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(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�V�VWHHP������������������������������������������������������������������������

���� 7HDGPXVVLLUGH�WHRUHHWLOLVHG�DOXVHG����������������������������������������������������������������������

���� (WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�PXGHO �����������������������������������������������������������

���� (WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�YDUDVHPDG�XXULQJXG ������������������������������������

�� (WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||XXULQJ�(HVWL�HWWHY}WHWHV ���������������������������������������

���� .RRVW||XXULQJX�PHWRRGLND�MD�HWWHY}WHWH�YDOLPL�NLUMHOGXV ���������������������������������

���� (WWHY}WHWH�WHDGPXVDOOLNDG�MD�NRRVW||NDQDOLG�N}UJNRROLGHJD �����������������������������

���� (WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�WDNLVWDYDG�MD�WRHWDYDG�WHJXULG ����������������������

.RNNXY}WH �������������������������������������������������������������������������������������������������������������������������
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/LVDG����������������������������������������������������������������������������������������������������������������������������������

/LVD����(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||N�VLWOXVH�WlLHOLN�YHUVLRRQ �����������������������������

/LVD����0DQQ�:KLWQH\�WHVWLGH�WlLHOLNXG�WXOHPXVHG�������������������������������������������������������

/LVD����7DNLVWDYDWH�MD�WRHWDYDWH�WHJXULWH�NRUUHODWVLRRQLG �����������������������������������������������

6XPPDU\ ���������������������������������������������������������������������������������������������������������������������������
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.DDVDHJVHV�PDMDQGXVNHVNNRQQDV�RQ�PXXWXPDV� WHDGPXV��NQRZOHGJH��DLQD�ROXOLVHPDNV�

PDMDQGXVNDVYX�HGDVLYLLMDNV��2(&'�������(W]NRZLW]��/H\GHVGRUII������������%DUQHV�HW�

DO� �����������&DUD\DQQLV��&DPSEHOO�����������6HGD�PLWPHO�S}KMXVHO�± HVLWHNV�RQ�SDOMXG�

LQQRYDWLLYVHG� ODKHQGXVHG� WHKQRORRJLD� MD� WHDGPXVPDKXNDG�� WHLVHNV� DLWDE� DUHQGXVW||�

PXXWD�WRRWPLVW�HIHNWLLYVHPDNV��NROPDQGDNV�RQ�PDMDQGXV�DLQD�JOREDDOVHP�MD�WHDGPXVHVW�

ORRGHWDNVH� OHLGD� NRQNXUHQWVLHHOLVW� ± S}KMXVHLG� RQ� NDKWOHPDWD� YHHOJL�� 0LGD� WHDGPXV�

PDKXNDPDNV�HWWHY}WWHG�PXXWXYDG��VHGD�V�JDYDPDW�MD�VSHWVLLILOLVHPDW WHDGPXVW�RQ�QHLO�

WDUYLV��6HHJD�PXXWXE��KHO�KHWNHO�NXOXNDPDNV�SLGDGD�HWWHY}WWH�VHHV��ODO�PDKXNDW�WHDGXV�

MD� DUHQGXVRVDNRQGD�� NXL� VDUQDVW� XXULPLVW||G� WHHYDG� VSHWVLDOLVHHUXQXG� WHDGXVDVXWXVHG��

HHON}LJH�N}UJNRROLG� NHOOHJD NRRVW||V�ROHNV�Y}LPDOLN�XXW�WHDGPXVW�OHLGD�

6HOOLQH� NRRVW||� HL� ROH�PLWWH� DLQXOW� NDVXOLN� HWWHY}WHWHOH�� YDLG� Y}LPDOGDE� N}UJNRROLGHOH�

OLVDWXOX�� VXXUHPDW� SDQXVW� �KLVNRQGD� QLQJ� DNDGHHPLOLVWHOH� W||WDMDWHOH OLVDQGXYD�

HQHVHWHRVWXVH�Y}LPDOXVWH�± MXKXO�NXL�NRRVW||G�HUDVHNWRULJD�QlKDNVH�Y}LPDOXVH�MD�PLWWH�

OLVDNRKXVWXVHQD� (XURRSD� SDUDGRNV� VHLVQHE� VHOOHV�� HW� HL� ROH� VXXGHWXG� PXXWD� WHDGXVW�

PDMDQGXVOLNXOW� NDVXPOLNXNV QLLVDPD� HGXNDOW� NXL� VHGD� RQ� WHKWXG� 86$�V� Y}L� -DDSDQLV�

�2(&'�������$UXQGHO��*HXQD������������'HEDFNHUH��9HXJHOHUV������������%HOOXFKL��

3HQQDFFKLR�����������1LL�(XURRSD�/LLW�NXL�VHOOH� OLLNPHVULLJLG��ND�(HVWL�� WXQQLVWDYDG��HW�

VWUXNWXUDDOVH� PDMDQGXVNDVYX� VDDYXWDPLVHNV� RQ� WDUYLV� DVWXGD� NRQNUHHWVHLG� VDPPH�

WDJDPDNV� WHDGPXVVLLUHW� WHDGXVDVXWXVWHOW� HUDVHNWRULVVH� �2(&'� ������� 6HH� VXXUHQGDNV�

�KLVNRQQD�WHDGPXVH�PDKWX�MD�DLWDNV�OXXD HIHNWLLYVHPDLG�W||WDPLVH�YLLVH��%UHQQHQUDHGWV�

HW�DO� ����������

(HOQHYDVW� WXOHQHYDOW� RQ� NlHVROHYD W||� HHVPlUJLNV WXJLQHGHV� PDJLVWULW||� UDDPHV�

OlELYLLGXG NRRVW||XXULQJXOH� DQGD� VRRYLWXVL� (HVWL� HWWHY}WHWH� MD� N}UJNRROLGH NRRVW||�

DUHQGDPLVHNV� 7||�HHVPlUJL�VDDYXWDPLVHNV�RQ�S�VWLWDWXG�MlUJQHYDG�XXULPLV�OHVDQGHG�

x PllUDWOHGD�WHDGPXVVLLUGH�S}KLP}LVWHG�
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x VHOJLWDGD�HWWHY}WHWH MD�N}UJNRROLGH�NRRVW||�UROOL�WHDGPXVVLLUGH�NDQDOLQD�

x DQGD� YDUDVHPDWH HWWHY}WHWH�N}UJNRROLGH� NRRVW||XXULQJXWH� DOXVHO� V�VWHPDWL�

VHHULWXG��OHYDDGH�NRRVW||NDQDOLWHVW��EDUMllULGHVW�MD�WRHWDYDWHVW�WHJXULWHVW�

x OXXD�PHWRRGLND�(HVWL�HWWHY}WHWH�N}UJNRROLGH�NRRVW||ROXNRUUD�XXULPLVHNV�

x YLLD�OlEL�HWWHY}WHWH�N}UJNRROLGH�NRRVW||XXULQJX�(HVWL�HWWHY}WHWHV�

x DQDO��VLGD� OlELYLLGXG� XXULQJX� S}KMDO� (HVWL� HWWHY}WHWH� MD� N}UJNRROLGH�

NRRVW||ROXNRUGD� QLL� HWWHY}WWH� Y}LPHNXVWH�� NRRVW||NDQDOLWH� NXL WDNLVWDYDWH� MD�

WRHWDYDWH�WHJXULWH�RVDV�

x DQGD�VRRYLWXVL (HVWL�HWWHY}WHWH�MD�N}UJNRROLGH�NRRVW||ROXNRUUD�DUHQGDPLVHNV�

(WWHY}WHWH�N}UJNRROLGH�NRRVW||�NRKWD�RQ RQ�ROXOLQH�QLL�(XURRSD�/LLGX�NXL�OLLNPHVULLNLGH�

MDRNV��VHOOHOH�YLLWDE�ND YDUDVHPDOW WHKWXG�NRRVW||XXULQJXWH�DUY��9DUDVHPDOW�RQ�N�VLWOHWXG

(XURRSDV�QLL DNDGHHPLOLVL�W||WDMDLG�MD�N}UJKDULGXVLQVWLWXWVLRRQH �'DYH\�HW�DO� ����� NXL�

HWWHY}WWHLG��&RPPXQLW\�,QQRYDWLRQ�6XUYH\�HKN�&,6���.D�(HVWL�NRQWHNVWLV�RQ�YDUDVHPDOW

XXULQJXLG�WHKWXG �9DUEODQH�HW�DO� ������9DGL�HW�DO� �������.lHVROHY XXULQJ�RQ�DJD XXGQH�

PLWPHV� P}WWHV�� (VLWHNV� &,6�L� N�VLWOXVHVW� RQ� YlOMD� MllQXG� PLNURHWWHY}WWHG� MD� QHHG�

HWWHY}WWHG�� NHV� LQQRYDWVLRRQLJD� HL� WHJHOH� �(HVWL� 6WDWLVWLNDDPHW� ����D��� .lHVROHYD� W||�

UDDPHV�N�VLWOHWDNVH�ND�QHLG HWWHY}WWHLG��7HLVHNV��YDUDVHPDOW�RQ�XXULWXG�NRRVW||NDQDOLWH�

PLWPHNHVLVW� NDVXWDPLVW� DLQXOW� N}UJNRROLGH�SRROHOW� �'DYH\� HW� DO� �������.lHVROHYD� W||�

UDDPHV� XXULWDNVH� VHGD� ND� HWWHY}WHWH� SRROHOW�� .ROPDQGDNV�� YDUDVHPDOW� HL� ROH� VHRWXG�

WDNLVWDYDLG�MD�WRHWDYDLG�WHJXUHLG�RPDYDKHO�HJD�HWWHY}WHWH�PDMDQGXVOLNH�QlLWDMDWHJD��PLGD�

NlHVROHYDV�W||V�WHKDNVH�

.lHVROHYD� W||� HHVPlUJL� VDDYXWDPLVHNV MDJXQHE� PDJLVWULW||� NDKWH� RVDVVH�� (VLPHVH

SHDW�NL� HVLPHVHV� DODSHDW�NLV� NlVLWOHWDNVH� WHDGPXVVLLUGH� WHRUHHWLOLVL� DOXVHLG� 7HLVHV�

DODSHDW�NLV WHJHOHWDNVH� NRQNUHHWVHPDOW� HWWHY}WHWH� MD� N}UJNRROLGH� YDKHOLVH� NRRVW||�

V�VWHHPLJD� QLQJ �KWODVL� NRRVWDWDNVH� WHRRULD� S}KMDO PXGHO�� PLOOHVW� OlKWXE� W||� HGDVLQH�

�OHVHKLWXV��.ROPDQGDV�DODSHDW�NLV�DQWDNVH��OHYDDGH (XURRSDV�MD�(HVWLV�YDUDVHPDOW�OlEL�

YLLGXG� XXULQJXWH� WXOHPXVWHVW�� 7HLVHV� SHDW�NLV� NLUMHOGDWDNVH� N}LJHSHDOW� NlHVROHYD W||�

UDDPHV�OlEL�YLLGXG HWWHY}WHWH�N}UJNRROLGH�NRRVW||XXULQJX�PHWRRGLNDW MD�YDOLPLW��7HLVHV�

DODSHDW�NLV� WHKDNVH� WHDGPXVDOOLNDWH� MD� N}UJNRROL� NRRVW||NDQDOLWH� NRKWD XXULQJX�

WXOHPXVWH� DQDO��V�� Y}UGOXV� YDUDVHPDWH� XXULQJXWHJD� WXOHPXVWH� DUXWHOX� MD� VRRYLWXVWH�

DQGPLQH�� .ROPDQGDV� DODSHDW�NLV� NlVLWOHWDNVH� VDPDPRRGL� NRRVW||G� WDNLVWDYDLG� MD�
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WRHWDYDLG� WHJXUHLG� 6HOOLQH� YRUP� RQ� YDOLWXG� VHHW}WWX�� HW� WXOHPXVWH� DQDO��V� RQ� SLNN� MD�

PLWPHWDKXOLQH�QLQJ�RWVWDUEHNDP�RQ�NDMDVWDGD�MlUHOGXVHG�YDVWDYDWH�WHHPDGH�MXXUHV�

$XWRU�VRRYLE�WlQDGD�MXKHQGDMDW�8UPDV�9DUEODVW��NHOOH�HQWXVLDVP�MD�YLVLRRQ�ROLG�llUPLVHOW�

PRWLYHHULYDG� NDDVMXKHQGDMD� .lUW� 5}LJDVW�� NHOOH� DVMDWXQGOLNNXV� MD� DELYDOPLGXV� ROLG�

DVHQGDPDWXG�� /LVDNV� EDNDODXUHXVHWXGHQJLW�0DUWWL� 7DUURW�� NHV� DLWDV� DQGPHWH� NRJXPLVH�

MXXUHV��.�VLWOXVH�DUHQGDPLVHO�ROLG�VXXUHNV�DELNV�$OR�/LOOHV��6LLP�(SVHQEHUJ��-DQ�/lWW��(OR�

0HWV�� 6XOHY�$ODM}H�� .DDUHO� /HKWVDOX�� $QGPHWH� NRJXPLVHO MD� N�VLWOXVH� WHVWLPLVHO ROLG�

VXXUHNV� DELNV� 7h� WHDGPXVVLLUGH� WDOLWXVHVW 6YHQ� /LOOD�� 6LLP�.LQQDV�� 5LLQ� 3ULNN�� 7DUWX�

/RRPHPDMDQGXVNHVNXVHVW -XWD� .XKOEHUJ� MD� 5HLJR� .XLYM}JL� QLQJ� 7DUWX� 7HDGXVSDUJLVW

0DOOH�7HQQLVVRQ�MD�7RRPDV�1RRUHP��6XXU�WlQX�ND�SLORRWXXULQJXV�RVDOHMDWHOH��NHOOH�DELO�

}QQHVWXV�N�VLWOXVW�PlUJDWDYDOW�SDUDQGDGD�± HWWHY}WHWH�(YLNRQ�MD�6NHOHWRQ�7HFKQRORJLHV�

HVLQGDMDWHOH�

.D� SDOMXGH� PDDNRQGOLNH� DUHQGXVNHVNXVWH� MD� WHLVWH� HWWHY}WOXVW� DUHQGDYDWH� RUJDQLVDW�

VLRRQLGH� LQLPHVHG� DLWDVLG� NDDVD� P}HOGD� QLQJ� DQGPHLG� NRJXGD� ± VXXU� WlQX� ,QJULG�

+LQGULNVRQ�� .ULVWD� .LQN�� -DDQXV� 9DKHVDOX�� 'HPLV� 9RVV�� 3LOOH� 6||W�� .DWULQ� 3XXVHSS��

0DUYH�0LOOHQG��.�OOLNL�.�WWLV��$QGUHV�+XXO��+HJUL�1DUXVN��-DQHN�.DGDULN��3LUHW�3LKHO��

.DWULQ�6DUDSXX��5HLQ�2UJ��7DLYR�7DOL��$QQL�+DUWLNDLQHQ��.DOOH�3LUN��7DOLV�9DUH��$YH�

.LNDV��.DOHY�.DDUQD��5DVPXV�/LQGPDD�MD�N}LN�WHLVHG� NHV�DLWDVLG�N�VLWOXVW�HGDVWDGD�MD�

YDVWXVHLG�NRJXGD� $XWRU�WlQDE�ND�N}LNL�YDVWDQXG�HWWHY}WWHLG�

0lUNV}QDG� WHDGPXV� WHDGPXVVLLUH��HWWHY}WHWH�N}UJNRROLGH�NRRVW||
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���� 7HDGPXVVLLUGH�WHRUHHWLOLVHG�DOXVHG

.lHVROHYDV�DODSHDW�NLV�GHILQHHULWDNVH�N}LJHSHDOW�WHDGPXV NXL�HWWHY}WWH�UHVVXUVV��HWWHY}WWH�

Y}LPHNXVHG� MD� Y}LPHNXVWHVW� WXOHQHYDG� HHOLVHG� HWWHY}WWH� MDRNV�� 6HHMlUHO NlVLWOHWDNVH

WHDGPXVH� SRWHQWVLDDOVHLG� DOOLNDLG�� N}UJNRROH� NXL� WHDGPXVDOOLNDLG QLQJ� WHDGPXVVLLUGH�

WRLPXPLVH� HHOGXVHLG� (VPDOW DQWDNVH� �OHYDDGH� WHDGPXVH� ROXOLVXVHVW� .DDVDHJVHV�

PDMDQGXVNHVNNRQQDV��NXV�NRQNXUHQWV�RQ�DLQD�JOREDDOVHP�MD�UHVVXUVLG�DODWL�SLLUDWXG��RQ

WHDGPXV PXXWXPDV� DLQD� ROXOLVHPDNV� PDMDQGXVNDVYX� HGDVLYLLMDNV� �7HHFH� HW� DO� ������

2(&'�������(W]NRZLW]��/H\GHVGRUII������������%DUQHV HW� DO� �����������'HEDFNHUH��

9HXJHOHUV� ������ ����� %DUHJKHK� HW� DO� ������ ������ &DUD\DQQLV�� &DPSEHOO� ������ ����

7HDGPXVH� VXXUHP� DNXPXOHHUXPLQH� Y}LPDOGDE� OlKHQHGD� YDQDGHOH� SUREOHHPLGHOH� XXHO��

LQQRYDDWLOLVHO�YLLVLO �0DUWLQ�GH�&DVWUR������������4XLQWDQH�HW�DO� �����������'X3OHVVLV�

������ ����� PLV RPDNRUGD� Y}LPDOGDE WRRWOLNNXVH� NDVYX� MD� HWWHY}WWH� VXXUHPDW�

OLVDQGYllUWXVW� �%UHQQHQUDHGWV� HW� DO� ������ ��� 6HOOLVW� NHVNNRQGD� QLPHWDWDNVH�

WHDGPXVS}KLVHNV�PDMDQGXVHNV��NQRZOHGJH�HFRQRP\���(W]NRZLW]��/H\GHVGRUII������������

5DQJD HW�DO� ������������(GDVL WHJHOHWDNVH�WHDGPXVHJD WlSVHPDOW�

7HDGPXV� .RJX� WHDGPXVVLLUGH� NlVLWOXVH� DOXVP}LVWHNV� RQ� WHDGPXV �NQRZOHGJH��

7HDGPXVW� VDDE� NlVLWOHGD� NXL� �KW� HWWHY}WWH� UHVVXUVVL� WHLVWH� KXOJDV�� NDSLWDO�� W||M}XG� MD�

WHDGPXV��3HQURVH�������$PLW��6FKRHPDNHU���������� 7HDGPXVW�NXL�UHVVXUVVL�NlVLWOHWDNVH�

HHON}LJH� NXL HWWHY}WWHVVH� DNXPXOHHUXQXG VRWVLDDOVHLG� �%UHQQHQUDHGWV� HW� DO� ������ ���

LQWHOOHNWXDDOVHLG� �%UHQQHQUDHGWV� HW� DO� ������ ��� 0DUWLQ�GH� &DVWUR� ������ ������

WHKQRORRJLOLVL� Y}L�SURWVHVVLGHJD� VHRWXG �&KXQ��0XQ����������� WHDGPLVL� MD�RVNXVHLG��

(WWHY}WWHVLVHQH� WHDGPXV HNVLVWHHULE� HWWHY}WWH� WHJXWVHPLVH� SLLULGHV�� VHOOH� LQLPHVWH� MD

SURWVHVVLGH �4XLQWDQH�������������GRNXPHQWLGH�Y}L�PXX�HWWHY}WWH�NDVXWXVHV�ROHYD�VHHV��

7HDGPXV VXXGDE�KRLGD�Y}L�JHQHUHHULGD�NRQNXUHQWVLHHOLVW��.QRFNDHUW�HW�DO� ������������
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7HDGPXV�NXL�UHVVXUVV�RQ�YDKHWDWDY��WlLHQGDWDY��$PLW��6FKRHPDNHU�����������DJD�DLQXOW�

WHDWXG�YRUPLV��7HDGPXV�Y}LE�HNVLVWHHULGD�HNVSOLWVLLWVHOW�HKN�K}OSVDVWL��OHV�WlKHQGDWDYDOW

MD�HGDVL�DQWDYDOW��Y}L�LPSOLWVLLWVHOW HKN�NXMXO��PLV�RQ�RPDQGDWXG�SLNDDMDOLVH�W||NRJHPXVH�

NlLJXV�MD RQ VHHW}WWX�UDVNHVWL�HGDVL�DQWDY��%UHQQHQUDHGWV�HW�DO� ����������,PSOLWVLLWQH�Y}L�

YDUMDWXG� WHDGPXV RQ�YllUWXVOLN� �'X3OHVVLV� ������ ����� VHVW DQQDE� VHGD� MXED�NDVXWDYDOH�

VXEMHNWLOH WHDWDYD�NRQNXUHQWVLHHOLVH��)X�HW�DO� ���������� ± VXEMHNW�RPDE�WHDGPXVW��PLGD�

WHLVHG�HL�RPD�HJD�VDD�VHGD�ND�WlSVHOW�VDPDO�NXMXO��OH�Y}WWD �'HEDFNHUH��9HXJHOHUV�������

�����%UHQQHQUDHGWV�HW�DO� ����������

7HDGPXVH� SXKXO� PlQJLE� HWWHY}WWH� MDRNV� UROOL� ND� PRQR� Y}L� PXOWLGLVWVLSOLQDDUVXV�

0RQRGLVWVLSOLQDDUVHG� YDOGNRQQDG� RQ� QlLWHNV� PDWHPDDWLND� ELRORRJLD�� HOHNWULWHKQLOLQH�

LQVHQHULWHDGXV YPW�� NXLG� HWWHY}WHWH� WHJXWVHPLVYDOGNRQQDG� RQ� WLKWL� ODLHPDG

�%UHQQHQUDHGWV� HW� DO� ������ ��� %HNNHUV�� )UHLWDV� ������ ������� 6HHJD� Y}LYDG� HWWHY}WWHG�

HHOLVWDGD WHDGPXVH� RPDQGDPLVHO PXOWLGLVWVLSOLQDDUVHLG� XXULQJXLG� Y}L� NRRVW||YRUPH�

WHDGPXVDOOLNDWHJD��9HHO�Y}LE�WHDGPXV�ROOD�DOXV���UDNHQGXV� Y}L�HNVSHULPHQWDDOQH�WHDGPXV�

± QHLVW�YLLPDQH�RQ�WLKWL�DOXV�ND�LQQRYDWVLRRQLNV�± NXLG�LVHJL�UDNHQGXVWHDGPXVH�MXXUHV�HL�

ROH�Y}LPDOLN�WHDGPXVW��KHVHOW WHLVH��NVXVHVVH��OH�NDQGD��%UHQQHQUDHGWV�HW�DO� ����������

1lLWHNV�HL�VDD��NV�HWWHY}WH�WHLVH�SDULPDW SUDNWLNDW�WlSVHOW�VDPDPRRGL�LPSOHPHQWHHULGD��

VHVW� HWWHY}WH� LVH� RQ� UDMDV}OWXYXVHV� HKN� VHRWXG� RPD YDUDVHPDWH NRJHPXVWH�� DMDORRVW�

WXOHQHYDWH�WLQJLPXVWH MD�ROHPDVROHYDWH�UHVVXUVVLGHJD��&RKHQ��/HYLQWKDO ������0DUWLQ�GH�

&DVWUR������������

.lHVROHYD�W||�UDDPHV�NlVLWOHWDNVH�WHDGPXVW�HGDVSLGL�NRRQGDYDOW�NXL�HWWHY}WWH�WHDGPLVL�MD�

RVNXVHLG��PLOOH�DNXPXOHHULPLVH�MD�NRPELQHHULPLVH�DELO�VXXGDE�HWWHY}WH�VXXUHQGDGD�RPD�

Y}LPHNXVL� MD�NRQNXUHQWVLHHOLVW� /lKWXWDNVH�ND�S}KLP}WWHVW��HW� WHDGPXVH LQWHJUHHULPLQH�

HWWHY}WWHVVH�DLWDE�NDDVD�NRQNXUHQWVLHHOLVH�WHNNLPLVHOH��VHVW�LOPQHE�OlEL�XXWH�VDDYXWDWDYDWH�

UXWLLQLGH� MD� Y}LPHNXVWH� �*UDQW� ������ YLLGDWXG� 4XLQWDQH� HW� DO� ������ ���� YDKHQGXVHO��

/LFKWHQKDOHU� ��������� ± QlLWHNV� SURWVHVVL� Y}L� WHKQRORRJLD� XXHQGDPLVH� P}WWHV� �&KXQ��

0XQ� ������ ����� 6HHW}WWX� NlVLWOHWDNVH� HGDVL� WHDGPXVHVW� WXOHQHYDLG Y}LPHNXVL� MD�

NRQNXUHQWVLHHOLVW�

9}LPHNXVHG� 9}LPHNXVHG� RQ� WHDWXG� RVNXVHG�� PLV� RQ� DLQXOW� VHOOHO� HWWHY}WWHO� MD�

PRRGXVWXYDG� UHVVXUVVLGH� DNXPXOHHUXPLVHO� �$PLW�� 6FKRHPDNHU� ��������� &KULVWHQVHQ��
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2YHUGRUI�����������6LUPRQ�HW�DO� ������������9}LPHNXVHG�RQ�RPD�ROHPXVHOW�LPSOLWVLLWVHG��

HL� ROH� YDKHWDWDYDG�QLQJ� QHQGH� HHVPlUN� RQ� VXXUHQGDGD� HWWHY}WWH� WRRWOLNNXVW� �0DNDGRN�

������ ������ '�QDDPLOLVHG� Y}LPHNXVHG� WlKHQGDYDG� HWWHY}WWH� Y}LPHW� NRKDQGXGD�

YlOLVNHVNNRQQD� PXXWXVWHOH� OlEL� RPD� NRPSHWHQWVLGH� NDVYDWDPLVH� MD� NRPELQHHULPLVH�

�7HHFH�HW�DO� �������1lLWHNV�UDKYXVYDKHOLVWXPLQH��RUJDQLVDWVLRRQLOLVHG�MD WHKQRORRJLOLVHG�

Y}LPHNXVHG�RQ�QHHG��PLV�RUJDQLVDWVLRRQL�DUHQJXW�SLGHYDOW��ODO�KRLDYDG� �6XEUDPDQLDQ��

<RXQGW������������0DUWLQ�GH�&DVWUR�������������9}LPHNXVWH�NDVYDWDPLQH�HWWHY}WWHV�DJD�

HL� ROH� RPDHWWH� HHVPlUN� YDLG� RQ� W||ULLVW� NRQNXUHQWVLHHOLVH� VDDYXWDPLVHNV� �$PLW��

6FKRHPDNHU����������7HHFH�HW�DO� �������(GDVSLGL�NDVXWDWDNVH�Y}LPHNXVH P}LVWHW�NXL�

UHVVXUVVLGHVW�WHNNLYDW�HWWHY}WWHVSHWVLLILOLVW�NRPSHWHQWVL��PLGD�NRPELQHHULGHV�RQ�HWWHY}WWHO

Y}LPDOLN VXXUHQGDGD�NRQNXUHQWVLHHOLVW�

.RQNXUHQWVLHHOLV� .RQNXUHQWVLHHOLV� WlKHQGDE� YllUWXVH� ORRPLVW� HWWHY}WWHVVH�� PLGD�

SUDHJXVWHO� MD� WXOHYDVWHO� NRQNXUHQWLGHO� HL� ROH� �%DUQH\� ������ ���� ± QlLWHNV� OlEL�

PDVWDDELHIHNWL� Y}L� QLãL WlLWPLVH� �3RUWHU� ������� HULOLVWH� WHKQRORRJLOLVWH �5DVRDYD� HW� DO�

������ ����� Y}L� LQQRYDDWLOLVWH� ODKHQGXVWH� OHLGPLVH� �&KULVWHQVHQ�� 2YHUGRUI� ������ �����

,QQRYDWVLRRQ�RQ� WLKWL� VHH��PLV� DLWDE� HWWHY}WWHO� VDDYXWDGD�K�SSHOLVHOW� XXH� WDVHPH�PLQJL�

WRRWH��WHHQXVH��SURWVHVVL�Y}L�NRUUDOGXVH�RVDV��4XLQWDQH�HW�DO� ����������������6HHW}WWX�RQ�

HWWHY}WHWH�VXXQDPLQH�LQQRYDWVLRRQLJD�WHJHOHPLVHOH�ND�WLKWL�ULLNLGH�SRROW�PDMDQGXVNDVYX�

VDDYXWDPLVHNV�VHDWXG�HHVPlUN �7HHFH�HW�DO� ������2(&'�������(W]NRZLW]��/H\GHVGRUII�

�����������%DUQHV HW�DO� �����������&DUD\DQQLV��&DPSEHOO����������

,QQRYDWVLRRQ� LVH� RQ� SURWVHVV�� PLOOH� DELO� PXXGHWDNVH �ROHPDVROHYDWH� Y}LPHNXVWH�

SRWHQWVLDDO XXWHNV�LGHHGHNV�MD�Y}HWDNVH�QHHG�LGHHG�ODLDOGDVHOW�NDVXWXVHOH��7LGG��%HVVDQW��

3DYLWW� ������ ± Y}L� WUDGLWVLRRQLOLVHPD� GHILQLWVLRRQL� NRKDVHOW� YDKHQG�� PLGD� HWWHY}WMDG�

VDDYDG�lUD�NDVXWDGD�WHLVWVXJXVH�lUL�Y}L�WHHQXVH�ORRPLVHNV��'UXFNHU������������.lHVROHYDV�

W||V� NDVXWDWDNVH LQQRYDWVLRRQL� P}LVWHW� NXL� K�SSHOLVW� XXHQGXVW� HWWHY}WWH� MDRNV�

,QQRYDWVLRRQL�YDMDYDG�HWWHY}WWHG�HULQHYDOW� YDVWDYDOW�RPD�Y}LPHNXVWHOH�� WHJHYXVKDUXOH��

WHJHYXVHV�NDVXWDWDYDWHOH�GLVWVLSOLLQLGHOH��UDMDV}OWXYXVHOH��VLVHQHPLV�YlOMXPLVEDUMllULGHOH�

MD�PXXGHOH� WHJXULWHOH� PLV�Y}LYDG�HWWHY}WWH� MDRNV�VSHWVLLILOLVHG�ROOD� �6FKXPSHWHU�������

3DYLWW�������0LR]]R��6RHWH�������0DUVLOL�������+LUVFK�.UHLQVHQ�HW�DO� �������6HH�DJD�HL�

WlKHQGD��HW� LQQRYDWVLRRQL�HL�ROHNV� WDUYLV�N}LJLO�VHNWRULWHO� MD�HWWHY}WHWHO�± HULQHE� OLKWVDOW�

LQQRYDWVLRRQLNV�YDMDOLNX�WHDGPXVH�SlULWROX�MD�S}KMDOLNNXV�
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1DJX� ND� WHLVWH� NRQNXUHQWVLHHOLVWH SXKXO�� NXLG� LQQRYDWVLRRQL� RVDV� HULWL� RQ� WHDGPXV MD�

VHOOHVW� WXOHQHYDG Y}LPHNXVHG HWWHY}WWHV� HHOGXVHNV�� HW� LQQRYDWVLRRQ� VDDNV� WRLPXGD�

�4XLQWDQH� HW� DO� ������ ����� %DUHJKHK� HW DO� ������ ������� 2PD� ROHPXVHOW� RQ� ND�

LQQRYDWVLRRQ�XXV� WHDGPXV� �4XLQWDQH�HW�DO� ������������ VHVW� WHDGPXV�Y}LE�ROOD�NDV�RVD�

LQQRYDWVLRRQL� ORRPLVH�SURWVHVVLVW�Y}L�VHOOH�RWVHQH�WXOHPXV��4XLQWDQH�HW�DO� ������������

6HH�DJD�HL� WlKHQGD��HW� LQQRYDWVLRRQ�ROHNV� OLQHDDUQH�SURWVHVV� MD�HW�SlUDVW�XXH� WHDGPXVH�

RPDQGDPLVW�± QlLWHNV�SlUDVW� WHDGXV� MD�DUHQGXVW||G��7	$��± M}XWDNV�NLQGODVWL�HGXNDOW�

LQQRYDWVLRRQLOLVWH� WRRGHWH�� WHHQXVWH� Y}L� SURWVHVVLGHQL� �5DPRV�9LHOED�� )HUQiQGH]�

(VTXLQDV������������ 6HHW}WWX�RQ�HWWHY}WWH�MDRNV�ROXOLQH�RPDQGDGD�HULQHYDW�UHOHYDQWVHW�

WHDGPXVW� QLQJ� NDVXWDGD� VHGD� RSWLPDDOVHOW� HQGD Y}LPHNXVWH� MD� NRQNXUHQWVLHHOLVH�

VXXUHQGDPLVH MDRNV�lUD�

7HDGPXVH� RPDQGDPLQH MD� RWVLPLQH�� .XL� WHDGPXV� HWWHY}WWHV� RQ� SLLUDWXG� WDVHPHO��

WDNLVWDE�VHH�Y}LPHNXVWH�NDVYDPLVW��VHVW HWWHY}WH�HL�VXXGD�KRRPDWD�XXVL�SRWHQWVLDDOVHLG�

ODKHQGXVL �4XLQWDQH�HW�DO� ������������6HHSlUDVW�RQ��NLUMDQGXVHV�DXWRULG�VHLVXNRKDO��HW�

RVNXV� WHDGPXVW� OHLGD�� RPDQGDGD��PXXQGDGD HQGDOH� VRELYDNV MD� VHGD� lUD� NDVXWDGD� RQ�

MlWNXVXXWOLNX�DUHQJX�DOOLNDNV��5DQJD�HW�DO� �����������0LOOHU�HW�DO� ����������� 7HDGPXV�

HNVLVWHHULE�WHDWXG��NVXVWH�VHHV��QlLWHNV�HWWHY}WWHG��WHDGXVDVXWXVHG��NRRVW||Y}UJXVWLNXG���

6XXUHQGDPDNV��KH��NVXVH�VHHV�WHDGPXVW��WXOHE�VHGD�NDV��NVXVH�VHHV MXXUGH�DUHQGDGD�Y}L�

PXXWD� PLQJL� WHLVH� �NVXVH WHDGPXV �HKN� YlOLQH� WHDGPXV� HVLPHVH� �NVXVH� VLVHPLVHNV

WHDGPXVHNV �/LFKWHQWKDOHU� ������ ����� .XL� YlOLQH� WHDGPXV� PXXGHWDNVH� VLVHPLVHNV��

QLPHWDWDNVH�VHGD SURWVHVVL�NLUMDQGXVHV�WHDGPXVWH�MD�NRJHPXVWH�RPDQGDPLVY}LPHNXVHNV�

�DEVRUSWLYH� FDSDFLW\�� �&RKHQ�� /HYLQWKDO ������ 'HEDFNHUH�� 9HXJHOHUV� ������

%UHQQHQUDHGWV�HW�DO� ������%HNNHUV��)UHLWDV�������0DUWLQ�GH�&DVWUR�������0LOOHW�HW�DO�

������

9}LPHNXVWH� NDVYDWDPLVHNV� YlOLVH� WHDGPXVH� DELO� RQ� WDUYLV� YlOLQH� WHDGPXV� ORNHHULGD��

$UYHVWDGHV� NRQNXUHQWVLNHVNNRQQD� DUHQJXW� RQ� WlQDSlHYDO� Y}WPHN�VLPXV� MXVW� }LJH�

WHDGPXVH��OHV�OHLGPLQH��VHVW�WHDGXVW||��OGLVHOW�PXXWXE�DLQD�VSHWVLLILOLVHPDNV�QLQJ��HULWL�

WHKQRORRJLOLVWH�� YDOGNRQGDGH� DNXPXOHHULWXG� WHDGPXVH� KXON� RQ� N}UJH� �(W]NRZLW]��

/H\GHVGRUII� ������ ������ 9lOMDVSRROW� HWWHY}WHW� WHDGPXVH� RWVLPLVW� Y}LPHNXVWH�

VXXUHQGDPLVH� MD� LQQRYDWVLRRQL� HHVPlUJLO� QLPHWDWDNVH� DYDWXG� LQQRYDWVLRRQLNV� �RSHQ�

LQQRYDWLRQ��HKN�WHDGPXVH�RPDQGDPLVHNV PLWPHNHVLVWHVW�DOOLNDWHVW��&KHVEURXJK��������
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/DXUVHQ�MD�6DOWHU��������NlVLWOHVLG�DYDWXG�LQQRYDWVLRRQL�P}LVWHW�MXVW�WHDGPXVH�RWVLPLVH�

DVSHNWLVW�� 7HDGPXVW� VDDE� RWVLGD ODLDOGDVHOW �EUHDGWK�� Y}L V�YLWVL� �GHSWK�� �&KHVEURXJK�

������ ������ .XL� ODLDOGDQH� RWVLPLQH� K}OPDE� HULQHYDWH� YDOGNRQGDGH� WHDGPXVH�

lUDNDVXWDPLVW� HQGD� WDUYLV� �QW� MXKWLPLQH�� HNVSRUGLY}LPHNXV�� DJD� ND� WRRWPLVSURWVHVVL�

DUHQGDPLQH���VLLV�V�YLWVL�RWVLPLQH�WRLPXE�WLKWL�WRRWH�YlOMDDUHQGDPLVH�RVDV��NXV�RQ�WDUYLV�

S}KMDOLNNX� WHDGPLVW� NRQNUHHWVHWHVW� YDOGNRQGDGHVW� �,7�� ELRWHKQRORRJLD� MQH�� �/DXUVHQ��

6DOWHU���������.XPENL�OlKHQHPLQH�HL�DQQD�O}SXWXOW�WXOHPXVL�MD�P}OHPD�HIHNWLLYVXV�ODQJHE�

SlUDVW� RSWLPDDOVHW� SXQNWL�� OLVDNV� ORHE� VHNWRUL� N}UYDO� LQQRYDWVLRRQL� YDMDYD� WRRWH� HQGD�

HOXWV�NOL�HWDSS��/DXUVHQ��6DOWHU��������

6HHW}WWX RQ� HWWHY}WHWH� MDRNV� NXOXHIHNWLLYQH� WRHWXGD� WHDGPXVH� RWVLPLVHO� RPD�

NRRVW||Y}UJXVWLNHOH��7HWKHU������������0DUWLQ�GH�&DVWUR�������������(WWHY}WWHG�SHDYDG�

SLGHYDOW� LQWHJUHHULPD� VLVHPLVW� MD� YlOLPLVW� LQIRW� MD� WHDGPXVW� W||WDMDWHOW�� NOLHQWLGHOW��

NRQNXUHQWLGHOW��PHHGLDVW�MD�PXMDOW��HW�RPD�RUJDQLVDWVLRRQLOLVW�WHDGPXVEDDVL�WlLHQGDGD�MD�

Y}LPHNXVL� DUHQGDGD �7HWKHU����������������/LFKWHQWKDOHU� ����������/LQ��&KH�	�7LQJ�

������ ����� .XLJL� DYDWXG� LQQRYDWVLRRQ� RQ� HWWHY}WWH� HGXNXVHNV� YDMDOLN�� VLLV� QLL� YlOLVH�

NRRVW||Y}UJXVWLNX� KDOGDPLQH� NXL� YlOLVH� WHDGPXVH� YDVWX� Y}WPLQH� HHOGDYDG� HWWHY}WWHOW�

WHDWXG UHVVXUVVH��VWUXNWXXUL�SDLQGOLNNXVW�QLQJ�YDVWDYDLG�KRLDNXLG �/LFKWHQKDOHU�����������

9}LE� MlUHOGDGD�� HW� VHOOLVWH� HWWHY}WHWH� SXKXO�� NXV� UHVVXUVVH� MD ROHPDVROHYDW� WHDGPXVW

�&RKHQ��/HYLQWKDO ������/DXUVHQ��6DOWHU�������RQ�YlKHP��RQ�XXWH�WHDGPLVWH�MD�RVNXVWH�

RPDQGDPLVY}LPHNXV� PDGDODP �&KXQ�� 0XQ� ������ ������ 9lLNHVHG� MD� NHVNPLVHG�

HWWHY}WWHG� RQ� HQDPDVWL� SLLUDWXG� ILQDQWVUHVVXUVVLGHJD�� MXKWLPLVY}LPHNXVWHJD� MD� YlOLV�

WHDGPXVHOH� OLJLSllVHPLVH� PHKKDQLVPLGHJD� �5DQJD� HW� DO� ������ ������ 6HHW}WWX� RQ�

YlLNVHPD�W||WDMDWH DUYX��NlLEH��WRRWPLVY}LPHNXVHJD�HWWHY}WHWHO�UDVNHP�RPDQGDGD�YlOLVW�

WHDGPXVW�± VHDOKXOJDV Y}UGOHPLVL�IRUPDDOVHWHOW�DOOLNDWHOW�HKN N}UJNRROLGHOW �7HWKHU�������

������ 6HH� RQ� ROXOLQH� SXQNW�� VHVW� HULVWDE� lUD�� PLOOLVHG� HWWHY}WWHG� RQ� �OGVH� VXXWHOLVHG�

N}UJNRROLGHJD NRRVW||G� WHJHPD�� 6HHSlUDVW� PRRGXVWXYDG Y}LPHNXVWHVW� NlHVROHYD�

XXULQJX� HVLPHQH RRGDWDY� WXOHPXV� ± N}UJNRROLGHJD� NRRVW||G� WHJHYDG� HWWHY}WWHG� RQ�

Y}LPHNDPDG� MD� VHHW}WWX� PDMDQGXVOLNXOW� SDUHPDWH� QlLWDMDWHJD NXL� NRRVW||G�

PLWWHWHJHYDG� HWWHY}WWHG� 2RGDWDYDLG� WXOHPXVL� DQDO��VLWDNVH� WlSVHPDOW NlHVROHYD� W||�

HPSLLULOLVHV SHDW�NLV�
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7HDGPXVH�DOOLNDG� .XQD�WHDGPXV�RQ�NDDVDHJVHV�PDMDQGXVNHVNNRQQDV ROXOLQH NDXS��VLLV�

