOLWDUH�LO�GLDORJR�RUL]]RQWDOH�H�YHUWLFDOH�WUD�JOL�
DWWRUL� LQ� JLRFR� QHL� SURFHVVL� GL� SLDQLILFD]LRQH�� VWUXWWXUDQGR� XQD� YLVLRQH� FRPXQH� QHFHVVDULD� SHU� OD�
GHVFUL]LRQH�H�O¶D]LRQH�LQ�UHDOWj�FRPSOHVVHª�

>�@�©SHU�O¶XUEDQLVWLFD�OD�GHVFUL]LRQH�QRQ�q�VROR�XQD�VRUWD�GL�ULFRVWUX]LRQH�GHOOD�UHDOWj��PD�XQD�GHVFUL]LRQH�
SURSHGHXWLFD�DOO¶D]LRQH��LPSOLFLWDPHQWH�SURJHWWXDOHª��

>�@�:LWK�WKH�WHUP�K\SHUREMHFW�7LPRWK\�0RUWRQ�GHVFULEHV�DQ�HQWLW\�WKDW�TXHVWLRQV�WKH�YHU\�QRWLRQ�RI�WKH�
REMHFW�GXH�WR�LWV�DPELJXRXV�SRVLWLRQLQJ�ZLWKLQ�WKH�ILHOGV�RI�WLPH�DQG�VSDFH��7KH�PRVW�GUDPDWLF�H[DPSOH�
LV�RXU�XQGHUVWDQGLQJ�RI�FOLPDWH�FKDQJH��ZKLFK�IRUFHV�XV�WR�DFNQRZOHGJH�RXU�RZQ�H[LVWHQFH�DV�SDUW�RI�D�
FRQWLQXRXVO\�HQGOHVV�FKDLQ�RI�K\SHUREMHFWV��

>�@�/DUJH�VFDOH� IORRGV�� ORFDO� LQXQGDWLRQV�� VHD� OHYHO� ULVH�� VDOWZDWHU� LQWUXVLRQ�� KHDW�ZDYHV�� XUEDQ�KHDW�
LVODQGV��DQRPDORXV�VWRUPV��WRUQDGRV��ZKLUOZLQGV��DQG�JHQHUDO�K\GURJHRORJLFDO�LQVWDELOLW\��

>��@�,Q�KLV������7KH�FXOWXUDO�SUHVHQW��<HKXGL�&RKHQ�GHVFULEHV�DGDSWDWLRQ�DV�D�SURFHVV�DLPHG�DW� WKH�
IUXLWIXO�DOWHUDWLRQ�RI�D�JLYHQ�KDELWDW��ZKLFK�LV�SULPDULO\�DFKLHYHG�YLD�FXOWXUDO�PHDQV��

>��@�2UJDQLFLVP� LV� KHUH� XQGHUVWRRG� DV� ³>«@� DQ\�RI� YDULRXV� WKHRULHV� WKDW� DWWULEXWH� WR� VRFLHW\� RU� WKH�
XQLYHUVH� DV� D� ZKROH� DQ� H[LVWHQFH� RU� FKDUDFWHULVWLFV� DQDORJRXV� WR� WKRVH� RI� D� ELRORJLFDO� RUJDQLVP�´�
0HUULDP�:HEVWHU�RQOLQH�GLFWLRQDU\��³2UJDQLFLVP´��

>��@�*RYHUQPHQW�DQG�DGPLQLVWUDWLRQ�RIILFHV��&KXUFKHV��SURGXFWLRQ�VLWHV��

>��@�7KH�RULJLQV�RI�WKH�XQGHUVWDQGLQJ�RI�WKH�PDFKLQH�DV�DQ�RUJDQLVP�FDQ�EH�WUDFHG�EDFN�WR�WKH�6FKRRO�
RI�&KLFDJR��DV�ZHOO�DV�LQ�6XOOLYDQ�DQG�KLV�HPSOR\PHQW�RI�QHZ�WHFKQRORJLHV�LQ�WKH�ILHOG�RI�DUFKLWHFWXUH��

>��@�,Q������.HQ]R�7DQJH�SURSRVHG�D�QHZ�SK\VLFDO�RUGHU�IRU� WKH�7RN\R�ED\��ZKLFK�ZRXOG�KDYH� WR�
DFFRPPRGDWH�WKH�SURJUHVVLYH�H[SDQVLRQ�RI�WKH�FLW\�RQ�WKH�EDVLV�RI�DQ�LQFUHPHQWDO�LQIUDVWUXFWXUH��

>��@�7KH�1DNDJLQ�&DSVXOH�7RZHU�LV�D�PXOWLIXQFWLRQDO�EXLOGLQJ��GHVLJQHG�E\�-DSDQHVH�DUFKLWHFW�.LVKR�
.XURNDZD��

>��@�0HWDEROLVP�LV�D�PRYHPHQW�RULHQWHG�WRZDUGV�ERWK�DUFKLWHFWXUH�DQG�XUEDQLVP��ZKLFK�ZDV�IRXQGHG�
LQ������LQ�7RN\R�E\�DUFKLWHFWV�.L\RQRUL�.LNXWDNH��)XPLKLNR�0DNL��0DVDWR�2WDND��7DNDVKL�$VDGD��DQG�
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E\�DUFKLWHFWXUH�FULWLF�1REXUX�.DZD]RH��7KH�JURXS�LV�GHHSO\�HQJDJHG�ZLWK�XUEDQ�SODQQLQJ�DQG�XUEDQ�
GHYHORSPHQW��LQ�WKH�FRQWH[W�RI�WKH�-DSDQHVH�PHWURSROLV��

>��@�(YROXWLRQ��WKH�WHUP�RULJLQDOO\�XVHG�E\�'DUZLQ�DQG�/DPDUFN�LQ�WKH�FRQWH[W�RI�ELRORJLFDO�VFLHQFH��
ZDV�ODWHU�WUDQVSRVHG�WR�XUEDQ�SODQQLQJ�E\�*HGGHV�DQG�0XPIRUG��0HWDEROLVP�ZDV�LQWURGXFHG�LQ�XUEDQ�
SODQQLQJ�E\�:ROPDQ�LQ�RUGHU�WR�GHVFULEH�©WKH�PHWDEROLF�QHHGV�RI�D�FLW\��LQ�WHUPV�RI�WKH�PDWHULDOV�DQG�
JRRGV�QHHGHG�WR�VXVWDLQ�GZHOOHUV�LQ�WKHLU�HYHU\GD\�DFWLYLWLHVª��:ROPDQ���������7KH�WHUP�UHVLOLHQFH��
ZKLFK�ZDV� ERUQ� LQ� WKH� FRQWH[W� RI� SK\VLFV� DQG�PDWHULDOV� VFLHQFH�� LV� XQGHUVWRRG� LQ� HFRORJ\� DV� ©WKH�
PHDVXUH�RI�WKH�SHUVHYHUDQFH�RI�D�JLYHQ�V\VWHP��DV�ZHOO�DV�LWV�DELOLW\�WR�DEVRUE�FKDQJHV�DQG�GLVWXUEDQFHV��
ZKLOH�VWLOO�EHLQJ�DEOH�WR�PDLQWDLQ�WKH�VDPH�UHODWLRQV�EHWZHHQ�SRSXODWLRQ�DQG�VWDWH�YDULDQWVª��+ROOLQ��
�������

>��@� $GDSWDWLRQ� LQ� ELRORJ\� LV� GHILQHG� DV� WKH� WUDQVIRUPDWLRQ� RI� DQ\� DQDWRPLFDO�� SK\VLRORJLFDO�� RU�
EHKDYLRUDO�FKDUDFWHU�RI�D�VSHFLILF�SRSXODWLRQ��VLPLODU�WR�ERWK�WKH�SURFHVV�DQG�WKH�UHVXOW�RI�WKH�HYROXWLRQ�
RI�DQ�RUJDQLF�HQWLW\���&RKHQ��������

>��@�:LWK�UHIHUHQFH�WR�&DVDEHOOD¶V�LVVXH�����DQG������SXEOLVKHG�XQGHU�WKH�GLUHFWLRQ�RI�*UHJRWWL��DQG��
VSHFLILFDOO\��WR�WKH�FRQWULEXWLRQV�E\�*UHJRWWL��������DQG�6HFFKL���������

>��@�(YROXWLRQDU\�ELRORJLVW�*XLOODPH�/HFRLQWUH��LQ�WKH�OLJKW�RI�KLV�RZQ�GLVWLQFWLRQ�EHWZHHQ�SULPLWLYH�
DQG� GHULYDWLYH� VWUXFWXUHV�� DQG� EHWZHHQ� SULPLWLYH� DQG� GHULYDWLYH� IXQFWLRQV�� UHFHQWO\� SXW� IRUZDUG� WKH�
GHILQLWLRQ� RI� IRXU� SRWHQWLDO� YDULDQWV� RI� DGDSWDWLRQ�� SUpDGDSWDWLRQ�� H[DSWDWLRQ�� WUDQVDSWDWLRQ�� DQG�
DGDSWDWLRQ��/HFRLQWUH��������

�

5HIHUHQFHV��

%HUJHU��$���������6\VWHPLF�'HVLJQ��&DQ�&KDQJH�WKH�:RUOG��5KRGH�,VODQG��681�SXEOLVKHUV���

%LUDJKL��0���������6WRULD�GHOO
DUFKLWHWWXUD�FRQWHPSRUDQHD������������7XULQ��(LQDXGL���SS�����������

%UX]]HVH�� $��� ������ ,PPDJLQL� LQ� D]LRQH�� OD� FRVWUX]LRQH� GHOO
LPPDJLQH� GHOOD� FLWWD� QHL� SURFHVVL� GL�
WUDVIRUPD]LRQH�XUEDQD��0LODQ��3ROLWHFQLFR�GL�0LODQR�±�)DFROWj�GL�DUFKLWHWWXUD���

&DOWKURSH��3���������8UEDQLVP�LQ�WKH�$JH�RI�&OLPDWH�&KDQJH��/RQGRQ��,VODQG�3UHVV���SS�������

&DPDJQL��5���������3HU�XQ�FRQFHWWR�GL�FDSLWDOH�WHUULWRULDOH��,Q��&UHVFLWD�H�VYLOXSSR�UHJLRQDOH��VWUXPHQWL��
VLVWHPL��D]LRQL��HGLWHG�E\�%RUUL�'���)HUODLQR�)���0LODQ��)UDQFR$QJHOL���SS���������

&RKHQ�<���������0DQ�LQ�DGDSWDWLRQ�±�7KH�FXOWXUDO�SUHVHQW��&KLFDJR��$OGLQH���

'HPDWWHLV��*���������3URJHWWR�LPSOLFLWR��LO�FRQWULEXWR�GHOOD�JHRJUDILD�XPDQD�DOOH�VFLHQ]H�GHO�WHUULWRULR�
�0LODQ��)UDQFR�$QJHOL���

'XVR��*���������D�FXUD�GL��,O�FRQWUDWWR�VRFLDOH�QHOOD�ILORVRILD�SROLWLFD�PRGHUQD��%RORJQD��,O�0XOLQR���
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)DULQHOOL��)���������,�VHJQL�GHO�PRQGR��,PPDJLQH�FDUWRJUDILFD�H�GLVFRUVR�JHRJUDILFR�LQ�HWj�PRGHUQD�
�6FDQGLFFL��/D�1XRYD�,WDOLD���

)DULQHOOL��)���������/D�FULVL�GHOOD�UDJLRQH�FDUWRJUDILFD��7XULQ��(LQDXGL���

)RXFDXOW��0���������6WRULD�GHOOD� IROOLD�QHOO
HWj�FODVVLFD��7U��)UDQFR�)HUUXFFL��(PLOLR�5HQ]L�H�9LWWRUH�
9H]]ROL�������0LODQ��5L]]ROL���

)RXFDXOW��0���������6RUYHJOLDUH�H�SXQLUH��QDVFLWD�GHOOD�SULJLRQH��7U��$OFHVWL��7DUFKHWWL�������7XULQ��
(LQDXGL���

*HGGHV��3���������&LWLHV�LQ�HYROXWLRQ��/RQGRQ��:LOOLDPV���

*HUEHU��$���������0HWDSKRUV�LQ�DUFKLWHFWXUH�DQG�XUEDQLVP��DQ�LQWURGXFWLRQ��3DULV��7UDQVFULSW���

*ORHGHQ��(���������'LH�LQIODWLRQ�GHU�*URVV�VWDGWH�XQ�LKUH�KHLOXQJVPRJOLFKNHLW��%HUOLQ��'HU�=LUNHO���

*UHJRWWL��9���������0RGLILFD]LRQH��&DVDEHOOD�����������

*XLGD��*���������,PPDJLQDUH�FLWWj��PHWDIRUH�H�LPPDJLQL�SHU�OD�GLVSHUVLRQH�LQVHGLDWLYD��0LODQ��)UDQFR�
$QJHOL���

+HLGHJJHU��0���������(VVHUH�H�WHPSR��7U��&KLRGL�������0LODQ��/RQJDQHVL���

+ROOLQJ��&�6���������5HVLOLHQFH�DQG�6WDELOLW\�RI�(FRORJLFDO�6\VWHPV��$QQXDO�5HYLHZ�RI�(FRORJ\�DQG�
6\VWHPDWLFV��9RO������$QQXDO�UHYLHZV��3DOR�$OWR���SS��������

+RZDUG��(���������*DUGHQ�FLWLHV�RI�WRPRUURZ��%DWK��6LQQHQVFKHLQ���

+XPEROGW��$���������*HRJUDSKLH�GHV�SODQWHV�HTXLQR[LDOHV��3DULV��/DQJORLV���

/HFRLQWUH��*���������*XLGH�FULWLTXH�GH�O¶pYROXWLRQ���3DULV��%HOLQ���

)LVKHU��0���������&DSLWDOLVW�UHDOLVP���,V�WKHUH�QR�DOWHUQDWLYH"��:LQFKHVWHU����ERRNV���

.XURNDZD��.���������0HWDEROLVP�LQ�$UFKLWHFWXUH��/RQGRQ��6WXGLR�9LVWD���

0DQ]LQL��(���������3ROLWLFKH�GHO�TXRWLGLDQR��3URJHWWL�GL�YLWD�FKH�FDPELDQR�LO�PRQGR��5RPH�(GL]LRQL�
&RPXQLWj���

0DQ]LQL��(��������'HVLJQ��:KHQ�(YHU\ERG\�'HVLJQV��$Q�,QWURGXFWLRQ�WR�'HVLJQ�IRU�6RFLDO�,QQRYDWLRQ�
�%RVWRQ��0,7�SUHVV���

0RUWRQ��2���������,O�SLDQHWD�QXRYR��FRPH�OD�WHFQRORJLD�WUDVIRUPHUj�LO�PRQGR��0LODQR��,O�6DJJLDWRUH���

0RUWRQ��7���������+\SHUREMHFWV��3KLORVRSK\�DQG�(FRORJ\�DIWHU� WKH�(QG�RI� WKH�:RUOG� �0LQQHDSROLV��
8QLYHUVLW\�RI�0LQQHVRWD�3UHVV��SS�������

0XPIRUG��/���������6WRULD�GHOO
XWRSLD��7U�5REHUWR�'
$JRVWLQR�������5RPH��'RQ]HOOL���
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3DVTXL�� *��� ������ *RYHUQDUH� OD� WUDVIRUPD]LRQH� XUEDQD�� ULIOHVVLRQL�� VFHQDUL�� EXRQH� SUDWLFKH�
QHOO
HVSHULHQ]D�GL�&LQLVHOOR�%DOVDPR��&LQLVHOOR�%DOVDPR��3ROLWHFQLFR�GL�0LODQR�±�&RQVRU]LR�0HWLV��

6FKLOGHUV��3���������7KH�RUJDQLF�FLW\��PHWKRG�RU�PHWDSKRU"��5RWWHUGDP��,QWHUQDWLRQDO�1HZ�7RZQ���

6HFFKL��%���������/H�FRQGL]LRQL�VRQR�FDPELDWH��&DVDEHOOD�����������

6HQQHW��5���������&RVWUXLUH�H�DELWDUH��(WLFD�SHU�OD�FLWWj��0LODQ��)HOWULQHOOL���SS������

:KLWH��*��)���.DWHV��5��:���%XUWRQ�,���������.QRZLQJ�EHWWHU�DQG�ORVLQJ�HYHQ�PRUH��WKH�XVH�RI�NQRZOHGJH�
LQ�KD]DUGV�PDQDJHPHQW��(QYLURPHQWDO�+D]DUGV��9RO�����/RQGRQ��5RXWOHGJH���

:ULJKW��)�/���������/D�FLWWj�YLYHQWH��7XULQ��(LQDXGL���

7KDFNHU��(���������7UD�OH�FHQHUL�GL�TXHVWR�SLDQHWD��5RPH��3URGX]LRQL�1HUR���SS���������

9DQ�(FN��&���������2UJDQLFLVP�LQ�1LQHWHHQWK�&HQWXU\�$UFKLWHFWXUH��DQ�LQTXLU\�LQWR�LWV�WKHRUHWLFDO�DQG�
SKLORVRSKLF�EDFNJURXQG��*URHQLQJKHQ��7KH�MRXUQDO�RI�$HVWHWLFV�DQG�$UW�&ULWLFLVP���

=LWRXQL��%���������0HWDKRUV�LQ�$UFKLWHFWXUH�DQG�8UEDQLVP��DQ�LQWURGXFWLRQ��3DULV��%UHQW�3DWWHUVRQ��
SS�����������
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