RQ�ROXOLQH�WHDGD� NXVW�WHDGPXVW�VDDGDNVH��1DJX�&RKHQ�MD�/HYLQWKDO �������QLQJ�/DXUVHQ�

MD�6DOWHU� �������NlVLWOHYDG�Y}LYDG WHDGPXVH� DOOLNDWHNV ROOD�NRRVW||SDUWQHULG��NOLHQGLG��

WDUQLMDG�� WHDGXVDVXWXVHG�� ULLJL� HVLQGXVDVXWXVHG�� VSHWVLDOLVHHUXQXG�Q}XDQGYDG� HWWHY}WWHG�

MQH�� 7UDGLWVLRRQLOLVHOW� RQ� �KLVNRQQDV� N}LJH� VXXUHPDG� WHDGPXVH� ORRPLVH� SDLJDG�

N}UJNRROLG� MD� WHLVHG� �WLKWL� ULLNOLNXG� WHDGXVDVXWXVHG� �%UHQQHQUDHGWV� HW� DO� ������ ���

(W]NRZLW]�� /H\GHVGRUII� ������ ������ .XL� �OGLVHOW� Y}LE� HWWHY}WHWH� MDRNV� ROOD�

WHDGPXVDOOLNDLG� SDOMX�� VLLV� $UXQGHO� MD� *HXQD� ������� ����� W}HVWDYDG�� HW� DYDOLN� �HKN�

WHDGXVDVXWXVWH�� WHDGPXV RQ� N}LJH� YDMDOLNXP�PDGDOD� WHKQRORRJLDJD� VHNWRULWHV�� VHHMlUHO�

N}UJWHKQRORRJLOLVWHV�MD�YLLPDNV�NHVNPLVH�WDVHPHJD�WHKQRORRJLOLVWHV�VHNWRULWHV��5DQJD�HW�

DO� ������� ����� U}KXWDYDG� DYDOLNX WHDGPXVH� YDMDOLNNXVW� ND� YlLNHVWH� MD� NHVNPLVWH�

HWWHY}WHWH� NRQWHNVWLV� VHVW� QHHG� RQ� HWWHY}WWHG�� NXV� RQ� ROHPDV� SDLQGOLNNXV�� OlKHGDVHG�

VXKWHG� NRRVW||SDUWQHULWHJD�� YlKH� E�URNUDDWLDW�� DJD� SLLUDWXG� UHVVXUVLG�� PLGD DYDOLN�

WHDGPXV�DLWDNV��OHWDGD�

7lQDSlHYDO�HL�ROH�HQDP�N}UJNRROLGH �OHVDQGHNV�DLQX�NVL�WHJHOHGD�WHDGXVH�MD�KDULGXVHJD��

YDLG�ND�PXXWD�WHDGXVOLNXG�DUHQGXVHG�PDMDQGXVOLNXNV�SUDNWLNDNV��'HEDFNHUH��9HXJHOHUV�

������ ������ .XL� WHDGXVDVXWXVHG� WHJHOHYDG� ORRGDYD� WHDGPXVH� HGDVL DQGPLVHJD��

QLPHWDWDNVH� VHGD� WHDGPXVVLLUGHNV� �NQRZOHGJH� WUDQVIHU�� �.HOO\� ������ ��� 5RVVL�� 5RVOL�

������ ������ 7HDGPXVVLLUGHJD� WHJHOHYDG� N}LJH� URKNHP VHOOLVHG� N}UJNRROLG�� PLV� RQ�

RULHQWHHULWXG RPD� NROPDQGD� PLVVLRRQL� WlLWPLVHOH� HKN� �KLVNRQQD DUHQJXOH� NDDVD�

DLWDPLVHOH �:LVVHPD� ������ /DLQH�� 9DUEODQH� ������ ���� ± VHGD� QLPHWDWDNVH� ND�

HWWHY}WOLNXNV� N}UJNRROLNV �HQWUHSUHQHXULDO� XQLYHUVLW\� �:LVVHPD� ��������� 7HLVWHVW�

N}UJNRROLGHVW�HULVWDE�HWWHY}WOLNNH�N}UJNRROH�VHH��HW�QHHG�N}UJNRROLG NRPELQHHULYDG�RPD�

IRRNXVWHV DOXVXXULQJXLG� MD� UDNHQGXVOLNNH� XXULQJXLG� QLQJ� PXXGDYDG VHHOlEL� NRRVW||G�

HWWHY}WHWHJD�OLKWVDPDNV��3ROW�HW�DO� ����������

.}LN� N}UJNRROLG� HL� ROH� YHHO� DUHQJXMlUJXV�� NXV� HWWHY}WOLNNXV� ROHNV� SULRULWHHW�� 6XXU� RVD�

N}UJNRROLGHVW�WHJHOHE�HQGLVHOW�WUDGLWVLRRQLOLVHPDWH�WHDGXVH�WHJHPLVH�YRUPLGHJD� 1lLWHNV�

NHVNHQGXE�QQ�WHLVH�JHQHUDWVLRRQL�N}UJNRRO HHON}LJH�XXULPLVW||OH�MD�WHDGXVHOH��ROXOLVHG�

RQ� SXEOLNDWVLRRQLG� MD� UHSXWDWVLRRQ QLQJ SDQXV� �KLVNRQGD� VHLVQHE� HHON}LJH� �OL}SLODVWH�

KDULPLVHV �:LVVHPD� ������ ������� 6DUQDVHOW� RQ� WHDGPXVH� ORRPLVW� N}UJNRROLGHV� ND�

NlVLWOHWXG Ä0RGH� �³ P}LVWHJD��PLV� WlKLVWDE� HULQHYDWH� GLVWVLSOLLQLGH� NRRVW||V� V�QGLYDW�
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WHDGPXVW��RQ�NRQWHNVWL� MD�SUREOHHPLS}KLQH��Y}LPHOLQH�NDVXWDPD�HULQHYDWH�YDOGNRQGDGH�

WHDGPXVW� NRPSOHNVVHWH� ODKHQGXVWH� OHLGPLVHNV� �*LEERQV� HW� DO� ������� NXLG� RQ�

WHDGXVNHVNQH� &DUD\DQQLV�MD�&DPSEHOO�����������RQ�SDNNXQXG�YlOMD�VHOOH�HGDVLDUHQGXVH�

HKN� Ä0RGH� �³�P}LVWH��PLV� WRHWXE� LQQRYDWVLRRQLY}UJXVWLNHOH� MD� WHDGPXVNODVWULWHOH�� 6HO�

MXKXO�HL�ROH�ROXOLQH�HQDP�DLQXOW�LQWHUGLVWVLSOLQDDUVXV� YDLG�ND�PLWPHWDVDQGLOLVXV��WHDGPXVH�

ORRPH� V}OWXE� LQLP� MD LQWHOOHNWXDDOVHVW� NDSLWDOLVW�� VRWVLDDOVHVW� MD� ILQDQWVNDSLWDOLVW�

�&DUD\DQQLV�� &DPSEHOO� ������ ��� 6DUQDVHOW� RQ� NROPDQGD JHQHUDWVLRRQL HKN� HWWHY}WOLN

N}UJNRRO VXXUHVWL�VXXQLWOHWXG�PDMDQGXVHOXV�RVDOHPLVHOH MD�WHDGPXVVLLUGHJD�WHJHOHPLVHOH

�:LVVHPD�����������YW�MRRQLV����

-RRQLV����.}UJNRROLGH�DUHQJXWDVHPHG�ÄJHQHUDWVLRRQLGH³�MD�Ä0RGH³�NlVLWOXVWH�NDXSD�
$OOLNDV���*LEERQV�HW�DO� ������:LVVHPD����������&DUD\DQQLV�MD�&DPSEHOO���������� DXWRUL�
NRKDQGXVHG

7HDGPXVVLLUGHQL� M}XGPLQH��6HOOH� MDRNV�� HW� N}UJNRROLG�PXXWXNVLG� HWWHY}WOLNXPDNV� MD�

HWWHY}WWHG�YDOLNVLG�MXVW�N}UJNRROLG�YlOLVH�WHDGPXVH�DOOLNDWHNV��SHDYDG�HNVLVWHHULPD�WHDWXG�

WUHQGLG� MD�PRWLYDDWRULG��9LLPDVHLG� NlVLWOHE� OlKHPDOW� MlUJPLQH� DODSHDW�NN�� NXLG� WUHQGH�

Y}LE� NlVLWOHGD� PDNURWDVDQGLO�� .XL� WHDGXVDVXWXVWHO� RQ� Y}LPDOLN� OXXD� NRPSOHNVVHLG� MD�

PLWPHWDVDQGLOLVL� ODKHQGXVL�� VLLV� RQ�QHLG� WHRUHHWLOLVHOW� Y}LPDOLN�ND� HWWHY}WWHO� NDVXWXVHOH�

Y}WWD� /DKHQGXVWH� ORRPLVH Y}LPDOLNNXV� HL� WlKHQGD� YHHO�� HW� QHHG� SlULVHOW� NDVXWXVHOH�

Y}HWDNV��0LOOHU HW�DO� ������������6HOOH�RVDV�RQ�ROXOLQH�WHDGXVH��VHOOHV�NRQWHNVWLV S}KLOLVH�

���� ���� ���� ���� ����

(VLPHVH�JHQHUDWVLRRQL�N}UJNRRO

(VLPHQH��OHPLQHNXSHULRRG

7HLVH�
JHQHUDWVLRRQL�
N}UJNRRO

7HLQH� �OHPLQHNX�
SHULRRG

(WWHY}WOLN� HKN�
NROPDQGD� JHQHUDW�
VLRRQL�N}UJNRRO

02'(�, 02'(�,,

02'(�,,,
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WHDGPXVH�DOOLND��W}XNH�MD�WXUX�W}PEH�WHRRULD��9DUDVHPDG�WHRRULDG�HHOGDVLG��HW�YDVWDYDOW�

WHDGXVH� W}XNHOH� YLLYDG� XXHG� DYDVWXVHG� LQQRYDWVLRRQLQL�� NXLG� RQ� WDUYLV� ND� WXUX� W}PEH�

IDNWRULW��9RQ�7XQ]HOPDQQ�HW�DO� ������������6HGD�NLQQLWDYDG�ND�'HNDFNHUH�MD�9HXJHOHUV�

������� ����� ± NXL� HL� ROH� YDMDGXVW� WHDWXG� VSHWVLDOLVHHUXPLVH� Y}L� HNVSHUWLLVL� MlUJL�� VLLV�

WHDGPXVH�VLLUGXPLVW�PDMDQGXVVH�HL�WRLPX��VHVW�HWWHY}WHWHO�HL�ROH�VHO�MXKXO�PRWLYDWVLRRQL�

WHDGPXVW�KDQNLGD��

0RWLYDDWRULWHNV� Y}LYDG� ND� ROOD� O}SSWDUELMDG� LVH�� VRRYLGHV� QlLWHNV� VSHWVLLILOLVHPD�

WHKQRORRJLDJD� ODKHQGXVL� �0LOOHU� HW� DO� ������ ������ (W]NRZLW]� ������� ���� S}KMDO�

HNVLVWHHULYDG�QLL�WHDGXVH�W}XNH�NXL�WXUX�W}PEH�PXGHOLG�NRUUDJD��PLGD�OLKWVXVWDWXOW�Y}LE�

NXMXWDGD� OLQHDDUVHQD�� SUDNWLNDV� RQ� QHHG� SLJHP� NXMXQHQXG� LQWHUDNWLLYVHWHNV��

PLWPHNLKLOLVWHNV��.XL� WXUXO� HNVLVWHHULE� YDMDGXV�� RQ� HWWHY}WHWHO� VRRY� RPDQGDGD� NRQNX�

UHQWVLHHOLVW� P}QHV� YDOGNRQQDV� MD� RQ YDOPLV� SDQXVWDPD� LQQRYDWVLRRQL� VDDYXWDPLVVH��

QlLWHNV�WHKHV�NRRVW||G�WHDGPXVPDKXNDWH�DVXWXVWHJD �(W]NRZLW]�����������

$ODSHDW�NL� O}SHWXVHNV� Y}LE� NRNNXY}WYDOW� |HOGD�� HW� WHDGPXV� NXL� HWWHY}WWH� UHVVXUVV� RQ�

DOXVHNV� Y}LPHNXVWH� NDVYDWDPLVHOH� MD� VHHOlEL� NRQNXUHQWVLHHOLVH� WHNNLPLVHOH� 9lOLVH�

WHDGPXVH� lUDNDVXWDPLVHNV� RQ� ROXOLQH� HWWHY}WWH� HQGD� WHDGPLVWH� MD� RVNXVWH� RPDQGDPLV�

Y}LPHNXV� QLQJ RVNXV� WHDGPXVW� OHLGD�� 6XXULPDWHNV� WHDGPXVH� ORRMDWHNV� �KLVNRQQDV� RQ�

N}UJNRROLG��NHOOHOW�RQ�Y}LPDOLN�WHDGPXVW�RPDQGDGD��NXLG�VHOOH�MDRNV�SHDE�N}UJNRRO�LVH�

ROHPD�SLLVDYDOW�KXYLWDWXG�NRRVW||VW�HUDVHNWRULJD��.XL�P}OHPD�SRROH�MDRNV�HNVLVWHHULYDG�

SLLVDYDG�PRWLYDDWRULG�� RQ� Y}LPDOLN�� HW� HWWHY}WH� MD� N}UJNRRO� WHHYDG� NRRVW||G��.RRVW||�

WRLPXPLVH� WlSVHPDW�V�VWHHPL�NlVLWOHWDNVH� MlUJPLVHV�DODSHDW�NLV� MD� M}XWDNVH�ND�HHOQHYD�

S}KMDO�NRRVW||�WRLPXPLVH�PXGHOLQL�

���� (WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�PXGHO

1DJX�HHOPLQH�DODSHDW�NN�YlOMD�W}L��RQ�SRWHQWVLDDOVHLG�WHDGPXVH�DOOLNDLG�PLWPHLG��6HHW}WWX�

HL� WRLPX� NRRVW||� HWWHY}WHWH� MD� N}UJNRROLGH� YDKHO� HUDOGDWXOW�� YDLG� RVDQD VXXUHPDVW�

V�VWHHPLVW�� .LUMDQGXVHV� NlVLWOHWDNVH WHDGPXVVLLUHW� ULLNOLNX� LQQRYDWVLRRQLV�VWHHPL�

�QDWLRQDO� LQQYDWLRQ� V\VWHP�� RVDQD�� PLV� K}OPDE� WHDGPXVH� ULQJOHPLVW� ULLNOLNH� UHJXODW�

VLRRQLGH�� NRPPXQLNDWVLRRQLNDQDOLWH�� LQIUDVWUXNWXXUL� MD� WXUXWLQJLPXVWH� UDDPHV� QLQJ� RQ�

P}MXWDWXG�ND�KDULGXVHVW��UDKDVWXVHVW��HWWHY}WHWHVW�MD�N}UJNRROLGHVW�HQGLVW �/XQGYDOO��������

.XQD�WHDGPXVVLLUH�WRLPXE�ULLNOLNXV�V�VWHHPLV��RQ�ULLJLO�Y}LPDOLN�VHGD�P}MXWDGD�HULQHYDWH�



��

PHHWPHWH�DELO ± QlLWHNV�UDKDOLVWH�WRHWXVWH Y}L LQIUDVWUXNWXXUL�SDUDQGDPLVH�NDXGX �5DQJD�

HW� DO� ������ ����� /RSH]� HW� DO� ������ ����� .XQD� ULLJLVHNWRU� RQ� �NV� WHDGPXVVLLUGH�

P}MXWDMDWHVW��RQ�HWWHY}WHWH�MD�N}UJNRROLGH�NRRVW||G�NlVLWOHWXG�ND�NROPLNKHHOLNVL��WULSOH�

KHOL[��P}LVWHJD��(W]NRZLW]��/H\GHVGURII��������PLV�WlKLVWDE�QHQGH�RVDSRROWH�RPDYDKHOLVW�

OlELS}LPXPLVW� MD� WLKHGDW� NRRVW||G� .lHVROHYD� W||� UDDPHV� NlVLWOHWDNVH� ULLNOLNNX�

LQQRYDWVLRRQLV�VWHHPL� NXL� VXXUHPDW� UDDPLVWLNNX� MD� NROPLNKHHOLNVLW� NXL� HWWHY}WHWH�

N}UJNRROLGH�ULLJL� �OGLVW� NRRVW||G� VHOOH� VHHV�� (GDVL� NlVLWOHWDNVH� WlSVHPDOW� HWWHY}WHWH� MD�

N}UJNRROLGH�NRRVW||�V�VWHHPL�PLNURWDVDQGLO�

'DYH\� HW� DO� ������� ���� NLUMHOGDYDG� HWWHY}WHWH� MD� N}UJNRROLGH� NRRVW||V�VWHHPL�

YLLHWDVDQGLOLVHQD��.}LJHSHDOW�WHJHYXVWH�WDVDQG��DFWLRQ�OHYHO���PLV�NRRVQHE�Y}WPHLVLNXWHVW

�NH\� VWDNHKROGHUV�� MD� ÄQHOMDVW� VDPEDVW³�� PLV RPDNRUGD K}OPDE� HWWHY}WWH� MD� N}UJNRROL�

VWUDWHHJLDW�� VWUXNWXXUH�� RSHUDWLLYVHLG� WHJHYXVSODDQH� QLQJ� ND� ULLJLSRROVHW� VHDGXVOLNNX�

UDDPLVWLNNX�� 6HH� NlVLWOXV� MlWDE� DJD� YlOMD� HWWHY}WHWH� ROHPDVROHYDG� Y}LPHNXVHG� QLQJ�

WHDGPLVWH� MD� RVNXVWH� RPDQGDPLVY}LPHNXVH�� PLV� RQ� PllUDYD� WlKWVXVHJD� WHDGPXVH�

RPDQGDPLVHO� MD� VHHW}WWX�ND�N}UJNRROLGHJD�NRRVW||� WHJHPLVHO� �&RKHQ��/HYLQWKDO�������

'HEDFNHUH��9HXJHOHUV�������%UHQQHQUDHGWV�HW�DO� ������%HNNHUV��)UHLWDV�������0DUWLQ�GH�

&DVWUR� ������ 0LOOHU� HW� DO� ������� .RPELQHHULGHV� QHHG� Y}LPHNXVHG� VWUDWHHJLOLVHPD�

OlKHQHPLVHJD� �'DYH\� HW� DO� ������ ���*DOiQ�0XURV�� 3OHZD� ������ ����� Y}LE� QHLG� NRRV�

QLPHWDGD�HHOGXVWH�WDVDQGLNV��

(GDVL�RQ�NRRVW||�MDRNV�ROXOLQH IDNWRUL�WDVDQG��IDFWRU�OHYHO���NXV�RQ�NDVXG�HKN�PRWLYDDWRULG�

�EHQHILWV���WRHWDYDG WHJXULG �GULYHUV��MD�WDNLVWDYDG�WHJXULG �EDUULHUV� �'DYH\�HW�DO� ������

�����$OOHV� VLLV� MlUJQHE�NRRVW||� WDVDQG� �FRRSHUDWLRQ� OHYHO��� YlOMXQGLWH� WDVDQG� �RXWFRPH�

OHYHO��MD�PDMDQGXVOLN�P}MX��LPSDFW�OHYHO���,ELG����6HH�NRRVW||�V�VWHHP�RQ�WRRGXG�MRRQLVHO�

�� QLQJ� HGDVL� NlVLWOHWDNVHJL OlKHPDOW� MRRQLVHO� WRRGXG� NRRVW||�PRWLYDDWRUHLG�� NDQDOHLG��

WDNLVWDYDLG�MD�WRHWDYDLG�WHJXUHLG�

0RWLYDDWRULG�� (WWHY}WHWH� MD� N}UJNRROLGH� NRRVW||� VDDE� WRLPXGD� MXKXO� NXL� HWWHY}WH� RQ�

PLQJLO�S}KMXVHO�PRWLYHHULWXG�RWVLPD�YlOLVW�WHDGPXVW��HW�OXXD�NRQNXUHQWVLHHOLVW �)X�HW�DO�

���������� MD�VHOOLVH�WHDGPXVH SDULPDNV�DOOLNDNV�RQ�N}UJNRROLG��1lLWHNV�Y}LYDG HWWHY}WHWH

PRWLYDDWRULG� ROOD WDUELMDWH� VXUYH� �0LOOHU� HW� DO� ������ ������ YDMDGXV� HNVSHUWLLVL� Y}L�

WHKQRORRJLD� MlUHOH� �'HNDFNHUH� MD� 9HXJHOHUV� ������ ������ VRRY� SllVHGD� OLJL XXWHOH�
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WHKQRORRJLDWHOH�� W||M}XOH� Y}L� UHVVXUVVLGHOH� �9DUEODQH� HW� DO� ������ ����� 9lLNHVWH� MD�

NHVNPLVWH� HWWHY}WHWH� SXKXO� Y}LE� VHOOHNV� ROOD� ND� SDUWQHULWH� YDKHO� ULVNL� KDMXWDPLQH QLQJ�

SRWHQWVLDDOQH�VSLOORYHU HIHNW�HKN�OLVDNV�NRNNXOHSLWXG�NRRVW||OH�VDDGDY�WHDGPXV��&KXQ��

0XQ������������

-RRQLV����(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�WRLPXPLVH�V�VWHHP
$OOLNDV���'HNDFNHUH�MD�9HXJHOHUV������ %HNNHUV��)UHLWDV�������:LVVHPD�������'DYH\�HW�
DO� ������0DUWLQ�GH�&DVWUR�������0LOOHU�HW�DO� ����� S}KMDO� DXWRUL�NRRVWDWXG

.D�N}UJNRROL�MDRNV SHDYDG�HNVLVWHHULPD SLLVDYDG�PRWLYDDWRULG��HW�PXXWXGD�HWWHY}WOLNX�

PDNV� 3HDPLVHNV� PRWLYDDWRULNV� RQ� OLVDUDKDVWXV�� VHVW� XXULPLVW||G� PXXWXYDG� DLQD�

VSHWVLLILOLVHPDNV� MD� NDOOLPDNV� QLQJ� VHOOLVHO�PllUDO� HL� SUXXJL� ULLNOLN� UDKDVWXV� ROOD HQDP

WHDGXVH�WHJHPLVHNV�SLLVDY �'HEDFNHUH��9HXJHOHUV�������������(UDVHNWRUL�SRROQH�UDKDVWXV�

Y}LNV� ROXNRUGD� SDUDQGDGD �%R]HPDQQ�� *DXJKDQ� ������ ����� 7HLVHNV� P}MXWDE� MlWNXY�

JOREDOLVHHUXPLQH�DLQD�URKNHP�ND��OL}SLODVWH�MD�WHDGODVWH�OLLNXYXVW��PLVW}WWX�QHLVW�SDULPDG�

NRRQGXYDG� MXVW� PDDLOPD� SDULPDWHVVH� N}UJNRROLGHVVH� �:LVVHPD� ������ �������� .XL�

N}UJNRRO� VRRYLE� SDULPDWH� WHDGODVWH� MD� �OL}SLODVWH� VDDPLVHO� NRQNXUHQWVLV� S�VLGD�� WXOHE�

Y}LVWHOGD� N}UJNRROLGHJD� QDJX� 6WDQGIRUG�� +DUYDUG�� 0,7� �0DVVDFKXVHWWV� ,QVWLWXWH� RI�

7HFKQRORJ\���&DPEULGJH� QLQJ� VHOOH� MDRNV� SHDE� N}UJNRRO�PXXWXPD� WHDGPXVNHVNXVHNV��

(HOGXVHG

�(WWHY}WWH�MD�N}UJNRROL�Y}LPHNXVHG��VWUDWHHJLD��VWUXNWXXU��
Y}WPHLVLNXG��RSHUDWLLYVHG�WHJHYXVHG��VHDGXVOLN�UDDPLVWLN

0RWLYDDWRULG
�(WWHY}WH�� XXV�WHKQRORRJLD��XXV�SURWVHVV��HNVSHUWLLV�MP
�.}UJNRRO�� NROPDV�PLVVLRRQ��UHVVXUVLYDMDGXV���OL}SLODVWH�
PRELLOVXV�MP

.RRVW||

�.DQDOLG�� NRROLWXVHG��NRQVXOWDWVLRRQLG��7	$���KLQH�HWWHY}WOXV�MP
�7RHWDYDG�WHJXULG�� XVDOGXV��YDUDVHP�NRRVW||��WRHWXVHG�MP
�7DNLVWDYDG�WHJXULG�� E�URNUDDWLD��HHVPlUNLGH�HULQHYXVHG��Y}LPHNXVWH�
HULQHYXVHG

9lOMXQGLG

�.RRVW||�WXOHPXVHG

0}MX

�0DMDQGXVNDVY��WHDGPXVS}KLQH�PDMDQGXV
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NXKX� NRRQGXE� DNWLLYQH� PDMDQGXVWHJHYXV� �:LVVHPD� ������ ������� ± VHDOKXOJDV ND�

�OL}SLODVHG��WHDGODVHG�MD�HWWHY}WWHG��/LVDNV�SDNXE�NRRVW||Y}LPDOXVW�N}UJNRROLGHOH�WHVWLGD

WHRRULDLG Y}L� VDDGD� MXXUGH� NRJHPXVL� RPD� DNDGHHPLOLVWHOH� W||WDMDWHOH� MD O}SHWDMDWHOH�

�:LVVHPD�������9DUEODQH�HW�DO� ����������QLQJ�WlLWD�RPD�NROPDQGDW�PLVVLRRQL��:LVVHPD�

������0DUWLQ�GH�&DVWUR�������������0}OHPDWH�RVDSRROWH�SLLVDYDOW PRWLYHHULYDWH�IDNWRULWH�

ROHPDVROXO�RQ�Y}LPDOLN�DOXVWDGD�NRRVW||G�

.RRVW||NDQDOLG� .RRVW||�HWWHY}WHWH�MD�N}UJNRROLGH�YDKHO�Y}LE�WRLPXGD�PLWPHV�YRUPLV�

HKN� OlEL� HULQHYDWH� NDQDOLWH�� .RRVW||NDQDOHLG� PllUDWOHYDG� 'DYH\� HW� DO� ������� ����

NDKHNVD�� �KLQH� WHDGXV� MD� DUHQGXVW||� �7	$��� DNDGHHPLOLVWH� W||WDMDWH� PRELLOVXV��

�OL}SLODVWH� PRELLOVXV�� WHDGXV� MD� DUHQGXVW||� WXOHPXVWH� NRPPHUWVLDOLVHHULPLQH��

}SSHNDYDGH�DUHQGDPLQH��HOXNHVWHY�}SH��HWWHY}WOXV��MXKWLPLQH��$UXQGHO�MD�*HXQD��������

����� WRRYDG� VHHYDVWX� YlOMD� �� SHDPLVW� NDQDOLW�� NRGLILWVHHULWXG DOOLNDG� �WHDGXVDUWLNOLG��

UDSRUWLG��� DYDOLNXG� NRQYHUHQWVLG� MD� NRRVROHNXG�� WHDGODVWH� MD� LQVHQHULGH� SDONDPLQH�

HWWHY}WWHVVH�� SHUVRQDOLYDKHWXV� �ND� SUDNWLND��� PLWWHIRUPDDOVHG� VXKWHG�� OHSLQJXOLVHG�

XXULQJXG�QLQJ�YLLPDNV �HWWHY}WWH�MD�N}UJNRROL�WHDGXVW||WDMDWH���KLVXXULQJXG�

'HFNEDUH�MD�9HXJHOHUV�������������WRRYDG�YlOMD�YLLV�S}KLOLVW�NDQDOLW��VWDUWX�XS¶LG���KLQH�

WHDGXV� MD� DUHQGXVW||�� OHSLQJXOLQH� WHDGXV� MD� DUHQGXVW||�� LQWHOOHNWXDDORPDQGLS}KLQH�

NRRVW||� QLQJ� ÄPXX³�� PLOOH� DOOD� NXXOXYDG� SUDNWLND�� NRROLWXVHG�� NUDDGL}SH�� W||WDMDWH�

PRELLOVXV��5RVVL�MD�5RVLO��������������MDJDYDG�NDQDOLG�VDPXWL�VXXUHPDVVH�YLLGH�U�KPD��

XXULQJXWHJD� VHRWXG�� lULOLVHG� WHHQXVHG�� UHJHQHUDWVLRRQL� MD� DUHQGXVSURJUDPPLG��

LQWHOOHNWXDDORPDQG�QLQJ�YLLPDNV�VRWVLDDOVHG�MD�NXOWXXULOH�VXXQDWXG�WHJHYXVHG� .lHVROHYD�

W||�UDDPHV�RQ�V�QWHHVLWXG�QHQGHVW�SHDPLVWHVW�NlVLWOXVWHVW�NRNNXY}WYDOW��KHNVD�NDQDOLW��

PLV�RQ�WRRGXG�WDEHOLV���MD�PLGD�HGDVSLGL�NRRVW||NDQDOLWH�DOO�VLOPDV�SHHWDNVH�

(HOQHYDOW�YlOMD�WRRGXG�NDQDOLWH�PLWPHNHVLVXV YLLWDE VHOOHOH��HW�NRRVW|| Y}LE�HNVLVWHHULGD

HULQHYDWHO� WDVDQGLWHO� �&DPSRV� ������ 9DUEODQH� HW� DO� ������ 2VDG� NDQDOLG� Y}LYDG� ROOD�

VLVVHMXKDWDYDNV� WHLVWH� NDQDOLWH� NDVXWDPLVHOH� �3HUNPDQQ�� :DOVK� ������ ����� ± QlLWHNV�

N}LJHSHDOW�Y}LYDG�WRLPXGD�NRROLWXVHG�QLQJ�NXL�NRRVW||�OlKHE�KlVWL�MD�LQLPHVWHYDKHOLQH�

XVDOGXV�NDVYDE��Y}LGDNVH�HGDVL�WHKD�NRRV�OHSLQJXOLVL�XXULQJXLG��3UDNWLNDV�NDVXWDWDNVHJL�

WLKHGDPLQL� YlKHP� SLQJXWXVW� YDMDYDLG� NDQDOHLG� QDJX� NRQVXOWHHULPLVW� N}UJNRROL�

W||WDMDWHJD�� NRROLWXVL� Y}L� �OL}SLODVWH� SUDNWLNDW� �&RKHQ� HW� DO� ������� 6DPDV� RQ� QHHG�
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HQDPDVWL� DOXVHNV HGDVLVHNV� NRRVW||NV� MD� IRUPDDOVHWHNV� VXKHWHNV� �5DPRV�9LHOED� HW� DO�

������ ������ PLVW}WWX� ND� YlKHPNHHUXOLVHG� NDQDOLG� RQ� ROXOLQH� HWWHY}WHWH�N}UJNRROLGH�

NRNNXSXXWHSXQNW�

7DEHO��� .}UJNRROLGH�MD�HWWHY}WHWH�NRRVW||NDQDOLG

.RRVW||NDQDO .LUMHOGXV
.RQVXOWHHULPLQH� 9HVWOXVHG��DUXWHOXG��Q}X�N�VLPLQH
.RROLWXVHG� 7lLHQGNRROLWXVHG��VHPLQDULG
.UDDGL}SH 7||WDMDWH�MXKWLGH�RVDOHPLQH�QW�DYDWXG�N}UJNRROLV
hOL}SLODVWH�SUDNWLND� 3UDNWLNDQGLG�HWWHY}WWHV
®SSHNDYD�DUHQGDPLQH�MD�}SHWDPLQH ®SSHNDYDGH� MD� PRRGXOLWH� DUHQGDPLQH��

ORHQJXNXUVXVWH� HWWHYDOPLVWDPLQH�� N�ODOLVORHQJXG���
�KLVMXKHQGDPLQH

7HDGXV� MD�DUHQGXVW||���KLVSURMHNWLG 7HDGXV�DUHQGXVWHJHYXV� HKN� XXULQJXG�� NDWVHG��
HNVSHUWLLV�MQH

7HDGODVWH�W||WDPLQH�HWWHY}WWHV� ®SSHM}XGXGH� MD� WHDGODVWH� DMXWLQH� Y}L� S�VLY�
W||WDPLQH�HWWHY}WHWHV

(WWHY}WHWH� HVLQGDMDG� N}UJNRROL� RWVXV�
WXVNRJXGHV�

1}XNRJXG��NXUDWRRULXPLG�MQH

hKLQH�HWWHY}WOXV� 8XWH�HWWHY}WHWH�ORRPLQH�NRRV�N}UJNRROLGHJD
$OOLNDV�� �&RKHQ� HW� DO� ������ 'L*UHJRULR�� 6KDQH� ������ $UXQGHO�� *HXQD� ������ �����
'HFNEDUH��9HXJHOHUV������������%HNNHUV��)UHLWDV�������&DPSRV�������'DYH\�HW�DO� ������
9DUEODQH�HW�DO� ������S}KMDO��DXWRUL�NRRVWDWXG

$LQXOW�YlLNH�RVD�WHDGPXVVLLUGHVW�WRLPXE�OlEL�DPHWOLNH�OHSLQJXOLVWH NDQDOLWH�QDJX�SDWHQGLG�

Y}L� �KLVXXULQJXG� �5DPRV�9LHOED�� )HUQiQGH]�(VTXLQDV� ������ ������ 0}QHG� NDQDOLG�

WlLGDYDG� WHDWXG� IXQNWVLRRQH� SDUHPLQL� ± QlLWHNV� WHDGXVOLNH� S}KLP}WHWH� RPDQGDPLVHNV

MDRNV�SHHWDNVH�SDUHPDNV �KLVXXULQJXLG�Y}L�N}UJNRROLGH�WHDGODVWH�SDONDPLVW HWWHY}WWHVVH��

VHVW� QHHG� WRRYDG� HQGDJD� NRQNUHHWVHOW� NDDVD� WHLVH� RVDSRROH� WHDGPXVH� UDNHQGDPLVH�

HWWHY}WWH� MDRNV� �%HNNHUV�� )UHLWDV� ������ ������� -XED� URKNHP� NXL� N�PPH� DDVWDW� WDJDVL�

NDQGXV� ���� N}UJNRROLGH� OHLXWLVWHVW� HUDVHNWRULVVH� OlEL� XXWH� HWWHY}WHWH� DVXWDPLVH

�'L*UHJRULR��6KDQH�������������7LKWL�NDVXWDWDNVH�NRRVW||NV�SLJHP�K}OSVDPLQL�MD�VHOJHOW�

P}}GHWDYDLG� NDQDOHLG� QDJX� WHDGXV� MD� DUHQGXVW||� WXOHPXVWH� NRPPHUWVLDOLVHHULPLQH��

VDPDV�NXL�UDVNHVWL�P}}GHWDYDG�NRRVW||YRUPLG�QDJX�HWWHY}WOXV�MD�WHLVH��NVXVH�MXKWLPLVHV

RVDOHPLQH�RQ�PlUJDWDYDOW�YlKHP�DUHQHQXG��'DYH\ HW�DO� ���������

.DQDOLWH�VLVX S}KMDO�MD�SLGDGHV�VLOPDV�HWWHY}WHWH�Y}LPHNXVL�RQ�Y}LPDOLN�NDQDOLG�MDRWDGD

S�KHQGXPLVW�MD�UHVVXUVVH YlKHP Q}XGYDWHNV�HKN�OLKWVDPDWHNV�NDQDOLWHNV�QLQJ�VXXUHPDW�

S�KHQGXPLVW� MD�UHVVXUVVH�Q}XGYDWHNV�HKN�NHHUXOLVHPDWHNV�NDQDOLWHNV��6HOOLQH�MDRWXV�RQ�

NDMDVWDWXG�NROPHV�DVWPHV�WDEHOLV����NXV�N}LJH�KHOHGDPD�WRRQLJD RQ�PlUJLWXG�OLKWVDPDG�MD�
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N}LJH� WXPHGDPDJD� N}LJH� NHHUXOLVHPDG� NDQDOLG� 1lLWHNV� NRQVXOWHHULPLQH� MD� WlLHQG�

NRROLWXVHG�YDMDYDG�YlKHP�S�KHQGXPLVW�MD�RQ��VQD�NLLUHG�NRNNXSXXWHSXQNWLG��VDPDV�NXL��

}SSHNDYDGH�DUHQGDPLQH��ND�QlLWHNV�N�ODOLV}SSHM}XQD�HVLQHPLQH� Y}L�WHDGODVWH�W||WDPLQH�

HWWHY}WWHV YDMDYDG�MXED�URKNHP S�KHQGXPLVW�MD�UHVVXUVVH�

6HHJD� RQ� Y}LPDOLN� HULQHYDWH� NDQDOLWH� NDXGX� VDDYXWDGD� HULQHYDW� WHDGPXVH� VLLUGXPLVW�

N}UJNRROLGHOW� HWWHY}WHWHOH�� 0}QHG� NDQDOLG� Y}LPDOGDYDG� URKNHP� MD� VSHWVLLILOLVHPDW�

WHDGPXVVLLUHW��NXLG�YDMDYDG�VDPDV URKNHP�S�KHQGXPLVW�MD�UHVVXUVVH��(HOQHYDVW�MlUHOGXE��

HW NHHUXNDPDLG� NDQDOHLG� NDVXWDYDG� HWWHY}WWHG� SHDYDG� VHHJD� ROHPD� Y}LPHNDPDG� MD�

SDUHPDWH� PDMDQGXVQlLWDMDWHJD� 6HHW}WWX� RQ� NlHVROHYD� XXULQJX� WHLVHNV RRGDWDYDNV�

WXOHPXVHNV� VHH�� HW�PDMDQGXVOLNXOW�Y}LPHNDPDG�HWWHY}WWHG�HHOLVWDYDG�NHHUXNDPDLG�

NRRVW||NDQDOHLG� QLQJ� YlKHPY}LPHNDG� HWWHY}WWHG� HHOLVWDYDG� OLKWVDPDLG�

NRRVW||NDQDOHLG��6HOOH�RRGDWDYD�WXOHPXVH NRQWUROOLPLVHJD WHJHOHWDNVH�HGDVL�NlHVROHYD�

W||� WHLVHV� SHDW�NLV� (GDVL� NlVLWOHWDNVH YDVWDYDOW� MRRQLVHO� �� WRRGXG� NRRVW||V�VWHHPLOH

HWWHY}WHWH�N}UJNRROLGH�NRRVW||G�WDNLVWDYDLG�MD�WRHWDYDLG�WHJXUHLG�

7DNLVWDYDG�WHJXULG��.}LJHSHDOW NlVLWOHWDNVH�OlKHPDOW�NDQDOLWH�NRRVW||�MXXUHV�LOPQHYDLG�

WDNLVWDYDLG�WHJXUHLG�HKN EDUMllUH��1DJX�HHOQHYDVW�VHOJXV� Y}LYDG�HWWHY}WHWH�MD�N}UJNRROLGH�

Y}LPHNXVHG�QLQJ�VWUDWHHJLOLVHG�VXXQDG�ROOD�HULQHYDG��6HHW}WWX�Y}LYDG�LOPQHGD�WDNLVWXVHG��

PLV� NRRVW||� WHJHPLVW NHHUXOLVHPDNV� PXXGDYDG� (VLPHQH� VXXUHP� YDVWXROXSXQNW� RQ�

VWUDWHHJLOLVHG�HULQHYXVHG��9DUEODQH�HW�DO� ����������'DYH\ HW�DO� ����������Y}L�RULHQWDW�

VLRRQLJD� VHRWXG� WDNLVWXVHG� �%UXQHHO� HW� DO� ������ ����� (WWHY}WWHG� YDMDYDG� XXULPLV�

WHHPDVLG�� PLOOH� WXOHPXVHNV� ROHNVLG� NRQNUHHWVHG� ODKHQGXVHG� SUREOHHPLOH� Y}L� YllUWXV�

WRRWHDUHQGXVH�MDRNV� NXLG�N}UJNRRO�MD�DNDGHHPLOLVHG�W||WDMDG�Y}LYDG�HHOLVWDGD�WHHPDVLG��

PLGD�WHDGXVPDDLOPDV�QlKDNVH�ROXOLVHQD��%UXQHHO�HW�DO� ������������6HHW}WWX�RQ NRRVW||

WHJHPLQH NHHUXOLVHP� GLVWVLSOLLQLGH� UDDPHV�� NXV� UDNHQGXVXXULQJXLG WHKDNVH� YlKHP

�'HEDFNHUH��9HXJHOHUV������������ 1HHG�MD MlUJQHYDG�WDNLVWXVHG�RQ�WRRGXG�NRNNXY}WYDOW�

WDEHOLV���

7HLVHNV� VXXUHNV� WDNLVWDYDNV� WHJXULNV� SHHWDNVH� N}UJHW� E�URNUDDWLD� WDVHW �'L*UHJRULR� MD�

6KDQH�������������5DQJD�HW�DO� ������������PLGD�RQ�ND�QLPHWDWXG�WUDQVDNWVLRRQLJD�VHRWXG�

EDUMllULNV� �%UXQHHO� HW� DO� ������ ����� Y}L� WXOHPXVWH� NDVXWDWDYXVHJD� VHRWXG� EDUMllULNV�

�'DYH\�HW�DO� �����������1HHG�RQ�SUREOHHPLG��PLV�WHNLYDG�LQWHOOHNWXDDORPDQGL�MDRWDPLVHO�



��

MD�N}UJNRROLGH�DGPLQLVWUDWLLY�NVXVWHJD�VXKWOHPLVHO��%UXQHHO�HW�DO� ������������,QWHOOHN�

WXDDORPDQGL�N�VLPXVHG�Y}LYDG�HWWHY}WWH�MDRNV�NRRVW||�WXOHPXVWH�NRPPHUWVLDOLVHHULPLVH�

MXXUHV�VDDGD�WDNLVWXVHNV��'DYH\�HW�DO� �����������%UXQHHO�HW�DO� ������������WRRYDG�ND�

YlOMD�� HW� PLWPHWH� NRRVW||NDQDOLWH� NDVXWDPLQH� NRUUDJD� NDKDQGDE� N�OO� RULHQWDWVLRRQLJD�

VHRWXG� EDUMllUH�� VHVW� RVDSRROHG� P}LVWDYDG� �NVWHLVW� VHO� MXKXO� SDUHPLQL�� NXLG� W}VWDE�

WUDQVDNWVLRRQLGHJD�VHRWXG�EDUMllUH��VHVW�WlKHQGDE�HWWHY}WWH�MDRNV�VXXUHPDW�E�URNUDDWLDW��

7DEHO����(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�SHDPLVHG�WDNLVWDYDG�WHJXULG

7DNLVWDY�WHJXU .LUMHOGXV
(HVPlUNLGH�HULQHYXVHG (WWHY}WHWH�MD�N}UJNRROLGH�VXXQLWOXVHG�MD�PLVVLRRQ�HULQHYDG��

PLVW}WWX� WHNLYDG� UDVNXVHG� �KWVHWH� WXOHPXVWH� MD�
NRRVW||SURWVHVVL�PllUDWOHPLVHV��ND�XXULQJXWH�WHRUHHWLOLVXVH�
MD�UDNHQGXVOLNNXVH�SUREOHHP

7XJLVWUXNWXXUL�SXXGXOLNNXV .DUMllULV�VWHHP� HL� PRWLYHHUL� DNDGHHPLOLVL� W||WDMDLG�
HWWHY}WHWHJD�NRRVW||G� WHJHPD��NRRVW||DODVH� LQIR�SLLUDWXV��
HULQHYDG�NRRVW||NDQDOLG�YlKH�WlKWVXVWDWXG

%�URNUDDWLD 3UREOHHPLG� LQWHOOHNWXDDORPDQGLJD� MD� NRRVW||� WXOHPXVWH�
NRPPHUWVLDOLVHHULPLVHJD��ND�NRRVW||QL�M}XGPLVH�SURWVHVVL�
NHHUXOLVXV

.XOWXXUL�MD�KRLDNXWH�HULQHYXVHG (WWHY}WHWH� MD� N}UJNRROLGH� W||WDMDWH� DMDOLVHG� Y}LPDOXVHG�
HULQHYDG��DUXVDDP�NRRVW||�YDMDOLNNXVHVW�HULQHE

5HVVXUVVLGH�SLLUDWXV (WWHY}WWH�UDKDOLVHG�MD�SHUVRQDOL�Y}LPHNXVHG�SLLUDWXG
9}LPHNXVWH�SLLUDWXV (WWHY}WHWH� WHDGPLVWH� MD� RVNXVWH� RPDQGDPLVY}LPHNXV�

SLLUDWXG
5DDPLVWLNX�SLLUDQJXG /HJLVODWVLRRQ� WDNLVWDE� NRRVW||G�� LQIR� YlKHVXV�

NRRVW||Y}LPDOXVWH� NRKWD�� ULLJLPHHWPHWH� VRELPDWXV�
HWWHY}WHWHOH

$OOLNDV���'L*UHJRULR��6KDQH�������5DQJD�HW�DO� ������%UXQHHO�HW�DO�������'DYH\�HW�DO�
������9DUEODQH�HW�DO� ������*DOiQ�0XURV��3OHZD�������S}KMDO��DXWRUL�NRRVWDWXG

.}UJNRROL� VXXQLWOHWXV� HWWHY}WOLNNXVHOH� WlKHQGDE�� HW� N}UJNRROLGH� W||WDMDG SHDYDG�

DUYHVWDPD� VXUYHJD� SDQXVWDGD N}UJNRROLGH� NROPDQGDVVH� PLVVLRRQL� �0DUWLQ�GH� &DVWUR�

������������6HH� WHNLWDE�N}UJNRROLGHVVH�NHVNNRQQD��NXV�DNDGHHPLOLVHG� W||WDMDG�SHDYDG�

NHVNHQGXPD�PLWPHOH�YDOGNRQQDOH�NRUUDJD��'HEDFNHUH��9HXJHOHUV������������± KDULGXV��

WHDGXV� MD� NRRVW||� HUDVHNWRULJD�� /LVDNV� Y}LE� HNVLVWHHULGD ND� DNDGHHPLOLVH� W||WDMD� MD�

N}UJNRROL�YDKHO LQWHOOHNWXDDORPDQGL�SUREOHHP��PLOOHVW�Y}LE�V}OWXGD�DNDGHHPLOLVH�W||WDMD�

PRWLYDWVLRRQ�WHKD�HWWHY}WHWHJD�NRRVW||G��'HEDFNHUH��9HXJHOHUV�������������9DUEODQH�HW�

DO� ������� ���� OLLJLWDYDG� QHHG� WXJLVWUXNWXXULGHJD� VHRWXG� WDNLVWDYDWHNV� WHJXULWHNV� ± NXL�

QlLWHNV� NDUMllULV�VWHHPLG MD� PRWLYDWVLRRQLV�VWHHP HL� WRHWD� DNDGHHPLOLVWH� W||WDMDWH�

NRRVW||G�HWWHY}WHWHJD�� VLLV� NRRVW||G� WHKDNVH�YlKHP� �:LVVHPD�����������'DYH\�HW� DO�
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���������� 6DPD�Y}LE�NHKWLGD�WHLVWH�WXJLVWUXNWXXUL�RVDGH�± QlLWHNV�NRPPXQLNDWVLRRQL Y}L�

PXX�LQIUDVWUXNWXXUL�RVD�NRKWD �9DUEODQH�HW�DO� ����������

.XQD� HWWHY}WHWH� MD� N}UJNRROLGH� NRRVW||� RQ� WHJHOLNNXVHV� LQLPHVWHYDKHOLQH� NRRVW||�

�3HUNPDQQ��:DOVK�������������VLLV�PlQJLYDG�ROXOLVW UROOL�YDUDVHPDG�VXKWHG�HWWHY}WHWHJD

± Y}L� QHQGH� SXXGXPLQH �'HEDFNHUH�� 9HXJHOHUV� ������ ����� 'DYH\� HW� DO� ������� ����

QLPHWDYDG�QHLG�VXKWHEDUMllULGHNV��6XKWHEDUMllULG�RQ�QLL�HWWHY}WHWH�WHDGPDWXV�N}UJNRROLGH�

Y}LPDOXVWHVW��VRELYD�NRRVW||SDUWQHUL�OHLGPLVH�UDVNXVHG��'DYH\�HW�DO� �����������NXL ND�

VRWVLDDOVH�NRQWHNVWLJD�KRLDNXWH�MD�RUJDQLVDWVLRRQLNXOWXXULJD�VHRWXG�WDNLVWXVHG��9DUEODQH�

HW�DO� ����������*DOiQ�0XURV��3OHZD �����������

7XXDNVH�ND YlOMD�UDKDVWXVH�MD�Y}LPHNXVWHJD�VHRWXG�SLLUDQJXLG��HHON}LJH�HWWHY}WHWH��DJD�ND�

N}UJNRROLGH SXKXO�� 5DKDOLVWH� UHVVXUVVLGHJD� VHRWXG� WDNLVWDYDG� WHJXULG� RQ� N}JH�

PllUDYDPDG �7HWKHU������������,TEDO�HW�DO� ������*DOiQ�0XURV��3OHZD ������������VHVW�

PLWPHG� DPHWOLNXPDG� NDQDOLG� HHOGDYDG� HWWHY}WWHOW� UDKDOLVWH UHVVXUVVLGH� NDVXWDPLVW�

.DXGVHOW�P}MXWDYDG� UDKDOLVL� WDNLVWXVL� ND� ULVNLNDSLWDOL� ROHPDVROX� SLLUNRQQDV��PLV� Y}LNV�

OLVDLQYHVWHHULQJXG� DUHQGXVW||VVH� Y}LPDOLNXNV� WHKD� �'HEDFNHUH��9HXJHOHUV� ������ ������

9}LPHNXVWH MD�QHLG�YlOMHQGDYDWH�QlLWDMDWH RVDV� WXXDNVH�YlOMD�QlLWHNV� HWWHY}WWH� VXXUXVH

�)ULWVFK��/XNDV������������7HWKHU������������/DXUVHQ��6DOWHU��������������WHKQRORRJLOLVH�

Y}LPHNXVHJD� �0DUWLQ�GH�&DVWUR������������± DJD�ND �OGLVHOW�ROHPDVROHYD� WHDGPXVHJD�

�6XEUDPDQLDQ�MD�<RXQGW������������4XLQWDQH�HW�DO� ���������� VHRWXG�WDNLVWXVHG�

.XQD�NRRVW||�WRLPXE�ODLHPDV�PDMDQGXVOLNXV�MD�VHDGXVOLNXV�UDDPLVWLNXV��OLVDYDG�5DQJD�

HW� DO� ������� ����� WHDGPXVVLLUGH� EDUMllULGH� KXOND� ND� ULLJLVHNWRUL� EDUMllULG� ± HVLWHNV�

ULLJLVHNWRUL�WHDGPDWXV��HULWL�YlLNH��HWWHY}WHWH�SUREOHHPLGHVW��PLVW}WWX�WRHWXVSURJUDPPLG�

RQ�QHLOH�HEDVRELYDG��7HLVHNV��YlKHVW�RWVHVW�VXKWOXVW�HWWHY}WHWH�N}QHLVLNXWHJD��NROPDQGDNV��

ULLJLSURJUDPPLGH�YlKHVW�QlKWDYXVW�MD�LQIR�OHYLNXW�YlLNHVWH HWWHY}WHWH KXOJDV��5DQJD�HW�DO�

����������� /LVDNV��NXQD�UDKDOLVWH�UHVVXUVVLGH�SXXGXV�ROL�HWWHY}WHWH�MDRNV��NV�VXXUHPDLG�

WDNLVWXVL�� VLLV�ND� ULLNOLNH�UDKDVWXVPHHWPHWH�SXXGXPLQH�Y}L�YlKHVXV� WDNLVWDE�HWWHY}WHWH�

N}UJNRROLGH�NRRVW||G� �5DQJD� HW� DO� �����������'DYH\�HW� DO� �������(GDVL� NlVLWOHWDNVH�

WDNLVWXVL��OHWDYDLG�HKN�HWWHY}WHWH�N}UJNRROLGH�NRRVW||G�WRHWDYDLG�WHJXUHLG�

7RHWDYDG� WHJXULG�� 7DNLVWDYDWH� WHJXULWH� N}UYDO� HNVLVWHHULE� ND� WRHWDYDLG� WHJXUHLG�� PLV�

PXXGDYDG�HWWHY}WHWH�MD�N}UJNRROLGH�YDKHO�NRRVW|| WHJHPLVH OLKWVDPDNV�Y}L�DLWDYDG VHOOHQL�
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M}XGD� 1DJX�NlVLWOHWXG�NRRVW||�V�VWHHPL� MD� MRRQLV��� MXXUHV��SHDYDG�RVDSRROHG�QlJHPD

SRWHQWVLDDOVHW� NDVX��PLV�NRRVW||VW�Y}LNV� WHNNLGD �%DUQHV�HW� DO� �����������'HEDFNHUH��

9HXJHOHUV������������'DYH\�HW�DO� �����������6HHW}WWX�RQ�WRHWDYDNV�WHJXULNV NRRVW||QL�

M}XGPLVHO��KLVH�NDVX MD�HHVPlUNLGH PllUDWOHPLQH��VHOJXV�NDVXGH�MDRWXPLVHV QLQJ�NDVXGH�

RPDYDKHOLQH� WDVDNDDO �%DUQHV�HW�DO� �����������'DYH\�HW�DO� ��������� � QlLWHNV�NDVX�

N}UJNRROLOH� WXGHQJLWH� PRELLOVXVH� RVDV� HL� ROH� VXXUHP� NXL� NDVX� WXGHQJLWHVW� HWWHY}WWHOH

�%DUQHV�HW�DO� ����������� 1HHG� MD� MlUJQHYDG� WRHWDYDG� WHJXULG�RQ�NRNNXY}WYDOW� WRRGXG�

YlOMD�WDEHOLV���

7HLVHNV� VXXUHPDNV� IDNWRULNV� RQ� N}UJNRROL� WXJLVWUXNWXXUL� NRKDQGDPLQH� WHDGPXVVLLUGH�

MDRNV��%DUQHV�HW�DO� �����������5DPRV�9LHOED�HW�DO� �����������0LOOHU�HW�DO� ������������

+HD� WXJLVWUXNWXXU� Y}LPDOGDE� KlVWL� MXKWLGD� NRRVW||V�VWHHPL� HWWHY}WHWHJD� QLQJ� VHOOH�

HVLPHVHNV�ROXOLVHNV�RVDNV�RQ�N}UJNRROL�GHWVHQWUDOLVHHULWXG�MXKWLPLQH�Y}L�YlKHPDOW�WHDWXG�

DXWRQRRPLD�YlLNHVWH��NVXVWH�WDVDQGLO��PLV�Y}LPDOGDE�LVLNOLNH�VXKHWH�WHNNLPLVW�HWWHY}WHWH�

SRROVHWH� LQLPHVWHJD� �%DUQHV�HW� DO� �����������'HEDFNHUH��9HXJHOHUV�������������9HHO�

DLWDYDG� LOPQHQXG� EDUMllULGHVW� NRRVW||� SXKXO� SDUHPLQL� �OH� VDDGD� VSHWVLDDOVHOW�

WHDGPXVVLLUGHOH�S�KHQGDWXG��NVXVHG� �WHDGPXVVLLUGH�NHVNXVHG� MQH�� �0LOOHU HW� DO� ������

�����QLQJ�QHQGH�SRROW�SDNXWXG�SURMHNWLMXKWLPLQH��%HNNHUV��)UHLWDV�������������

.ROPDQGDNV�� DNDGHHPLOLVWH� W||WDMDWH� NDUMllULV�VWHHPLG� MD� PRWLYDDWRULG� WXOHE� VRELWDGD�

WHDGPXVVLLUGH�S}KLP}WHWHJD��5DPRV�9LHOED�HW�DO� ������������7XJLVWUXNWXXUL�RVDV�RQ�ND

ROXOLQH� PlUNLGD�� HW� WXJLVWUXNWXXU� HL� SHDNV� WRHWDPD� PLWWH� DLQXOW� NHHUXNDPDLG�

NRRVW||NDQDOHLG��QlLWHNV�SDWHQGLG��VSLQ�RII¶LG�Y}L��KLVXXULQJXG���YDLG�SHDNVLG� WRHWDPD�

NRJX�NRRVW||V�VWHHPL�± QlLWHNV�ND�PDJLVWUL� Y}L�GRNWRUL}SSH� WXGHQJLWH� O}SXW||G� VDDE�

VXXQDWD� NRRVW||OH� HWWHY}WHWHJD� �%HNNHUV� MD� )UHLWDV� ������ ������� 6HHW}WWX� WXOHE�

NDUMllULPXGHOL� P}}GLNXWH� KXOND� OLVDGD� ND� SHKPHPDWH� NDQDOLWH� NDVXWDPLQH�� PLV�

WXQQXVWDNV� DNDGHHPLOLVWH� W||WDMDWH� SDQXVW� NRRVW||� HHVW� HUDVHNWRULJD� �5DPRV�9LHOED��

)HUQiQGH]�(VTXLQDV� ������ ������ 6HH� WDVDNDDOXVWDNV� VXUYHW� DNDGHHPLOLVWHOH� W||WDMDWHOH�

KDULGXVH��WHDGXVH�MD�HWWHY}WOLNNXVH�RVDV��0LOOHU�HW�DO� ������������.LUMDQGXVHV�VRRYLWDWDNVH�

ND�NDKDQGDGD�E�URNUDDWLD�WDVHW MD�K}OEXVWDGD�WXOHPXVWH�NDVWXWDWDYXVW��'L*UHJRULR��6KDQH�

������ ������1lLWHNV�PXXWD� LQWHOOHNWXDDORPDQGL� V�VWHHPL� DNDGHHPLOLVWH� W||WDMDWH� MDRNV�

PRWLYHHULYDPDNV��OXXD�LQWHOOHNWXDDORPDQGL�OlELSDLVWHY�MD�VHOJH�MDRWXPLQH��'L*UHJRULR��

6KDQH������������'HEDFNHUH�MD�9HXJHOHUV�������������



��

7DEHO����(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||G�WRHWDYDG�WHJXULG�MD�QHQGH�NLUMHOGXVHG

7RHWDY�WHJXU .LUMHOGXV
.DVX�RVDSRROWH�MDRNV $NDGHHPLOLVWH�W||WDMDWH�Y}L��OL}SLODVWH�SDQXV�HWWHY}WWHVVH��OLJLSllV�

WHDGXVW||OH��OLJLSllV�WHDWXG�UDKDOLVWHOH�UHVVXUVVLGHOH

7XJLVWUXNWXXUL� ORRPLQH�
MD�DUHQGDPLQH

$XWRQRRPVHG� �NVXVHG� N}UJNRROL� VHHV�� WHDGPXVVLLUGH� �NVXVHG��
DNDGHHPLOLVL� W||WDMDLG� PRWLYHHULY� NDUMllULPXGHO�� NRRVW||NDQDOLWH�
PLWPHNHVLQH�NDVXWDPLQH�MD�P}}WPLQH

%�URNUDDWLD�
NDKDQGDPLQH

hOGLQH� E�URNUDDWLD� YlKHQGDPLQH� NRRVW||O�� LQWHOOHNWXDDO�RPDQGL
VHOJH��OlELSDLVWHY�MD�DNDGHHPLOLVL W||WDMDLG�PRWLYHHULY�MDRWXPLQH

,QLPHVWHYDKHOLVWH�
VXKHWH�DUHQGDPLQH

8VDOGXVH� ORRPLQH�� VXKWOHPLVRVNXVWH� DUHQGDPLQH�� KRLDNXWH�
NXMXQGDPLQH

5DKDOLVWH� PHHWPHWH�
SDNNXPLQH

5LLJLSRROQH� WXJL� HWWHY}WHWH� MD� N}UJNRROLGH� NRRVW||NV� ±
WRHWXVPHHWPHG��JUDQGLG��OHSLQJXG��PDNVXVRRGXVWXVHG

9}LPHNXVWH�
�KWOXVWDPLQH

9lOLVH� WHDGPXVH� NDVXWDPLVH�� LQQRYDWVLRRQL�� UDKYXV�YDKHOLVWXPLVH�
NRKWD�LQIR�OHYLWDPLQH�MD�KRLDNXWH�NXMXQGDPLQH

5DDPLVWLNX�
SDUHQGDPLQH

7XJLVWUXNWXXUL�NXMXQGDPLQH��PHHWPHWH�SDNNXPLQH��

$OOLNDV�� �%DUQHV� HW� DO� ������ 'L*UHJRULR�� 6KDQH� ������ 'HEDFNHUH�� 9HXJHOHUV� ������
%HNNHUV��)UHLWDV�������5DQJD�HW�DO� ������%UXQHHO�HW�DO�������$OERUV�*DUULJRV��%DUUHUD�
������'DYH\�HW�DO� ������/RSH]�HW�DO� ������9DUEODQH�HW�DO� ������0LOOHU�HW�DO� ������
S}KMDO�DXWRUL�NRRVWDWXG

9HHO�ORHWDNVH�ROXOLVHNV�IDNWRULNV�LQLPHVWHYDKHOLVWHOH�VXKHWHOH�VXXQDWXG�WHJXUHLG��%DUQHV�

HW� DO� ������ �����'DYH\� HW� DO� ������ ����1LHOVHQ��&DSSHOHQ ������ �����*DOiQ�0XURV��

3OHZD�������������VHVW�NRRVW||�HWWHY}WHWH�MD�N}UJNRROLGH�YDKHO�RQ�VLVXOLVHOW�NRRVW||�QHLG�

�NVXVHLG� HVLQGDYDWH� LQLPHVWH� YDKHO� �3HUNPDQQ��:DOVK� ������ ������ .RRVW||� LQLPHVWH�

YDKHO� V}OWXE� VXKWOHPLVY}LPHNXVWHVW� �QHWZRUNLQJ��� RVNXVWHVW� MD� UHVVXUVVLGHVW� QLQJ�

KRLDNXWHVW� �0LOOHU� HW� DO� ������ ������ 6HHW}WWX� RQ� ROXOLQH� XVDOGXVH� WHNH� HWWHY}WHWH� MD�

N}UJNRROLGH�LQLPHVWH�YDKHO��%DUQHV�HW�DO� �����������'DYH\�HW�DO� ���������� 3LNDDMDOLQH�

�ND�PLWWHIRUPDDOQH��NRRVW||�MD�SLGHY�WHDGPXVH�YDKHWDPLQH�RQ�WHJXULG��PLV DLWDYDG�NDDVD�

NHHUXNDPDWH� NRRVW||SURMHNWLGH� V�QGLPLVHOH� �1LHOVHQ�� &DSSHOHQ ������ ������ .D�

ULLJLVHNWRU� Y}LE� DLGDWD� NRRVW||SDUWQHULWH� YDKHO� XVDOGXVW� NDVYDWDGD� QlLWHNV� SDUWQHULWH�

NRNNX�WRRPLVH�Y}L��KLVSURMHNWLGH�DOJDWDPLVH�WHHO��5DQJD�HW�DO� �����������

$YDOLNH� UDKDOLVWH� PHHWPHWH� NlWWHVDDGDYXV� RQ� VDPXWL� HWWHY}WHWH�N}UJNRROLGH� NRRVW||G�

WRHWDY� WHJXU� �%R]HPDQQ�� *DXJKDQ� ������ ����� $OERUV�*DUULJRV� %DUUHUD� ������ ������

*DOiQ�0XURV��3OHZD������������5LLJLVHNWRULO�RQ�Y}LPDOLN�SDNNXGD�WXJH�OLVDNDSLWDOL�Y}L�



��

PDNVXVRRGXVWXVWH�QlRO�HWWHY}WHWHOH��NHV�VRRYLYDG�LQYHVWHHULGD�NRRVW||VVH�N}UJNRROLGHJD�

�/RSH]�HW�DO� ������������SDNNXGD�JUDQWH�Y}L�OHSLQJXOLVL�WHOOLPXVL��%R]HPDQQ��*DXJKDQ�

������������5LLJLVHNWRULO�RQ�ND�Y}LPDOLN�WDJDGD�OLJLSllV�LQYHVWRULWH�MD�NDSLWDOL�ROHPDVROXOH�

�$OERUV�*DUULJRV�� %DUUHUD� ������ ������� QlLWHNV� SDNNXGHV� WXJLVWUXNWXXUL� LQYHVWRULWHJD�

VXKWOHPLVHNV�MD�LQYHVWRULWH�NRRQGXPLVHNV�

/LVDNV�UDKDOLVWHOH�UHVVXUVVLGHOH�RQ�ROXOLVHG�ND PXXGHOH Y}LPHNXVWHOH�VXXQDWXG WRHWDYDG

WHJXULG� �5DQJD� HW� DO� ������ ����� 0LOOHU� HW� DO� ������ ����� 1lLWHNV� DLWDNV� HWWHY}WWH�

Y}LPHNXVL�WlLHQGDGD�LQIR�OHYLWDPLQH�MD�KRLDNXWH�NXMXQGDPLQH HWWHY}WHWH�VHDV�WHDGPXVH�MD�

LQQRYDWVLRRQL�RVDV��PLV�RPDNRUGD�DLWDNV NDDVD YlOLVH�WHDGPXVH�RWVLPLVHOH�MD�N}UJNRROLGH�

NDVXWDPLVHOH�NRRVW||SDUWQHULWHQD��0LOOHU�HW�DO� ������������.DDVD�DLWDE�ND YDOLWVXVH�UROO�

NOLHQGLQD� ± YDOLWVXVH� KDQJHWH� MD UDKYXVYDKHOLVWXPLVH� HKN� XXWHOH� WXUJXGHOH� VLVHQHPLVH�

WRHWDPLVH�QlRO��5DQJD�HW�DO� �����������0LOOHU�HW�DO� ������������5LLJL�WRH�HIHNWLLYVXVH�

MDRNV� RQ� ROXOLQH� ND� E�URNUDDWLD WDVHPH NDKDQGDPLQH� ULLJLSRROVHV� WRHV�� HW� DYDOLNHVW�

PHHWPHWHVW�ROHNV�UHDDOVHW�NDVX��$OERUV�*DUULJRV� %DUUHUD�������������0LOOHU�HW�DO� ������

�����

(HOQHYD� S}KMDO� Y}LE� MlUHOGDGD�� HW NXL� RVDSRROWH� MDRNV� HNVLVWHHULYDG SLLVDYDG NDVXG� MD�

PRWLYDDWRULG��VLLV�VXKWHDODVHLG�MD�E�URNUDDWLDJD�VHRWXG EDUMllUH�VDDE�HHON}LJH�ODQJHWDGD�

N}UJNRROL RVDSRRO��5DKDOLVWH�UHVVXUVVLGH�MD� WHLVWH�Y}LPHNXVWHJD VHRWXG�EDUMllUH�SHDYDG�

DJD��OHWDPD�HWWHY}WHWH�MD�ULLJLVHNWRUL�RVDSRRO��6HH�WlKHQGDE�RPDNRUGD��HW�ULLJLVHNWRULO�RQ�

Y}LPDOLN� OlEL�HULQHYDWH�PHHWPHWH�DLGDWD�HWWHY}WHWHO� WDNLVWXVL��OHWDGD��6LLW�ND� MlUJPLVHG�

RRGDWDYDG�WXOHPXVHG�NlHVROHYD�XXULQJX�UDDPHV� NRRVW||G�WHJHYDG�HWWHY}WWHG�SHDYDG�

UHVVXUVVH� SXXGXWDYDWH� WDNLVWXVWH �OHWDPLVHO� ROXOLVHNV� ULLJL� UDKDOLVW� WXJH QLQJ�

NRRVW||G� PLWWHWHJHYDG� HWWHY}WWHG� YDMDYDG� Y}LPHNXVWH� NRPSHQVHHULPLVHNV�

ULLJLSRROVHW�WXJH� 2RGDWDYDWH�WXOHPXVWH�SDLNDSLGDYXVW�NRQWUROOLWDNVH�WHLVHV�SHDW�NLV�

$ODSHDW�NNLGHV� ����� MD� ����� NlVLWOHWX S}KMDO� RQ� Y}LPDOLN� NRRVWDGD� HWWHY}WHWH� MD�

N}UJNRROLGH NRRVW||� PXGHO� �YW� MRRQLV� ���� PLV NDMDVWDE� NRJX� NRRVW||� WRLPXPLVH�

UDDPLVWLNNX� MD� V�VWHHPL��$OXPLVHV� VHUYDV�RQ� WRRGXG�HWWHY}WH�NRRV� WHPD� UHVVXUVVLGHJD��

(WWHY}WWHO� RQ� WDUYLV� NRRVW||G� YlOLVWH� WHDGPXVDOOLNDWHJD�� VHDOKXOJDV� N}UJNRROLGHJD��

RPDQGDPDNV XXW� WHDGPXVW� MD� VXXUHQGDGHV� VHHOlEL� RPD� Y}LPHNXVL� QLQJ�

NRQNXUHQWVLY}LPHW��



��

-RRQLV����(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�PXGHO�
$OOLNDV�� �&RKHQ��/HYLQWKDO�������(W]NRZLW]��/H\GHVGRUII������ 6XEUDPDQLDQ��<RXQGW�
������'HEDFNHUH�� 9HXJHOHUV� ������ %UHQQHQUDHGWV� HW� DO� ������ �4XLQWDQH� HW� DO� ������
0LOOHU HW�DO� ������5}LJDV�HW�DO� ������S}KMDO��DXWRUL�NRRVWDWXG

6HOOHNV� HW�NRRVW||�HWWHY}WHWH�MD�N}UJNRROLGH�YDKHO�VDDNV�WRLPXGD��YDOLE�HWWHY}WH�WHDWXG�

NRRVW||NDQDOLG�N}UJNRROLVW��PLV�RQ�VRELYDG�WHPD�Y}LPHNXVWHOH�MD�YDMDGXVWHOH��.DQDOLWH�

NDVXWDPLVH�MXXUHV�Y}LE�DJD�V}OWXYDOW�HWWHY}WWH�MD�N}UJNRROL�HULQHYXVWHVW�LOPQHGD�HULQHYDLG�

WDNLVWDYDLG�WHJXUHLG��PLOOH��OHWDPLVHO�DLWDYDG�WRHWDYDG�WHJXULG��.D�ULLJLVHNWRU�VDDE�DLGDWD�

NDDVD�HWWHY}WHWH�N}UJNRROLGH�NRRVW||�WRLPXPLVHOH�MD�HGXNXVHOH��SDNNXGHV�WXJLVWUXNWXXUL�

(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�WRLPXE�VHHJD�VXXUHPDV�V�VWHHPLV�QLQJ�OlEL�HULQHYDWH�

NRRVW||NDQDOLWH��.RRVW||G�Y}LYDG�WDNLVWDGD�HULQHYDG�WHJXULG��NXLG�WDNLVWXVWH��OHWDPLVHNV�

RQ� Y}LPDOLN� NDVXWDGD� HULQHYDLG� WRHWDYDLG� WHJXUHLG�� 1HHG� S}KLP}WWHG� RQ� NRRQGDWXG�

7HLVHG� WHDGPXV�
DOOLNDG�

.OLHQGLG
7DUQLMDG
(ULDODOLLGXG
MP

9lOLQH�WHDGPXV

(77(9®7(

6LVHQH�WHDGPXV

9}LPHNXVHG�

7HKQRORRJLOLVHG
5DKYXVYDKHOLVHG
2UJDQLVDW�
VLRRQLOLVHG
MQH

0$-$1'86$5(1*

5HVVXUVLG�

7($'086

7gg-®8'

.$3,7$/

(WWHY}WOXVH�
WXJLVWUXNWXXU

.RQNXUHQWVLHHOLV�

0DVWDDELHIHNW
,QQRYDWVLRRQ
7HKQRORRJLD
MQH

5,,*,6(.725

2PDQGDPLV�
Y}LPHNXV

.RRVW||NDQDOLG��NRROLWXVHG��7	$�MQH�

.®5*.22/

+DULGXV

.RRVW||�
UDVNH

7HDGXV

.RRVW||�
UDVNH

(WWHY}WOOLNXV

.RRVW||�NHUJH

7DNLVWDYDG�WHJXULG��E�URNUDDWLD�MQH�

7RHWDYDG� WHJXULG�
�PHHWPHG��LQIR�MQH�



��

MRRQLVHO���WRRGXG�PXGHOLOH��6HOOHO�S}KLQHE�NlHVROHYD�W||�HGDVLQH��OHVHKLWXV QLQJ�PXGHOL�

ROXOLVHPDWHNV� RVDGHNV RQ� VHHMXXUHV� HWWHY}WWH� Y}LPHNXVL� NDMDVWDYDG� �PDMDQGXVOLNXG�

QlLWDMDG�� NDVXWDWDYDG� NRRVW||NDQDOLG� MD� WDNLVWDYDG� QLQJ� WRHWDYDG� WHJXULG�� 3HDW�NLV� ��

WRLPXE� ND� PXGHOLVW� OlKWXYDOW� HWWHY}WHWH�N}UJNRROLGH� NRRVW||XXULQJX� DQDO��VLPLQH� MD�

WXOHPXVWH�DUXWHOX� (VPDOW�DQWDNVH��OHYDDGH�YDUDVHPDWHVW�XXULQJXWHVW�MD�QHQGH�WXOHPXVWHVW�

HWWHY}WHWH�N}UJNRROLGH�NRRVW||�RVDV�YDVWDYDOW�PXGHOLOH�

���� (WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�YDUDVHPDG XXULQJXG

.lHVROHYDV� DODSHDW�NLV� NlVLWOHWDNVH� OlKHPDOW� YDUDVHPDLG� XXULQJXLG� HWWHY}WHWH�

N}UJNRROLGH�NRRVW||�RVDV��HW�DQGD��OHYDDGH�Y}LPHNXVWH��NDQDOLWH�MD�WRHWDYDWH�WDNLVWDYDWH�

WHJXULWHJD� VHRWXG� WXOHPXVWHVW�� (VPDOW� NlVLWOHWDNVH� HWWHY}WHWH� Y}LPHNXVL� OlEL� QHLG�

NDMDVWDYDWH PDMDQGXVOLNH QlLWDMDWH�� 7DEHOLV� � RQ� lUD� WRRGXG� YDUDVHPDG� XXULQJXG��PLV�

VHRYDG HWWHY}WHWH�MD�N}UJNRROLGH�NRRVW||G HWWHY}WHWH�Y}LPHNXVWHJD� 7XOHE�WlKHOGDGD��HW�

HQDPLN�XXULQJXLG�RQ�WHKWXG�N�OO�HWWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�WHHPDO��DJD�HHON}LJH�

RQ�XXULWXG�VHRVHLG�WHDGXV� MD�DUHQGXVW||�WHJHPLVH�RVDV�HKN�NRRVW||VW�RQ�HULVWDWXG�MXVW�VHH�

NDQDO�

9}LPHNXVWH� VHRV� NRRVW||JD� .}LJH� WLKHGDPLQL� LOPQHY� VHRV� HWWHY}WWH� Y}LPHNXVL�

YlOMHQGDYDWH�QlLWDMDWH MD�N}UJNRROLGHJD�NRRVW||�WHJHPLVH�W}HQlRVXVH�YDKHO�RQ�HWWHY}WWH�

VXXUXVH� RVDV� ± VXXUHPDG� HWWHY}WWHG� WHHYDG� W}HQlROLVHPDOW� NRRVW||G� N}UJNRROLGHJD�

�)ULWVFK��/XNDV������������&RKHQ�HW�DO� ����������7HWKHU������������6DQWRUR��&KDNUDEDUWL�

������/DXUVHQ��6DOWHU������ ������9HXJHOHUV��&DVVLPDQ�������)RQWDQD�HW�DO� �����������

6HJDUUD�%ODVFR��$UDX]R�&DURG�������(RP��/HH������������2NDPXUR�HW�DO� ������:RHUWHU�

������ &KXQ�� 0XQ� ������ ������ 6HGD� S}KMHQGDWDNVH� HHON}LJH� �OGLVWH� Y}LPHNXVWHJD� ±

VXXUHPDO� HWWHY}WWHO� RQ� W}HQlROLVHPDOW� URKNHP� Y}LPHNXVL� N}UJNRROLGH� SRROW� SDNXWDYD�

RPDQGDPLVHNV��/DXUVHQ��6DOWHU�������������&RKHQ�HW�DO� �����������6HGD�QLL�LQLP� NXL�

UDKDOLVWH� UHVVXUVVLGH W}WWX� MD�ND� VHRWXOW� MXKWLPLVY}LPHNXVWHJD� �&KXQ��0XQ�������������

3DUWQHULWH�PRWLYDWVLRRQ�WHKD�NRRVW||G�MD�Y}LPHNXV�RPDQGDGD�XXVL�WHDGPLVL�MD�RVNXVHLG�

SHDYDG�ROHPD�Y}UUHOGDYDO�WDVHPHO��PLV�Y}LE�YlLNHVWH�HWWHY}WHWH�SXKXO�ROOD�SUREOHHP��9DGL�

HW� DO� ������� 7HWKHU� ������� MD� 5DQJD� HW� DO� ������� ����� U}KXWDYDG� VDPDV� WHDGPXVH�

YDMDOLNNXVW�YlLNHVWH�MD�NHVNPLVWH�HWWHY}WHWH�NRQWHNVWLV�± QHHG�RQ�HWWHY}WWHG��NXV�RQ�ROHPDV�



��

7DEHO����9DUDVHPDG�XXULQJXWH�WXOHPXVHG HWWHY}WHWH�PDMDQGXVOLNH�QlLWDMDWH NRKWD�HWWHY}WHWH�N}UJNRROLGH�NRRVW||�NRQWHNVWLV

$XWRULG 8XULQJX�VLKWJUXSS 1lLWDMD VHRV�NRRVW||�WHJHPLVH�W}HQlRVXVHJD
*UDQGVWUDQG� �������
����

���5RRWVL�MD ���-DDSDQL�NHHPLD��HOHNWUL� MD�
PHKKDDQLNDW||VWXVH�VXXUHWWHY}WHW

6XXQLWOXV�UDKYXVYDKHOLVHOH�WXUXOH����

)ULWVFK�� /XNDV� �������
����

6DNVDPDD������WRRWPLVHWWHY}WWH�XXULQJ (WWHY}WWH�VXXUXV������HWWHY}WWH�YDQXV������VXXQLWOXV�UDKYXVYDKHOLVHOH�

&RKHQ�HW�DO� ���������� 7||VWXVOLNX� WHDGXV� MD� DUHQGXVW||� XXULQJ�
86$������HWWHY}WWH�VHDV

(WWHY}WWH�VXXUXV������HWWHY}WWH�YDQXV����

7HWKHU������������ ����� 8.� WRRWPLV� MD� WHHQLQGXVHWWHY}WHW��
8.�&,6

(WWHY}WWH�VXXUXV������N}UJWHKQRORRJLOLVHG�HWWHY}WWHG����

6DQWRUR� DQG�
&KDNUDEDUWL� �������
�����

���� 86$� N}UJNRROLGH� XXULPLVNHVNXVW MD�
W||VWXVOLNNX�HWWHY}WHW

(WWHY}WWH�VXXUXV��RVDOLVHOW�����N}UJWHKQRORRJLOLVHG�HWWHY}WWHG����

/DXUVHQ�� 6DOWHU� �������
�����

8.������WRRWPLVHWWHY}WHW��8.�&,6 (WWHY}WWH�VXXUXV������DYDWXV�YlOLVHOH�WHDGPXVHOH����
7	$������W||WOHY�W||VWXV����

0RUD�9DOHQWtQ� HW� DO�
����������

��� +LVSDDQLD� WHDGXVDVXWXVWHJD� NRRVW||�
V}OPLQXG�HWWHY}WHW

(WWHY}WWHO�YDUDVHP�NRRVW||NRJHPXV�WHDGXVDVXWXVHJD����

9HXJHOHUV� &DVVLPDQ�
�����������

���� LQQRYDWLLYVHW� W||VWXVHWWHY}WHW�� %HOJLD�
&,6

(WWHY}WWH�VXXUXV����

)RQWDQD� HW� DO� �������
����

,QWHUYMXXG� VHLWVPHV� (XURRSD� /LLGX�
OLLNPHVULLJLV ����YlLNHHWWHY}WWHJD

(WWHY}WWH�VXXUXV������7	$�WHJHYXV������ WRRWHLQQRYDWVLRRQ������S
���

/HY\�HW�DO� ���������� 3UDQWVXVPDD� /RXLV� 3DVWHXU� N}UJNRROL�
SDUWQHULG�������HWWHY}WHW

.}UJWHKQRORRJLOLVHG�HWWHY}WWHG����



��

$XWRULG 8XULQJX�VLKWJUXSS 9}LPHNXVH�VHRV�NRRVW||�WHJHPLVH�W}HQlRVXVHJD
6HJDUUD�%ODVFR��
$UDX]R�&DURG� �������
�����

�����+LVSDDQLD�HWWHY}WHWH��+LVSDDQLD�&,6 (WWHY}WWH�VXXUXV������NRKDOLNXG�HWWHY}WWHG��NRKDOLNH�N}UJNRROLGHJD�������LQQRYDWVLRRQ�
�����N}UJWHKQRORRJLOLVHG�HWWHY}WWHG� ����� WRRWHLQQRYDWVLRRQ� �����SURWVHVVLLQQRYDWVLRRQ�
�����DYDOLNX�VHNWRUL�7	$�UDKDOLQH�WRHWXV����

(RP��/HH������������ .RUHD�&,6������HWWHY}WHW (WWHY}WWH� VXXUXV� �PDUJLQDDOVHOW� ���� 7	$� LQWHQVLLYVXV� �PDUJLQDDOVHOW� ����
WRRWHLQQRYDWVLRRQ������SURWVHVVLLQQRYDWVLRRQ����

2NDPXUR� HW� DO� �������
����

����-DDSDQL�WRRWPLV� MD�WDUNYDUDHWWHY}WWHG (WWHY}WWH� VXXUXV� ����� 7	$� LQWHQVLLYVXV� ����� HL� ROH� NRQWVHUQL� RVD� �
LQQRYDWVLRRQLY}LPHNXV�������HWWHY}WWH��DVXWDMD�YDUDVHPDG�LQQRYDWLLYVHG�YlOMXQGLG������
DVXWDMD�YDUDVHP�NRJHPXV�SDWHQWHHULPLVHJD������DVXWDMD�WHDGXVW||�NRJHPXV��KDULGXV��
�����DVXWDMD�VHRWXV�DNDGHHPLOLVWH�DVXWXVWHJD����

3HWUX]]HOOL������������ (XURRSD� N}UJNRROLGH�W||VWXVH� ����
�KLVSDWHQWL

(WWHY}WWHO�YDUDVHP�NRRVW||NRJHPXV�WHDGXVDVXWXVHJD����

:RHUWHU������������ ����âYHLWVL�SDWHQWLGHJD�HWWHY}WHW (WWHY}WWH�VXXUXV������N}UJWHKQRORRJLOLVHG�HWWHY}WWHG������7	$�LQWHQVLLYVXV����

&KXQ��0XQ������������ .RUHD�&,6��������YlLNHHWWHY}WHW (WWHY}WWH�VXXUXV������7	$�WHJHYXV������VXXQLWOXV�UDKYXVYDKHOLVHOH�WXUXOH����

/RSH]� HW� DO� �������
����

(XURRSD� SURMHNW� &5($7,11� �&UHDWLYLW\�
DQG�,QQRYDWLRQ�������HWWHY}WHW�HUL�ULLNLGHVW

(WWHY}WWH�VXXUXV������HWWHY}WWH�YDQXV������HL�ROH�NRQWVHUQL�RVD������N}UJWHKQRORRJLOLVHG�
HWWHY}WWHG� ����� WRRWHLQQRYDWVLRRQ� ����� SURWVHVVLLQQRYDWVLRRQ� ����� O�KLDMDOLVWH�
LQYHVWHHULQJXWHJD�HWWHY}WWHG����

5}LJDV�HW�DO� ���������� ��� (XURRSD� ULLNL�� ��� ���� HWWHY}WHW�� &,6�
S}KMDO

(WWHY}WWH�VXXUXV������HWWHY}WWH�NlLYH������HL�ROH�NRQWVHUQL�RVD������7	$�WHJHYXV������
LQYHVWHHULQJXG� PDVLQDWHVVH� ����� LQYHVWHHULQJXG� YlOLVHVVH� WHDGPXVHVVH� �
LQYHVWHHULQJXG�W||WDMDWH�NRROLWDPLVVH������VXXQLWOXV�UDKYXVYDKHOLVHOH�WXUXOH������DYDOLNX�
VHNWRUL�7	$�UDKDOLQH�WRHWXV������WRRWHLQQRYDWVLRRQ������

0lUNXVHG������VXXUHP�W}HQlRVXVW�WHKD�NRRVW||G������YlLNVHP W}HQlRVXVW�WHKD�NRRVW||�MD�����WlKHQGDE��HW�VHRVW�HL�OHLWXG�
$OOLNDV�� �*UDQGVWUDQG�������)ULWVFK��/XNDV�������&RKHQ�HW�DO� ������7HWKHU�������6DQWRUR�DQG�&KDNUDEDUWL�������/DXUVHQ��6DOWHU�������������
0RUD�9DOHQWtQ�HW�DO� ����������9HXJHOHUV��&DVVLPDQ�������)RQWDQD�HW�DO� ������/HY\�HW�DO� ������6HJDUUD�
������2NDPXUR�HW�DO� ������3HWUX]]HOOL�������:RHUWHU�������&KXQ��0XQ�������/RSH]�HW�DO� ������5}LJDV�HW�DO�



��

SDLQGOLNNXV�� OlKHGDVHG� VXKWHG� NRRVW||SDUWQHULWHJD�� YlKH� E�URNUDDWLDW�� DJD� SLLUDWXG�

UHVVXUVLG��PLGD DLWDNV��OHWDGD�YlOLQH�WHDGPXV�

7HLVHNV�SHDPLVHNV�WXOHPXVHNV�RQ��HW�QHHG�HWWHY}WWHG��NHV�WHJHOHYDG�MlUMHSLGHYDOW�WHDGXV�

MD�DUHQGXVW||JD��7HWKHU������������/DXUVHQ��6DOWHU�������������)RQWDQD�HW�DO� �����������

(RP��/HH������ �����2NDPXUR�HW�DO� �����������:RHUWHU�������&KXQ��0XQ�������������

WHHYDG�W}HQlROLVHPDOW�NRRVW||G�ND�N}UJNRROLGHJD��6HH�VRELWXE�ND��WHRUHHWLOLVH��OHYDDWH�

MXXUHV� YlOMD� WRRGXG� WHDGPLVWH� MD� RVNXVWH� RPDQGDPLVY}LPHNXVHJD� ± Y}LPHNXV�

N}UJNRROLGHOW�WHDGPXVW�RPDQGDGD�RQ�VXXUHP�QHLO��NHOOHO�WRLPXE�PDMDVLVHVHOW�WHDGXV� MD�

DUHQGXVW||��&RKHQ��/HYLQWKDO������������6XEUDPDQLDQ�MD�<RXQGW������������)RQWDQD�HW�

DO� �����������QLQJ�HW�PDMDVLVHVHOW�PXXWXE�WHDGXVW||�WHJHPLQH�DLQD�NDOOLPDNV��PLVW}WWX�

RQ�VllVWOLNXP�VHGD�VLVVH�KDQNLGD�PXMDOW��7HWKHU�������������

9HHO� WDVXE� WXOHPXVWHVW� YlOMD� WXXD�� HW� HWWHY}WWH� VXXQLWOXV� UDKYXVYDKHOLVHOH� WXUXOH� RQ�

P}MXQXG�NROPH XXULQJX�SXKXO�HWWHY}WHWH�N}UJNRROLGH�NRRVW||OH�SRVLWLLYVHOW��*UDQGVWUDQG�

�����������&KXQ��0XQ������������5}LJDV�HW�DO� ����������QLQJ��KH�XXULQJX�SXKXO�HL�ROH�

VHH� P}MX� RPDQXG� �)ULWVFK�� /XNDV� ������ ����� 5DKYXVYDKHOLVWXPLQH� RQ� NLUMDQGXVHV�

WDYDOLVHOW� YLLGH� VXXUHPDOH� VRRYLOH�S�VLGD�NRQNXUHQWVLV� MD� VHHW}WWX�QlLWDE� ND�Y}LPHNXVL�

�.QRFNDHUW�HW�DO� ������������9HHO RQ�XXULWXG�VHRVW�NRQWVHUQL�NXXOXPLVHJD��HHOGXVHO��HW�

QHQGHO�HWWHY}WHWHO�RQ�VXXUHPDG�Y}LPHNXVHG� WlQX� OlKHGDVHOH�Y}UJXVWLNXOH� �&DUD\DQQLV��

&DPSEHOO� ������ ���� hKHG� DXWRULG� OHLDYDG�� HW� QHHG� HWWHY}WWHG�� NHV� HL� NXXOX� NRQWVHUQL��

WHHYDG YlKHP NRRVW||G�N}UJNRROLGHJD��2NDPXUR�HW�DO� ������������NXLG�WHLVHG�HL�WXYDVWD�

VHOOH�RVDV�VHRVW��/RSH]�HW�DO� �����������

7HRRULD�NlVLWOHE�ND�XVDOGXVW� MD�QQ�SHKPHLG�VXKWHLG��PLV�SDQHYDG�DOXVH�NRRVW||OH�QLQJ�

PLOOH�DELO� OLKWVDPDVW�NRRVW||VW�N}UJNRROLGHJD�VDDE�NHHUXNDP��9DUHP�NRRVW||G� WHLQXWH�

RVDV�RQ�OHLWXG��0RUD�9DOHQWtQ�HW�DO� ����������2NDPXUR�HW�DO� �����������3HWUX]]HOOL�������

������ HW� W}HSRROHVW� YDUDVHPDG� NRNNXSXXWHG� N}UJNRROL� �NVXVWH� Y}L� LQLPHVWHJD�

VXXUHQGDYDG�NRRVW||�WHJHPLVH�W}HQlRVXVW��.XQD WDEHOLV�� WRRGXG�Y}LPHNXVL�SXXGXWDYDG�

XXULQJXG�HL�SUXXNLQXG�ROOD�VHRWXG�PLWPHWH�NDQDOLWHJD��VLLV�HGDVL�YDDGHOGDNVHJL�XXULQJXLG��

PLV�NlVLWOHYDG�HHON}LJH�NDQDOHLG��



��

(WWHY}WHWH�N}UJNRROLGH� NRRVW||NDQDOLG�� (WWHY}WHWH� MD� N}UJNRROLGH� NRRVW||�NDQDOLWH�

PLWPHNHVLVXVW�RQ�XXULQJXWHV�NlVLWOHWXG�YlKH��.LUMDQGXVHVW�Y}LE�WlKHOGDGD��HW�HHON}LJH�RQ�

XXULWXG� NDQDOLWH�PLWPHNHVLVXVW� �OGLVHPDOW�� HQDPDVWL� NDQDOLWH� NHHUXNXV� DVWPH� MD� QHQGH�

VHRVWXPLVHJD�PXXGH�IDNWRULWH�RVDV��QlLWHNV�HWWHY}WHWH�N}UJNRROLGH�NDXJXV���(QQH�'DYH\�

HW� DO� ������� UDSRUWLW� NlVLWOHWL� QHLG� SLJHP� WHDGYXVWDYDVW� YDDWHYLQNOLVW� ± HW� HULQHYDLG�

NDQDOHLG�HNVLVWHHULE�MD�HW�QHQGH�NDXGX�WHDGPXVVLLUH�WRLPXE��$OOHV�SlUDVW�������DDVWDW�RQ�

P}QHG� XXULQJXG� KDNDQXG� WlSVHPDOW� NlVLWOHPD� NDQDOHLG� MD� QHQGHJD� VSHWVLLILOLVHPDOW�

VHRWXG�EDUMllUH� MD� WRHWDYDLG� WHJXUHLG��7DEHO���DQQDE��OHYDDWH�YDUDVHPDWHVW�XXULQJXWHVW�

NDQDOLWH�PLWPHNHVLVXVH�VXXQDO�QLQJ�VHHMlUHO�WXXDNVH�YlOMD�ROXOLVHPDG�WlKHOHSDQHNXG�

(VLPHVHNV�ROXOLVHNV�WlKHOHSDQHNXNV�RQ��HW�HWWHY}WWHG�NDVXWDYDG�N}UJNRROLGHOW�WHDGPXVH�

VDDPLVHNV�PLWPHLG�NDQDOHLG��PLWWH�DLQXOW�DPHWOLNNH�YlOMXQGHLG�QDJX�SDWHQGLG��OLWVHQWVLG��

OHSLQJXOLVHG� XXULQJXG� �$UXQGHO� MD� *HXQD� ������ ����� 5DPRV�9LHOED� ������ ������ 6HH�

W}HVWDE�ND�VXXUHPDWH�XXULQJXWH�SXXGXMllNH��QW�&,6��± NXL�XXULWDNVH�DLQXOW�LQQRYDWVLRRQL�

HHVPlUJLO�WHKWXG�NRRVW||G�MD�Y}L�DLQXOW�WHDGXV� MD�DUHQGXVW||JD�VHRWXG�NRRVW||NDQDOHLG��

MllYDG�VHOOHVW�YlOMD�QHHG�NDQDOLG��PLOOH�NDXGX�WHDGPXVVLLUH�VLLVNL�WRLPXE��&DPSRV�������

5DPRV�9LHOED��)HUQiQGH]�(VTXLQDV������������9DUEODQH�HW�DO� ������QLQJ�NXV�Y}LE�ND�

OLVDNV�WHNNLGD�VSLOORYHU HIHNW��&KXQ��0XQ������������

7HLVHNV�ROXOLVHPDNV�WXOHPXVHNV�Y}LE�SLGDGD�MXVW�NHHUXNXVH�DVWPH�RVDV�VHOJXQXG�WXOHPXVL�

± HWWHY}WWHG�MD�N}UJNRROLG��NHV�NDVXWDYDG�HVLDOJX�OLKWVDPDLG�NDQDOHLG��NDVXWDYDG�HGDVSLGL�

W}HQlROLVHPDOW�ND�NHHUXNDPDLG�NDQDOHLG��5DPRV�9LHOED������������'DYH\�HW�DO� ������

����*DOiQ�0XURV��3OHZD�������������6HGD�WRHWDE�ND�WHRUHHWLOLQH�UDDPLVWLN��VHVW�NRRVW||�

SXKXO� RQ� WHJHPLVW� HHON}LJH� LQLPVXKHWHJD� �3HUNPDQQ��:DOVK� ������ �����± VHHW}WWX� RQ�

OLKWVDPDG� NDQDOLG� NHHUXNDPDWH� ÄDUHWXVNHVNXV³� �5DPRV�9LHOED� ����� ������ 6HGD�

NLQQLWDYDG�ND�PLWPHG�WHLVHG�XXULQJXG��PLV��WOHYDG��HW�XVDOGXV�MD�LQLPVXKWHG�RQ�UHVVXUV

LGH�N}UYDO�N}LJH�ROXOLVHPDG�WRHWDYDG�MD�HGDVLYLLYDG�WHJXULG�± QHLG�NlVLWOHWDNVH�MlUJPLVHNV�



��

7DEHO����(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||NDQDOLWH�PLWPHNHVLVXVH�YDUDVHPDG�XXULQJXG

$XWRU .DQDOLG 7XOHPXVHG

$UXQGHO� MD�
*HXQD�
���������

ƕPLWWHIRUPDDOVHG� VXKWHG�
ƕNRGLILWVHHULWXG� DOOLNDG� ƕDYDOLNXG�
NRQYHUHQWVLG� MD� NRRVROHNXG�
ƕWHDGODVWH�MD�LQVHQHULGH�SDONDPLQH�
HWWHY}WWHVVH� ƕSHUVRQDOLYDKHWXV�
ƕOHSLQJXOLVHG� XXULQJXG��
ƕ�KLVXXULQJXG

x HWWHY}WWHG� NDVXWDYDG� WHDGPXVH� VDDPLVHNV�
PLWPHLG�NDQDOHLG

x HWWHY}WHWH� MDRNV�� NHV RWVLYDG� NRGLILWVHHULWXG�
�HNVSOLWVLLWVHW�� LQIRW��HL�ROH�NDXJXV�N}UJNRROLVW�
SLLUDQJXNV

'HFNEDUH��
9HXJHOHUV�
���������

ƕVWDUW�XS¶LG ƕ�KLQH� WHDGXV� MD�
DUHQGXVW|| ƕOHSLQJXOLQH�WHDGXV� MD�
DUHQGXVW||
ƕLQWHOOHNWXDDORPDQGLS}KLQH�
NRRVW|| ƕPXX� �SUDNWLND��
NRROLWXVHG�� NUDDGL}SH�� W||WDMDWH�
PRELLOVXV�

x NRRVW||�WRLPXPLVHNV�HULQHYDWH�NDQDOLWH�NDXGX�
RQ� ROXOLQH� N}UJNRROLGH� GHWVHQWUDOLVHHULWXG�
MXKWLPLQH

5DPRV�
9LHOED�
���������

ƕNRQVXOWHHULPLQH� ƕOHSLQJXOLVHG�
XXULQJXG� ƕ�KLVXXULQJXG�
ƕSHUVRQDOLYDKHWXV� ƕSUDNWLND�
ƕUXXPLGH� NDVXWDPLQH� ƕSDWHQWLGH�
NDVXWDPLQH�ƕ�KLQH�HWWHY}WOXV

x ����HWWHY}WHWHVW�WHHYDG�NRRVW||G
x HVLDOJX� OLKWVDPDWH� NDQDOLWH� NDVXWDPLQH�

VRRGXVWDE� HGDVSLGL� NHHUXNDPDWH� NDQDOLWH�
NDVXWDPLVW

'DYH\� HW�
DO� ������
��

ƕ�KLQH� W	D� ƕW||WDMDWH� PRELLOVXV�
ƕ�OL}SLODVWH� PRELLOVXV� ƕWHDGXVH�
WXOHPXVWH� NRPPHUWVLDOLVHHULPLQH�
ƕ}SSHNDYD�DUHQGDPLQH
ƕHOXNHVWHY� }SH� ƕHWWHY}WOXV�
ƕMXKWLPLQH

x NXL� DNDGHHPLOLVHG� W||WDMDG� WHHYDG� NRRVW||G�
�KH NDQDOL�NDXGX��RQ�VXXUHP�W}HQlRVXV��HW�QDG�
WHHYDG�NRRVW||G�ND�WHLVWH�NDQDOLWH�NDXGX

x QHHG� NDQDOLG�� PLV� RQ� OLKWVDPLQL� P}}GHWDYDWH�
NDVXGHJD��SDWHQGLG��OLWVHQWVLG�MQH���RQ�URKNHP�
DUHQHQXG�NXL�UDVNHVWL�P}}GHWDYDG��QW�}SSHNDYD�
DUHQGXV��HOXNHVWHY�}SH�

5RVVL� MD�
5RVLO�
����������

ƕXXULQJXWHJD� VHRWXG� ƕlULOLVHG�
WHHQXVHG� ƕUHJHQHUDWVLRRQL� MD�
DUHQGXVSURJUDPPLG�
ƕLQWHOOHNWXDDORPDQG� ƕVRWVLDDOVHG�
MD�NXOWXXULOH�VXXQDWXG�WHJHYXVHG

x N}UJNRROLG� HHOLVWDYDG� YlOMXQGHLG�
NYDQWLILWVHHULYDLG� P}}GLNXLG� �QW� UDKD��
SDWHQWLGH�DUY�

x KDULGXVH�HHVPlUJLO�NDVXWDYDG�N}UJNRROLG�N}LJH�
URKNHP� UXXPLGH� MD� YDUXVWXVHJD� VHRWXG��
NRQVXOWDWVLRRQLGH�MD�WlLHQGNRROLWXVWH�NDQDOHLG

x lUL� WHJHPLVH� HHVPlUJLO� NDVXWDYDG� N}UJNRROLG�
N}LJH�URKNHP�OHSLQJXOLVL�VXKWHLG�MD�OLWHQWVH

x �OGLVHOW�NDVXWDYDG�N}UJNRROLG�HWWHY}WHWH�VXXQDO�
N}LJH� URKNHP� NRQVXOWDWVLRRQH� MD�
WlLHQGNRROLWXVL

*DOiQ�
0XURV��
3OHZD�
���������

ƕ}SSHNDYD�DUHQGDPLQH�ƕHOXNHVWHY�
}SH� ƕ�OL}SLODVWH� PRELLOVXV�
ƕW||WDMDWH�PRELLOVXV
ƕW	D� ƕWHDGXVH� WXOHPXVWH�
NRPPHUWVLDOLVHHULPLQH�
ƕHWWHY}WOXV

x HULQHYDWH� NDQDOLWHJD� RQ� VHRWXG� HULQHYDG�
EDUMllULG

x N}LJL�NDQDOLWH�NDVXWDPLVW�WRHWDYDG�UHVVXUVLOLVHG�
MD�VXKHWHOH�VXXQDWXG�PHHWPHG

$OOLNDV�� �$UXQGHO� MD� *HXQD� ������ 'HFNEDUH� MD� 9HXJHOHUV� ������ 5DPRV�9LHOED� ������
'DYH\� HW� DO� ������ 5RVVL� MD� 5RVLO� ������ *DOiQ�0XURV�� 3OHZD� ������ S}KMDO�� DXWRUL�
NRRVWDWXG



��

(WWHY}WHWH�N}UJNRROLGH� NRRVW||� WDNLVWDYDG� MD� WRHWDYDG� WHJXULG�� 7DNLVWDYDLG� MD�

WRHWDYDLG�WHJXUHLG�RQ��OGLVHOW�XXULWXG��SULV�SDOMX�QLQJ�XXULQJXWH�WXOHPXVHG�RQ�NLQQLVWXQXG�

KlVWL� ND� WHRRULDVVH� �DODSHDW�NN� ������� 9HLGL� RQ XXULWXG� PLWPHNHVLVW� NRRVW||NDQDOLWH�

NDVXWDPLVW� MD� NRQNUHHWVHOW� QHLG� WDNLVWDYDLG� WHJXUHLG� �*DOiQ�0XURV�� 3OHZD� ����� ������

NXLG�DXWRULOH� WHDGDROHYDOW� HL�ROH�XXULQJXLG��NXV�RWVHVHOW� WHVWLWDNV� WDNLVWDYDWH� WHJXULWH� MD�

WRHWDYDWH� WHJXULWH� VHRVW�� .�OO� DJD� OHLGXV� XXULQJXLG�� NXV� DXWRULG� ROLG� DQGQXG� VRRYLWXVL�

WHDWXG� WDNLVWXVWH��OHWDPLVHNV�P}QHGH� WRHWDYDWH� WHJXULWH� MD�QHLG�YlOMHQGDYDWH�PHHWRGLWH�

DELO��6HHW}WWX�VHRE�NlHVROHYD�W||�DXWRU�DOOMlUJQHYDOW�lUD�NRRVW||G�WDNLVWDYDG�WHJXULG�QHLG�

SRWHQWVLDDOVHOW �OHWDYDWH�WRHWDYDWH�WHJXULWHJD�MD�RQ�VHOOH�MDRNV�NRRVWDQXG��OHYDDWOLNX�WDEHOL�

��

7DEHOL���NDMDVWDWXG�WDNLVWDYDG�WHJXULG�MD�QHLG�SRWHQWVLDDOVHOW��OHWDYDG�WRHWDYDG�WHJXULG�RQ�

HQDPXVWHO�MXKWXGHVW��SULV�LVHHQQDVW�VHOJLWDYDG��QW�N}UJH�E�URNUDDWLD�WDVHPH�YDVWX�DLWDE�

E�URNUDDWLD�NDKDQGDPLQH��WXJLVWUXNWXXUL�SXXGXOLNNXVW�VHOOH�DUHQGDPLQH�MQH���6LLVNL�Y}LNV�

YlOMD� WXXD� ROXOLVHPDG� WlKHOHSDQHNXG�� (VLWHNV�� HHVPlUNLGH� HULQHYXVH� MXXUHV� RQ� WRRGXG�

WRHWDYDWHNV� WHJXULWHNV� QLL� NDVXGH� PllUDWOHPLQH� NXL� ND� Y}LPHNXVWH� �KWOXVWDPLQH� OlEL�

S�KHQGXPLVH�QLQJ�LQLPVXKHWH�DUHQGDPLVH��%DUQHV�HW�DO� �����������'DYH\�HW�DO� ������

����9DGL�HW�DO� �������PLV�YLLWDE�VHOOHOH��HW�WHJHPLVW�RQ�NRPSOHNVVH�V�VWHHPLJD��PLV�YDMDE�

PLWPHWH�WHJXULWH�SDQXVW��HW�HWWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�VXMXNV�KlVWL�

6DPDO�DMDO�RQ�UDKDVWXVEDUMllULG�QHHG��PLGD�RQ�PLWPHG�DXWRULG�KLQQDQXG�N}LJH�N}UJHPDNV�

�'HFNEDUH�� 9HXJHOHUV� ������ ����� 'DYH\� HW� DO� ������ ���� ,TEDO� HW� DO� ������� .XQD�

HWWHY}WHWHSRROQH� UDKDVWXV� DPHWOLNXPDWH�NRRVW||NDQDOLWH�NDXGX� �OHSLQJXOLVHG�XXULQJXG��

SDWHQGLG��RQ�PRWLYDDWRULNV�N}UJNRROLGHOH��'HEDFNHUH��9HXJHOHUV�������������RQ�UDKDOLVWH�

UHVVXUVVLGH�NlWWHVDDGDYXV�SUREOHHPLNV�PLWWH�DLQXOW�HWWHY}WWHOH�MD�WHPD�Y}LPHNXVWH�QLQJ�

NRQNXUHQWVLY}LPH� DUHQGDPLVHO�� YDLG� ND� N}UJNRROLGHOH� HQGLOH�� 3HDPLVHNV� WRHWDYDNV�

WHJXULNV�SDNXYDG�YDUDVHPDG�XXULQJXG�MXVW�ULLJLSRROVHW�WXJH��'HFNEDUH��9HXJHOHUV�������

�����%R]HPDQQ��*DXJKDQ������������$OERUV�*DUULJRV��%DUUHUD�������������'DYH\�HW�DO�

������ ���� *DOiQ�0XURV�� 3OHZD� ������ ����� 0LOOHU� HW� DO� ������ ���������� 6DUQDVHG�

WXOHPXVHG� RQ� HWWHY}WHWH�N}UJNRROLGH� Y}LPHNXVWH� �KWOXVWDPLVH RVDV�� NXV� YDOLWVXVH� WXJL�

PlQJLE� ROXOLVW� UROOL� �0LOOHU� HW� DO� ������ ��������� 9}LE� MlUHOGDGD�� HW� ULLJLSRROVHG�

WXJLVWUXNWXXULG� RQ� Y}LPHOLVHG� P}MXWDPD� VHGD�� NXL� SDOMX� MD� NXL� HGXNDOW� HWWHY}WWHG� MD�

N}UJNRROLG�NRRVW||G�WHHYDG�



��

7DEHO����(WWHY}WHWH�N}UJNRROLGH�NRRVW||G�WDNLVWDYDG�WHJXULG�MD�QHLG�SRWHQWVLDDOVHOW��OHWDYDG�WRHWDYDG�WHJXULG

$XWRULG 7DNLVWDYDG�WHJXULG 7RHWDYDG WHJXULG

'HEDFNHUH�� 9HX�JHOHUV�
������ ����� %UXQHHO� HW� DO�
������ ���� 'DYH\� HW� DO�
������ ��� 9DUEODQH� HW� DO�
��������

(HVPlUNLGH�
HULQHYXVHG

.DVXGH�PllUDWOHPLQH
x �KLVHG�NDVXG
x �KLVWH�HHVPlUNLGH�VHDGPLQH
9}LPHNXVWH��KWOXVWDPLQH
x NRRVW||SDUWQHULWH�WHDGPXVH�WDVHPH�VDUQDVXV�
x VDUQDQH�WHDGPXVH�OLLN��WHDGXVKDUX�
x S�KHQGXPXVH�KLQGDPLQH
,QLPVXKWHG
x SLNDDMDOLQH�NRRVW||

5DQJD� HW� DO� ������ �����
'DYH\� HW� DO� ������ ����
9DUEODQH�HW�DO� ���������

.XOWXXUL� MD� KRLDNXWH�
HULQHYXVHG

.DVXGH�PllUDWOHPLQH
x �KLVHG�KXYLG
,QLPVXKHWH�DUHQGDPLQH
x SLNDDMDOLQH�NRRVW||
x �KLVHG�NRNNXSXXWHSXQNWLG
x QHWZRUNLQJ HKN�Y}UJXVWLNX�ORRPLQH
x VXKWOHPLVRVNXVHG
x NRRVW||SDUWQHULWH�YDKHO�XVDOGXVH�NDVYDWDPLQH�ULLJL�DELO
7XJLVWUXNWXXUL�SDUHQGDPLQH
LQIR�OLLNXPLQH

'L*UHJRULR� MD�6KDQH� �������
�����5DQJD�HW�DO� �����������
%UXQHHO� HW� DO� ������ �����
'DYH\�HW�DO� ��������

%�URNUDDWLD %�URNUDDWLD�NDKDQGDPLQH
x LQWHOOHNWXDDORPDQGL�OlELSDLVWYXV�MD�OLKWVXV
7XJLVWUXNWXXUL�SDUHQGDPLQH
x KHD�NRRVW||V�VWHHP
x WHDGPXVVLLUGH�NHVNXV



��

$XWRULG 7DNLVWDYDG�WHJXULG 7RHWDYDG�WHJXULG
'HEDFNHUH��9HXJHOHUV�������
�����'DYH\�HW�DO� ����������
9DUEODQH� HW� DO� ������ ����
*DOiQ�0XURV�� 3OHZD� ������
���

7XJLVWUXNWXXUL�
SXXGOLNNXV

7XJLVWUXNWXXUL�SDUHQGDPLQH
x PRWLYHHULY��NDUMllULV�VWHHP�DNDGHHPLOLVWHOH�W||WDMDWHOH
x KHD�NRRVW||V�VWHHPL�
x GHWVHQWUDOLVHHULWXG�MXKWLPLVVWLLO
x NRRVW||�PLWPHWH�NDQDOLWH�NDXGX
x SURMHNWLMXKWLPLQH

7HWKHU������������,TEDO�HW�DO�
������ *DOiQ�0XURV�� 3OHZD�
���������

5HVVXUVVLGH�SLLUDWXV 5DKDOLVHG�PHHWPHG
x ULLJL�UDKDOLVHG�WRHWXVPHHWPHG
x OLVDNDSLWDO�ULLJLOW
x PDNVXVRRGXVWXVHG
x JUDQWLG�OHSLQJXG�N}UJNRROLGHOH
x �OGLQH�OLJLSllV�LQYHVWRULWHOH

)ULWVFK�� /XNDV� ������ �����
7HWKHU� ������ ����� /DXUVHQ��
6DOWHU� ������ ������
6XEUDPDQLDQ��<RXQGW�������
����� 4XLQWDQH� HW� DO� ������
�����0DUWLQ�GH�&DVWUR�������
���

9}LPHNXVWH�SLLUDWXV 9}LPHNXVWH��KWOXVWDPLQH
x SDUWQHULWH�Y}LPHNXVWH�KLQGDPLQH
x YDOLWVXVH�UROO�NOLHQGLQD
x XXWHOH�WXUJXGHOH�VLVHQHPLVH�WRHWDPLQH
x NRRVW||SDUWQHULWH�YDKHO�XVDOGXVH�NDVYDWDPLQH
x LQIR�OHYLWDPLQH�MD�KRLDNXWH�NXMXQGDPLQH

5DQJD�HW�DO� ��������� 5DDPLVWLNX�
SLLUDQJXG

5DDPLVWLNX�SDUHQGDPLQH
x NRRVW||�YDKHQGDPLQH
x ULLJLVHNWRUL� HWWHY}WOXVW� DUHQGDYDWH� RUJDQLVDWVLRRQLGH�

E�URNUDDWLD�YlKHQGDPLQH
$OOLNDV���%DUQHV�HW�DO� ������'L*UHJRULR��6KDQH�������'HEDFNHUH��9HXJHOHUV�������%HNNHUV��)UHLWDV�������
������'DYH\�HW�DO� ������/RSH]�HW�DO� ������9DUEODQH�HW�DO� ������*DOiQ�0XURV��3OHZD ������0LOOHU�HW�DO� ������S}KMDO��DXWRUL�NRRVWDWXG



��

.RNNXY}WYDOW VDDE�|HOGD��HW�WHRRULD�MD�VHOOH�S}KMDO�NRRVWDWXG�PXGHOL�DOXVHO�ROXOLVHPDWHNV�

WXOHPXVWHNV�ROLG�HWWHY}WWH�VXXUXVH�MD�LQLPHVWH�YDKHOLVWH�VXKHWH�VHRV�NRRVW||�WHJHPLVHJD��

.RRVW||NDQDOHLG� NDVXWDWDNVH� WHDGPXVVLLUGHNV� PLWPHLG�� HULQHE� HHON}LJH� NRRVW||

NHHUXNXVH� DVWH�� 6XXULPDWHNV� WDNLVWXVWHNV� SHHWL� UDKDOLVL� MD� VXKHWH� EDUMllUH�� PLGD� RQ�

SRWHQWVLDDOVHOW� Y}LPDOLN� �OHWDGD� QLL� N}UJNRROL� NXL� ULLJLSRROVHWH� WRHWXVPHHWPHWHJD��

9DUDVHPDWH� XXULQJXWH� WXOHPXVL� Y}UUHOGDNVH� HGDVSLGL� NlHVROHYD� W||� UDDPHV� OlELYLLGXG�

XXULQJXV VDDGXG�WXOHPXVWHJD��-lUJPLQH�SHDW�NN�NHVNHQGXENL�YDVWDYDOW�MRRQLVHO���WRRGXG�

PXGHOLOH�NlHVROHYD� W||� UDDPHV� OlELYLLGXG�XXULQJX� WXOHPXVWH�DQDO��VLOH��DUXWHOXOH�QLQJ�

QHQGH�S}KMDO�KLQQDQJXWH�MD�VRRYLWXVWH�DQGPLVHOH�



��
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((67,�(77(9®7(7(6

���� .RRVW||XXULQJX PHWRRGLND�MD�HWWHY}WHWH�YDOLPL�NLUMHOGXV

.lHVROHYDV� SHDW�NLV� XXULWDNVH HPSLLULOLVHOW� (HVWL� HWWHY}WHWH� MD� N}UJNRROLGH� NRRVW||G

WXJLQHGHV�WHRUHHWLOLVHV�RVDV�NRRVWDWXG�PXGHOLOH �YW�MRRQLV�����$ODSHDW�NLV������YLLGL�OlEL�

VHQLVWH�XXULQJXWH�DQDO��V��PLOOHVW�RQ�Y}LPDOLN� WXXD�YlOMD�WHDWXG�XXULPLVO�QJDG��(VLWHNV�

VHOJXV�� HW� VXXUHPDG� HWWHY}WWHG� WHHYDG N}UJNRROLGHJD� URKNHP� NRRVW||G�� (QDPLN�

YDUDVHPDG� XXULQJXLG RQ� DJD� WHKWXG� &,6� XXULQJX� S}KMDO�� PLOOHVW RQ� YlOMD� MlHWXG� YlJD�

YlLNHVHG�HWWHY}WWHG �YlKHP�NXL����W||WDMDW� �(HVWL�6WDWLVWLNDDPHW�����E���(HVWL�HWWHY}WWHG�

RQ� DJD� ���� XODWXVHV� MXVW�PLNURHWWHY}WWHG� �(HVWL� 6WDWLVWLNDDPHW� ����D���PLVW}WWX� QHHG�

WXOHPXVHG�HL�SUXXJL�(HVWL�NRQWHNVWLV�NHKWLGD��

7HRUHHWLOLVHV�NLUMDQGXVHV�|HOGDNVH� HW�WHDGPXVW�RQ�HWWHY}WHWHO�WDUYLV�HHON}LJH�Y}LPHNXVWH�

VXXUHQGDPLVHNV MD�VHHOlEL�NRQNXUHQWVLHHOLVH�VDDYXWDPLVHNV��$PLW��6FKRHPDNHU����������

7HHFH�HW�DO� ������QLQJ�WHDGPXVVLLUH�Y}LE�WRLPXGD�OlEL�HULQHYDWH�NDQDOLWH��'DYH\�HW�DO�

������ ���� 5DPRV�9LHOED�� )HUQiQGH]�(VTXLQDV� ������ ������ &,6�LV� RQ� XXULWXG DLQXOW

LQQRYDWVLRRQLJD� WHJHOHYDWH� HWWHY}WHWH� NRRVW||G� N}UJNRROLGHJD �(HVWL� 6WDWLVWLNDDPHW�

����E���6HHJD�RQ�YlOMD�MlHWXG�WHLVHG�HWWHY}WWHG��NHV�Y}LYDG�N}UJNRROLGHJD�VLLVNL�NRRVW||G�

WHKD��NXLG�HL�WHJHOH�LQQRYDWVLRRQLJD��(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||G�RQ�XXULWXG��VQD�

SDOMX� NXLG NRRVW||NDQDOLWH�PLWPHNHVLVXVW�MD�ROXOLVXVW�RQ�NlVLWOHQXG�YDLG�P}QHG�DXWRULG��

hKWODVL�RQ�SDOMX�XXULWXG NRRVW||G�WDNLVWDYDLG�MD�WRHWDYDLG�WHJXUHLG��NXLG VHGD� PLOOLVHG�

WRHWDYDG� WHJXULG� DLWDYDG PLOOLVHLG� WDNLVWDYDLG� WHJXUHLG� �OHWDGD QLQJ� QHQGH� VHRWXVW�

HWWHY}WHWH�PDMDQGXVOLNH�QlLWDMDWHJD HL�ROH�WlSVHPDOW�XXULWXG�

1HQGH�XXULPLVO�QNDGH�WlLWPLVHNV MD�W||�HHVPlUJL VDDYXWDPLVHNV�RQ�YDOLWXG�NYDQWLWDWLLYQH�

OlKHQHPLQH�QLQJ�PHHWRGLNV�NLUMDOLN�N�VLWOXV��6HGD�HHON}LJH�S}KMXVHO��HW�HWWHY}WWHG�RQ�WLKWL�

KHWHURJHHQVHG� QLQJ� MlUHOGXVWH� WHJHPLVHNV� RQ� YDMD� Y}UGOHPLVL� VXXUW� YDOLPLW�� PLOOHQL�



��

M}XGPLVHNV� RQ� RWVWDUEHNDV NDVXWDGD� ODLDKDDUGHOLVW� PHHWRGLW� .�VLWOXVH� NRRVWDPLVHO�

NDVXWDV�DXWRU�WHRUHHWLOLVHV�RVDV�YlOMD�WRRGXG�WHHPDVLG��(VPDOW�NlVLWOHWDNVH�WHDGPXVDOOLNDWH�

ROXOLVXVW� N}LJL� HWWHY}WHWH� MDRNV�� 6HHMlUHO� MDRWDWDNVH� HWWHY}WWHG� NDKWH� JUXSSL�� HW� ROHNV�

Y}LPDOLN� Y}UUHOGD� HWWHY}WWHLG�� NHV� RQ� N}UJNRROLGHJD� NRRVW||G� WHLQXG� MD� NHV� HL� ROH��

9LLPDVHV� RVDV� N�VLWOHWDNVH� N}LNL� HWWHY}WWHLG� QHQGH� RRWXVWH� RVDV� ULLJLSRROVHOH� WRHOH� �YW

MRRQLV� ���� /LVDV� �� RQ� WRRGXG� N�VLWOXVOHKH� WlLHOLN� SULQWYHUVLRRQ��PLGD� NDVXWDWL� HHON}LJH�

IRRNXVJUXSSLGH�SXKXO�± VXXUHP�RVD�YDOLPLVW�YDVWDV�LQWHUQHWLS}KLVHOH�YHUVLRRQLOH��HHVWL�MD�

YHQH�NHHOHV��OLQJLG�WRRGXG�OLVDV����

-RRQLV����(WWHY}WHWH�N}UJNRROLGH�NRRVW||XXULQJX�WHHPDEORNLG�MD�N�VLPXVHG
$OOLNDV��DXWRUL�NRRVWDWXG

6HHMlUHO� DUHQGDWL� N�VLWOXVW� HGDVL� NRRVW||V� HWWHY}WOXVW� DUHQGDYDWH� RUJDQLVDWVLRRQLGH�

HVLQGDMDWHJD��NHV�DQGVLG�WlLHQGDYDLG�P}WWHLG�MD�VRRYLWXVL�RPD�NRJHPXVWH�MD�YDUDVHPDOW�

OlEL�YLLGXG�N�VLWOXVWH�S}KMDO� 3}KMDOLNXPDLG�DUXWHOXVLG SHHWL�QlLWHNV�7DUWX�OLQQDYDOLWVXVH�

(WWHY}WOXVRVDNRQQD HVLQGDMDWH $OR�/LOOHVH�MD�6LLP�(SVHQEHUJLJD��3lUQXPDD�(WWHY}WOXV� MD�

0LOOLVHLG�WHDGPXVDOOLNDLG�HWWHY}WWHG�HHOLVWDYDG"

x 0LOOLVWHVW�DOOLNDWHVW�VDDWH�WHDGPXVW"
x 0LOOLVWH�YDOGNRQGDGH�WHDGPXVW�YDMDWH"
x .DV�ROHWH�WHLQXG�N}UJNRROLGHJD�NRRVW||G"

0LOOH�SRROHVW�HULQHYDG�HWWHY}WWHG��NHV�WHHYDG�N}UJNRROLGHJD�NRRVW||G�MD�NHV�HL�WHH"

21�.2267gg'�7(,18'
x 0LOOLVWH� N}UJNRROLGHJD� ROHWH� NRRVW||G�

WHLQXG"
x 0LNV�DOXVWDVLWH�NRRVW||G"
x .XLGDV�WRLPXV�HVLPHQH�NRQWDNW"
x .XLGDV�KLQGDWH�VDDGXG�NDVX"
x 0LOOLVHG�ROLG�SHDPLVHG�SUREHHPLG"
x 0LGD�VDDNVLG�N}UJNRROLG� WHKD��HW� WHHNVLWH�

URKNHP�NRRVW||G"

(,�2/(�.2267gg'�7(,18'
x 0LNV� HL� WXQGX�NRRVW||� N}UJNRROLGHJD�

WHLOH�YDMDOLN"
x 0LOOLVHO�MXKXO�WHHNVLWH�NRRVW||G"

0LOOLVW�ULLJLSRROVHW�WXJH�HWWHY}WWHG�YDMDYDG"

x .DV�ROHWH�WHLQXG�NRRVW||G�ULLNOLNX�WXJLRUJDQLVDW�
VLRRQLJD"

x .XL�KlVWL�OlNV�NRRVW||"
x 0LOOLVHLG� WHHQXVHLG� SHDNV� ULLN� SDNNXPD� N}UJ�

NRROLGHJD�NRRVW||�WHJHPLVH�VXXQDO"
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$UHQGXVNHVNXVH HVLQGDMD 6XOHY�$ODM}HJD�MD�9LOMDQGLPDD�$UHQGXVNHVNXVH HVLQGDMD .DDUHO�

/HKWVDOXJD�

7||� DXWRU� WHDGYXVWDE� SDDUL� VXXUHPDW� SUREOHHPNRKWD� N�VLWOXVHJD��(VLWHNV� YDMDE�XXULQJ�

PDKXNDW� YDOLPLW�� HW� WHKD� �OGLVWXVL� �OGNRJXPLOH�� VHVW HWWHY}WHWH� VXXUXV�� NlLYH� MD�

WHJHYXVYDOGNRQQDG�HULQHYDG�QLQJ��OGLVWXVL� SHDNV�SLJHP� WHJHPD��OGNRJXPLOH� VHJPHQ�

WHHULWXQD��7HLVHNV KRLDWDVLG� HHOSRRO� QLPHWDWXG� SUDNWLNXG�� NHOOHJD� N�VLWOXVH� NRRVWDPLVH�

RVDV� NRRVW||G� WHKWL�� HW� HWWHY}WWHG� HL� ROH� HULWL� N}UJH� YDVWDPLVDNWLLYVXVHJD� VLKWJUXSS��

PLVW}WWX�YDVWXVWH�DUY�Y}LE�MllGD�PDGDODNV��hKWODVL�Y}LYDG�YDVWXVHG�ROOD�NDOOXWDWXG��VHVW�

N�VLWOXVWHOH� YDVWDYDG� SLJHP� DNWLLYVHPDG� MD� WHHPDVW� KXYLWDWXG HWWHY}WWHG� 9DMDOLNX�

YDVWDPLVPllUD� WDJDPLVHNV�� HL� VDDQXG� N�VLWOXV� ROOD OLLJD� PDKXNDV MD� WlLWPLVHNV� DHJD�

Q}XGHY�� PLVW}WWX� P}QHG� HVLDOJX� SODQHHULWXG� N�VLPXVHG� �QlLWHNV�� PLOOLVH� NRPPXQL�

NDWVLRRQLNDQDOL�NDXGX��KHQGXWL�N}UJNRROLGHJD�MD�S}KMDOLNXP�ULLJLVHNWRUL�WRH�N�VLWOXV��MlLG�

YlOMD�

.�VLWOXVH�OlELYLLPLQH�WRLPXV�DMDNDYD�DOXVHO �YW�WDEHO�����(VLPHQH�SLORRWN�VLWOXV�YLLGL�OlEL�

������ DDVWD� NHYDGHO� -}JHYDPDD� $UHQGXV� MD� (WWHY}WOXVNHVNXVHV�� 3LORRWWHVWLPLVHO� ROLG�

VXXUHNV� DELNV� 7DUWX� hOLNRROL WHDGPXVVLLUGH� WDOLWXV�� HULWL� 6YHQ� /LOOD�� 7DOYHO� WRLPXV�

N�VLWOXVH� YLLPLVWOHPLQH� MD� WHVWLPLQH� HULQHYDWH� HWWHY}WMDWH� SRROW�� /}SOLNX� YHUVLRRQL�

WHVWLPLVH�MDRNV�YLLV�DXWRU�7DUWX�7HDGXVSDUJL�MD�0DOOH�7HQQLVVRQL�DELJD�OlEL�WlSVXVWDYDG�

LQWHUYMXXG�NDKH�WHDGPXVPDKXND�HWWHY}WWHJD��6HHMlUHO�YLLV�DXWRU�����PlUWVLO�OlEL�N�VLWOXVH�

N�PQH� HWWHY}WMDJD� IRRNXVJUXSLV�7DUWX�/RRPHPDMDQGXVNHVNXVHV -XWD�.XKOEHUJL� DELJD�

)RRNXVJUXSLV�NDVXWDWL�NLUMDOLNNX�N�VLWOXVW�MD�N�VLWL�VXXOLVHOW�MXXUGH�WlSVXVWDYDLG�N�VLPXVL�

7DEHO����8XULQJX�OlELYLLPLVH�DMDNDYD

$HJ 7RLPLQJ
�����NHYDG (VLDOJVH�YHUVLRRQL�SLORRWXXULQJ
����������WDOY .�VLWOXVH�DUHQGXV
�� ± ����PlUWV 7DUWX�7HDGXVSDUJL�LQWHUYMXXG��LQWHUQHWLYHUVLRRQL�WHVWLPLQH
����PlUWV 7DUWX�/RRPHPDMDQGXVNHVNXVH�HWWHY}WHWH�IRRNXVJUXSL�LQWHUYMXX
����PlUWV�± ���DSULOO (HVWLNHHOVH� LQWHUQHWLYHUVLRRQL� ULQJOXV� OlEL� HWWHY}WOXVW� DUHQGDYDWH�

RUJDQLVDWVLRRQLGH� Y}UJXVWLNH� �PDDNRQGOLNXG� DUHQGXVNHVNXVHG��
NRPSHWHQWVLNHVNXVHG�� WHKQRORRJLDDUHQGXVNHVNXVHG�� 7h�
WHDGPLVVLLUGHWDOLWXV��7DOOLQQD�/9�(WWHY}WOXVDPHW��77h�0HNWRU\�

����PlUWV�± ���DSULOO 9HQHNHHOVH�LQWHUQHWLYHUVLRRQL�OLVDQGXPLQH
���DSULOO 9DOJD�bULNOXEL�IRRNXVJUXSL�LQWHUYMXX
$OOLNDV��DXWRUL�NRRVWDWXG



��

6HHMlUHO� ODQVVHHULWL� N�VLWOXV� OlEL� PDDNRQGOLNH� DUHQGXVNHVNXVWH� �0$.��� NRPSHWHQWVL�

NHVNXVWH�� WHKQRORRJLDDUHQGXVNHVNXVWH� �7$.��� 7DUWX� hOLNRROL� WHDGPXVVLLUGH� WDOLWXVH��

7DOOLQQD�OLQQDYDOLWVXVH�(WWHY}WOXVDPHWL� MD�7DOOLQQD�7HKQLND�OLNRROL�0HNWRU\��.�VLWOXVH�

YDVWXVWH�NRJXPLQH�WRLPXV�����PlUWVLVW����DSULOOLQL��(VLDOJX�ROL�N�VLWOXVHOH�Y}LPDOLN�WlQX�

W}ONHYLLYLWXVHOH�YDVWDWD�YDLG�HHVWL�NHHOHV��NXLG�DODWHV ����PlUWVLVW�OLVDQGXV�ND�YHQHNHHOQH�

YHUVLRRQ��7lLHQGDYDWH�YDVWXVH VDDPLVHNV�YLLGL�OlEL�YHHO��NV�IRRNXVJUXSL�LQWHUYMXX�

8XULQJX��OGNRJXPLNV�Y}LE�SLGDGD�N}LNL�(HVWL�PDMDQGXVOLNXOW�DNWLLYVHLG�HWWHY}WWHLG��PLGD�

6WDWLVWLNDDPHWL �����D� DQGPHEDDVL�MlUJL�DDVWD������VHLVXJD�ROL�NRNNX������� HWWHY}WHW��

9DOLPLNV� VHOOHV� NRQWHNVWLV� RQ HWWHY}WOXVW� DUHQGDYDWH� RUJDQLVDWVLRRQLGH� Y}UJXVWLNNX�

NXXOXYDLG�HWWHY}WWHG��NHGD�RQ�KLQQDQJXOLVHOW�N}LNLGHV�SLLUNRQGDGHV�NRNNX�XPEHV �������

�RVDG�RUJDQLVDWVLRRQLG�P||QDYDG�VHHMXXUHV�H�PDLOLGH�SRWHQWVLDDOVHW�DHJXPLVW�Y}L�QLPH�

NLUMDGHV�ROHYDWH�HWWHY}WHWH�WHJXWVHPLVH�O}SSHPLVW���.XQD�HWWHY}WHWH�YDVWDPLVDNWLLYVXV�RQ�

YDUDVHPD�SUDNWLND�S}KMDO �VQD�PDGDO� VHDGLV�DXWRU�HVLDOJVHNV�VRRYLWDYDWH�YDVWXVWH�DUYXNV�

YDLG�����YDVWXVW�HKN ���� YDOLPLVVH�NXXOXYDWHVW�HWWHY}WHWHVW�

(HVWLNHHOVHWHVW�N�VLWOXVHVW�ODHNXV�����YDVWXVW�MD�YHQHNHHOVHWHVW�N�VLWOXVWHVW���YDVWXVW�HKN�

NRNNX� ���� YDVWXVW� hKHO� MXKXO� RQ� YDVWDQXG� YlOLVHWWHY}WWH� HVLQGDMD�� PLVW}WWX� YDVWXV�

HHPDOGDWL�� (HPDOGDWL� YHHO� �� YDVWXVW�� PLOOH� SXKXO� HWWHY}WH� NRUGXV� �DOOHV� MlHWL� DUHQGXV�

WHJHYXVHJD�URKNHP�VHRWXG�DPHWLNRKDJD�YDVWDMDWH�YDVWXVHG�����YDVWXVW��PLV�ROLG�ODHNXQXG�

PLWWHWXOXQGXV�KLQJXWHOW� Y}L� VLKWDVXWXVWHOW�� NXQD� QHHG� DQWXG� XXULQJX� NRQWHNVWL� HL�

VRELWXQXG��QLQJ���ODHNXQXG�YDVWXVW��PLV�ROLG�RPDQGLYRUPLJD�),(��VHVW�QHQGH�WRLPLPLQH�

RQ�WHLVWHVW�HWWHY}WOXVYRUPLGHVW�HULSlUDVHP��$OOHV�MlL�VHHJD�����YDVWXVW�± N�VLPXVWH�O}LNHV�

Y}LE� YDVWXVWH� DUY� N}LNXGD WlQX� NRRVW||G� WHLQXWH MD� PLWWHWHLQXWH� RVDVVH MDRWXPLVHOH��

ODKWLVWHOH�N�VLPXVWHOH�Y}L�P}QHO�MXKXO�DQGPHWH�SXXGXOLNNXVHOH �HHON}LJH�PDMDQGXVOLNH�

QlLWDMDWH� RVDV�� )RRNXVJUXSSLGH� N�VLWOXVWH� YDVWXVHG� RQ� DUYHVWDWXG� �OHMllQXG� YDVWXVWH�

KXOND��VHVW�HULVXVL�HL�LOPQHQXG�HULWL�SDOMX��7||�NlLJXV�RQ�YlOMD�WRRGXG�P}QHG�WlSVXVWDYDG�

NRPPHQWDDULG�IRRNXVJUXSSLGHOW�WHDWXG�N�VLPXVWH�RVDV�

7DEHOLV�� RQ�WRRGXG�YDVWDQXG�HWWHY}WHWH�NLUMHOGXV bULUHJLVWUL��������DQGPHEDDVL�S}KMDO MD�

UHSUHVHQWDWLLYVXVH� Y}UGOXV� (HVWL� �OGNRJXPLJD �(HVWL� 6WDWLVWLNDDPHW� ����D��� .XQD� ),(�

RPDQGLYRUP� RQ� HUDOGDWXG� YDVWXVWHVW�� RQ� VHH� YlOMD� MlHWXG� ND� �OGNRJXPLVW�� .lHVROHYD
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XXULQJX�YDOLPLV�RQ�URKNHP�YlLNHVH�VXXUXVHJD��������W||WDMDW��HWWHY}WWHLG�NXL�(HVWL��OG�

NRJXPLV�� 3}KMXV� Y}LE ROOD� QLL� YDVWDPLVDNWLLYVXVHV� NXL ND PDMDQGXVQlLWDMDWH� NlWWHVDD�

GDYXVHV�� 7DEHOLV� �� RQ� NDMDVWDWXG� ���� HWWHY}WWH� QlLWDMDG�� VHVW� �OHMllQXG� HWWHY}WHWH

PDMDQGXVOLNXG QlLWDMDLG�HL�ROQXG�QHQGHV�RVDGHV�VDDGDYDO��ND�YDUDVHPDWH�DDVWDWH�O}LNHV��

2Q�Y}LPDOLN��HW��OHMllQXG����HWWHY}WWH�QlLWDMDG�PXXGDNVLG�MDRWXVH��OGNRJXPLJD�VDUQD�

VHPDNV��.D�HNVSRUWLYDLG�HWWHY}WWHLG�RQ�VHHW}WWX�YDVWDQXWH�KXOJDV��OGNRJXPLJD�Y}UUHOGHV

HEDSURSRUWVLRQDDOVHOW�SDOMX�

7DEHO����9DOLPL��OGLQH�NLUMHOGXV�MD�UHSUHVHQWDWLLYVXV�Y}UUHOGHV��OGNRJXPLJD�(HVWLV

1lLWDMD 9DVWDQXLG .}LNLGHVW�
YDVWDQXWHVW

1lLWDMD�HVLQGDWXV�
�OGNRJXPLV�������
VHLVXJD��Y�D��),(�

(WWHY}WWH�VXXUXV
����W||WDMDW �� ����� �����
������W||WDMDW �� ����� ����
�������W||WDMDW � ���� ����
�����W||WDMDW � ���� ����
(NVSRUWLYDLG�HWWHY}WWHLG �� ��� ���
6HNWRU
+DQNLY�MD�W||WOHY�W||VWXV �� ��� ���
7HHQLQGDY�VHNWRU �� ��� ���
$OOLNDV���bULUHJLVWHU����� MD�(HVWL�6WDWLVWLNDDPHW�����D��S}KMDO� DXWRUL�NRRVWDWXG

7HJHYXVYDOGNRQGDGH��(07$.�NRRGL�� MlUJL�RQ� MDRWDWXG�NlHVROHYDV�N�VLWOXVHV�YDVWDMDG�

KDQNLYDVVH�MD�W||WOHYDVVH W||VWXVHVVH �$��%��&�MD�QQ�ÄN}YD³�WHHQXVHQD�ND�'�NDWHJRRULDG��

QLQJ�WHHQLQGDYDVVH�VHNWRULVVH��9DOLPLV�RQ KDQNLYD�MD�W||WOHYD�W||WVXVH�RVDNDDO ����QLQJ�

WHHQLQGDYD�VHNWRUL�RVDNDDO �����VDPDV�NXL��OGNRJXPLV�RQ�KDQNLYD�MD�W||WOHYD�W||VWXVH�

HWWHY}WWHLG�YDLG������.RNNXY}WYDOW�Y}LE�|HOGD��HW�YDDWOXVH�DOO�ROHYDG�HWWHY}WWHG�HVLQGDYDG�

(HVWL��OGNRJXPLW�VLLVNL�PlUJDWDYDOW�SDUHPLQL�NXL�YDUDVHPDG XXULQJXG��VHVW YDOLPL KXOJDV

RQ�ROHPDV�PLNURHWWHY}WWHG�

(GDVL�DQWDNVH�NLUMHOGDY��OHYDDGH�HWWHY}WHWH�PDMDQGXVOLNHVW�QlLWDMDWHVW��YW�WDEHO���� 7XOH�

PXVWH� MXXUHV� RQ� NlHVROHYDV� W||V� OlELYDOW� PlUJLWXG� YDDGHOGDYDWH� HWWHY}WHWH� DUY�� VHVW�

HULQHYDWH�PDMDQGXVOLNH�QlLWDMDWH�MXXUHV�RQ�YDDWOXVWH�DUY�HULQHY��(WWHY}WHWH�Y}LPHNXVWHOH�

YLLWDYDWHNV�PDMDQGXVOLNHNV�QlLWDMDWHNV YDOLWL QHHG��PLV�NDMDVWDYDG�HWWHY}WWH��OGLVW�VXXUXVW��

UDKYXVYDKHOLV�WXPLVW�MD�WRRWOLNNXVW��W||WDMDWH�DUY��NlLYH��HNVSRUGL�PDKW�QLQJ�DXWRUL�SRROW�

DUYXWDWXG OLVDQGYllUWXVH� QlLWDMD� �lULNDVXPL�� W||M}XNXOXGH� MD� DNXPXOHHUXQXG� S}KLYDUD�

NXOXPL�NRNNXOLLWPLVHO�� 9DOLWXG�QlLWDMDG�RQ�WRRGXG�WDEHOLV�QLL�WDYDOLVHO�NXL�ORJDULWPLWXG�
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NXMXO�� LJD� QlLWDMD� MXXUHV� RQ WRRGXG� YDDWOXVWH� PLLQLPXP� MD� PDNVLPXP� DULWPHHWLOLQH�

NHVNPLQH��VWDQGDUGKlOYH�MD�PHGLDDQ�

7DEHO����9DVWDQXG�HWWHY}WHWH�PDMDQGXVOLNH�QlLWDMDWH�NLUMHOGDY�VWDWLVWLND

0DMDQGXVQlLWDMD 0LQL�
PDDOQH�
YDDWOXV

0DNVL�
PDDOQH�
YDDWXV

$ULW�
PHHWOLQH�
NHVNPLQH

6WDQ�
GDUG�
KlOYH

0HGL�
DDQ

9DDW�
OXVWH�
DUY��Q�

7||WDMDWH�DUY ��� ����� ���� ����� ��� ���
7||WDMDWH�DUY��ORJDULWPLWXG ��� ��� ��� ��� ��� ���
.lLYH��WXKDQGHWHV�HXURGHV� � ������ ���� ����� ��� ���
.lLYH��ORJDULWPLWXG ��� ��� ��� ��� ��� ���
.lLYH� W||WDMD� NRKWD� �WXKDQGHWHV�
HXURGHV�

� ���� �� ��� �� ���

.lLYH�W||WDMD�NRKWD��ORJDULWPLWXG ��� ���� ���� � ���� ���
(NVSRUW��WXKDQGHWHV�HXURGHV� ���� ������ ���� ����� ��� ��
(NVSRUW��ORJDULWPLWXG ��� ��� ��� ��� ��� ��
(NVSRUW� W||WDMD� NRKWD� �WXKDQGHWHV�
HXURGHV�

���� ��� �� �� �� ��

(NVSRUW�W||WDMD�NRKWD��ORJDULWPLWXG ��� ���� ��� ��� ��� ��
/LVDQGYllUWXV��WXKDQGHWHV�HXURGHV� ��� ����� ���� ���� ��� ��
/LVDQGYllUWXV��ORJDULWPLWXG � ���� ���� ��� ���� ��
/LVDQGYllUWXV� W||WDMD� NRKWD�
�WXKDQGHWHV�HXURGHV�

��� ���� �� ��� �� ��

/LVDQGYllUWXV� W||WDMD� NRKWD��
ORJDULWPLWXG

��� ���� ��� ��� ��� ��

$OOLNDV��DXWRUL�NRRVWDWXG

/LVDNV�NDDOXWL�PDWHULDDOVH�S}KLYDUD�DQGPHWH�NXL�WHKQRORRJLOLVHOH�Y}LPHNXVHOH�YLLWDYDWH�

DQGPHWH� OLVDPLVW� YDDWOXVHVVH�� NXLG� DQGPHWH� WlSVHP� XXULPLQH� QlLWDV�� HW� NXQD� ����

YDVWDMDWHVW�WHJXWVHYDG�WHHQLQGDYDV�VHNWRULV� VLLV�QHQGH�PDVLQDWH�MD�VHDGPHWH�DOOD�Y}LYDG�

NXXOXGD�PXXKXOJDV�NRQWRULPDVLQDG��UHVWRUDQLGH�N||JLPDVLQDG�MQH��VHHJD�HL�SUXXJL�QHHG�

VLLVNL� NDMDVWDGD� WHKQRORRJLOLVW� Y}LPHNXVW�� .DDOXWL ND LPPDWHULDDOVH� S}KLYDUD� QlLWDMD�

OLVDPLVW� DQDO��VLWDYD� KXOND�� NXLG� NXQD� QHHG� DQGPHG� ROL� ROHPDV� YDLG� SDDULN�PQHO�

HWWHY}WWHO��HL�ROHNV�QHQGH�OLVDPLQH�Y}LPDOGDQXG�WHKD��OGLVWDWDYDLG�WXOHPXVL�QLQJ�VHOOHVW�

QlLWDMDVW�ORREXWL�

.RNNXY}WYDOW� YDULHHUXVLG� HWWHY}WHWH� VXXUXVHG� �NVLNX� W||WDMDJD� HWWHY}WHWHVW� WXKDQGH�

W||WDMDJD�HWWHY}WHWHQL��YDDGHOGXG�HWWHY}WHWH�PHGLDDQLNV�ROL�����W||WDMDW��0LNURHWWHY}WWHLG�

����� W||WDMDW�� ROL� ���� YlLNHVH� VXXUXVHJD� HWWHY}WWHLG� ������� W||WDMDW�� ROL� ���� NHVNPLVH�

VXXUXVHJD�HWWHY}WWHLG���������W||WDMDW��ROL���QLQJ�VXXUL���OH�����W||WDMDJD��HWWHY}WWHLG�ROL�

��� (WWHY}WHWH� NlLEH QlLWDMDG YDULHHUXVLG� WXJHYDOW� YlLNVHLPDVW� YDDWOXVHVW ����� HXURW�
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VXXULPD� YDDWOXVHQL ��� PLOMRQLW�� (WWHY}WHWH� NHVNPLQH� NlLYH� ROL ���� PLOMRQLW� HXURW��

PHGLDDQLNV� ROL� ���� WXKDW� .lLYH� W||WDMD� NRKWD� RQ� NHVNPLVHOW� XPEHV� ��� WXKDW� HXURW��

PHGLDDQ�RQ�DJD�SRROH�YlLNVHP��������HXURW�

(NVSRUGL�DQGPHG�ROLG�NlWWHVDDGDYDG����HWWHY}WWH�SXKXO� HNVSRUGL�PDNVLPDDOQH YllUWXV�

ROL ����PLOMRQLW�HXURW�MD PLQLPDDOQH�YllUWXV�QXOOLOlKHGDQH��(NVSRUGL�PHGLDDQYllUWXV�ROL�

���� WXKDQGH� HXUR� MXXUHV�� DULWPHHWLOLQH� NHVNPLQH MlL ���� WXKDQGH� MXXUGH�� (WWHY}WHWH�

OLVDQGYllUWXV HKN� WRRWOLNNXV YDULHHUXV� VDUQDVHOW� NlLEHJD� SDOMX�± OLKWVDPDNV� HWWHY}WHWH�

YDKHOLVHNV� Y}UGOXVHNV� Y}LE� WXXD� YlOMD� OLVDQGYllUWXVH� W||WDMD� NRKWD�� NXVW� Y}LE� QlKD�� HW�

PHGLDDQ�MllE�YDVWDQXWH�KXOJDV�OlKHPDOH�PLQLPDDOVHOH�OLLNPHOH�QLQJ�VXXULP�OLLJH�HULQHE�

YlLNVHPDVW�SHDDHJX�NDKHNRUGVHOW� -lUJPLVHNV�NlVLWOHWDNVH�N�VLWOXVHVW�ODHNXQXG�WXOHPXVL��

HVPDOW WHDGPXVDOOLNDWH� MD� N}UJNRROLGHJD� NDVXWDWDYDWH� NRRVW||NDQDOLWH� RVDV�� VHHMlUHO�

NRRVW||G�WDNLVWDYDWH�MD�WRHWDYDWH�WHJXULWH�RVDV�

���� (WWHY}WHWH� WHDGPXVDOOLNDG� MD� NRRVW||NDQDOLG�

N}UJNRROLGHJD

.lHVROHYDV� DODSHDW�NLV� NlVLWOHWDNVH� HWWHY}WHWH�N}UJNRROLGH� NRRVW||XXULQJX� WXOHPXVL

WHDGPXVDOOLNDWH�MD�NRRVW||NDQDOLWH�RVDV��7HRUHHWLOLVHV�RVDV�NRRVWDWXG�PXGHOL�NRKDVHOW �YW�

MRRQLV� ��� RQ� HWWHY}WHWHO� WDUYLV� NRRVW||G� WHDGPXVDOOLNDWHJD VHOOHNV�� HW� VXXUHQGDGD�

HWWHY}WWHVLVHVW� WHDGPXVW� MD� Y}LPHNXVL� 7HDGPXVDOOLNDLG� Y}LE� ROOD� PLWPHLG�� VHHSlUDVW�

NlVLWOHWDNVH�ND�VLLQ�HVPDOW WHDGPXVDOOLNDLG�MD�QHQGH�ROXOLVW��6HHMlUHO�NlVLWOHWDNVH�OlKHPDOW�

HWWHY}WHWH� NRRVW||G� N}UJNRROLGHJD� QLQJ� VHOOHNV� NDVXWDWDYDWH� NRRVW||NDQDOLWH� ROXOLVXVW�

HWWHY}WWH� MDRNV��0}OHPDG� WHHPDG� VHRWDNVH� ND HWWHY}WWH PDMDQGXVOLNH� QlLWDMDWHJD�� PLV�

YlOMHQGDYDG�HWWHY}WWH�ROHPDVROHYDLG�Y}LPHNXVL�

(WWHY}WHWH�MD�QHQGH�PDMDQGXVOLNH�QlLWDMDWH�Y}UGOHPLVH�MDRNV�NDVXWDWDNVH�0DQQ�:KLWQH\�

WHVWL��PLV�RQ�W�WHVWL�PLWWHSDUDPHHWULOLQH�DQDORRJ��0DQQ�:KLWQH\�WHVW�YDOLWL�VHHSlUDVW��HW

YDDWOXVH�DOO�ROHYDWH�HWWHY}WHWH�PDMDQGXVOLNXG�QlLWDMDG�HULQHYDG�WXJHYDOW��QlLWHNV�YlLNVHLP�

NlLYH������HXURW�MD�VXXULP�����PLOMRQLW�HXURW���0DQQ�:KLWQH\�WHVW�ORRE�PXXWXMDWH�VHHV�

OLLNPHWHOH� MlUMHNRUUDQXPEULG� QLQJ� KLQGDE NHVNPLVWH� HULQHYXVW� PLWWH� DOJDQGPHWH� YDLG�

MlUMHNRUUDQXPEULWH S}KMDO��1LL�HL�PlQJL�HULQGLG�NHVNPLVWH�Y}UGOHPLVHO�UROOL�MD�ODHNXQXG�

YDVWXVHLG�HL�ROH�WDUYLV�HULQGLWH RVDV�SXKDVWDGD� .}LN�WHVWLGH�WXOHPXVHG�RQ�WRRGXG�WlLHOLNXOW�

OLVDV����NlHVROHYDV�DODSHDW�NLV�RQ�YlOMD�WRRGXG�QHLVW�ROXOLVHPDG�
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(WWHY}WHWH�WHDGPXVDOOLNDG��.}LJHSHDOW�DQDO��VLWDNVH�HULQHYDWH WHDGPXVDOOLNDWH�ROXOLVXVW

HWWHY}WHWH� MDRNV MD� N}UJNRROLGH� WlKWVXVW QHQGH� KXOJDV�� .}LJH� ROXOLVHPDNV DOOLNDNV�

SHHWDNVH�NOLHQWH�± ����YDVWDQXWHVW�SHDE�NOLHQWLGHOW�ODHNXYDW�WHDGPXVW�WRRGHWH�WHHQXVWH�

NRKWD� YlJD� ROXOLVHNV�� 7HLVHNV ROXOLVHNV� WHDGPXVDOOLNDNV� RQ WDUQLMDLG �YW� MRRQLV� ����

.}UJNRROLG�NXL� WHDGPXVDOOLNDG� MllYDG�NHVNPLVH�KLQQDQJX� MlUJL�YLLHQGDOH�NRKDOH�± VHH�

WXOHPXV� RQ� SDUHP� NXL� &,6�L� DQGPHWH� SXKXO� �(HVWL� 6WDWLVWLNDDPHW� ����E�� MD� VDUQDQH�

YDUDVHPDWH�XXULQJXWHJD�(HVWLV �9DUEODQH�HW�DO� ������9DUEODQH�HW�DO� ������5HLG�HW�DO�

������

-RRQLV��� (WWHY}WHWH�NHVNPLVHG�KLQQDQJXG�WHDGPXVDOOLNDWHOH��Q ���
$OOLNDV��DXWRUL�NRRVWDWXG

(WWHY}WHWH�KRLDNXWH VLGXPLVHNV PDMDQGXVOLNH�QlLWDMDWHJD�MDRWDWL�N}LN�YDVWDQXG�HWWHY}WWHG�

NDKWH�JUXSSL� .XL�HWWHY}WH�ROL�DQGQXG�WHDGPXVDOOLNDOH�KLQQDQJX ��Y}L����ORHWL�WHDGPXV�

DOOLNDV HEDROXOLVHNV������.XL�HWWHY}WH�ROL�DQGQXG�WHDGPXVDOOLNDOH�KLQQDQJX���Y}L��� ORHWL�

DOOLNDV ROXOLVHNV ����� 6HHMlUHO� KLQQDWL� JUXSSH�0DQQ�:KLWQH\� WHVWLJD� QLQJ� N}LN� VDDGXG�

WXOHPXVHG RQ�WlLHOLNXOW�WRRGXG�OLVDV����7DEHOLV��� RQ�YlOMD�WRRGXG�ROXOLVHPDG�WXOHPXVHG��

PLGD NDMDVWDWDNVH�ORJDWLWPLWXG�NXMXO��YD�OLVDQGYllUWXV W||WDMD�NRKWD��PLOOH�HULQHYXVHG ROLG�

ROXOLVHPDG ORJDULWPLPDWD�NXMXO��NXLG�HVLQHVLG P}OHPDO�MXKXO���

6HOJXV�� HW� QHHG� HWWHY}WWHG�� NHV� SLGDVLG� NOLHQWH� ROXOLVHNV� WHDGPXVDOOLNDNV� ROLG VXXUHPD�

HNVSRUGL� QlLWDMDJD W||WDMD� NRKWD� �YW� WDEHO� ����� 7DUQLMDLG� N}LJH� ROXOLVHPDNV� SLGDQXG�

HWWHY}WWHG� ROLG� VXXUHPD� NlLEH� MD� HNVSRUGLPDKXJD��1HHG� WXOHPXVHG� Y}LYDG QlLGDWD�� HW

UDKYXVYDKHOLVWXPLVHJD�NDDVQHE NOLHQGLNHVNVXVH�MD�WDUQHDKHOD�ROXOLVXVH�W}XVX� 6DUQDVHLG�

WXOHPXVL� UDKYXVYDKHOLVWXPLVH� RVDV� RQ YDUDVHPDOW OHLWXG� ND� VHRVHV� HWWHY}WHWH� MD�

����

����

����

����

����

����

����

����

���� ���� ���� ���� ���� ����

.OLHQGLG

7DUQLMDG

(WWHY}WOXVW�DUHQGDYDG�RUJ�

(ULDODOLLGXG

.}UJNRROLG

.RQWVHUQL�WHLVHG�DOO�NVXVHG

.XWVH}SSHDVXWXVHG

.RQVXOWDWVLRRQLILUPDG
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N}UJNRROLGH� NRRVW||JD �*UDQGVWUDQG� ������ �����&KXQ��0XQ� ������ �����5}LJDV� HW� DO�

����������

7DEHO� ��� 9lOMDY}WH� 0DQQ�:KLWQH\� WHVWL� WXOHPXVWHVW� WHDGPXVDOOLNDWH� MD� HWWHY}WWH�
PDMDQGXVOLNH�QlLWDMDWH�NDXSD�

7HDGPXVDOOLNDV 7||WDMDWH�
DUY��ORJD�
ULWPLWXG

.lLYH��
ORJD�

ULWPLWXG

.lLYH�
W||WDMD�
NRKWD��
ORJD�

ULWPLWXG

(NVSRUW��
ORJDULW
PLWXG

(NVSRUW
W||WDMD�
NRKWD��
ORJD�

ULWPLWXG

/LVDQG�
YllUWXV��
ORJDULWPLW

XG

/LVDQG�
YllUWXV�
W||WDMD�
NRKWD

.OLHQGLG �����

7DUQLMDG �����

 �����


 �����
 �����

.RQWVHUQL�DOO�NVXVHG �����

 �����
 �����

 �����


 �����


(ULDODOLLGXG �����


.XWVH}SSHDVXWXVHG �����
 �����


.}UJNRROLG
.RQVXOWDWVLRRQL�
ILUPDG �����
 �����



0lUNXVHG��ROXOLVXVQLYRRO������
���QLYRRO�������

��MD�QLYRRO�������
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$OOLNDV��DXWRUL�NRRVWDWXG

(WWHY}WWHG� NHV�SLGDVLG�ROXOLVHNV�WHDGPXVDOOLNDNV�NRQWVHUQL�WHLVL�DOO�NVXVHLG�ROLG SDUHPDWH�

PDMDQGXVOLNH� QlLWDMDWHJD� NXL� QHHG�� NHV� VHGD� ROXOLVHNV� HL� SLGDQXG�� 1HHG WXOHPXVHG�

NLQQLWDYDG ����� DODSHDW�NLV� WRRGXG� YDUDVHPDWH� XXULQJXWH� WXOHPXVL�� NXV� OHLWL� NRQWVHUQL�

NXXOXYDG� HWWHY}WWHG� RQ� Y}LPHNDPDG �&DUD\DQQLV�� &DPSEHOO� ������� 2NDPXUR� HW� DO�

������� OHLDYDG�� HW� VHOOLVHG� HWWHY}WWHG� WHHYDG� YlLNVHPD� W}HQlRVXVHJD N}UJNRROLGHJD�

NRRVW||G�� VHVW� QHQGH� YDMDGXVHG� RQ� VSHWVLLILOLVHPDG� MD� NRQWVHUQLVLVHQH� WHDGPXV� RQ�

WDYDOLVHOW�VXXU�

2OXOLQH�RQ�WXOHPXV��HW�N}UJNRROH�NXL�WHDGPXVDOOLNDLG�ROXOLVHNV�Y}L�HEDROXOLVHNV�KLQQDQXG�

HWWHY}WHWH�YDKHO�PDMDQGXVOLNH�QlLWDMDWH� HULQHYXVL� HL� LOPQHQXG��9}LE�|HOGD�� HW� HWWHY}WWH�

Y}LPHNXVWHVW�HL�V}OWXQXG�N}UJNRROLGH�HHOLVWDPLQH� WHDGPXVDOOLNDQD��/LVDNV WHKWL 0DQQ�

:KLWQH\�WHVW�HWWHY}WHWH�JUXSSLGH�YDKHO��NHV�ROLG N}UJNRROLGHJD�NRRVW||G�WHLQXG�MD�NHV�HL�

ROQXG��.HVNPLVHOW�SLGDVLG�N}UJNRROLGHJD�NRRVW||G�WHLQXG�HWWHY}WWHG ROXOLVHNV�WHDGPXV�

DOOLNDNV�QLL�HULDODOLLWH��N}UJNRROH�NXL�ND�NRQVXOWDWVLRRQLILUPDVLG� PLV�Y}LE�YLLGDWD�QHQGH�

WHDGPXVDOOLNDWH�NRPSOHPHQWDDUVXVHOH �YW�OLVD����

-lUJQHYDOW�XXULWL��PLOOLVHG�RQ�VHRVHG�HWWHY}WHWH�MDRNV�YDMDPLQHYDWH�DUHQJXYDOGNRQGDGH�MD�

N}UJNRROLGHJD� NRRVW||� WHJHPLVH� YDKHO�� hOGLVHOW� SHHWL� N}LJH� ROXOLVHPDWHNV� DUHQJX�

YDOGNRQGDGHNV�WRRWH� MD�WHHQXVHDUHQGXVW�MD�WXUXQGXVW��YW�MRRQLV�����7HVWLWL�ND�HWWHY}WHWH�



��

JUXSSH�QHQGH�DUHQJXYDMDGXVWH�RVDV��N}UJNRROLGHJD�NRRVW||�WHJHPLVH�DOXVHO�� (WWHY}WWHG��

NHV�HL�ROQXG N}UJNRROLGHJD NRRVW||G�WHLQXG� SHDYDG�VWDWLVWLOLVHOW�ROXOLVHPDWHNV�DUHQJX�

YDOGNRQGDGHNV�MXKWLPLVW MD�HWWHY}WWH�UDKDQGXVW��7XOHPXVHG�Y}LYDG YLLGDWD�VHOOHOH��HW�QHHG�

HWWHY}WWHG� NHV�N}UJNRROLGHJD�NRRVW||G�WHHYDG��RPDYDG�VXXUHPDLG�Y}LPHNXVL�MXKWLPLVH�

MD�UDKDQGXVH YDOGNRQGDGHV�

-RRQLV��� (WWHY}WHWH�NHVNPLVHG�KLQQDQJXG�YDMDOLNH DUHQJXYDOGNRQQDG NRKWD��Q ���
$OOLNDV��DXWRUL�NRRVWDWXG

.RRVW||XXULQJX UDDPHV�XXULWL�ND�HWWHY}WHWH�NRNNXSXXGHW�ULLJLVHNWRUL MD�HWWHY}WOXVH�WXJL�

VWUXNWXXULJD��2OXOLVHPDWH�DUHQJXYDOGNRQGDGH�HULVWDPLVHNV�WHKWL�0DQQ�:KLWQH\�WHVW HWWH�

Y}WHWHOH� JUXSSLGH� O}LNHV�� NHV� ROLG� Y}L� HL� ROQXG� NRRVW||G� WHLQXG� HWWHY}WOXVW DUHQGDYDWH�

RUJDQLVDWVLRRQLGHJD��YW�OLVD�����6WDWLVWLOLVHOW�ROXOLQH�HULQHYXV�LOPQHV�DLQXOW�HNVSRUGL�SXKXO

± QHHG�� NHV� ROLG WHLQXG� NRRVW||G� HWWHY}WOXVW� DUHQGDYD� RUJDQLVDWVLRRQLJD�� SLGDVLG

ROXOLVHPDNV� DUHQJXYDOGNRQQDNV� HNVSRUWL�� .XQD� WXOHPXVWHV� ROLG� PDDNRQGOLNXG�

DUHQGXVNHVNXVHG� HWWHY}WHWHOH� SHDPLVHNV� ULLJLSRROVHNV� SDUWQHULNV�� Y}LE� S}KMHQGXV� ROOD

0$.�LGH�VXXQLWOHWXVHV HNVSRUGLOH��($6�L� WHHQXVHG��������0DQQ�:KLWQH\ WHVW� WHKWL�ND�

VDPDGH� HWWHY}WHWH� JUXSSLGH� O}LNHV PDMDQGXVOLNH QlLWDMDWH�RVDV�� NXLG�QHQGH�NDKH� JUXSL�

YDKHO VWDWLVWLOLVHOW�ROXOLVW�HULQHYXVW�HL�HVLQHQXG�

.RRVW||� N}UJNRROLGHJD� -lUJQHYDOW� NHVNHQGXWDNVH� N}UJNRROLOH� NXL� WHDGPXVDOOLNDOH��

(WWHY}WWHG MDJXQHVLG MlUJQHYDOW� ����YDVWDQXWHVW�ROLG�WHLQXG�N}UJNRROLGHJD�NRRVW||G�MD�

����HL�ROQXG��6HH�WXOHPXV�VDUQDQHE�YDLG�5DPRV�9LHOED�������������XXULQJXOH���OHMllQXG

YDUDVHPDWH� XXULQJXWH� SXKXO� WHJL� N}UJNRROLGHJD� NRRVW||G� DOOD� ���� HWWHY}WHWHVW� �(HVWL�

����
���� ���� ���� ���� ���� ����

���� ���� ����
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6WDWLVWLNDDPHW�����E���7XOHPXV�RQ�S}KMHQGDWDY NDQDOLWH�PLWPHNHVLVXVH�YDUDVHPD�YlKHVH�

XXULPLVHJD�� 7DYDSlUDVHOW� XXULWDNVH� DPHWOLNNH� NDQDOHLG� QDJX� WHDGXV� MD� DUHQGXVW||� �QW�

&,6�L�SXKXO���NXLG�HWWHY}WWH�MDRNV�YDMDOLN�WHDGPXVVLLUH�Y}LE�WRLPXGD�OlEL�PLWPHWH�NDQDOLWH�

�&DPSRV�������5DPRV�9LHOED��)HUQiQGH]�(VTXLQDV������������9DUEODQH�HW� DO� �������

7DVXE� lUD� PlUNLGD�� HW� SHDPLVHG� (HVWL� N}UJNRROLG� NHOOHJD� NRRVW||G� WHKWL� ROLG� 7DUWX�

hOLNRRO��7DOOLQQD�7HKQLND�OLNRRO MD�(HVWL�0DD�OLNRRO� ����NRRVW||MXKWXPLWH�SXKXO�ROL�

NRRVW||G�WHLQXG HWWHY}WWH�MXKDWXVHV�P}QL�SDUWQHULNV�ROHYD�N}UJNRROL�O}SHWDMD�

-lUJPLVHNV� XXULWL� 0DQQ�:KLWQH\� WHVWL� DELO�� NDV� N}UJNRROLGHJD� NRRVW||G� WHLQXG MD�

PLWWHWHLQXG� HWWHY}WHWH PDMDQGXVOLNXG� QlLWDMDG� HULQHYDG� �NVWHLVHVW� �YW� OLVD ���� hKWHJL�

VWDWLVWLOLVHOW� ROXOLVW� HULQHYXVW� HL� LOPQHQXG�� 6HH� WXOHPXV� HULQHE HQDPLNHVW� YDUDVHPDWHVW�

XXULQJXWHVW��NXV�OHLWL�HULVXVL�QLL�HWWHY}WWH�VXXUXVH�NXL�HNVSRUGL DOXVHO��)ULWVFK��/XNDV�������

�����&RKHQ�HW�DO� ����������7HWKHU������������6DQWRUR��&KDNUDEDUWL�������/DXUVHQ��6DOWHU�

����� ������ 9HXJHOHUV�� &DVVLPDQ ������ )RQWDQD� HW� DO� ������ ����� 6HJDUUD�%ODVFR��

$UDX]R�&DURG�������(RP��/HH������������2NDPXUR�HW�DO� ������:RHUWHU�������&KXQ��

0XQ������������ .lHVROHYD�W||�WXOHPXV VDUQDQHE /RSH]�HW�DO� ������������XXULQJXJD�

NXV�VDPXWL�HL�OHLWXG�ROXOLVL�HULQHYXVL�QLQJ S}KMHQGDWL WXOHPXVW VHOOHJD��HW�HQDPLN�XXULWXWHVW�

ROLG�YlLNHVHG�Y}L�NHVNPLVHG�HWWHY}WWHG�

.D�NlHVROHYDV�W||V�RQ�HQDPLN�HWWHY}WWHLG�YlLNHVHG� Y}L�PLNURHWWHY}WWHG��NXLG�VHH�HVLQGDE�

(HVWL��OGNRJXPLW�SDUHPLQL NXL�XXULQJXG��NXVW�PLNURHWWHY}WWHG�RQ�YlOMD�MlHWXG��6HHJD�RQ�

VHH�ROXOLQH�WXOHPXV��VHVW�NDMDVWDE�UHDDOVHW�NRRVW||ROXNRUGD�QLQJ�HVLPHQH�RRGDWDY�WXOHPXV�

HKN�ÄN}UJNRROLGHJD�NRRVW||G�WHJHYDG�HWWHY}WWHG�RQ�PDMDQGXVOLNXOW�Y}LPHNDPDG�NXL�

NRRVW||G� PLWWHWHJHYDG³� HL� YDVWD� W}HOH� ± NRRVW||G� WHHYDG� LJDVXJXVHG� HWWHY}WWHG�

YDDWDPDWD�QHQGH�PDMDQGXVOLNHOH�Y}LPHNXVWHOH�

-lUJPLVHNV� DQDO��VLWDNVH� VSHWVLLILOLVHPDOW� NRRVW||NDQDOLWH� ROXOLVXVW HWWHY}WHWH� MDRNV��

.�VLWOXVHV�ROLG�HULQHYDG�NRRVW||NDQDOLG�S}KMDOLNXOW� ODKWL�NLUMXWDWXG��HW�NDQDOLWH�PLWPH�

NHVLVXV�ROHNV�YDVWDMDWHOH�KlVWL�DUXVDDGDY��.}LJH�WlKWVDPDWHNV�NDQDOLWHNV�SHDYDG�YDVWDMDG�

NHVNPLVHOW�WlLHQGNRROLWXVL��NRQVXOWHHULPLVW�N}UJNRROLGH�W||WDMDWHJD MD��KLVHLG�WHDGXV� MD�

DUHQGXVSURMHNWH� �YW� MRRQLV� ��� 7lLHQGNRROLWXVHG� MD� �KLVHG� DUHQGXVSURMHNWLG� RQ� �VQD�

IRUPDOLVHHULWXG� NDQDOLG�� PLV� Y}LE� YLLGDWD� VHOOHOH�� HW� HWWHY}WWHO� RQ� OLKWVDP� KRRPDWD�

OHSLQJXOLVL� VXKWHLG� �&DPSRV�������'DYH\�HW�DO� ����������5RVVL� MD�5RVLO��������������



��

6LLVNL� SHHWL� ROXOLVHNV ND� NRQVXOWHHULPLVW�� PLV� ROL� XXULQJXV� HVLWDWXG� LVLNOLNHO� VXKHWHO�

S}KLQHYD� PLWWHIRUPDDOVH� NDQDOLQD�� 6HHW}WWX� Y}LE� |HOGD�� HW NRQVXOWHHULPLQH� WlLGDE�

OLKWVDPD�MD�HVLDOJVHW�XVDOGXVW ORRYD�NDQDOL�HHVPlUNL��&RKHQ�HW�DO� ������5DPRV�9LHOED��

)HUQiQGH]�(VTXLQDV������������

-RRQLV����(WWHY}WHWH�NHVNPLVHG�KLQQDQJXG�N}UJNRROLGH�NRRVW||NDQDOLWHOH��Q ���
$OOLNDV��DXWRUL�NRRVWDWXG

7XOHPXVL� NLQQLWDE� HVPDVH� NRQWDNWL� WRLPXPLVH� YLLV HWWHY}WWH� MD� N}UJNRROL� YDKHO�� PLV�

WRLPXV�����MXKWXGHVW�OlEL�LVLNOLNX�NRQWDNWL�QLQJ�����MXKWXGHVW�Y}WWLV�HWWHY}WH�DPHWOLNXOW�

�KHQGXVW� N}UJNRROL W||WDMDJD� .DQDOLWH� ROXOLVXVH MD� HWWHY}WHWH� PDMDQGXVOLNH� QlLWDMDWH�

Y}UGOHPLVHNV� YLLGL� OlEL� 0DQQ�:KLWQH\� WHVWLG� HWWHY}WHWH� NDXSD�� NHV� SLGDVLG� NRRVW||�

NDQDOHLG�HEDROXOLVHNV� �KLQQDQJXG������ MD�ROXOLVHNV� ����� �OLVD�����.LUMHOGDY KLQQDQJXWH�

MDRWXV RQ�WRRGXG�MRRQLVHO ��

-RRQLV����.RRVW||NDQDOLWH�ROXOLVXVH�MDRWXPLQH�NDQDOLWH�O}LNHV��Q a����DXWRUL�NRRVWDWXG��

����
����

����
����

����
����

����
����

����

���� ���� ���� ���� ���� ���� ���� ����

7lLHQGNRROLWXVHG
.RQVXOWDWVLRRQ

7HDGXV��MD�DUHQGXVW||
3UDNWLND

.UDDGL}SH
®SSHNDYD�DUHQGXV

7HDGODVWH�W||WDPLQH�HWWHY}WWHV
hKLQH�HWWHY}WOXV

(WWHY}WH�HVLQGDWXG�N}UJN��RWVXVWXVNRJXGHV

�� ��� ��� ��� ��� ��� ��� ��� ��� �������

.RQVXOWHHULPLQH
7lLHQGNRROLWXVHG

.UDDGL}SH
hOL}SLODVWH�SUDNWLND

®SSHNDYD�DUHQGDPLQH�MD�}SHWDPLQH
5	'��KLVSURMHNWLG

7HDGODVWH�W||WDPLQH�HWWHY}WWHV
(Y��HVLQGDMDG�N}UJNRROL�RWVXVWXVNRJXGHV

(WWHY}WOXV

(EDROXOLQH 1LL�MD�QDD 2OXOLQH



��

-lUJQHYDOW�W}OJHQGDWDNVH�WHVWLGH ROXOLVHPDLG WXOHPXVL �YW�WDEHO������(WWHY}WWHG��NHV�SHDYDG�

NRQVXOWHHULPLVW� ROXOLVHNV NDQDOLNV�� RQ�YlLNVHPD�NlLEHJD� W||WDMD�NRKWD��(WWHY}WWHG��NHV�

SLGDVLG�WlLHQGNRROLWXVL�ROXOLVHNV�NDQDOLNV��RQ�YlLNVHPD�NlLEH�MD�YlLNVHPD�NlLEHJD�W||WDMD�

NRKWD�� 6HHYDVWX� QHHG HWWHY}WWHG�� NHV� SLGDVLG� }SSHNDYDGH� DUHQGDPLVW� MD� }SHWDPLVW�

ROXOLVHNV��RQ�VXXUHPD�W||WDMDWH�DUYX�MD�OLVDQGYllUWXVHJD�

7DEHO� ��� 9lOMDY}WH� 0DQQ�:KLWQH\� WHVWLGH� WXOHPXVWHVW� NRRVW||NDQDOLWH� MD� HWWHY}WWH�
PDMDQGXVOLNH�QlLWDMDWH�O}LNHV

.RRVW||NDQDO
7||WDMDWH�

DUY��
ORJDULW�
PLWXG

.lLYH��
ORJDULW�
PLWXG

.lLYH�
W||WDMD
NRKWD��
ORJDULW�
PLWXG

/LVDQG�
YllUWXV

/LVDQG�
YllUWXV��
ORJDULW�
PLWXG

.RQVXOWHHULPLQH� �����

7lLHQGNRROLWXVHG� �����


 �����


®SSHNDYD�DUHQGDPLQH�MD�
}SHWDPLQH� �����
 �����

 �����

0lUNXVHG��NDXSD�ROXOLVXVQLYRRO������
���QLYRRO�������

��MD�QLYRRO�������


�
$OOLNDV��DXWRUL�NRRVWDWXG

.XQD� YDUDVHPDLG� XXULQJXLG� NDQDOLWH�PLWPHNHVLVXVH� RVDV� RQ� YlKH�� HL� ROH� QHLV� RWVHVHOW�

XXULWXG�NDQDOLWH�HHOLVWDPLVH�MD�PDMDQGXVOLNH�QlLWDMDWH�VHRVHLG��0DMDQGXVOLNH�QlLWDMDWH�RVDV�

RQ�OHLWXG��HW�N}UJHPD�NlLEHJD�HWWHY}WWHG�WHHYDG�W}HQlROLVHPDOW�NRRVW||G�N}UJNRROLGHJD�

�6ORYHHQLD��,WDDOLD��8QJDUL�QlLWHO�5}LJDV�HW�DO� �������6DPDV�VRELYDG�WDEHOLV��� WRRGXG�

WXOHPXVHG�NDQDOLWH�PLWPHNHVLVXVH�S}KLP}WWHJD�± HULQHYDWH�HWWHY}WHWH�MDRNV�RQ�WHDGPXV�

VLLUGH�RVDV�ROXOLVHG� HULQHYDG�NDQDOLG� �$UXQGHO� MD�*HXQD�������'HFNEDUH� MD�9HXJHOHUV�

������5DPRV�9LHOED�������'DYH\�HW�DO� ������5RVVL�MD�5RVLO�������*DOiQ�0XURV��3OHZD�

������

(HOWRRGXG� WXOHPXVHG� QlLWDYDG�� HW� HWWHY}WWHG�� NHV� SHDYDG� ROXOLVHNV� NRRVW||G� OlEL�

OLKWVDPDWH�NDQDOLWH�HKN�NRQVXOWHHULPLVH�MD�WlLHQGNRROLWXVWH��RQ�Q}UJHPDWH�PDMDQGXVOLNH�

QlLWDMDWHJD� (WWHY}WWHG�� NHV� SHDYDG� ROXOLVHNV� NHHUXNDPDLG� NDQDOHLG� HKN� }SSHNDYDGH�

DUHQGDPLVW� RQ� SDUHPDWH� PDMDQGXVOLNH� QlLWDMDWHJD�� 6HHJD RQ WHLQH� RRGDWDY� WXOHPXV�

WlLGHWXG�NRQVXOWHHULPLVH��WlLHQGNRROLWXVWH�MD�}SSHNDYDGH�DUHQGDPLVH�RVDV�± Y}LPH�

NDPDG� HWWHY}WWHG� HHOLVWDYDG� NHHUXNDPDLG� NRRVW||NDQDOHLG� QLQJ� YlKHPY}LPHNDG�

HWWHY}WWHG�HHOLVWDYDG�OLKWVDPDLG�NRRVW||NDQDOHLG�



��

-lUHOGXVHG� MD� HWWHSDQHNXG� .lHVROHYD� DODSHDW�NL� O}SHWXVHNV� WHKDNVH� NRNNXY}WH� HHO�

SRROWRRGXG� DQDO��VL� WXOHPXVWHVW� QLQJ� DQWDNVH� QHQGH� S}KMDO� VRRYLWXVL� HWWHY}WHWH�

N}UJNRROLGH NRRVW||�DUHQGDPLVHNV��(VLWHNV�OHLWL��HW ��� YDVWDQXWHVW WHJLG�NRRVW||G�N}UJ�

NRROLGHJD��6HH�HULQHV�HQDPLNHVW�WHLVWHVW�XXULQJXWHVW��NXLG�VDUQDQHV 5DPRV�9LHOED��������

����� WXOHPXVWHJD�� 3}KMHQGXVHNV� VDDE� WXXD� VHOOH�� HW� WDYDSlUDVHOW� P}}GHWDNVH� NRRVW||�

WHJHPLVW�OlEL�DPHWOLNH�NDQDOLWH��OHSLQJXG��SDWHQGLG�MQH���NXLG�WHDGPXVVLLUH�Y}LE�WRLPXGD�

ND OlEL� WHLVWH�NDQDOLWH� QDJX�NRROLWXVHG���OL}SLODVWH�MD�DNDGHHPLOLVWH�W||WDMDWH�PRELLOVXV

MQH��&RKHQ�HW�DO� ������'L*UHJRULR��6KDQH�������%HNNHUV��)UHLWDV�������&DPSRV�������

'DYH\�HW�DO� ������5DPRV�9LHOED��)HUQiQGH]�(VTXLQDV������������9DUEODQH�HW�DO� �������

7HLVH ROXOLVHPD� WXOHPXVHQD� VHOJXV� HW N}UJNRROLGHJD� NRRVW||G WHLQXG� MD� PLWWHWHLQXG�

HWWHY}WHWH� PDMDQGXVOLNXG� QlLWDMDG� HL� HULQHQXG� �NVWHLVHVW� ROXOLVHOW�� 6HH� WXOHPXV HULQHE�

SDOMXGHVW YDUDVHPDWHVW�XXULQJXWHVW��NXV�HULQHYXVHG�RQ�LOPQHQXG�QLL�VXXUXVH�NXL�HNVSRUGL�

RVDV �)ULWVFK�� /XNDV� ������ ����� &RKHQ� HW� DO� ������ ���� 7HWKHU� ������ ����� 6DQWRUR��

&KDNUDEDUWL�������/DXUVHQ��6DOWHU������ ������9HXJHOHUV��&DVVLPDQ�������)RQWDQD�HW�DO�

�����������6HJDUUD�%ODVFR��$UDX]R�&DURG�������(RP��/HH������������2NDPXUR�HW�DO�

������:RHUWHU�������&KXQ��0XQ������������ .lHVROHYD�W||�WXOHPXV�VDUQDQHE /RSH]�HW�

DO� ������� ����� XXULQJX� WXOHPXVWHJD�� NXKX� ROLG� VDPXWL� OLVDWXG YlLNHVHG� MD� PLNUR�

HWWHY}WWHG��QLQJ�RVDOLVHOW�5}LJDV�HW�DO� �����������WXOHPXVWHJD��NXV�HULQHYXVHG�LOPQHVLG�

YDLG�ULLJLVSHWVLLILOLVHOW�

6HHJD HL�OHLGQXG�NLQQLWXVW RRGDWDY�WXOHPXV� HW�N}UJNRROLGHJD�NRRVW||G�WHJHYDG�HWWHY}WWHG�

RQ�PDMDQGXVOLNXOW� Y}LPHNDPDG� NXL� QHHG�� NHV� NRRVW||G� HL� WHH� .}UJNRROLGHJD� WHHYDG�

NRRVW||G� YlJD� HULQHYDWH� PDMDQGXVOLNH� QlLWDMDWHJD� HWWHY}WWHG�� 6HOOHJD� VHRQGXE� WHLQH�

RRGDWDY� WXOHPXV�� PLV� OHLGLV� NLQQLWXVW� ± HWWHY}WWHG�� NHV� SLGDVLG� ROXOLVWHNV� NRRVW||�

NDQDOLWHNV� NRQVXOWHHULPLVW� MD� WlLHQGNRROLWXVL� ROLG� Q}UJHPDWH�PDMDQGXVOLNH� QlLWDMDWHJD��

VDPDV� NXL HWWHY}WWHG�� NHV� SLGDVLG� ROXOLVHNV� }SSHNDYDGH� DUHQGDPLVW� ROLG WXJHYDPDWH

PDMDQGXVOLNH� QlLWDMDWHJD�� 6HH� �KWLE YDUDVHPDWH� XXULQJXWHJD�� NXV� HULQHYDG HWWHY}WWHG�

HHOLVWDVLG� YDVWDYDOW RPD� Y}LPHNXVWHOH OLKWVDPDLG� Y}L� NHHUXNDPDLG� NRRVW||NDQDOHLG�

�$UXQGHO�MD�*HXQD�������'HFNEDUH�MD�9HXJHOHUV�������5DPRV�9LHOED�������'DYH\�HW�DO�

������5RVVL�MD�5RVLO�������*DOiQ�0XURV��3OHZD��������



��

.lHVROHYD� DODSHDW�NL� WXOHPXVWH� S}KMDO� HVLWDWDNVH� HVLPHQH� HWWHSDQHN� HWWHY}WHWH� MD�

N}UJNRROLGH� NRRVW||� DUHQGDPLVHNV�� .}UJNRROLG� SHDNVLG� YlOMD� DUHQGDPD� PLWPHNHVLVH

NRRVW||NDQDOLWH� V�VWHHPL�� PLOOH� DOXVHO ROHNV� Y}LPDOLN� SDNNXGD� NRRVW||Y}LPDOXVL�

HULQHYDWH� YDMDGXVWH� MD� Y}LPHNXVWHJD� HWWHY}WHWHOH�� 6�VWHHP� SHDNV� DUYHVWDPD HWWHY}WHWH�

Y}LPHNXVL� MD� OLKWVXVWDPD� NRRVW||G�� 6�VWHHPLV� SHDNV ROHPD� SLLVDYDOW YDULHHULPLV�

Y}LPDOXVL��HW�NRRVW||G�WHKHV�ROHNV�Y}LPDOLN�DUYHVWDGD HULQHYDWH�HWWHY}WHWH�YDMDGXVWHJD�

.XLJL� NRRVW||V�VWHHPL� SHDNVLG� NXXOXPD� ND� DPHWOLNXPDG� NRRVW||YRUPLG�� HL� WRKLNV�

N}UJNRROLG� NHVNHQGXGD� DLQX�NVL� IRUPDDOVHWH� MD� OHSLQJXOLVWH� NRRVW||NDQDOLWH� NDVXWD�

PLVHOH��6HQLVHVW� URKNHP� WXOHNV�S||UDWD� WlKHOHSDQX� OLKWVDPDWHOH�NRRVW||NDQDOLWHOH�� VHVW�

QHHG� Y}LPDOGDYDG� HGDVSLGL� M}XGD� NHHUXOLVHPDWH� NDQDOLWHQL� �3HUNPDQQ�� :DOVK� ������

5DPRV�9LHOED������������'DYH\�HW�DO� ����������*DOiQ�0XURV��3OHZD������������

9DMDGXV��KWVH�MD�OlELP}HOGXG�V�VWHHPL�MlUJL�WRRGL�ND�YlOMD 7DUWX�/RRPHPDMDQGXVNHVNXVH�

IRRNXVJUXSL SRROW��2VDOHQXW�HWWHY}WHWH KLQQDQJXO�Y}LE�ROOD�SUREOHPDDWLOLQH��NXL�NRRVW||G�

WHKDNVH�SUDNWLNDQWLGHJD��NXLG�SUDNWLNDO�RVDOHYDG��OL}SLODVHG HL�ROH�LVH�SLLVDYDOW�NRPSH�

WHQWVHG� HWWHY}WHW� DLWDPD� ± VHGD� HULWL� MXKXO�� NXL� WHJHPLVW� RQ� DOXVWDYD� HWWHY}WWHJD�

3UDNWLNDV�VWHHP�RPDHWWH�Y}LE�N�OO�N}UJNRROLO�ROOD�YlOMD�DUHQGDWXG��NXLG�NXL�VHH�HL�NXXOX�

�KWVHVVH�NRRVW||NDQDOLWH�UDDPLVWLNNX��HL�SUXXJL�VHH�NDQGD�HHVPlUNL�N}UJNRROL�NROPDQGD�

PLVVLRRQL� WlLWPLVH� RVDV� 6HHJD� SHDNV� NRRVW||V�VWHHP� ROHPD� SLLVDYDOW� WVHQWUDOLVHHULWXG�

VWUDWHHJLOLVWH� HHVPlUNLGH� VHDGPLVHNV� MD� NRRUGLQHHULYD� IXQNWVLRRQL� WlLWPLVHNV�� NXLG�

SLLVDYDOW�DXWRQRRPQH��HW��NVXVWH�WDVDQGLO�ROHNV�Y}LPDOLN�SDLQGOLN�NRRVW||�HWWHY}WHWHJD

�%DUQHV�HW�DO� �����������'HEDFNHUH��9HXJHOHUV������������

.RNNXY}WYDOW� WXOHE� N}UJNRROLGHO� YDUDVHPDVW� HQDP� NHVNHQGXGD� WHUYLNOLNX� NRRVW||�

V�VWHHPL�ORRPLVHOH��PLV�DUYHVWDNV�HWWHY}WHWH�NXL�NRRVW||SDUWQHULWH�HULQHYDLG�YDMDGXVL�MD�

Y}LPHNXVL��(HOSRRO�WRRGXG�MlUHOGXVHG�MD�HWWHSDQHN�O}SHWDYDG�NlHVROHYD�DODSHDW�NL�QLQJ�

WHDGPXVDOOLNDWH� MD� NRRVW||NDQDOLWH� WHHPD�� -lUJPLVHNV� WHJHOHWDNVH� OlKHPDOW� NRRVW||G�

WDNLVWDYDWH�MD�WRHWDYDWH�WHJXULWHJD�

���� (WWHY}WHWH� MD� N}UJNRROLGH� NRRVW||� WDNLVWDYDG� MD� WRHWDYDG�

WHJXULG

9LLPDVHV�DODSHDW�NLV�NlVLWOHWDNVH�OlKHPDOW�HWWHY}WHWH�MD�N}UJNRROLGH�NRRVW||G�WDNLVWDYDLG�

MD�WRHWDYDLG�WHJXUHLG��9DUDVHPDOW�RQ�WDNLVWDYDLG�MD�WRHWDYDLG�WHJXUHLG�LVHVHLVYDOW�XXULWXG�



��

�VQD� SDOMX� �YW� WDEHO� ��� NXLG W||� DXWRULOH� WHDGDROHYDOW� HL� ROH WDNLVWDYDLG� MD� WRHWDYDLG

WHJXUHLG� YDUHP� RPDYDKHO� VHRVWDWXG�� 6HHW}WWX� RQ� NlHVROHYD� DODSHDW�NL� S}KLOLVHNV�

IRRNXVHNV�VHH� PLOOLVHG�WRHWDYDG�WHJXULG�DLWDYDG��OHWDGD WDNLVWDYDLG�WHJXUHLG��.}LJHSHDOW�

DQWDNVH� �OGLQH� �OHYDDGH� DXWRUL� SRROW� OlEL YLLGXG� XXULQJX� WXOHPXVWHVW� WDNLVWDYDWH� MD�

WRHWDYDWH�WHJXULWH RVDV��DQDO��VLWDNVH�QHLG�HWWHY}WHWH�PDMDQGXVOLNH�QlLWDMDWHJD�Y}UUHOGHV�

QLQJ�VHRVWDWDNVH�WDNLVWDYDG�MD�WRHWDYDLG�WHJXUHLG�RPDYDKHO�

7DNLVWDYDG� WHJXULG� 7DNLVWDYDLG� WHJXUHLG�ROL�XXULQJX� WXOHPXVWH�RVDV�NDKWH� W��SL�� VHVW�

RVDG� HWWHY}WWHG� ROLG� N}UJNRROLGHJD� NRRVW||G� WHLQXG� MD� WHLVHG� HL� ROQXG�� 6HHW}WWX� RQ� ND�

WDNLVWDYDG�WHJXULG�QHQGH�HWWHY}WHWH�MDRNV�HULQHYDG��.}LJHSHDOW�WHJHOHWDNVH�HWWHY}WHWHJD��

NHV�ROLG�N}UJNRROLGHJD�NRRVW||G�WHLQXG��.RRVW||G�WHLQXG�HWWHY}WWHG�SLGDVLG SHDPLVWHNV�

WDNLVWDYDWHNV�WHJXULWHNV HWWHY}WHWH�MD�N}UJNRROLGH�HHVPlUNLGH�HULQHYXVL� QHQGH W||WDMDWH�

HULQHYDLG KRLDNXLG�MD�DMDOLVL�Y}LPDOXVL�QLQJ�UDVNXVL�NRRVW||SDUWQHUL�OHLGPLVHJD��YW�MRRQLV�

��� (QDPLN�WXOHPXVL�MlLG��VQD�VDUQDVHOH�WDVHPHO��YDLG�LQWHOOHNWXDDOVH�RPDQGL�MDRWXPLVHJD�

VHRWXG�SUREOHHPH�KLQQDWL�PlUJDWDYDOW�PDGDODPDOW�NXL�WHLVL�

-lUJPLVHNV MDRWDWL�HWWHY}WWHG�JUXSSLGHVVH�WDNLVWDYDWHOH�WHJXULWHOH�DQWXG�KLQQDQJXWH�DOXVHO�

�����HEDROXOLQH������ROXOLQH���0DQQ�:KLWQH\�WHVWL�DELO�XXULWL�HULQHYXVL QHQGH JUXSSLGH�MD�

HWWHY}WHWH�PDMDQGXVOLNH�QlLWDMDWH�YDKHO��7HVWLGH ROXOLVHPDG�WXOHPXVHG�RQ�WRRGXG�WDEHOLV�

�� �WlLHOLNXOW� OLVDV� ���� 1HHG� HWWHY}WWHG�� NHV� KLQGDVLG� HHVPlUNLGH� HULQHYXVW� ROXOLVHNV�

SUREOHHPLNV��ROLG�VXXUHPD�W||WDMDWH�DUYXJD�MD�VXXUHPD�NlLEHJD��6HOOHOH�WXOHPXVHOH�VDDE�

WXXD�NDXGVH�S}KMHQGXVH�'DYH\�HW�DO� ����������MD�*DOiQ�0XURV��3OHZD�������������S}KMDO�

± Y}LPHNDPDG� HWWHY}WWHG� QlHYDG� VWUDWHHJLOLVL� WDNLVWXVL� ROXOLVHPDWHQD�� (HVPlUNLGH�

HULQHYXVW� RQ� ROXOLVHNV� WDNLVWXVHNV� SHHWXG� ND� YDUDVHPDWHV� XXULQJXWHV �'HEDFNHUH��

9HXJHOHUV������������%UXQHHO�HW�DO� �����������'DYH\�HW�DO� ���������9DUEODQH�HW�DO�

�����������NXLG�WDNLVWXVL�PDMDQGXVOLNH�QlLWDMDWHJD�VHRWXG�HL�ROH�



��

-RRQLV��� (WWHY}WHWH�NHVNPLVHG�KLQQDQJXG�WDNLVWDYDWHOH�WHJXULWHOH�N}UJNRROLGHJD�NRRVW||�
WHJHPLVHO��Q ���
$OOLNDV��DXWRUL�NRRVWDWXG

(WWHY}WWHG��NHV�KLQGDVLG�KRLDNXLG�MD�DMDOLVL�Y}LPHNXVL�ROXOLVHNV�WDNLVWXVHNV�ROLG�YlLNVHPD�

NlLEHJD �YW� WDEHO� ����� 6HH� WXOHPXV Y}LE� YLLGDWD YlLNHHWWHY}WWH WXJLVWUXNWXXUL� SXXGX�

OLNNXVHOH��'HEDFNHUH��9HXJHOHUV������������'DYH\�HW�DO� ����������*DOiQ�0XURV��3OHZD�

�����������MD�NLQQLWDE�YDUDVHPDLG�OHLGH��HW�YlLNVHPDWHOH�HWWHY}WHWHOH�WXQGXYDG�N}UJNRROLG�

OLLDOW� VXXUHG� MD� NDXJHG� �9DUEODQH� HW� DO� ������ ����� 6DUQDVHOW� HHOQHYD� WXOHPXVHJD�

N}UJNRROLGH� XXULQJXLG� OLLDOW� WHRUHHWLOLVHNV SLGDQXG� HWWHY}WWHG�� ROLG� YlLNVHPD� W||WDMDWH�

DUYX� YlLNVHPD� NlLEH�� YlLNVHPD� NlLEHJD� W||WDMD� NRKWD� MD� YlLNVHPD� OLVDQGYllUWXVHJD��

6XXUHPDG�HWWHY}WWHG�KLQGDVLG�OLLJVHW�WHRUHHWLOLVXVW�HEDROXOLVHNV�

7DEHO�����9lOMDY}WH�0DQQ�:KLWQH\�WHVWL�WXOHPXVWHVW�EDUMllULGH�MD�HWWHY}WWH�PDMDQGXVOLNH�
QlLWDMDWH O}LNHV

7DNLVWDYDG�WHJXULG 7||WDMDWH�
DUY��ORJDULW�

PLWXG

.lLYH��
ORJDULW�
PLWXG

.lLYH
W||WDMD�
NRKWD��

ORJDULWPLWXG

/LVDQG�
YllUWXV

(HVPlUJLG�HULQHYDG �����
 �����

+RLDNXG� MD� DMDOLVHG� Y}LPDOXVHG�
HULQHYDG �����


8XULQJXG�WHRUHHWLOLVHG �����

 �����


 �����

 �����

0lUNXVHG��ROXOLVXVQLYRRO������
���QLYRRO�������

��MD�QLYRRO�������


�
$OOLNDV��DXWRUL�NRRVWDWXG

7RRGXG WXOHPXVHG� NLQQLWDYDG� /DXUVHQL� MD� 6DOWHUL� ������ VHLVXNRKWL XXWH� WHDGPLVWH MD�

RVNXVWH� RPDQGDPLVH� Y}LPHNXVH� NRKWD�� 9}LE� MlUHOGDGD�� HW� VXXUHPDWH� W||WDMDWH� DUYXJD�

HWWHY}WHWH Y}LPHNXVHG�OXEDYDG�QHLO�OLKWVDPLQL�ND�WHRUHHWLOLVW�WHDGPXVW�RPDQGDGD �7HWKHU�

����

����

����

����

����

����

����

���� ���� ���� ���� ���� ���� ���� ����

(HVPlUJLG�HULQHYDG

(ULQHYDG�KRLDNXG�MD�DMDOLVHG�Y}LPDOXVHG

.HHUXOLQH�OHLGD�VRELYDW�NRRVW||SDUWQHULW

.}UJNRROLGH�XXULQJXG�OLLDOW�WHRUHHWLOLVHG

.RRVW||�VXXUH�PDNVXPXVHJD

.}UJNRROL�W||WDMDG�YlKH�PRWLYHHULWXG«

2Q�SUREOHHPH�LQWHOOHNWXDDORPDQGLJD



��

�����������/DXUVHQ��6DOWHU�������������)RQWDQD�HW�DO� �����������(RP�� .}UJNRROLGH�W||�

WHRUHHWLOLVHNV� SLGDPLQH� Y}LE� �KWODVL ROOD� VHRWXG� N}UJNRROL� MD� ULLJLSRROVH HEDSLLVDYD�

WHDYLWXVW||JD�N}UJNRROLGH�Y}LPDOXVWH�MD�WHJHYXVWH RVDV��'HEDFNHUH��9HXJHOHUV������������

'DYH\�HW�DO� ����������9DUEODQH�HW�DO� ����������*DOiQ�0XURV��3OHZD �����������

-lUJQHYDOW� NlVLWOHWDNVH� WDNLVWDYDLG� WHJXUHLG�QHQGH HWWHY}WHWH SXKXO�� NHV� HL� ROQXG N}UJ�

NRROLGHJD� NRRVW||G� WHLQXG�� .}LJH� ROXOLVHPDWHNV WDNLVWXVWHNV� SHHWL� N}UJNRROLGH� VHHVW�

VRELYD�NRRVW||SDUWQHUL�OHLGPLVH�NHHUXNXVW MD HWWHY}WWHO�UDKDOLVWH�Y}LPHNXVWH�SXXGXPLVW

�YW� MRRQLV� ���� .RRVW||SDUWQHUL� OHLGPLVH� NHHUXNXV Y}LE� ROOD� WLQJLWXG� N}UJNRROLGH�

SXXGXOLNXVW� WXJLVWUXNWXXULVW �VHGD�QLL�NRPPXQLNDWVLRRQL�NXL�ND�DNDGHHPLOLVWH� W||WDMDWH�

NDUMllULV�VWHHPL�RVDV���'HEDFNHUH��9HXJHOHUV������������'DYH\�HW�DO� ����������9DUEODQH�

HW� DO� ������ ����*DOiQ�0XURV�� 3OHZD������� ����� 5DKDOLVWH� Y}LPDOXVWH�SXXGXPLQH� RQ�

ROQXG SUREOHHP�ND�YDUDVHPDWH�XXULQJXWH�NRKDVHOW��7HWKHU������������,TEDO�HW�DO� ������

*DOiQ�0XURV��3OHZD������ ������.}LJH�PDGDODPDOW�KLQQDWL�Y}LPDOXVW��HW�N}UJNRROLGHO�

SROH�HWWHY}WWH�MDRNV�YDMDOLNNX�NRPSHWHQWVL�

-RRQLV�����(WWHY}WHWH�NHVNPLVHG�KLQQDQJXG�N}UJNRROLGHJD�NRRVW||�WHJHPLVH�WDNLVWXVWHOH��
Q ���
$OOLNDV��DXWRUL�NRRVWDWXG

.D�QHQGH�WDNLVWDYDWH�WHJXULWH�SXKXO�MDJDWL�HWWHY}WWHG�KLQQDQJXWH�DOXVHO�JUXSSLGHVVH�QLQJ�

WHVWLWL PDMDQGXVOLNH� QlLWDMDWH� HULQHYXVW� QHQGH� JUXSSLGH� YDKHO� �YW� OLVD� ���� 7XOHPXVWHVW�

VHOJXV�� HW� HWWHY}WWHG�� NHV� SLGDVLG� ROXOLVHNV SXXGXVHNV� N}UJNRROLGH� NRPSHWHQWVL�

SXXGXPLVW�� ROLG� VXXUHPD� W||WDMDWH� DUYX�� VXXUHPD� NlLEH�� VXXUHPD� HNVSRUGL�� VXXUHPD�

HNVSRUGLJD� W||WDMD� NRKWD� MD� VXXUHPD� OLVDQGYllUWXVHJD� �YW� WDEHO� ����� 2Q� Y}LPDOLN�� HW�

����

����

����

����

����

����

����

����

���� ���� ���� ���� ���� ���� ���� ���� ����

.HHUXOLQH�OHLGD�VRELYDW�NRRVW||SDUWQHULW

3XXGXE�UDKDOLQH�Y}LPHNXV

5DVNH�WHNLWDGD�N}UJNRROL�W||WDMDWHV�KXYL

3XXGXYDG�LQLPHVHG�NRRVW||�MDRNV

.}UJNRROLG�WXQGXYDG�OLLDOW�VXXUHG�MD�NDXJHG

,QLPHVWH�KRLDNXG�MD�DMDOLVHG�Y}LPDOXVHG«

(WWHY}WWH�DUHQJXNV�SROH�NRRVW||G�WDUYLV

.}UJNRROLGHO�HL�ROH�PHLOH�YDMDOLNNX«



��

Y}LPHNDG� VXXUHWWHY}WWHG� W}HSRROHVW� HL� VXXGD� OHLGD� (HVWLVW� VRELYDW� NRRVW||SDUWQHULW�

N}UJNRROLGH�KXOJDV� VHVW�YDMDPLQHY WHDGPXV�RQ� MXED�YlJD�VSHWVLLILOLQH�± Y}L�NXXOXYDG�

QlLWHNV� NRQWVHUQL�� PLVW}WWX� YDMDPLQHY� WHDGPXV� WXOHE� NRQWVHUQL� WHLVWHOW� DOO�NVXVWHOW

�&DUD\DQQLV��&DPSEHOO�������2NDPXUR�HW�DO� ������

7DEHO�����9lOMDY}WH�0DQQ�:KLWQH\� WHVWL� WXOHPXVWHVW N�VLPXVH ÄPLNV�HWWHY}WWHG�HL� WHH�
N}UJNRROLGHJD�NRRVW||G³�MD HWWHY}WHWH PDMDQGXVOLNH�QlLWDMDWH O}LNHV

7DNLVWDYDG�WHJXULG 7||�
WDMDWH�
DUY��

ORJDULWP
LWXG

.lLYH .lLYH��
ORJDULW
PLWXG

.lLYH�
W||WDMD
NRKWD��
ORJDULW
PLWXG

(NVSRUW
ORJDULW�
PLWXG

(NVSRUW�
W||WDMD�
NRKWD��
ORJDULW�
PLWXG

/LVDQG�
YllUWXV

.}UJNRROLO� SROH�
NRPSHWHQWVL �����
 �����
 �����
 �����

 �����

.}UJNRRO�OLLJD�VXXU �����

2Q� UDVNH� WHNLWDGD�
KXYL� N}UJNRROL�
W||WDMDWHV �����

+RLDNXG� MD� DMDOLVHG�
Y}LPDOXVHG�
HULQHYDG �����


0lUNXVHG��ROXOLVXVQLYRRO������
���QLYRRO�������

��MD�QLYRRO�������


���
$OOLNDV��DXWRUL�NRRVWDWXG

9HLGL�YDVWXROXOLQH�WXOHPXV�LOPQHV HWWHY}WHWH�SXKXO� NHV�SLGDVLG�N}UJNRROL�OLLJD�VXXUHNV�MD�

NDXJHNV� VHVW� QHHG� HWWHY}WWHG� ROLG� VDPDO� DMDO� VXXUHPD�NlLEHJD�� 6HH� WXOHPXV� Y}LE� ROOD�

VHRWXG��OGLVWH�HHODUYDPXVWH�MD�KRLDNXWHJD��6HHYDVWX�HWWHY}WWHG��NHV�OHLGVLG��HW�N}UJNRROL�

W||WDMDWHV�RQ� UDVNH KXYL� WHNLWDGD� ROLG�YlLNVHPD�NlLEHJD� W||WDMD�NRKWD��(WWHY}WWHG� NHV�

SLGDVLG� KRLDNXWH� MD� DMDOLVWH� Y}LPDOXVWH� HULQHYXVW� ROXOLVHNV� WDNLVWXVHNV� ROLG� YlLNVHPD�

NlLEHJD��9LLPDVHG WXOHPXVHG�Y}LYDG�ROOD�S}KMHQGDWXG�N}UJNRROL� WXJLVWUXNWXXUL SXXGX�

OLNNXVH� �NRPPXQLNDWVLRRQL� MD� NDUMllULV�VWHHP�� MD� WHDYLWXVW||� HEDSLLVDYXVHJD

�'HEDFNHUH��9HXJHOHUV������������'DYH\�HW�DO� ����������9DUEODQH�HW�DO� ����������*DOiQ�

0XURV��3OHZD������������

7RHWDYDG� WHJXULG�� -lUJPLVHNV� DQDO��VLWDNVH� XXULQJX� WXOHPXVL� HWWHY}WHWH�N}UJNRROLGH�

NRRVW||G�WRHWDYDWH�WHJXULWH�RVDV��.HVNPLVHOW�SLGDVLG�HWWHY}WWHG�ROXOLVHPDNV�N}UJNRROLGH�

HQGL�DNWLLYVXVW�Y}LPDOXVWH�WXWYXVWDPLVHO�QLQJ�VHOJHPDW�V�VWHHPL�MD�NRQNUHHWVHLG�WHHQXVHLG�

NRRVW||NV �YW MRRQLV� ����� 9lKHPROXOLVHNV� SHHWL� Y}LPDOXVW� WHKD� NRRVW||G� PLWPH�

N}UJNRROLJD�NRUUDJD MD�LQWHOOHNWXDDORPDQGL VHOJHW�MDRWXPLVW��9LLPDQH��KWLE�ND�NRRVW||G�



��

WHLQXWH�EDUMllULGHJD��NXV�SUREOHHPH�LQWHOOHNWXDDORPDQGLJD SHHWL�HEDROXOLVWHNV� 6DUQDVHOW�

WDNLVWDYDWH� WHJXULWHJD�YLLGL�ND� WRHWDYDWH� WHJXULWH�SXKXO� OlEL�0DQQ�:KLWQH\� WHVWLG��NXLG�

HWWHY}WHWH�JUXSSLGH�YDKHO�VWDWLVWLOLVHOW�ROXOLVL�HULQHYXVWL�HL�LOPQHQXG�

-RRQLV���� (WWHY}WHWH NHVNPLVHG KLQQDQJXG�N}UJNRROLGHJD NRRVW||�WHJHPLVH�WRHWDYDWHOH
WHJXULWHOH��Q ���
$OOLNDV��DXWRUL�NRRVWDWXG

.XQD� NlHVROHYD� DODSHDW�NL� IRRNXV� RQ� WDNLVWDYDWH� WHJXULWH� �OHWDPLQH� WRHWDYDWH� WHJXULWH�

DELO�� XXULWDNVHJL� MlUJPLVHNV� VHGD� WHHPDW� $XWRU WHRVWDV NRUUHODWVLRRQLDQDO��VL� XXULQJX�

WXOHPXVWH� NRKWD�� $QDO��VL� MDRNV� YDOLWL 6SHDUPDQL� HKN� DVWDNNRUUHODWVLRRQLNRUGDMD��PLV

DQQDE� PXXWXMDWHOH� MlUMHNRUUDQXPEULG� QLQJ� KLQGDE� VHHMlUHO� NRUUHODWVLRRQL DVWDNXWH�

YllUWXVWH� YDKHO�� .RUUHODWVLRRQLV� ROXOLVL� VHRVHLG WDNLVWDYDWH� MD� WRHWDYDWH� WHJXULWH� YDKHO�

DQWXG�DQDO��V�HL� WXYDVWDQXG �YW� OLVD���� 1HHG� WXOHPXVHG�HULQHYDG�*DODQ�0XURV��3OHZD�

������������WXOHPXVWHVW��NXV�OHLWL��HW�UHVVXUVVLGHOH�MD�VXKHWHOH�VXXQDWXG�WRHWDYDG�WHJXULG�

RQ�N}LNLGH�EDUMllULGH��OHWDPLVH�MDRNV�YDMDOLNXG�

3LJHP�Y}LE�WlKHOGDGD��HW�P}QHG�WDNLVWDYDG�WHJXULG�RPDYDKHO�MD�P}QHG�WRHWDYDG�WHJXULG�

RQ� RPDYDKHO� NRPSOHPHQWDDUVHG�� 1lLWHNV� RQ� RPDYDKHO� WXJHYDPDOW� VHRWXG� WDNLVWXVHG�

HWWHY}WHWH�N}UJNRROLGH� HHVPlUNLGH� MD LQLPHVWH� KRLDNXWH� HULQHYXVHG �ȡ ����� QLQJ�

HHVPlUNLGH� HULQHYXVHG� MD� N}UJNRROLGH� XXULQJXWH� WHRUHHWLOLVXV� �ȡ ������� 1HHG� VHRVHG�

Y}LYDG� WlKHQGDGD�� HW� WDNLVWXVHG� NRRVW||� WHJHPLVHO� LOPQHYDG� PLWPH� NDXSD�� 7RHWDYDWH�

WHJXULWH RVDV�RQ�RPDYDKHO�WXJHYDPDOW�VHRWXG�N}UJNRROLGH��KLVH�NRQWDNWSXQNWL�MD�PLWPH�

N}UJNRROLJD�NRUUDJD�NRRVW||�WHJHPLVH�Y}LPDOXV �ȡ �������6DPXWL�RQ�RPDYDKHO�VHRWXG�

N}UJNRROLGH� DNWLLYQH� WHJHYXV� RPD� Y}LPDOXVWH� WXWYXVWDPLVHO� QLQJ� HWWHY}WHWHJD� RWVH�

NRQWDNWL� ORRPLQH �ȡ ������ 1HHG� VHRVHG� Y}LYDG� YLLGDWD� YDMDGXVHOH� UDNHQGDGD� PLWXW�
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����

����

����

����

����

���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7XWYXVWDPD�DNWLLYVHOW�RPD�Y}LPDOXVL

6HOJHP�V�VWHHP�MD�NRQNUHHWVHG�WHHQXVHG«

5RKNHP�ULLNOLNNH�WRHWXVL

2WVH�HWWHY}WHWHJD�NRQWDNWHHUXPD

(HVWL�N}UJNRROLGH��KLQH�NRQWDNWSXQNW

,QWHOOHNWXDDORPDQGL�VHOJH�MDRWXPLVH�YLLV

9LLV�WHKD�NRRVW||G�PLWPH�N}UJNRROLJD«
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ODKHQGXVW� NRUUDJD QDJX� WRRGXG� DODSHDW�NLV� ���� QLQJ� WRRGXG� VRRYLWXVHQD� HHOPLVHV�

DODSHDW�NLV��%DUQHV�HW�DO� �����������'DYH\�HW�DO� ������9DGL�HW�DO� ������*DOiQ�0XURV��

3OHZD����������� 0LOOHU�HW�DO� �����������*DOiQ�0XURV��3OHZD������������

-lUJPLVHNV� DQDO��VLWDNVH ULLJLSRROVHW WXJLVWUXNWXXUL��PLV� WHRUHHWLOLVH� NlVLWOXVH� NRKDVHOW�

VDDE�WRHWDGD�HWWHY}WHWH�N}UJNRROLGH�NRRVW||G��.lHVROHYD�W||�XXULQJXV�N�VLWL�HWWHY}WHWHOW��

NDV� QDG� RQ� WHLQXG� NRRVW||G� ULLJLSRROVHWH� HWWHY}WOXVW� DUHQGDYDWH� RUJDQLVDWVLRRQLGHJD��

NXLGDV� NRRVW||� OlNV� QLQJ� PLOOLVHLG� WRHWDYDLG� PHHWPHLG� RRWDYDG� QDG� N}UJNRROLGHJD�

NRRVW||� WHJHPLVHNV��.}LJHSHDOW� RQ� WRRGXG �OHYDDGH�HWWHY}WHWH�KLQQDQJXWHVW� NRRVW||OH�

ULLJLVHNWRULJD MRRQLVHO� ���� 3DULPDNV SHHWL HWWHY}WWH� SUREOHHPL� KHDG� P}LVWPLVW� N}LJH�

PDGDODPDOW�KLQQDWL�ODKHQGXVH�Y}L�NRRVW||SDUWQHUL�OHLGPLVH�NLLUXVW�

-RRQLV���� (WWHY}WHWH�NHVNPLVHG�KLQQDQJXG NRRVW||OH�HWWHY}WOXVW�DUHQGDYDWH�
RUJDQLVDWVLRRQLGHJD��Q a����
$OOLNDV��DXWRUL�NRRVWDWXG

.HVNPLVHG�KLQQDQJXG�ULLJLVHNWRUL�UROOLOH HWWHY}WHWH�N}UJNRROLGH�NRRVW||�WRHWDPLVH�RVDV�

RQ� WRRGXG� MRRQLVHO� ���� .}LJH ROXOLVHPDNV� SHHWL� LQIR� MDJDPLVW� N}UJNRROLGH� NRRVW||�

Y}LPDOXVWH�NRKWD��7HLVHNV�ROXOLVHPDNV WRHWDYDNV� WHJXULNV SHHWL� VWLSHQGLXPL�SDNNXPLVW�

�OL}SLODVWHOH�� HW� QHLG� ROHNV� Y}LPDOLN� DMXWLVHOW� NDDVDWD� HWWHY}WWH� W||VVH�� .}LJH� YlKH�

PROXOLVHNV� SHHWL� ULLJLSRROVH� WXJLVWUXNWXXUL� SRROW� �KLVN�ODVWXVWH� NRUUDOGDPLVW�

N}UJNRROLGHVVH��PLV�Y}LE�YLLGDWD�VRRYLOH�Y}WWD�N}UJNRROLGHJD��KHQGXVW�LQGLYLGXDDOVHOW�

-lUJPLVHNV� WHVWLWL� NDV� N}UJNRROLGHJD� NRRVW||G� WHLQXG� HWWHY}WWHG� QlHYDG� ULLJLSRROVHW�

WRHWXVW�HULQHYDOW�NXL�HWWHY}WWHG��NHV�HL�ROH�N}UJNRROLGHJD�NRRVW||G�WHLQXG��NXLG�QHQGHV�

WXOHPXVWHV�VWDWLVWLOLVHOW�ROXOLVL�HULQHYXVL�HL�HVLQHQXG��YW�OLVD�����$XWRU�YLLV�OlEL ND�NRUUHODW�

VLRRQLDQDO��VLG�WDNLVWDYDWH�WHJXULWH��QLL�NRRVW||G�WHLQXG�NXL�PLWWHWHLQXG�HWWHY}WHWH�SXKXO��

����

����

����

����

����

����

���� ���� ���� ���� ���� ����

0HLH�SUREOHHPL�P}LVWHWL�KlVWL

-lLPH�UDKXOH�VDDGXG�ODKHQGXVHJD

7HNNLV�XVDOGXVOLN�VXKH�(9�DU�RUJ�LJD

$QWL�KHD��OHYDDGH�NRRVW||SDUWQHULWHVW

7RLPXV�HIHNWLLYQH�ODKHQGXVH�Y}L�NRRVW||«

6RELY�ODKHQGXV�Y}L�NRRVW||SDUWQHU�OHLWL«
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MD�ULLJLSRROVHWH�WRHWXVPHHWPHWH�YDKHO��7XOHPXVWHV�WXJHYDLG�VHRVHLG�WDNLVWXVWH�MD�WRHWDYDWH�

WHJXULWH�YDKHO�HL�OHLWXG��YW�OLVD����

-RRQLV���� (WWHY}WHWH NHVNPLVHG KLQQDQJXG�YDMDGXVHOH�ULLJLSRROVH�WRH�MlUJL��Q ���
$OOLNDV��DXWRUL�NRRVWDWXG

6HHMlUHO� Y}UGOHV� DXWRU� HWWHY}WHWH� KLQQDQJXLG� N}UJNRROLGHJD� NRRVW||G� WDNLVWDYDWHOH�

WHJXULWHOH� MD QHQGH KLQQDQJXLG� ULLJLSRROVHOH� WRHOH�� 6HOOH� MDRNV� HUDOGDWL� HVPDOW�

N}UJNRROLGHJD� NRRVW||G� WHLQXG� HWWHY}WWHG� QLQJ� MDRWDWL� QHHG� HWWHY}WWHG� YHHO� RPDNRUGD�

JUXSSLGHVVH�± HWWHY}WWHG��NHV�SLGDVLG�WDNLVWDYDW� WHJXULW�HEDROXOLVHNV��KLQQDQJXG������MD�

HWWHY}WWHG�� NHV� SLGDVLG� WDNLVWDYDW� WHJXULW� ROXOLVHNV� �KLQQDQJXG� ������ /RRGXG� JUXSSLGH�

O}LNHV� YLLGL� OlEL� 0DQQ�:KLWQH\� WHVWLG�� HW� Y}UUHOGD� QHQGH� JUXSSLGH� KLQQDQJXLG� ULLJL�

SRROVHWHOH�WRHWXVPHHWPHWHOH��YW�WDEHO�����WlLHOLNXOW�OLVDV�����

7DEHO���� 9lOMDY}WH�0DQQ�:KLWQH\�WHVWL�WXOHPXVWHVW�N}UJNRROLGHJD�NRRVW||G�WDNLVWDYDWH
MD�ULLJLSRROVHWHVW WRHWDYDWH�WHJXULWH�NDXSD

7DNLVWDYDG�WHJXULG hKLVN�ODVWXVHG 3URMHNWLMXKW 5DKDOLQH�WXJL
.HHUXOLQH�OHLGD�SDUWQHULW ������

 ������


8XULQJXG�WHRUHHWLOLVHG ������



6XXU�PDNVXPXV �����
 ������
 ������



,32�SUREOHHPLG ������

0lUNXVHG��ROXOLVXVQLYRRO������
���QLYRRO�������

��MD�QLYRRO�������


�
$OOLNDV��DXWRUL�NRRVWDWXG

6WDWLVWLOLVHOW�ROXOLVHG�HULQHYXVHG�LOPQHVLG�MlUJQHYDWHV�SXQNWLGHV��HWWHY}WWHG��NHOOH�MDRNV�RQ�

N}UJNRROLGH�VHHVW�NHHUXOLQH�SDUWQHULW�OHLGD��SHDYDG�ROXOLVHNV�ULLJLSRROVHW WDVXWD�SURMHNWL�

MXKWL�MD�UDKDOLVL WRHWXVPHHWPHLG�� (WWHY}WWHG��NHV�OHLDYDG��HW N}UJNRROLGH�XXULQJXG�RQ�OLLDOW�

����

����

����

����

����

����

����

����

���� ���� ���� ���� ���� ���� ����

,QIR�NRRVW||Y}LPDOXVWH�NRKWD

6WLSHQGLXPLG��OL}SLODVWHOH

,QIR�VHPLQDULGH��NRROLWXVWH�MQH�NRKWD

5DKDOLVHG�WRHWXVPHHWPHG

.}UJNRROL�LQLPHVWH�MD�XXULQJXWH�WXWYXVWXV

7RHWXV�SUDNWLNDQWLGH�MXKHQGDPLVHNV

7DVXWD�SURMHNWLMXKL�WHHQXV

hKLVN�ODVWXVHG�N}UJNRROLGHVVH
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WHRUHHWLOLVHG��KLQGDYDG�VDPXWL�N}UJHPDOW�ULLJLSRROVH�UDKDOLVH�WRH�ROHPDVROX��5DKDOLVH�WRH�

ROXOLVXVW RQ� NDMDVWDWXG� ND� YDUDVHPDWHV� XXULQJXWHV� �'HFNEDUH�� 9HXJHOHUV� ������ �����

'DYH\�HW�DO� ���������0LOOHU�HW�DO� ���������������*DOiQ�0XURV��3OHZD������������ XXULQJ�

OHLGLV� HW� UDKDOLVHG� PHHWPHG� DLWDYDG� NDDVD� N}UJNRROLGH� N}LJL� NRRVW||NDQDOLWH�

NDVXWDPLVHOH�

(WWHY}WWHG�� NHV� SLGDVLG� NRRVW||G� N}UJNRROLGHJD� NDOOLNV� SHDYDG� ROXOLVHNV� ULLJL� WXJL�

VWUXNWXXUL�SRROW�NRUUDOGDWXG��KLVN�ODVWXVL�N}UJNRROLGHVVH�� WDVXWD SURMHNWLMXKL� WHHQXVW� MD�

UDKDOLVW� WXJH�� ,QWHOOHNWXDDOVH RPDQGLJD� VHRWXG SUREOHHPH� WlKWVDNV� SLGDQXG� HWWHY}WWHG�

SLGDVLG ROXOLVHNV� ULLJLSRROVH� SURMHNWLMXKL� ROHPDVROX�� 1HHG� WXOHPXVHG� NLQQLWDYDG

RRGDWDYDW� WXOHPXVW DODSHDW�NLVW� ������PLV� �WOHE�� HW� HWWHY}WWHG� YDMDYDG� WHDWXG� WDNLVWXVWH�

�OHWDPLVHNV�ULLJL�WXJH��YW�WDEHO ���'HFNEDUH��9HXJHOHUV������������%R]HPDQQ��*DXJKDQ�

�����������$OERUV�*DUULJRV��%DUUHUD�������������'DYH\�HW�DO� ����������*DOiQ�0XURV��

3OHZD� ������ �����0LOOHU� HW� DO� ������ ����������.lHVROHYD� XXULQJX� S}KMDO� YDMDYDG�

HWWHY}WWHG�ULLJL�WXJH�N}UJNRROLGH�VHHVW SDUWQHUL�OHLGPLVH��XXULQJXWH�WHRUHHWLOLVXVH�MD�

NRRVW||�VXXUH�PDNVXPXVH�RVDV�

6DPDO� S}KLP}WWHO� YLLGL� OlEL� DQDO��V� ND QHQGH� HWWHY}WHWH� KXOJDV�� NHV� HL� ROQXG� N}UJ�

NRROLGHJD�NRRVW||G�WHLQXG �YW� WDEHO������6WDWLVWLOLVHOW�ROXOLVL�HULQHYXVL� LOPQHV�Y}UUHOGHV�

YDUDVHPDWH�WXOHPXVWHJD��SULV�SDOMX� (WWHY}WWHG�NHV�DUYDVLG��HW HWWHY}WWH�DUHQJXNV�RQ�WDUYLV

NRRVW||G N}UJNRROLGHJD��SLGDVLG�ROXOLVHNV�ULLJLSRROVH�WDVXWD�SURMHNWLMXKL MD�UDKDOLVH�WRH�

ROHPDVROX��1HHG�WXOHPXVHG�YLLWDYDG HHON}LJH�UDKDOLVWH�UHVVXUVVLGH�SLLUDWXVHOH��'HFNEDUH��

9HXJHOHUV������������'DYH\�HW�DO� ���������0LOOHU�HW�DO� ��������������*DOiQ�0XURV��

3OHZD� ������ ������ (WWHY}WWHG�� NHV� SLGDVLG� UDKDOLVWH� UHVVXUVVLGH� SXXGXPLVW ROXOLVHNV

NRRVW||G�WDNLVWDYDNV�WHJXULNV��SLGDVLG�OLVDNV�RWVHVWHOH�UDKDOLVWHOH�PHHWPHWHOH�WlKWVDNV ND�

�OL}SLODVWHOH�VXXQDWXG�VWLSHQGLXPL�ROHPDVROX�

(WWHY}WWHG�� NHOOH� KLQQDQJXO� N}UJNRROLGHO� SROH� QHQGH� MDRNV� SLLVDYDOW� NRPSHWHQWVH

�DODSHDW�NLVW������VHOJXV��HW�QHHG�ROLG�SDUHPDWH�PDMDQGXVQlLWDMDWHJD�HWWHY}WWHG���SLGDVLG�

ROXOLVHNV�ULLJL�SRROW�DNWLLYVHW�LQIRW�MDJDPLVW�N}UJNRROLGH�NRKWD QLQJ N}UJNRROLGH�LQLPHVWH�

MD�XXULQJXWH�WXWYXVWDPLVW��2Q�Y}LPDOLN��HW�NXL�ULLN�WRHWDNV�LQIR�MDJDPLVW�N}UJNRROLGH�QLQJ�

QHQGH�XXULQJXWH�NRKWD��OHLDNVLG�ND�VXXUHPDG�MD�NHHUXNDPDW�WHDGPXVW�YDMDYDG�HWWHY}WWHG�

HQGDOH�NRRVW||SDUWQHUL��5DQJD�HW�DO� ������������.}UJNRROL�VXXUXVW ROXOLVHNV�WDNLVWXVHNV�
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SLGDQXG�HWWHY}WWHG SLGDVLG�VDPXWL�ROXOLVHNV�ULLJL�SRROW�LQIR�MDJDPLVW�N}UJNRROLGH�NRKWD��

DJD�ND�SUDNWLNDQWLGH�WRHWXVW��9DUDVHPDVW�DQDO��VLVW�RQ�ND�WHDGD��HW�QHHG�HWWHY}WWHG�ROLG�

NlLEH�SRROHVW�VXXUHPDG�NXL�VHGD�WDNLVWXVW�HEDROXOLVHNV�SLGDQXG�± RQ�Y}LPDOLN��HW�KDOODWHV�

LVH�RPD�PDKXNDW�WHJHYXVW�RQ�HWWHY}WHWHO�NHHUXOLQH�V�YHQHGD�N}UJNRROLGH��VQD�NHHUXOLVVH�

VWUXNWXXUL �2NDPXUR�HW�DO� ���������� QLQJ�LQIR�VHOOHO�WHHPDO�DLWDNV�QHLO�NRRVW||QL�M}XGD�

�%R]HPDQQ�MD�*DXJKDQ������������5DQJD�HW�DO� �����������'DYH\�HW�DO� ������/RSH]�HW�

DO� �����������$OERUV�*DUULJRV�MD�%DUUHUD�������������9DGL�HW�DO� ������*DOiQ�0XURV��

3OHZD������������

7DEHO� ���� 9lOMDY}WH� 0DQQ�:KLWQH\� WHVWL� WXOHPXVWHVW� NRRVW||QL� M}XGPLVW� WDNLVWDYDWH�
WHJXULWH�MD�ULLJLSRROVHWH�WRHWDYDWH�WHJXULWH�NDXSD

7DNLVWDYDG�
WHJXULG ,QIR

hKLV�
N�ODVWXVHG

6HP��
NRRO��
LQIR

,QLPHVHG��
XXULQJXG

3UDNWLNDQGL�
WXJL

6WLSHQ�
GLXP

3URMHNWL�
MXKW

5DKDOLQH�
WXJL

$UHQJXNV� SROH�
NRRVW||G�YDMD �����

 �����

3ROH�UDKD �����
 �����

.}UJN�� SROH�
NRPSHWHQWVL �����


 �����


.}UJN��OLLJD�VXXU �����


 �����

.HHUXOLQH� OHLGD�
N}UJN�� VHHVW�
SDUWQHULW �����


 �����

 �����
 �����

 �����


 �����


 �����
 �����



5DVNH� W||WDMDWHV�
KXYL�WHNLWDGD �����


 �����
 �����

 �����


 �����


 �����

+RLDNXG� MD�
DMDOLVHG�
Y}LPDOXVHG�
HULQHYDG �����
 �����

 �����



0lUNXVHG��ROXOLVXVQLYRRO������
���QLYRRO�������

��MD�QLYRRO�������


�
$OOLNDV��DXWRUL�NRRVWDWXG

.}UJNRROLGH�VHHVW�SDUWQHUL�OHLGPLVW�Y}LE�SLGDGD�NHVNVHNV�WDNLVWDYDNV�WHJXULNV� VHVW�VHGD�

ROXOLVHNV� SLGDQXG HWWHY}WWHG ROLG� VDPXWL� KLQQDQJXG� N}UJHPDOW� N}LNL� ULLJLSRROVH� WRH�

ODKHQGXVL�� 6HH� YLLWDE� YlJD� WXJHYDOW� VHOOHOH�� HW� N}UJNRROLGH� VWUXNWXXULVW� MD� W||WDMDWH�

V�VWHHPLVW�}LJH�SDUWQHUL� OHLGPLQH�YDMDE�HWWHY}WHWH�DUYDWHV�NRJX Y}LPDOLNNX�YlOLVW� WXJH��

2Q� Y}LPDOLN�� HW� NXL� HWWHY}WOXVW� DUHQGDYDG� RUJDQLVDWVLRRQLG� SDNXNVLG� DQWXG� WHHQXVHLG��

WHHNVLG�URKNHPDG�HWWHY}WWHG�N}UJNRROLGHJD�NRRVW||G� 6DUQDVHOW�SHHWL�N}UJNRROL�W||WDMDWHV�

KXYL� WHNLWDPLVH� WDNLVWXVH� SXKXO� ROXOLVHNV� N}LNL� ULLJLSRROVHLG� WRHWXVPHHWPHLG SHDOH�

VHPLQDULGH�NRROLWXVWH� LQIR� MD� WDVXWD� SURMHNWLMXKL WHHQXVH� 6HHJD� HULQHYDG LQLPHVL�
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WXWYXVWDYDG�MD�UDKDOLVW�WXJH�SDNNXYDG�PHHWPHG�DLWDNVLG�HWWHY}WHWH�KLQQDQJXO�N}UJNRROLGH�

W||WDMDWHV�KXYL�NRRVW||�YDVWX�WHNLWDGD ± QHHG��KWLYDG�*DOiQ�0XURV��3OHZD�������������

SRROW� OHLWXG� WXOHPXVWHJD�� 1lLE�� HW� HWWHY}WWHG� WXQQHYDG� LQWXLWLLYVHOW�� HW� LVLNOLNXG�

XVDOGXVOLNXG�VXKWHG�UDMDYDG�WHHG�S}KMDOLNXPD�NRRVW||QL �3HUNPDQQ��:DOVK������������

9LLPDVHNV��HWWHY}WWHG��NHOOH�MDRNV�LQLPHVWH�HULQHYDG�KRLDNXG�MD�DMDOLVHG�Y}LPDOXVHG�ROL�

ROXOLQH�SUREOHHP OHLDYDG��HW�ULLJL�SRROW� LQIR�MDJDPLQH�N}UJNRROLGH�NRKWD��SUDNWLNDQWLGH�

WRHWXV�MD�VWLSHQGLXPL�PHHGH RQ�ROXOLVHG��6HH�Y}LE�YLLGDWD�VRRYLOH�DOXVWDGD NRRVW||G�OlEL�

NHVNPLVH�NHHUXNXVHJD�NDQDOLWH�QDJX�SUDNWLND�MD�VWLSHQGLXPLG��%DUQHV�HW�DO� �����������

'HEDFNHUH�MD�9HXJHOHUV����������� %HNNHUV�MD�)UHLWDV�������������5DPRV�9LHOED�HW�DO�

�����������0LOOHU�HW�DO� ����������������(HOSRRO�ORHWOHWXG�WXOHPXVWH�S}KMDO�Y}LE�|HOGD��HW�

QHOMDV� RRGDWDY� WXOHPXV RQ� VDPXWL� WlLGHWXG� ± N}UJNRROLGHJD� NRRVW||G�PLWWHWHJHYDG�

HWWHY}WWHG�YDMDYDG�Y}LPHNXVWH�NRPSHQVHHULPLVHNV�ULLJLSRROVHW�WXJH�

-lUHOGXVHG� MD� HWWHSDQHNXG� .lHVROHYDV� DODSHDW�NLV� WHJHOHWL� HWWHY}WHWH�N}UJNRROLGH�

NRRVW||G� WDNLVWDYDWH� MD� WRHWDYDWH� WHJXULWHJD�� 3HDPLVHNV� IRRNXVHNV� ROL� OHLGD�� PLOOLVHG�

WRHWDYDG� WHJXULG� DLWDYDG� WDNLVWDYDLG� WHJXUHLG� �OHWDGD� 7XOHPXVWH� DQDO��VLVW VHOJXV�� HW�

WDNLVWDYDG� WHJXULG� Y}LYDG� HNVLVWHHULGD� NRPSOHNWVHOW� QLQJ� ODKHQGXVHG� Y}LYDG� VDPXWL�

NRPSOHNWVHOW� HIHNWLLYVHPDG� ROOD� 1HHG� WXOHPXVHG� VDUQDQHYDG YDUDVHPDWH� NlVLWOXVWHJD

�%DUQHV�HW�DO� �����������'DYH\�HW�DO� ������9DGL�HW�DO� ������*DOiQ�0XURV��3OHZD�������

���� 0LOOHU�HW�DO� �����������*DOiQ�0XURV��3OHZD����������� QLQJ�NLQQLWDYDG�VHHW}WWX�

DODSHDW�NLV� ����� DODSHDW�NLV� WRRGXG� HWWHSDQHNXW� OXXD� N}UJNRROLGHOH� WHUYLNOLN� NRRVW||�

V�VWHHP��PLV�WRHWDNV�N}LNL�NRRVW||NDQDOHLG�

-lUJQHYDOW� WXXDNVH� NRNNXY}WYDOW� YlOMD� WDNLVWDYDG� WHJXULG� QLQJ� QHLG� �OHWDGD� DLWDYDG�

WRHWDYDG� WHJXULG�� .XL� HWWHY}WWHO RQ NHHUXOLQH� OHLGD� NRRVW||SDUWQHULW�� NXL� N}UJNRROLGH�

XXULQJXG� RQ� HWWHY}WWH� MDRNV� OLLDOW� WHRUHHWLOLVHG�� NXL� NRRVW||O� VXXU� PDNVXPXV Y}L� NXL�

HWWHY}WWHO�SXXGXYDG�UDKDOLVHG�UHVVXUVLG��SHDE�HWWHY}WH�ROXOLVHNV UDKDOLVW� WXJH ULLJLOW� .D�

YDUDVHPDOW� RQ� VHOJXQXG�� HW� ULLJLSRROQH� UDKDOLQH� WXJL� DLWDNV� �OGLVHOW� WDNLVWXVL� �OHWDGD

�'HFNEDUH��9HXJHOHUV������������'DYH\�HW�DO� ���������0LOOHU�HW�DO� ��������������*DOiQ�

0XURV��3OHZD�������������.XL HWWHY}WWHO�RQ�NHHUXOLQH�OHLGD�NRRVW||SDUWQHULW��NXL NRRVW||O�

RQ� VXXU� PDNVXPXV Y}L NXL� LOPQHE� SUREOHHPH LQWHOOHNWXDDORPDQGLJD�� KLQGDYDG� QHHG�

HWWHY}WWHG N}UJHOW� SURMHNLMXKL� WHHQXVW�� NHV� Y}LNV� NRRVW||� WHJHPLVW� WRHWDGD�� 5LLJL� Y}L�
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N}UJNRROLSRROQH� NHVNQH� SURMHNWLMXKL� WHHQXV� Y}LNV� VHOOH� WDNLVWXVH� �OHWDPLVW� WRHWDGD ND�

WHRRULD� NRKDVHOW �'HFNEDUH�� 9HXJHOHUV� ������ ����� %R]HPDQQ�� *DXJKDQ� ������ �����

$OERUV�*DUULJRV��%DUUHUD�������������'DYH\�HW�DO� ����������*DOiQ�0XURV��3OHZD�������

�����0LOOHU�HW�DO� ���������������

.XL� HWWHY}WWH� MDRNV� RQ� WDNLVWXVHNV� VHH�� HW� N}UJNRROLGHO� SROH� QHQGH� MDRNV� SLLVDYDOW

NRPSHWHQWVH��NXL�N}UJNRROLG�WXQGXYDG�OLLDOW�NHHUXOLVHG�Y}L�VXXUHG�QLQJ�NXL�N}UJNRROLGH�

LQLPHVWHO� OLLDOW�HULQHYDG�KRLDNXG�MD�DMDOLVHG�Y}LPDOXVHG��SLGDVLG HWWHY}WH ROXOLVHNV�ULLJL�

SRROW�DNWLLYVHW�LQIRW�MDJDPLVW�N}UJNRROLGH�NRKWD�QLQJ N}UJNRROLGH�LQLPHVWH�MD XXULQJXWH�

WXWYXVWDPLVW� 5LLJLSRROQH�LQIR�NXL�WRHWXVPHHGH�NRRVW||NV�RQ�ND�YDUDVHPDWHV�XXULQJXWHV�

YlOMD� WRRGXG �5DQJD� HW� DO� ������ ������ 6DPDGH� WDNLVWXVWH� SXKXO� SLGDVLG� HWWHY}WWHG�

ROXOLVHNV�ND�SUDNWLNDQWLGH�WRHWDPLVW QLQJ�NXL�HWWHY}WWHO�SXXGXVLG�ND�UDKDOLVHG�UHVVXUVLG��

VLLV SHHWL �OL}SLODVWH�NDDVDPLVHNV�HWWHY}WWHVVH�VWLSHQGLXPL�DELO� 5DKDOLVL�WRHWXVPHHWPHLG�

RRGDWDNVH�HHON}LJH�ULLJL�SRROW��NXLG�ND�N}UJNRROLGH�UDKDOLQH�WXJL�RQ�NLUMDQGXVHV�PDLQLWXG�

�%R]HPDQQ�MD�*DXJKDQ������������5DQJD�HW�DO� �����������'DYH\�HW�DO� ������/RSH]�HW�

DO� �����������$OERUV�*DUULJRV�MD�%DUUHUD�������������9DGL�HW�DO� ������*DOiQ�0XURV��

3OHZD������������

(WWHY}WHWH� NHVNVHNV� SUREOHHPLNV� ROL� N}UJNRROLGH� VHHVW� SDUWQHUL� OHLGPLQH� ± VHOOH� SXKXO�

KLQGDVLG HWWHY}WWHG N}UJHPDOW� N}LNL� ULLJLSRROVH� WRH� ODKHQGXVL�� 6DUQDVHOW�� NXL� HWWHY}WWH�

KLQQDQJXO� ROL� UDVNH� WHNLWDGD� N}UJNRROL� W||WDMDWHV� KXYL� NRRVW|| YDVWX�� KLQGDV� HWWHY}WH�

N}UJHPDOW�N}LNL YlOMD�SDNXWXG ULLJLSRROVHLG�WRHWDYDLG�WHJXUHLG��YlOMD�DUYDWXG�VHPLQDUH�

NRROLWXVL MD� WDVXWD�SURMHNWLMXKW� 6HH� VDUQDQHE 5DQJD� HW� DO� ����������� XXULQJXJD��NXV�

U}KXWDWDNVH HWWHY}WOXVW�DUHQGDYDG�RUJDQLVDWVLRRQLGH�SRROVHWH�V�VWHHPLGH�YDMDOLNNXVW VHOOH�

MDRNV��HW HWWHY}WHWH�N}UJNRROLGH�NRRVW|| Y}LNV�DUHQHGD��.RNNXY}WYDOW� OHLGVLG�P}OHPDG

WHRUHHWLOLVHVW�RVDVW�VHOJXQXG�RRGDWDYDG�WXOHPXVHG�NLQQLWXVW�

.lHVROHYDVW� DODSHDW�NLVW� WXOHQHYDNV HWWHSDQHNXNV� RQ� VHHW}WWX� WHUYLNOLNX� ULLJLSRROVH

HWWHY}WHWH�N}UJNRROLGH�NRRVW||G�WRHWDYD WXJLVWUXNWXXUL�ORRPLQH��7XJLVWUXNWXXUL�MDRNV�RQ�

Y}LPDOLN�NDVXWDGD�MXED�HNVLVWHHULYDLG�HWWHY}WOXVW�DUHQGDYDLG�RUJDQLVDWVLRRQH��NXLG�QHQGH�

SRROW� SDNXWDYDWH� WHHQXVWH�KXOND� WXOHNV� OLVDGD�PHHWPHG HWWHY}WHWH�N}UJNRROLGH�NRRVW||�

WRHWDPLVHNV��0XXKXOJDV�SHDNVLG V�VWHHPLV�HNVLVWHHULPD�N}UJNRROLGH�NRKWD�LQIR�MDJDPLVH�

PHHWRGLG� �N}UJNRROLGH� LQLPHVWH� MD� XXULQJXWH� WXWYXVWDPLQH��� UDKDOLVHG� WRHWXVPHHWPHG
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�WRHWXVHG� NRRVW||SURMHNWLGHNV�� VWLSHQGLXPLG� �OL}SLODVWHOH�� WRHWXV� SUDNWLNDNV�� QLQJ�

WRHWDYDG WHHQXVHG��SURMHNWLMXKW��

7XOHPXVWH�NRNNXY}WWHNV�Y}LE�|HOGD��HW�NRRVW||G�N}UJNRROLGHJD�WHHYDG�SDOMXG�HWWHY}WWHG�

OlEL�HULQHYDWH�NRRVW||NDQDOLWH��.XL�N}UJNRROLG�VRRYLYDG�HGHQGDGD�WHDGPXVH�VLLUGXPLVW�

�KLVNRQGD�� WXOHE� WlKHOHSDQX� S||UDWD� WHUYLNOLNX� NRRVW||V�VWHHPL� YlOMDDUHQGDPLVHOH� MD�

WRHWDPLVHOH�� HW� QLL� VXXUHPDWH� NXL� YlLNVHPDWH� Y}LPHNXVWHJD� HWWHY}WHWHO� ROHNV� Y}LPDOLN�

NRRVW||G�WHKD��/LVDNV�N}UJNRROLGH�V�VWHHPLOH�RQ�ULLJLO�Y}LPDOLN�SDNNXGD�WXJLVWUXNWXXUL�

HWWHY}WHWH�N}UJNRROLGH�NRRVW||�WRLPXPLVHNV OlEL�HWWHY}WOXVH�WRHWXVV�VWHHPL��1lLWHNV�RQ�

Y}LPDOLN�SDNNXGD�LQIRW�N}UJNRROLGH�LQLPHVWH�MD�XXULQJXWH�NRKWD��UDKDOLVL�WRHWXVPHHWPHLG�

MD�ND�RVXWDGD�NRRVW||�MDRNV�SURMHNWLMXKL�WHHQXVW�



��
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7HDGPXV� RQ� UHVVXUVV�� PLV� DLWDE� HWWHY}WHWHO� DNXPXOHHULGD� Y}LPHNXVL� MD� VDDYXWDGD�

NRQNXUHQWVLHHOLVW�� (WWHY}WHWH� NDXGX NDVYDE� �OGLQH WRRWOLNNXV �KLVNRQQDV�� PLVW}WWX�

WHDGPXVS}KLQH� PDMDQGXV RQ� PXXWXPDV� ULLNLGH� MDRNV� DLQD� ROXOLVHPDNV HHVPlUJLNV�

7HDGPXVS}KLVH�PDMDQGXVH�VDDYXWDPLVHNV RQ�WDUYLV��KLVNRQQDV�KlVWL�WRLPLYDW�WHDGPXV�

VLLUGH� V�VWHHPL��PLV�Y}LPDOGDNV� HWWHY}WHWHO� DLQD� VSHWVLLILOLVHPDW MD�NLLUHPLQL�PXXWXYDW�

WHDGPXVW� RPDQGDGD�� .}UJNRROLG� NXL� �KLVNRQQD� VXXULPDG� WHDGPXVH� ORRMDG� QLQJ�

�KLVNRQGOLNX�PLVVLRRQLJD�RUJDQLVDWVLRRQLG�VDDNVLG�ROOD�YDMDOLNX WHDGPXVH�DOOLNDNV��6HOOH�

MDRNV� SHDE� N}UJNRRO� V�VWHPDWLVHHULWXOW� WHJHOHPD� WHDGPXVVLLUGHJD� QLQJ� HWWHY}WWHG� MD�

N}UJNRROLG�SHDNVLG�WHJHPD�RPDYDKHO�NRRVW||G�

.lHVROHYD�W|| HHVPlUJLNV�ROL DQGD�W||�UDDPHV�OlELYLLGXG�NRRVW||XXULQJX�S}KMDO�VRRYLWXVL�

(HVWL� HWWHY}WHWH� MD� N}UJNRROLGH� NRRVW||� DUHQGDPLVHNV� (HVPlUJL� VDDYXWDPLVH� MDRNV�

NRRVWDWL� HVPDOW� WHRUHHWLOLVH� NLUMDQGXVH� S}KMDO� PXGHO� HWWHY}WHWH�N}UJNRROLGH� NRRVW||�

WRLPXPLVH�V�VWHHPL�NRKWD��VHHMlUHO�YLLGL�OlEL�HPSLLULOLQH�XXULQJ�(HVWL�HWWHY}WHWH�VHDV��7||�

XXGVXV� Y}UUHOGHV� YDUDVHPDWH XXULQJXWHJD� VHLVQHE� VHOOHV�� HW N�VLWOHWDNVH ND PLNUR�

HWWHY}WWHLG� NlVLWOHWDNVH� NRRVW||NDQDOHLG� N}UJNRROLGHJD� VHQLVHVW� PLWPHNHVLVHPDOW��

VHRVWDWDNVH� NRRVW||G� WDNLVWDYDG� MD� WRHWDYDG� WHJXULG� RPDYDKHO� QLQJ� VHRWDNVH QHHG� ND

HWWHY}WHWH�PDMDQGXVOLNH�QlLWDMDWHJD��PLV�NDMDVWDYDG�QHQGH�Y}LPHNXVL�

7HRUHHWLOLVHVW��OHYDDWHVW�VHOJXV��HW�HWWHY}WWHG�YDMDYDG�YlOLVW�WHDGPXVW�RPD�Y}LPHNXVWH��QW�

WHKQRORRJLOLVHG�Y}L�UDKYXVYDKHOLVWXPLVH�Y}LPHNXVHG��VXXUHQGDPLVHNV MD�VHHOlEL�NRQNX�

UHQWVLHHOLVH�VDDYXWDPLVHNV� (WWHY}WWHYlOLVHLG�WHDGPXVDOOLNDLG�Y}LE�ROOD�PLWPHLG��QlLWHNV�

NOLHQGLG��WDUQLMDLG�Y}L�ND�N}UJNRROLG��NXLG�YlOLVH�WHDGPXVH�RPDQGDPLVHNV�SHDE�HWWHY}WWHO�

ROHPD� SLLVDYDOW� WHDGPLVWH� MD� RVNXVWH� RPDQGDPLVY}LPHNXVW�� HW PXXWD� YlOLQH� WHDGPXV

HWWHY}WWHVLVHVHNV�� 9lLNVHPDWH� HWWHY}WHWH� SXKXO� RQ� VHH� DJD� UDVNHQGDWXG�� NXQD� ROHPDV�

ROHYDLG� UHVVXUVVH� MD� Y}LPHNXVL RQ� YlKHP�� 6HHW}WWX� RQ� YlLNHVWHO� HWWHY}WHWHO UDVNH�

RPDQGDGD� WHDGPXVW N}UJNRROLGHOW� NXL� VXXUWHOW� MD� NHHUXOLVH� VWUXNWXXULJD �NVXVWHOW�
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(HOQHYDVW�WXOHQHYDOW ROL�W||�HVLPHQH�RRGDWDY�WXOHPXV��HW�N}UJNRROLGHJD�WHHYDG�NRRVW||G�

Y}LPHNDPDG�HWWHY}WWHG� .RRVW||�N}UJNRROLGHJD�Y}LE�WRLPXGD�OlEL�HULQHYDWH�NHHUXNXV�

WDVHPHJD�NDQDOLWH��QlLWHNV NRQVXOWHHULPLQH��OLKWQH���}SSHNDYDGH�DUHQGDPLQH��NHVNPLQH��

WHDGXV� MD� DUHQGXVW||� �NHHUXOLQH�� .DKH� HHOQHYD� SXQNWL� VLGXPLVHO� VDDGL WHLQH� RRGDWDY�

WXOHPXV ± Y}LPHNDPDG�HWWHY}WWHG�HHOLVWDYDG�NHHUXNDPDLG�NRRVW||NDQDOHLG�

-lUJPLVHNV VHOJXV�WHRUHHWLOLVHVW�NlVLWOXVHVW��HW�HWWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�RVDV�Y}LE�

HVLQHGD�HULQHYDLG�WDNLVWDYDLG�WHJXUHLG� QDJX�HHVPlUNLGH�HULQHYXVHG�� OLLJQH�E�URNUDDWLD��

NXOWXXULOLVHG� MD� KRLDNXOLVHG� HULQHYXVHG�� UDKDOLVWH� UHVVXUVVLGH� SXXGXV MW�� 7HLVHVW� N�OMHVW�

OHLGXE�ND WRHWDYDLG�WHJXUHLG��PLOOH�DELO�RQ�SRWHQWVLDDOVHOW�Y}LPDOLN�NRRVW||G�WDNLVWDYDLG�

WHJXUHLG� �OHWDGD� ± QlLWHNV� E�URNUDDWLD� NDKDQGDPLQH�� LQLPHVWHYDKHOLVWH� VXKHWH� DUHQGD�

PLQH�� UDKDOLVWH� WRHWXVPHHWPHWH� SDNNXPLQH� MQH��0LWPHLG� QHLVW� WHJXULWHVW� VDDE� SDNNXGD�

ULLN��PLVW}WWX ROLG�NROPDQGDNV�MD�QHOMDQGDNV�RRGDWDYDNV�WXOHPXVWHNV�ROL��HW�MXED NRRVW||G�

WHJHYDG�HWWHY}WWHG�MD�HWWHY}WWHG� NHV�NRRVW||G YHHO HL�WHH��YDMDYDG�N}UJNRROLGHJD�NRRVW||�

WHJHPLVHNV�WHDWXG�Y}LPHNXVWH�NRPSHQVHHULPLVHNV�ULLJLSRROVHW�WXJH�

(PSLLULOLVWH� RVD� WXOHPXVWH� NRKDVHOW� WHJL� ���� YDVWDQXG� HWWHY}WHWHVW NRRVW||G� N}UJ�

NRROLGHJD��6HH�ROL��OODWXVOLN�WXOHPXV�HJD�YDVWDQXG�YDUDVHPDWH�XXULQJXWH�S}KMDO�RRGDWXOH��

NXV�NRRVW||G�WHHYDG�DOOD�����HWWHY}WHWHVW��6HOOLVH�WXOHPXVH S}KMXVHNV�Y}LV�ROOD�NRRVW||�

NDQDOLWH� PLWPHNHVLVXV�� PLGD� NlHVROHYD� W||� UDDPHV� NDVXWDWL� QLQJ� PLGD� YDUDVHPDOW� RQ�

XXULWXG� YlKH�� hKWODVL� HL� HULQHQXG� NRRVW||G� WHLQXG� HWWHY}WWHG� PDMDQGXVOLNH� QlLWDMDWH�

SRROHVW� HWWHY}WHWHVW�� NHV� NRRVW||G� HL� WHLQXG�� .}UJNRROLGHJD� NRRVW||G� YlJD� HULQHYDWH�

PDMDQGXVOLNH� QlLWDMDWHJD HWWHY}WWHG�� 6HHJD W||� HVLPHQH� RRGDWDY� WXOHPXV� HL� VDDQXG�

NLQQLWXVW��

.}UJNRROL� NXL� WHDGPXVDOOLND� HHOLVWDPLVH� RVDV� HL� LOPQHQXG� VDPXWL� HWWHY}WHWH� YDKHO�

PDMDQGXVOLNH�QlLWDMDWH�HULQHYXVL��.�OO�DJD�VHOJXV�N}UJNRROLGH�NRRVW||NDQDOLWH�HHOLVWDPLVH�

WXOHPXVWHVW�� HW� NRQVXOWHHULPLVW� MD� WlLHQGNRROLWXVL� NXL� NRRVW||NDQDOHLG� N}UJHPDOW�

KLQQDQXG�HWWHY}WWHG�ROLG�PDMDQGXVOLNXOW Q}UJHPDWH�QlLWDMDWHJD��®SSHNDYDGH�DUHQGDPLVW�

NXL�NRRVW||NDQDOLW�KLQGDVLG�N}UJHPDOW� WXJHYDPDWH�PDMDQGXVOLNH�QlLWDMDWHJD�HWWHY}WWHG��

1HQGH WXOHPXVWH�NDXGX�VDL�NLQQLWXVW�WHLQH�RRGDWDY�WXOHPXV�

8XULQJX� WXOHPXVWHVW� VHOJXV�YHHO�� HW� NRRVW||G� WDNLVWDYDWH� WHJXULWH�RVDV�ROLG�HHVPlUNLGH�

HULQHYXVW� ROXOLVHNV� SLGDQXG� HWWHY}WWHG� SDUHPDWH� PDMDQGXVOLNH� QlLWDMDWHJD�� VDPDV� NXL�
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KRLDNXWH�HULQHYXVW�MD�XXULQJXWH WHRUHHWLOLVXVW�ROXOLVHNV�SLGDQXG�HWWHY}WWHG�ROLG�Q}UJHPDWH�

PDMDQGXVOLNH�QlLWDMDWHJD��6HOJXV�ND��HW�NRRVW||�WHJHPLVW�WDNLVWDYDLG��QW�N}UJH�E�URNUDDWLD�

WDVH��MD�NRRVW||QL�M}XGPLVW�WDNLVWDYDLG �QW�NRRVW||SDUWQHUL�OHLGPLVH�NHHUXOLVXV� WHJXUHLG

DLWDNVLG� �OHWDGD� PLWPHG� ULLJLSRROVHG� PHHWPHG�� (WWHY}WWHG� SLGDVLG� PLWPHWH� WDNLVWXVWH�

SXKXO� ROXOLVHNV� ULLJL� UDKDOLVH� WRHWXVW�� WDVXWD� SURMHNWLMXKL� WHHQXVW�� VWLSHQGLXPHLG�

�OL}SLODVWHOH��SUDNWLND�WRHWXVW�QLQJ N}UJNRROLGH�Y}LPDOXVWH�WXWYXVWDPLVW��.ROPDV�MD�QHOMDV�

RRGDWDY�WXOHPXV�HKN�ULLJLSRROVHWH�PHHWPHWH�YDMDOLNNXV�HWWHY}WHWH�Y}LPHNXVWH�NRPSHQ�

VHHULPLVHNV�VDLG�VHHJD�NLQQLWXVW�

(HOQHYDVW� WXOHQHVLG HWWHSDQHNXG (HVWL�HWWHY}WHWH� MD�N}UJNRROLGH�NRRVW||�DUHQGDPLVHNV��

(VLPHQH� HWWHSDQHN� ROL� VXXQDWXG� N}UJNRROLGHOH�� NHV SHDNVLG� YlOMD� DUHQGDPD� WHUYLNOLNX�

V�VWHHPL�NRRVW||�WHJHPLVHNV�HWWHY}WHWHJD��.RRVW||V�VWHHP�SHDNV�VHHMXXUHV�K}OPDPD�QLL�

NHHUXOLVHPDLG�NXL�OLKWVDPDLG�NRRVW||NDQDOHLG��HW�HWWHY}WWHG�VDDNVLG�QHLG�YDVWDYDOW�RPD�

YDMDGXVWHOH� MD� Y}LPHNXVWHOH� NDVXWDGD�� 7HLQH� HWWHSDQHN� WXOHQHV� WDNLVWDYDWH� WHJXULWH�

SRWHQWVLDDOVHVW� �OHWDPLVHVW� WRHWDYDWH� WHJXULWH� NDXGX�� 5LLN� SHDNV� YlOMD� DUHQGDPD� VHOJH�

HWWHY}WHWH� MD�N}UJNRROLGH�NRRVW||� WXJLVWUXNWXXUL��PLV�DLWDNV�QLL�NRRVW||QL� M}XGD�NXL�ND�

WRHWDNV�NRRVW||�WHJHPLVW�VHOOH�NlLJXV��1lLWHNV�ROHNV�Y}LPDOLN�VHGD�WHKD OlEL�HWWHY}WOXVW�

DUHQGDYDWH� RUJDQLVDWVLRRQLGH�� NHOOH� WHHQXVWH� KXOJDV� SHDNVLG� ROHPD� YDVWDYDG�PHHWPHG�

HWWHY}WHWH�MD�N}UJNRROLGH�NRRVW||�WRHWDPLVHNV�± QlLWHNV�LQIR�MDJDPLQH��WDVXWD�SURMHNWLMXKWL�

WHHQXV�MD�HULQHYDG�UDKDOLVHG�WRHWXVPHHWPHG�

$QWXG� XXULQJX� VXXULPDNV� SLLUDQJXNV� RQ� HWWHY}WHWH� Y}UGOHPLVL� YlLNH� YDOLP��$QWXG� W||�

UDDPHV� WHKWXG� MlUHOGXVWH� RVDV� SHDNV� VLOPDV� SLGDPD�� HW� YDVWDMDWHNV� ROLG� HWWHY}WOXVW�

DUHQGDYDWH� RUJDQLVDWVLRRQLGH� NRRVW||SDUWQHULG� QLQJ W}HQlROLVHOW� WHHPDVW� URKNHP�

KXYLWDWXG HWWHY}WWHG� 6HHW}WWX� Y}LYDG� WXOHPXVHG� ROOD� NDOOXWDWXG�� 9DOLPLW� PLGD� ROHNV�

Y}LPDOLN� ODLHQGDGD� WHKHV� S}KMDOLNXPDW� NRRVW||G� HWWHY}WOXVW� DUHQGDYDWH� RUJDQLVDW�

VLRRQLGHJD�� DJD� ND� HWWHY}WHWHJD� RWVH� NRQWDNWHHUXGHV�� (GDVLVWH� XXULQJXWH� UDDPHV� ROHNV�

Y}LPDOLN�XXULGD�ND�WlSVHPDOW NRRVW||NDQDOLWH�NDXSD�WDNLVWDYDLG�MD�WRHWDYDLG�WHJXUHLG�QLQJ�

NDVXWDWXG�NDQDOLWHVW� W}XVQXG�NDVX�HWWHY}WWHOH��6HH�DLWDNV�N}UJNRROLGHO� YHHOJL� WlSVHPDOW

YlOMD� W||WDGD� PLWPHNHVLVW� NRRVW||V�VWHHPL� MD� SDUHQGDGD� MXED� ROHPDVROHYDWH� NDQDOLWH�

NDVXWDPLVW�
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�� $OERUV�*DUULJRV��-���5RGULJXH]�%DUUHUD��5� ,PSDFW�RI�SXEOLF�IXQGLQJ�RQ�D�ILUP¶V�

LQQRYDWLRQ� SHUIRUPDQFH�� DQDO\VLV� RI� LQWHUQDO� DQG� H[WHUQDO� PRGHUDWLQJ� IDFWRUV�� ±

,QWHUQDWLRQDO� -RXUQDO� RI� ,QQRYDWLRQ�0DQDJHPHQW�� ����� 9RO�� ����1R�� ��� SS�� �����

����� '2,����������6���������������;

�� $PLW��5�� 6FKRHPDNHU��3�-�+� 6WUDWHJLF�DVVHWV�DQG�RUJDQL]DWLRQDO�UHQW��± 6WUDWHJLF�

0DQDJHPHQW� -RXUQDO�� ������ 9RO�� ���� 1R�� ��� SS� ��±����

'2,���������VPM������������

�� $UXQGHO��$� 7KH� UHODWLYH�HIIHFWLYHQHVV�RI�SDWHQWV�DQG�VHFUHF\� IRU� DSSURSULDWLRQ��±

5HVHDUFK� 3ROLF\� ������ 9RO�� ���� 1R�� ��� SS�� ���±����� '2,�� ��������6�����

���������������

�� $UXQGHO�� $��� *HXQD�� $�� 3UR[LPLW\� DQG� WKH� XVH� RI� SXEOLF� VFLHQFH� E\� LQQRYDWLYH�

(XURSHDQ�ILUPV��± (FRQRPLF�,QQRYDWLRQ�1HZ�7HFKQRORJ\��������9RO������1R�����SS��

����± ���� '2,�����������������������������

�� %DUHJKHK��$���5RZOH\��-���6DPEURRN��6� 7RZDUGV�D�PXOWLGLVFLSOLQDU\�GHILQLWLRQ�RI�

LQQRYDWLRQ�� ± 0DQDJHPHQW� 'HFLVLRQ�� ������ 9RO�� ���� 1R�� ��� SS�� ���������� '2,�

�������������������������

�� %DUQHV��7���3DVKE\��,���*LEERQV��$� (IIHFWLYH�8QLYHUVLW\�,QGXVWU\�,QWHUDFWLRQV��$�0XOWL�

FDVH�(YDOXDWLRQ�RI�&ROODERUDWLYH�5	'�3URMHFWV��± (XURSHDQ�0DQDJHPHQW�-RXUQDO�������

9RO������1R�����SS������± ���� '2,����������6��������������������

�� %DUQH\��-�%� )LUP�5HVRXUFHV� DQG�6XVWDLQHG�&RPSHWLWLYH�$GYDQWDJH��± -RXUQDO� RI�

0DQDJHPHQW��������9RO� ����1R�����SS� ��±�����'2,����������������������������

�� %HNNHUV�� 5��� )UHLWDV�� ,�� 0�� %�� $QDO\VLQJ� NQRZOHGJH� WUDQVIHU� FKDQQHOV� EHWZHHQ�

XQLYHUVLWLHV�DQG�LQGXVWU\��7R�ZKDW�GHJUHH�GR�VHFWRUV DOVR�PDWWHU"�±5HVHDUFK�3ROLF\�������

9RO������SS�������± ����� '2,���������M�UHVSRO������������



��

�� %HOOXFKL��$���3HQQDFFKLR��/� 8QLYHUVLW\�.QRZOHGJH�DQG�)LUP�,QQRYDWLRQ�± (YLGHQFH�

IURP� (XURSHDQ� &RXQWULHV�� ± ,$:�'LVFXVVLRQ� 3DSHUV�� ������ 9RO�� ���� *HUPDQ\��

,QVWLWXW�I�U�$QJHZDQGWH�:LUWVFKDIWVIRUVFKXQJ �ZRUNLQJ�SDSHU��

��� %R]HPDQ��%���*DXJKDQ��0� ,PSDFWV�RI�JUDQWV�DQG�FRQWUDFWV�RQ�DFDGHPLF�UHVHDUFKHUV
�

LQWHUDFWLRQV� ZLWK� LQGXVWU\�� ± 5HVHDUFK� 3ROLF\�� ����� 9RO�� ���� SS�� ���±�����

'2,���������M�UHVSRO������������

��� %UHQQHQUDHGWV�� 5��� %HNNHUV�� 5��� 9HUVSDJHQ�� %�� 7KH� GLIIHUHQW� FKDQQHOV� RI�

XQLYHUVLW\�LQGXVWU\� NQRZOHGJH� WUDQVIHU�� (PSLULFDO� HYLGHQFH� IURP� %LRPHGLFDO�

(QJLQHHULQJ�� (LQGKRYHQ� &HQWUH� IRU� ,QQRYDWLRQ� 6WXGLHV� 7HFKQLVFKH� 8QLYHUVLWHLW�

(LQGKRYHQ�� 7KH� 1HWKHUODQGV�� ������ S�� ��� 85/��

KWWS���KRPH�WP�WXH�QO�UEHNNHUV�EUHQQHQUDHGWVBEHNNHUVBYHUVSDJHQBGLPHBODXVDQQH��

�SGI

��� %UXQHHO�� -���'¶(VWH��3�� DQG�6DOWHU��$� ,QYHVWLJDWLQJ� WKH� IDFWRUV� WKDW� GLPLQLVK� WKH�

EDUULHUV� WR�XQLYHUVLW\�LQGXVWU\ FROODERUDWLRQ��± 5HVHDUFK�3ROLF\������� 9RO������SS��

���±���� '2,���������M�UHVSRO������������

��� &DPSRV�� $�� /� $� UHYLHZ� RI� WKH� LQIOXHQFH� RI� ORQJ�WHUP� SDWWHUQV� LQ� UHVHDUFK� DQG�

WHFKQRORJLFDO� GHYHORSPHQW� �5	'�� IRUPDOLVDWLRQ� RQ� XQLYHUVLW\�LQGXVWU\� OLQNV�� ±

5HYLVWD�%UDVLOHLD�GH�,QQRYDomR��������9RO�����1R�����SS������± ����

��� &DUD\DQQLV�(�*���&DPSEHOO��'�)�-���0RGH���.QRZOHGJH�3URGXFWLRQ�LQ�4XDGUXSOH�

+HOL[� ,QQRYDWLRQ� 6\VWHPV�� 7ZHQW\�ILUVW� &HQWXU\� 'HPRFUDF\�� ,QQRYDWLRQ�� DQG�

(QWUHSUHQHXUVKLS� IRU� 'HYHORSPHQW�� ± 6SULQJHU%ULHIV� LQ� %XVLQHVV�� ����� 9RO� ���

6SULQJHU�6FLHQFH���%XVLQHVV�0HGLD�//&��1HZ�<RUN� '2,�����������������������

��� &KHVEURXJK��+�:� 2SHQ�,QQRYDWLRQ��7KH�QHZ�LPSHUDWLYH�IRU�FUHDWLQJ�DQG�SURILWLQJ�

IURP�WHFKQRORJ\��%RVWRQ��+DUYDUG�%XVLQHVV�6FKRRO�3UHVV��������S�����

��� &KULVWHQVHQ��&�0���2YHUGRUI��0� 0HHWLQJ�WKH�&KDOOHQJH�RI�'LVUXSWLYH�&KDQJH��±

+DUYDUG %XVLQHVV� 5HYLHZ�� ������ 9RO�� ���� 1R�� ��� SS�� ������� 85/��

KWWSV���KEU�RUJ���������PHHWLQJ�WKH�FKDOOHQJH�RI�GLVUXSWLYH�FKDQJH

��� &KXQ��+���0XQ��6��%� 'HWHUPLQDQWV�RI�5	'�FRRSHUDWLRQ�LQ�VPDOO�DQG�PHGLXP�VL]HG�

HQWHUSULVHV�� ± 6PDOO� %XVLQHVV� (FRQRPLFV�� ������ 9RO�� ���� SS�� ��������� '2,��

��������V����������������



��

��� &RKHQ�� :�� 0��� /HYLQWKDO�� '�� $� $EVRUSWLYH� &DSDFLW\�� $� 1HZ� 3HUVSHFWLYH� RQ�

/HDUQLQJ�DQG�,QQRYDWLRQ��� $GPLQLVWUDWLYH�6FHQFH�4XDUWHUO\��������9RO������1R�����

SS������± ���� '2,�����������������

��� &RKHQ��:�0���1HOVRQ��5�5���:DOVK��-�3� /LQNV�DQG�LPSDFWV��WKH�LQIOXHQFH�RI�SXEOLF�

UHVHDUFK�RQ�LQGXVWULDO�5	'��±0DQDJHPHQW�6FLHQFH��������9RO������1R�����SS���±���

85/��KWWS���ZZZ�MVWRU�RUJ�VWDEOH�������

��� 'DYH\�� 7��� %DDNHQ�� 7��� 0XURV�� 9�� *��� 0HHUPDQ�� $�� 7KH� 6WDWH� RI� (XURSHDQ�

8QLYHUVLW\�%XVLQHVV�&RRSHUDWLRQ��3DUW�RI�WKH�'*�(GXFDWLRQ�DQG�&XOWXUH�6WXG\�RQ�WKH�

&RRSHUDWLRQ� EHWZHHQ� +LJKHU� (GXFDWLRQ� ,QVWLWXWLRQV� DQG� 3XEOLF� DQG� 3ULYDWH�

2UJDQLVDWLRQV� LQ� (XURSH�� ������ ���� S� 85/��

KWWS���HF�HXURSD�HX�HGXFDWLRQ�WRROV�GRFV�XQL�EXVLQHVV�FRRSHUDWLRQBHQ�SGI

��� 'HEDFNHUH�� .��� 9HXJHOHUV�� 5� 7KH� UROH� RI� DFDGHPLF� WHFKQRORJ\� WUDQVIHU�

RUJDQL]DWLRQV�LQ�LPSURYLQJ�LQGXVWU\�VFLHQFH�OLQNV��± 5HVHDUFK�SROLF\��������9RO������

SS��������� '2,���������M�UHVSRO������������

��� 'HUYLWVLRWLV�� .�1� 7KH� FKDOOHQJH� RI� DGDSWDWLRQ� WKURXJK� LQQRYDWLRQ� EDVHG� RQ� WKH�

TXDOLW\�RI�WKH�LQQRYDWLRQ�SURFHVV��± 7RWDO�4XDOLW\�0DQDJHPHQW� ����� 9RO������1R�����

SS�����������'2,������������������������������

��� 'L*UHJRULR��'���6KDQH��6� :K\�GR�VRPH�XQLYHUVLWLHV�JHQHUDWH�PRUH�VWDUWXSV� WKDQ�

RWKHUV"� ± 5HVHDUFK� 3ROLF\�� ����� 9RO� ���� 1R�� ��� SS� ��������

'2,���������M�UHVSRO������������

��� 'UXFNHU�� 3� ,QQRYDWLRQ� DQG� (QWUHSUHQHXUVKLS�� +DUSHU&ROOLQV� 3XEOLVKHUV� /7'��

)XOKDP��������S������

��� 'X3OHLVVLV�� 0�� 7KH� UROH� RI� NQRZOHGJH� PDQDJHPHQW� LQ� LQQRYDWLRQ� ± -RXUQDO� RI�

.QRZOHGJH� 0DQDJHPHQW�� ������ 9RO�� ���� 1R�� ��� SS�� ������� '2,��

��������������������������

��� ($6�L� WHHQXVHG�� ������ (WWHY}WOXVH� $UHQGDPLVH� 6LKWDVXWXV��

>KWWS���ZZZ�HDV�HH�HILOWHU�WHJXWVHY�HWWHYRWMD�"ODQJ HW@�����������

��� (HVWL� 6WDWLVWLNDDPHW�� ����D�� 6WDWLVWLND� DQGPHEDDV�� >KWWS���SXE�VWDW�HH�S[�

ZHE������GLDORJ�VWDWILOH��DVS@�����������

��� (HVWL� 6WDWLVWLNDDPHW�� ����E�� 7HDGXV�� 7HKQRORRJLD�� ,QQRYDWVLRRQ��

>KWWS���SXE�VWDW�HH�S[�



��

ZHE������'DWDEDVH�0DMDQGXV���7HDGXV�B7HKQRORRJLD�B,QQRYDWVLRRQ���,QQRYDWLLYQ

HBWHJHYXV���,QQRYDDWLOLQHBWHJHYXVB����������7',B�����KWP@�����������

��� (RP��%�<���/HH��.� 'HWHUPLQDQWV�RI�LQGXVWU\±DFDGHP\�OLQNDJHV�DQG��WKHLU�LPSDFW�RQ�

ILUP�SHUIRUPDQFH��7KH�FDVH�RI�.RUHD�DV�D�ODWHFRPHU�LQ�NQRZOHGJH�LQGXVWULDOL]DWLRQ��

± 5HVHDUFK� 3ROLF\�� ������ 9RO�� ���� 1R�� ��� SS�� ���±���� '2,���������6�����

���������������

��� (W]NRZLW]��+� 7KH�6HFRQG�$FDGHPLF�5HYROXWLRQ� DQG� WKH�5LVH� RI�(QWUHSUHQHXULDO�

6FLHQFH��± ,(((�7HFKQRORJ\�DQG�6RFLHW\�0DJD]LQH� ����� 6XPPHU��SS�������� '2,��

��������&%2�����������������

��� (W]NRZLW]��6���/H\GHVGRUII��-� 7KH�G\QDPLFV�RI�LQQRYDWLRQ��)URP�QDWLRQDO�V\VWHPV�

DQG�³0RGH��´�WR�7ULSOH�+HOL[�RI�XQLYHUVLW\�LQGXVWU\�JRYHUQPHQW�UHODWLRQV��± 5HVHDUFK�

3ROLF\� ����� 9RO������SS������± ���� '2,����������6��������������������

��� (XURVWDW�� ������ ,QQRYDWLRQ� VWDWLVWLFV�� >KWWS���HF�HXURSD�HX�HXURVWDW�VWDWLVWLFV�

H[SODLQHG�LQGH[�SKS�,QQRYDWLRQBVWDWLVWLFV�([WHQWBRIBLQQRYDWLRQ@�����������

��� )RQWDQD�� 5��� *HXQD�� $��� 0DWW�� 0� )DFWRUV� DIIHFWLQJ� XQLYHUVLW\±LQGXVWU\� 5	'�

SURMHFWV�� WKH�LPSRUWDQFH�RI�VHDUFKLQJ��VFUHHQLQJ�DQG�VLJQDOOLQJ��± 5HVHDUFK�3ROLF\��

������9RO������SS�����±�����'2,���������M�UHVSRO������������

��� )ULWVFK��0���/XNDV��5��:KR�FRRSHUDWHV�RQ�5	'"�± 5HVHDUFK�3ROLF\��������9RO������

1R�����SS�����±�����'2,���������6��������������������

��� )X��;���/L��-���-RKQVRQ��0��,QWHUQDO�DQG�H[WHUQDO�VRXUFHV�RI�WDFLW�NQRZOHGJH��HYLGHQFH�

IURP�WKH�&KLQHVH�RSWLFDO�ILEUH�DQG�FDEOH�LQGXVWU\��± -RXUQDO�RI�&KLQHVH�(FRQRPLF�DQG�

%XVQLHVV 6WXGLHV�� ����� 9RO�� ��� 1R�� ��� SS�� �������� '2,��

����������������������������

��� *DOiQ�0XURV�� 9��� 3OHZD�� &� :KDW� GULYHV� DQG� LQKLELWV� XQLYHUVLW\�EXVLQHVV�

FRRSHUDWLRQ� LQ�(XURSH"�$�FRPSUHKHQVLYH�DVVHVVPHQW��± 5	'�0DQDJHPHQW�� ������

9RO������1R�����SS�����������'2,����������UDGP������

��� *LEERQV��0���/LPRJHV��&���1RZRWQ\��+���6FKZDUW]PDQ��6���6FRWW��3���7URZ��0�

7KH� 1HZ� 3URGXFWLRQ� RI� .QRZOHGJH�� 7KH� '\QDPLFV� RI� 6FLHQFH� DQG� 5HVHDUFK� LQ�

&RQWHPSRUDU\�6RFLHWLHV��/RQGRQ��6DJH��������S������

��� *UDQGVWUDQG��2�� ,QWHUQDWLRQDOL]DWLRQ�RI� FRUSRUDWH�5	'��D� VWXG\�RI� -DSDQHVH� DQG�

6ZHGLVK� FRUSRUDWLRQV�� ± 5HVHDUFK� 3ROLF\�� ������ 9RO�� ���� 1R�� ����� SS�� ���±������������

'2,���������6��������������������



��

��� +LUVFK�.UHLQVHQ�� +��� -DFREVRQ� '��� 5REHUWVRQ�� 3� ³/RZ�7HFK´� ,QGXVWULHV��

,QQRYDWLYHQHVV�DQG�'HYHORSPHQW�3HUVSHFWLYHV�$�6XPPDU\�RI�D�(XURSHDQ�5HVHDUFK�

3URMHFW��3,/27�3URMHFW�&RQVRUWLXP��'RUWPXQG��������S�����

��� ,TEDO��$�0���.KDQ��$�6���,TEDO��6���6HQLQ��$�$� 'HVLJQLQJ�RI�6XFFHVV�&ULWHULD�EDVHG�

(YDOXDWLRQ�0RGHO�IRU�$VVHVVLQJ�WKH�5HVHDUFK�&ROODERUDWLRQ�EHWZHHQ�8QLYHUVLW\�DQG�

,QGXVWU\��± ,QWHUQDWLRQDO�-RXUQDO�RI�%XVLQHVV�5HVHDUFK�DQG�0DQDJHPHQW��������9RO��

���1R� ���SS���������

85/��KWWSV���GRDM�RUJ�DUWLFOH����D�D�IDG�I���F��DI��GD���E�DHF

��� .HOO\�� 8� ([SORULQJ� WKH� (YLGHQFH� %DVH�� $Q� 2YHUYLHZ� RI� WKH� /LWHUDWXUH� RQ� WKH�

(FRQRPLF�,PSDFW�RI�.QRZOHGJH�7UDQVIHU��,PSDFW�RI�+LJKHU�(GXFDWLRQ�,QVWLWXWLRQV�RQ�

5HJLRQDO� (FRQRPLHV� ,QLWLDWLYH� 'LVFXVVLRQ� 3DSHU�� ����� *ODVJRZ�� (FRQRPLF� DQG�

6RFLDO�5HVHDUFK�&RXQFLO��8QLYHUVLW\�RI�6WUDWKFO\GH�

��� .QRFNDHUW��0���8FEDVDUDQ��'���:ULJKW��0�� DQG�&ODU\VVH�� %� 7KH�5HODWLRQVKLS�

%HWZHHQ�.QRZOHGJH��7RS�0DQDJHPHQW�7HDP�&RPSRVLWLRQ�� DQG 3HUIRUPDQFH�� WKH�

&DVH�RI�6FLHQFH�EDVHG (QWUHSUHQDXULDO�)LUPV��(QWUHSUHQHXUVKLS�7KHRU\�DQG�3UDFWLFH�

������9RO������1R�����SS�����±���� '2,����������M����������������������[

��� /DLQH�� $��� 9DUEODQH�� 8� *RYHUQPHQW� VXSSRUWLQJ� VFKHPHV� HQKDQFLQJ� XQLYHUVLW\�

LQGXVWU\� NQRZOHGJH� WUDQVIHU� RQ� WKH� H[DPSOH� RI� 63,112� SURJUDP� LQ� (VWRQLD�� ±

(VWRQLDQ� 'LVFXVVLRQV� RQ� (FRQRPLF� 3ROLF\�� ������ 9RO�� ���� SS�� ��������� '2,��

KWWS���G[�GRL�RUJ����������WSHS�Y��L�����

��� /DXUVHQ��.��� 6DOWHU��$� 2SHQ� IRU� LQQRYDWLRQ��7KH� UROH� RI� RSHQQHVV� LQ� H[SODLQLQJ�

LQQRYDWLRQ� SHUIRUPDQFH� DPRQJ� WKH� 8�.�� PDQXIDFWXULQJ� ILUPV�� ± 6WUDWHJLF�

0DQDJHPHQW�-RXUQDO��������9RO������SS������± ���� '2,����������VPM����

��� /DXUVHQ��.���6DOWHU��$��6HDUFKLQJ�KLJK�DQG�ORZ��ZKDW�W\SHV�RI�ILUPV�XVH�XQLYHUVLWLHV�

DV� D� VRXUFH� RILQQRYDWLRQ"� ± 5HVHDUFK� 3ROLF\�� ������ 9RO�� ���� SS�� ����±�����

'2,���������M�UHVSRO������������

��� /HY\��5���5RX[��3���:ROII��6��$Q�DQDO\VLV�RI�VFLHQFH�LQGXVWU\�FROODERUDWLYH�SDWWHUQV�

LQ�D�ODUJH�(XURSHDQ�8QLYHUVLW\��± 7KH�-RXUQDO�RI�7HFKQRORJ\�7UDQVIHU��������9RO������

SS���±����'2,����������D����������������

��� /LFKWHQWKDOHU�� 8� 2SHQ� ,QQRYDWLRQ�� 3DVW� 5HVHDUFK�� &XUUHQW� 'HEDWHV�� DQG� )XWXUH�

'LUHFWLRQV��± $FDGHP\�RI�0DQDJHPHQW�3HUVSHFWLYHV��������9RO������1R�����SS�����

��� 85/� KWWS���DPS�DRP�RUJ�FRQWHQW���������DEVWUDFW



��

��� /LQ��5�-���&KH��5�+���7LQJ��&�<� 7XUQLQJ�NQRZOHGJH�PDQDJHPHQW�LQWR�LQQRYDWLRQ�LQ�

WKH�KLJK�WHFK� LQGXVWU\��± ,QGXVWULDO�0DQDJHPHQW�	�'DWD�6\VWHPV��������9RO�������

1R�����SS�������� '2,���������������������������

��� /RSH]��6��)���$VWUD\��%��3���3D]RV��'��5���&DOYR��1� ������$UH�ILUPV�LQWHUHVWHG�LQ�

FROODERUDWLQJ�ZLWK�XQLYHUVLWLHV"�$Q�RSHQ�LQQRYDWLRQ�SHUVSHFWLYH�LQ�FRXQWULHV�RI�WKH�

6RXWK�:HVW� (XURSHDQ� 6SDFH�� 6HUYLFH� %XVLQHVV�� 9RO�� ��� 1R�� ��� SS� �������� '2,�

��������V����������������

��� /XQGYDOO��%�$��1DWLRQDO�6\VWHPV�RI�,QQRYDWLRQ��7RZDUGV�D�7KHRU\�RI�,QQRYDWLRQ�DQG�

,QWHUDFWLYH�/HDUQLQJ��3LQWHU��/RQGRQ� ������S������

���0DNDGRN�� 5� 7RZDUG� D� 6\QWKHVLV� RI� WKH� 5HVRXUFH�%DVHG� 9LHZ� DQG� '\QDPLF�

&DSDELOLW\�9LHZV�RI�5HQW�&UHDWLRQ��± 6WUDWHJLF�0DQDJHPHQW�-RXUQDO��������9RO������

1R�����SS� ���±�����'2,���������VPM�����

���0DUVLOL��2� 7KH�$QDWRP\�DQG�(YROXWLRQ�RI� ,QGXVWULHV��7HFKQRORJLFDO�&KDQJH�DQG�

,QGXVWULDO�'\QDPLFV��&KHOWHQKDP��8.�DQG�1RUWKDPSWRQ��0$��86$��(GZDUG�(OJDU��

����������

���0DUWLQ�GH�&DVWUR��*� .QRZOHGJH�PDQDJHPHQW�DQG�LQQRYDWLRQ�LQ�NQRZOHGJH�EDVHG�

DQG�KLJK�WHFK� LQGXVWULDO�PDUNHWV��7KH� UROH� RI� RSHQQHVV� DQG� DEVRUSWLYH� FDSDFLW\�� ±

,QGXVWULDO� 0DUNHWLQJ� 0DQDJHPHQW�� ������ 9RO�� ���� SS�� �������� '2,��

��������M�LQGPDUPDQ������������

���0LOOHU��.���0F$GDP��6��0���$OH[DQGHU��$���3XWKVVHUU\��3� .QRZOHGJH�WUDQVIHU�LQ�

XQLYHUVLW\�TXDGUXSOH�KHOL[�H[RV\VWHPV��DQ�DEVRUSWLYH�FDSDFLW\ SHUVSHFWLYH��± 5	'�

0DQDJHPHQW��������9RO������1R�����SS���������� '2,����������UDGP������

���0LR]]R��0���6RHWH��/� ,QWHUQDWLRQDOLVDWLRQ�RI�VHUYLFHV��D�WHFKQRORJLFDO�SHUVSHFWLYH��±

7HFKQRORJLFDO�)RUHFDVWLQJ�DQG�6RFLDO�&KDQJH� ������9RO� ��� SS� �������� '2,��'2,��

��������6��������������������

���0RRUD�� 0�� 8QLYHUVLW\�EXVLQHVV� FRRSHUDWLRQ� LQ� UHVHDUFK� DQG� GHYHORSPHQW�� DQ�

XQGHUXVHG�RSSRUWXQLW\�IRU�WKH�(VWRQLDQ�HFRQRP\��'LVVHUWDWLRQ�IRU�WKH�0DVWHU�RI�$UWV�

LQ�(FRQRPLFV�DQG�%XVLQHVV�$GPLQLVWUDWLRQ��7DUWX�)(%$��7DUWX��������S������

���0RUD�9DOHQWtQ��(�0���0RQWRUR�6DQFKH]��$���*XHUUDV�0DUWtQ��/��$�'HWHUPLQDQWV�

LQ� WKH� VXFFHVV� RI� 5	'� FRRSHUDWLYH� DJUHHPHQWV� EHWZHHQ� ILUPV� DQG� UHVHDUFK�

RUJDQL]DWLRQV�� ± 5HVHDUFK� 3ROLF\�� ������ 9RO�� ���� 1R�� ��� SS�� ��±���� '2,��

��������6��������������������



��

��� 1LHOVHQ�� &��� &DSSHOHQ�� .� ([SORULQJ� WKH�0HFKDQLVPV� RI� .QRZOHGJH� 7UDQVIHU� LQ�

8QLYHUVLW\�,QGXVWU\� &ROODERUDWLRQV�� $� 6WXG\� RI� &RPSDQLHV�� 6WXGHQWV� DQG�

5HVHDUFKHUV��± +LJKHU�(GXFDWLRQ�4XDUWHUO\� ������9RO������1R�����SS�����������'2,��

��������KHTX������

��� 2(&'������ %HQFKPDUNLQJ�,QGXVWU\�6FLHQFH�5HODWLRQVKLSV��3DULV������

��� 2NDPXUR� +���.DWR� 0���+RQMR� <��'HWHUPLQDQWV RI�5	'�FRRSHUDWLRQ�LQ�-DSDQHVH�

VWDUW�XSV� ± 5HVHDUFK 3ROLF\�� ������ 9RO� ���� SS� ���±���� '2,��

��������M�UHVSRO������������

��� 3DYLWW��.� 6HFWRUDO�SDWWHUQV�RI�WHFKQLFDO�FKDQJH��WRZDUGV�D�WD[RQRP\ DQG�D�WKHRU\��±

5HVHDUFK� 3ROLF\�� ������ 9RO�� ���� 1R�� �� SS� ���±���� '2,�� �������������

���������������

��� 3HQURVH��(� 7KH�7KHRU\�RI�WKH�*URZWK�RI�WKH�)LUP��2[IRUG�8QLYHUVLW\�3UHVV��1HZ�

<RUN��86$��������S������

��� 3HUNPDQQ��0���:DOVK��.� 8QLYHUVLW\�LQGXVWU\� UHODWLRQVKLSV�DQG�RSHQ� LQQRYDWLRQ��

7RZDUGV�D�UHVHDUFK�DJHQGD� ± ,QWHUQDWLRQDO�-RXUQDO�RI�0DQDJHPHQW�5HYLHZV� ������

9RO�����1R���� SS� ���±�����'2,����������M����������������������[

��� 3HWUX]]HOOL�� $�� 0� 7KH� LPSDFW� RI� WHFKQRORJLFDO� UHODWHGQHVV�� SULRU� WLHV�� DQG�

JHRJUDSKLFDO�GLVWDQFH�RQ�XQLYHUVLW\±LQGXVWU\�FROODERUDWLRQV��D MRLQW�SDWHQW�DQDO\VLV��±

7HFKQRYDWLRQ��������9RO� ����SS�����±���� '2,���������M�WHFKQRYDWLRQ������������

��� 3ROW��:���5DPPHU��&���6FKDUWLQJHU��'���*DVVOHU��+���6FKLEDQ\��$� %HQFKPDUNLQJ�

,QGXVWU\�6FLHQFH�5HODWLRQV�LQ�(XURSH�± WKH�5ROH�RI�)UDPHZRUN�&RQGLWLRQV (/��'*�

(QWHUSULVH�� MD� %0:$� UHVHDUFK� SURMHFW�� 9LHQQD�� ������ S�� ���� 85/��

IWS���IWS�FRUGLV�HXURSD�HX�SXE�LPSURYLQJ�GRFV�VHUBFRQIBEHQFKBSROW�SGI

��� 4XLQWDQH�� (��� &DVVHOPDQ�� 5�0��� 5HLFKH�� %�6��� 1\OXQG�� 3�$�� ,QQRYDWLRQ� DV� D�

NQRZOHGJH�EDVHG�RXWFRPH��± -RXUQDO�RI�.QRZOHGJH�0DQDJHPHQW� ����� 9RO������1R��

���SS���������� '2,���������������������������

��� 5DPRV±9LHOED�� ,��� )HUQDQGH]±(VTXLQDV�� 0�� %HQHDWK� WKH� WLS� RI� WKH� LFHEHUJ��

H[SORULQJ� WKH�PXOWLSOH� IRUPV�RI� XQLYHUVLW\±LQGXVWU\� OLQNDJHV��± +LJKHU�(GXFDWLRQ��

����� 9RO������1R�����SS�����±�����'2,����������VO���������������

��� 5DPRV�9LHOED��,���)HUQiQGH]�(VTXLQDV��0�� (VSLQRVD�GH�ORV�0RQWHURV��(� ������

0HDVXULQJ� XQLYHUVLW\�LQGXVWU\� FROODERUDWLRQ� LQ� D� UHJLRQDO� LQQRYDWLRQ� V\VWHP�� ±

6FLHQWRPHWULFV��9RO������SS������± �����'2,����������V���������������]



��

��� 5DQJD��/��0���0LHGHPD��-���-RUQD��5� (QKDQFLQJ�WKH�LQQRYDWLYH�FDSDFLW\�RI�VPDOO�

ILUPV� WKURXJK� WULSOH�KHOL[� LQWHUDFWLRQV��FKDOOHQJHV�DQG�RSSRUWXQLWLHV��± 7HFKQRORJ\�

$QDO\VLV� 	� 6WUDWHJLF� 0DQDJHPHQW�� ������ 9RO�� ���� 1R�� ��� SS�� ��������� '2,��

�������������������������

��� 5DVRDYD�5��� 5XVVHOO� $��� <XPLNR�� )� $� IUDPHZRUN� IRU� FRQFHQWULF� GLYHUVLILFDWLRQ�

WKURXJK�VXVWDLQDEOH�FRPSHWLWLYH�DGYDQWDJH��± 0DQDJHPHQW�'HFLVLRQ� ����� 9RO������

1R�����SS������± �����'2,���������������������������

��� 5HLG��$���9DUEODQH��8���7HUN��(���0DVVR��-���8NUDLQVNL��.���0lQQLN��.���9DUEODQH��

8���.DDUQD��5���-�UJHQVRQ��$� ,QQRYDDWLOLQH�WHJHYXV�HWWHY}WHWHV�DDVWDWHO������������

7DOOLQQ��(WWHY}WOXVH�$UHQGDPLVH�6LKWDVXWXV������������ON�

��� 5LLJLNRQWUROO�� ����� Ä,QQRYDWVLRRQL� WRHWXVPHHWPHWH� P}MX� HWWHY}WHWH� NRQNXUHQWVL�

Y}LPHOH³�DUXDQQH�5LLJLNRJXOH�

��� 5RVVL��)���5RVOL��$� ,QGLFDWRUV�RI�XQLYHUVLW\�LQGXVWU\�NQRZOHGJH�WUDQVIHU�SHUIRUPDQFH�

DQG�WKHLU�LPSOLFDWLRQV�IRU�XQLYHULVWLHV��HYLGHQFH�IURP�WKH�8QLWHG�.LQJGRP��± 6WXGLHV�

LQ� +LJKHU� (GXFDWLRQ�� ����� 9RO� ���� 1R�� ���� SS�� �����������

'2,�����������������������������

��� 5}LJDV�� .��� 0RKQHQ�� 3�� $QG� 9DUEODQH�� 8�� µ:KLFK� ILUPV� XVH� XQLYHUVLWLHV� DV�

FRRSHUDWLRQ� SDUWQHUV"�± $�FRPSDUDWLYH� YLHZ� LQ�(XURSH��± ,QWHUQDWLRQDO� -RXUQDO� RI�

7HFKQRORJ\� 0DQDJHPHQW� ����� 9RO�� ;�� 1R�� <�� SS�[[[±[[[� 85/��

KWWS���ZZZ�LQGHUVFLHQFH�FRP�LQIR�LQJHQHUDO�IRUWKFRPLQJ�SKS"MFRGH LMWP

��� 6DQWRUR� 0�'���&KDNUDEDUWL� $�.��)LUP�VL]H�DQG�WHFKQRORJ\�FHQWUDOLW\�LQ�LQGXVWU\±

XQLYHUVLW\� LQWHUDFWLRQV�� 5HVHDUFK 3ROLF\�� ������ 9RO� ���� SS�� ����±������ '2,��

��������6��������������������

��� 6FKXPSHWHU��-��7KH�7KHRU\�RI�(FRQRPLF�'HYHORSPHQW��+DUYDUG�8QLYHUVLW\�3UHVV��

86$��������S������

��� 6HJDUUD�%ODVFR� $��� $UDX]R�&DURG� -�0� 6RXUFHV� RI� LQQRYDWLRQ� DQG� LQGXVWU\±

XQLYHUVLW\�LQWHUDFWLRQ��HYLGHQFH�IURP�6SDQLVK�ILUPV��5HVHDUFK 3ROLF\��������9RO������

SS������±������'2,���������M�UHVSRO������������

��� 6HSSR�� 0��� 5RRODKW�� 7��� 9DUEODQH�� 8� ������ (WWHY}WHWH� MD� N}UJNRROLGH�

NRRVW||NRJHPXVH�VHLUH��YRUPLG��NDVX�MD�EDUMllULG��SROLLWLNDPHHWPHG��VHQLQH�NRJHPXV�

(HVWLV��7HDGXV� MD�,QQRYDWVLRRQLSROLLWLND�6HLUH�SURJUDPPL�UDSRUW��



��

��� 6KDQH��6���6RPD\D��'� 7KH�HIIHFWV�RI�SDWHQW�OLWLJDWLRQ�RQ�XQLYHUVLW\�OLFHQVLQJ�HIIRUWV��

± -RXUQDO�RI�(FRQRPLF�%HKDYLRU�	�2UJDQL]DWLRQ� ������9RO������1R�����SS����������

'2,����������M�MHER������������

��� 6KLQQ�� 7� 7KH� 7ULSOH� +HOL[� DQG� 1HZ� 3URGXFWLRQ� RI� .QRZOHGJH�� 3UHSDFNDJHG�

7KLQNLQJ�RQ�6FLHQFH�DQG�7HFKQRORJ\��± 6RFLDO�6WXGLHV�RI�6FLHQFH��������9RO������1R��

���SS�����±�����85/��KWWS���ZZZ�MVWRU�RUJ�VWDEOH��������

��� 6LUPRQ��'�*���+LWW��0�$�� ,UHODQG��5�'� 0DQDJLQJ� )LUP�5HVRXUFHV� LQ�'\QDPLF�

(QYLURQPHQWV� WR�&UHDWH�9DOXH� /RRNLQJ� ,QVLGH� WKH�%ODFN�%R[��± 7KH�$FDGHP\�RI�

0DQDJHPHQW� 5HYLHZ�� ������ 9RO� ���� 1R�� ��� SS� ���±�����

'2,���������$05����������������6651���������

��� 6XEUDPDQLDP��0���<RXQGW��0��$� 7KH�LQIOXHQFH�RI�LQWHOOHFWXDO�FDSLWDO�RQ�WKH�W\SHV�

RI�LQQRYDWLYH�FDSDELOLWLHV��± $FDGHP\�RI�0DQDJHPHQW�-RXUQDO������� 9RO������1R�����

SS�� ��������

85/�KWWS���ZZZ�EF�HGX�FRQWHQW�GDP�ILOHV�VFKRROV�FVRPBVLWHV�IDFXOW\�SGI�LQWHOOHFWX

DOFDSLWDODPM����SDSHU�SGI

��� 7HHFH��'���3LVDQR��*�� 6KXHQ��$� '\QDPLF�FDSDELOLWLHV�DQG�VWUDWHJLF�PDQDJHPHQW��±

6WUDWHJLF� 0DQDJHPHQW� -RXUQDO�� ������ 9RO�� ���� 1R�� ��� SS�� ���±���� 85/�

KWWS���OLQNV�MVWRU�RUJ�VLFL"VLFL �����

��������������������$���&�����$'&$60��(����&2��%�����

��� 7HWKHU��%��6� :KR�FR±RSHUDWHV�IRU�LQQRYDWLRQ��DQG�ZK\��$Q�HPSLULFDO�DQDO\VHV��±

5HVHDUFK�3ROLF\��������9RO������SS�����±�����'2,��6�������������������;

��� 9DGL��0���5DMDOR��6���7DED��1��������(WWHY}WHWH�MD�WHDGXVDVXWXVWH�NRRVW||�HULSlUDG��

7HDGXV� MD�,QQRYDWVLRRQLSROLLWLND�6HLUH�SURJUDPPL�UDSRUW�����

��� 9DUEODQH�� 8��� (VSHQEHUJ�� .��� 9DUEODQH�� 8��� 5RRODKW�� 7� (HVWL� PDVLQDW||VWXVH�

KHWNHVHLV�MD DUHQJXVXXQDG��7DUWX��7DUWX�hOLNRROL�.LUMDVWXV������������ON�

��� 9DUEODQH��8���5RRODKW��7���/LOOHV��$���/XNDVRQ��2���6HSSR��0� ������(WWHY}WHWH�MD�

N}UJNRROLGH� NRRVW||NRJHPXVH� VHLUH�� 7HDGXV� MD� ,QQRYDWVLRRQLSROLLWLND� 6HLUH�

SURJUDPPL�UDSRUW�����

��� 9DUEODQH��8���5RRODKW��7���9LVVDN��7���9DKWHU��3���7DPP��.���3DOWVHU��,���3DYORY��

'���5}LJDV��.���.OMDLQ��$���7DPPHWV��0���9DUEODQH��8� 2WVHVHG�YlOLVLQYHVWHHULQJXG�

(HVWLV��7DUWX��7DUWX�hOLNRROL�.LUMDVWXV������������ON��



��

��� 9HXJHOHUV� 5���&DVVLPDQ� %� 5	'�FRRSHUDWLRQ�EHWZHHQ�ILUPV�DQG�XQLYHUVLWLHV��6RPH�

HPSLULFDO�HYLGHQFH�IURP�%HOJLDP�PDQXIDFWXULQJ� ± ,QWHUQDWLRQDO -RXUQDO�RI ,QGXVWULDO

2UJDQLVDWLRQ�������� 9RO������SS�����±�����'2,���������M�LMLQGRUJ������������

���:LVVHPD��-�*� 7RZDUGV�WKH�7KLUG�*HQHUDWLRQ�8QLYHUVLW\��0DQDJLQJ�WKH�8QLYHUVLW\�

LQ�7UDQVLWLRQ��(GZDUG�(OJDU�3XEOLVKLQJ��,QF��0DVVDFKXVHWWV��86$������������

���:RHUWHU� 0��7HFKQRORJ\�SUR[LPLW\�EHWZHHQ�ILUPV�DQG�XQLYHUVLWLHV�DQG�WHFKQRORJ\�

WUDQVIHU�� ± -RXUQDO� RI 7HFKQRORJ\ 7UDQVIHU�� ������ 9RO� ���� SS�� ���±����� '2,��

���������)V���������������[

��� 9RQ�7XQ]HOPDQQ��1���0DOHUED�� )���1LJKWLQJDOH�� 3���0HWFDOIH�� 6�� 7HFKQRORJLFDO�

SDUDGLJPV��SDVW��SUHVHQW�DQG�IXWXUH��± ,QGXVWULDO�DQG�&RUSRUDWH�&KDQJH��������9RO��

����1R�����SS������± ���� '2,���������LFF�GWQ����

��� :RUOG�(FRQRPLF�)RUXP��������7KH�(XURSH������&RPSHWLWLYHQHVV�5HSRUW��%XLOGLQJ�D�

0RUH� &RPSHWLWLYH� (XURSH�� :RUOG� (FRQRPLF� )RUXP�� ,QVLJKW� 5HSRUW���

>KWWS���ZZZ��ZHIRUXP�RUJ�GRFV�&6,������(XURSH����B&RPSHWLWLYHQHVVB5HSRUWB�����

SGI@�����������

��� bULUHJLVWHU��������5HJLVWULWH�MD�,QIRV�VWHHPLGH�NHVNXV��>KWWSV���DULUHJLVWHU�ULN�HH�@



��

/LVD����(WWHY}WHWH�MD�N}UJNRROLGH�NRRVW||N�VLWOXVH�WlLHOLN�YHUVLRRQ

,QWHUQHWLS}KLQH�YHUVLRRQ�
(HVWL�NHHOHV�
KWWSV���GRFV�JRRJOH�FRP�IRUPV�G��JM4%I[[<KHG2IV$.L�8[U�+�9*P4:::I�3NELL
%7N+��YLHZIRUP
9HQH�NHHOHV
KWWSV���GRFV�JRRJOH�FRP�IRUPV�G��\UG�[Z2OVI\PI\T�HK=19��&Q�-+LL�B��8D.ER�
6�J�YLHZIRUP

.LUMDOLN�YHUVLRRQ��

7h�0$-$1'867($'86.211$�885,1*

>ƵŐƵƉĞĞƚƵĚ�ǀĂƐƚĂũĂ͊

sŝŝŵĂƐƚĞů�ĂĂƐƚĂƚĞů�ŽŶ��ĞƐƚŝ�ŵĂũĂŶĚƵƐĞ�ŬĂƐǀƵŬŝŝƌƵƐ�ũćƌƐƵůƚ�ĂĞŐůƵƐƚƵŶƵĚ͘�DŝĚĂ�ƚĞŚĂ�ƐĞůůĞŬƐ͕�
Ğƚ��ĞƐƚŝ�ĞƚƚĞǀƁƚƚĞĚ�ƐƵƵĚĂŬƐŝĚ�ƉĂŬŬƵĚĂ�ŬŽŶŬƵƌĞŶƚƐŝǀƁŝŵĞůŝƐĞŵĂŝĚ�ƚŽŽƚĞŝĚ�ũĂ�ƚĞĞŶƵƐĞŝĚ͍�
ZĂŚǀƵƐǀĂŚĞůŝŶĞ� ŬŽŐĞŵƵƐ� ŶćŝƚĂď͕� Ğƚ� ĞĚƵŬƵƐ� ĞĞůĚĂď� ƺŚĂ� ŬĞĞƌƵŬĂŵĂŬƐ� ŵƵƵƚƵǀĂƚĞ�
ƚŽŽĚĞƚĞ�ũĂ�ƚĞĞŶƵƐƚĞ�ƉĂŬŬƵŵŝƐƚ͘�<ĞƐ�ũĂ�ŬƵŝĚĂƐ�ƉĞĂŬƐŝĚ�ƉĂŬŬƵŵĂ��ĞƐƚŝ�ĞƚƚĞǀƁƚĞƚĞůĞ�ƐĞůůĞ�
ƐĂĂǀƵƚĂŵŝƐĞŬƐ�ƚƵŐĞ͘�<ƵŝĚĂƐ�ƐĂĂŬƐŝĚ�ƉĂŶƵƐƚĂĚĂ�ŵĞŝĞ�ŬƁƌŐŬŽŽůŝĚ͍

sćŝŬĞ� ƚƂƂƌƺŚŵ� dĂƌƚƵ můŝŬŽŽůŝ ŵĂũĂŶĚƵƐƚĞĂĚƵƐŬŽŶŶĂƐƚ� ǀŝŝď� ƉƌŽĨĞƐƐŽƌ� hƌŵĂƐ� sĂƌďůĂƐĞ�
ũƵŚĞŶĚĂŵŝƐĞů�� ůćďŝ�ĞƚƚĞǀƁƚĞƚĞ�ũĂ�ŬƁƌŐŬŽŽůŝĚĞ�ŬŽŽƐƚƂƂ�ƵƵƌŝŶŐƵƚ͘�^ĞůůĞŐĂ�ƐĞŽƐĞƐ�ƉĂůƵŵĞ�
dĞŝů� ǀĂƐƚĂƚĂ� ŵƁŶĞĚĞůĞ� ŬƺƐŝŵƵƐƚĞůĞ� ŬŽŽƐƚƂƂƐƚ� ŬƁƌŐŬŽŽůŝĚĞŐĂ͘� dĞŝĞ� ĂƌǀĂŵƵƐ� ŽŶ� ǀćŐĂ�
ŽůƵůŝŶĞ� ũĂ� ƵƵƌŝŶŐƵ� ƚƵůĞŵƵƐŝ� ŬĂƐƵƚĂď� ƐŝƐĞŶĚŝŶĂ� ŬĂ� ƉĞĂŵŝŶŝƐƚƌŝ� ƉŽŽůƚ� ůŽŽĚƵĚ�
ŵĂũĂŶĚƵƐĂƌĞŶŐƵ�ƚƂƂƌƺŚŵ͕�ŬĞůůĞ�ƺůĞƐĂŶĚĞŬƐ�ŽŶ�ƐƁŶĂƐƚĂĚĂ�ǀƁŝŵĂůƵƐĞĚ�ŵĂũĂŶĚƵƐŬĂƐǀƵ�
ŬŝŝƌĞŶĚĂŵŝƐĞŬƐ�ũĂ��ĞƐƚŝ�ŵĂũĂŶĚƵƐĞ�ŬŽŶŬƵƌĞŶƚƐŝǀƁŝŵĞ�ƚƁƐƚŵŝƐĞŬƐ͘

<ƺƐŝƚůƵƐĞ�ƚćŝƚŵŝƐĞŬƐ�ŬƵůƵď�ƵŵďĞƐ�ϭϬ�ŵŝŶƵƚŝƚ͘��ƵƚŽƌŝĚ�Ğŝ�ĂǀĂůĚĂ�ĂŶĚŵĞŝĚ�ŬŽŶŬƌĞĞƚƐĞƚĞ�
ĞƚƚĞǀƁƚĞƚĞ� ŬŽŚƚĂ� ĞŐĂ� ŬĂ� ŝƐŝŬƵĂŶĚŵĞŝĚ͘� :ƵŚƵů� ŬƵŝ� ƐŽŽǀŝƚĞ� ƐĂĂĚĂ� ǀĂůŵŝƐƚƵůĞŵƵƐƚĞƐƚ�
ŬŽŽƉŝĂƚ͕�ƉĂůƵŵĞ�ƚćŝƚĂ�ŬĂ�ŽŵĂ�ŬŽŶƚĂŬƚĂŶĚŵĞƚĞ�ŬƺƐŝŵƵƐĞ͘

^ƵƵƌ�ĂŝƚćŚ�dĞŝůĞ�ŬŽŽƐƚƂƂ�ĞĞƐƚ͊

�����X�����
���X�
��������
�����YY�����


E�͊�<ƁƌŐŬŽŽůŝĚĞ�Ăůů�ƉĞĂŵĞ�ƐŝůŵĂƐ�Ŷŝŝ�ŬƁƌŐŬŽŽůĞ͕�ƌĂŬĞŶĚƵƐŬƁƌŐŚĂƌŝĚƵƐĂƐƵƚƵƐŝ�ŬƵŝ�ŵƵŝĚ�

ƚĞĂĚƵƐĂƐƵƚƵƐŝ͘

,��(77(9®77(�h/'$1'0('

ϭ͘ �ƚƚĞǀƁƚƚĞ�Ŷŝŵŝ�ǀƁŝ�
ƌĞŐŝƐƚƌŝŬŽŽĚ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘



��

Ϯ͘ sĂƐƚĂũĂ�ĂŵĞƚŝŬŽŚƚ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

<Ƶŝ�ƐŽŽǀŝƚĞ�ŬĂ�ŬŽŐƵ�ƵƵƌŝŶŐƵ�ƚƵůĞŵƵƐŝ͕�ƐŝŝƐ͗

ϯ͘ sĂƐƚĂũĂ�
Ŷŝŵŝ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

ϰ͘ sĂƐƚĂũĂ�ĞͲŵĂŝů͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

,,��3($0,6('�.2267gg3$571(5,'�MD�YDOGNRQQDG

ϭ͘ <ĂŚƚůĞŵĂƚĂ�ƚŽŝŵƵď�dĞŝĞ�ĞƚƚĞǀƁƚƚĞƐ�ƉŝĚĞǀ�ĂƌĞŶĞŵŝŶĞ͘�>ŝƐĂŬƐ�ĞƚƚĞǀƁƚƚĞƐŝƐĞƐƚĞůĞ�
ĂůůŝŬĂƚĞůĞ͕�ŵŝůůŝƐƚĞƐƚ�ǀćůŝƐƚĞƐƚ ŬĂŶĂůŝƚĞƐƚ�ƐĂĂƚĞ�ƉƌĂĞŐƵ�ŽŵĂ�ĞƚƚĞǀƁƚƚĞ�ĂƌĞŶŐƵŬƐ�
ǀĂũĂůŝŬŬĞ�ƚĞĂĚŵŝƐŝ͍�<Ƶŝ�ŽůƵůŝƐĞĚ�ŶĞĞĚ�ŬĂŶĂůŝĚ�ŽŶ͍�

ϭ�с�dćŝĞƐƚŝ�ĞďĂŽůƵůŝŶĞ�͙�ϱ�с�sćŐĂ�ŽůƵůŝŶĞ
<ůŝĞŶĚŝĚͬƚĂƌďŝũĂĚ ϭ Ϯ ϯ ϰ ϱ
dĂƌŶŝũĂĚ ϭ Ϯ ϯ ϰ ϱ
<ŽŶƚƐĞƌŶŝ�ƚĞŝƐĞĚ�ĞƚƚĞǀƁƚƚĞĚ�ũĂ�ĂůůƺŬƐƵƐĞĚ ϭ Ϯ ϯ ϰ ϱ
�ƚƚĞǀƁƚůƵƐƚ�ĂƌĞŶĚĂǀĂĚ�ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝĚϭ ϭ Ϯ ϯ ϰ ϱ
�ƌŝĂůĂůŝŝĚƵĚ ϭ Ϯ ϯ ϰ ϱ
<ƵƚƐĞƁƉƉĞĂƐƵƚƵƐĞĚ ϭ Ϯ ϯ ϰ ϱ
<ƁƌŐŬŽŽůŝĚ�ũĂ�ŵƵƵĚ�ƚĞĂĚƵƐĂƐƵƚƵƐĞĚ ϭ Ϯ ϯ ϰ ϱ
<ŽŶƐƵůƚĂƚƐŝŽŽŶŝĨŝƌŵĂĚ ϭ Ϯ ϯ ϰ ϱ

Ϯ͘ DŝůůŝƐƚĞ�ǀĂůĚŬŽŶĚĂĚĞ�ƚĞĂĚŵŝƐŝ�ŽŶ�ƚĞŝů�ĞĞůŬƁŝŐĞ ƚĂƌǀŝƐ�ĞƚƚĞǀƁƚƚĞ�ĂƌĞŶŐƵŬƐ͍�<ƵŝǀƁƌĚ�
ƚćŚƚƐĂŬƐ�ƉĞĂƚĞ�ũƵƐƚ�ŶĞŶĚĞ�ǀĂůĚŬŽŶĚĂĚĞ�ĂƌĞŶĚĂŵŝƐƚ͍

ϭ�с�dćŝĞƐƚŝ�ĞďĂŽůƵůŝŶĞ�͙�ϱ�с�sćŐĂ�ƚćŚƚŝƐ
dŽŽƚĞͲ ǀƁŝ�ƚĞĞŶƵƐĞĂƌĞŶĚƵƐ ϭ Ϯ ϯ ϰ ϱ
dŽŽƚŵŝƐƉƌŽƚƐĞƐƐŝ�ĂƌĞŶĚƵƐ ϭ Ϯ ϯ ϰ ϱ
:ƵŚƚŝŵŝŶĞ ϭ Ϯ ϯ ϰ ϱ
dƵƌƵŶĚƵƐ ϭ Ϯ ϯ ϰ ϱ
�ƚƚĞǀƁƚƚĞ�ƌĂŚĂŶĚƵƐ ϭ Ϯ ϯ ϰ ϱ
�ŬƐƉŽƌĚŝ�ĂůĂƐĞĚ�ƚĞĂĚŵŝƐĞĚ ϭ Ϯ ϯ ϰ ϱ
/ŶƚĞůůĞŬƚƵĂĂůƐĞ�ŽŵĂŶĚŝ�ŬĂŝƚƐĞ ϭ Ϯ ϯ ϰ ϱ
/dͲůĂŚĞŶĚƵƐĞĚ ϭ Ϯ ϯ ϰ ϱ
dĂƌŶĞĂŚĞůĂ�ũƵŚƚŝŵŝŶĞ ϭ Ϯ ϯ ϰ ϱ
můĚŝŶĞ�ŵĂũĂŶĚƵƐŬĞƐŬŬŽŶŶĂ�ĂůĂŶĞ�ŝŶĨŽ ϭ Ϯ ϯ ϰ ϱ

sƁŝ�DƵƵ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

� (WWHY}WOXVW�DUHQGDYDG�RUJDQLVDWVLRRQLG�RQ�QlLWHNV�PDDNRQGOLNXG�DUHQGXVNHVNXVHG��OLQQDYDOLWXVWH�MXXUHV�
DVXYDG�HWWHY}WOXVRVDNRQQDG��/($'(5�JUXSLG��HWWHY}WMDWH�OLLGXG��($6��(WWHY}WOXVH�$UHQGDPLVH�6$���.,.�
�.HVNNRQQDLQYHVWHHULQJXWH� .HVNXV��� WHDGXVSDUJLG�� UHJLRQDDOVHG� DUHQJXNHVNXVHG� MD� PXXG� WDROLVHG�
RUJDQLVDWVLRRQLG�



��

ϯ͘ <ĂƐ�ŽůĞƚĞ�ƚĞŝŶƵĚ�ŬŽŽƐƚƂƂĚ�ŬƁƌŐŬŽŽůŝĚĞŐĂ͍�<Ƶŝ�ũĂŚ͕�ƐŝŝƐ�ŬƵŝǀƁƌĚ�ŽůƵůŝƐĞŬƐ�ŽŶ�
ŽƐƵƚƵŶƵĚ�ũćƌŐŶĞǀĂĚ�ŬŽŽƐƚƂƂǀŽƌŵŝĚ͍

�ŝ�ŽůĞ�
ŬĂƐƵƚĂ
ŶƵĚ

ϭ�с�dćŝĞƐƚŝ�ĞďĂŽůƵůŝŶĞ�͙�ϱ�с�sćŐĂ�ŽůƵůŝŶĞ

<ŽŶƐƵůƚĞĞƌŝŵŝŶĞ�
;ǀĞƐƚůƵƐĞĚ͕�ĂƌƵƚĞůƵĚ͕�ŶƁƵ�ŬƺƐŝŵŝŶĞͿ

ϭ Ϯ ϯ ϰ ϱ

<ŽŽůŝƚƵƐĞĚ�
;ƚćŝĞŶĚŬŽŽůŝƚƵƐĞĚ͕�ƐĞŵŝŶĂƌŝĚͿ

ϭ Ϯ ϯ ϰ ϱ

<ƌĂĂĚŝƁƉĞ
;ƚƂƂƚĂũĂƚĞͲũƵŚƚŝĚĞ�ŽƐĂůĞŵŝŶĞ�Ŷƚ�ĂǀĂƚƵĚ�ŬƁƌŐŬŽŽůŝƐͿ

ϭ Ϯ ϯ ϰ ϱ

můŝƁƉŝůĂƐƚĞ�ƉƌĂŬƚŝŬĂ�
;ƉƌĂŬƚŝŬĂŶĚŝĚ�ĞƚƚĞǀƁƚƚĞƐͿ

ϭ Ϯ ϯ ϰ ϱ

OƉƉĞŬĂǀĂ�ĂƌĞŶĚĂŵŝŶĞ�ũĂ�ƁƉĞƚĂŵŝŶĞ�
;ƁƉƉĞŬĂǀĂĚĞ� ũĂ� ŵŽŽĚƵůŝƚĞ� ĂƌĞŶĚĂŵŝŶĞ͕�
ůŽĞŶŐƵŬƵƌƐƵƐƚĞ� ĞƚƚĞǀĂůŵŝƐƚĂŵŝŶĞ͖� ŬƺůĂůŝƐůŽĞŶŐƵĚ͕��
ƺŚŝƐũƵŚĞŶĚĂŵŝŶĞͿ

ϭ Ϯ ϯ ϰ ϱ

ZΘ��ƺŚŝƐƉƌŽũĞŬƚŝĚ
;ƚĞĂĚƵƐͲĂƌĞŶĚƵƐƚĞŐĞǀƵƐ� ĞŚŬ ƵƵƌŝŶŐƵĚ͕� ŬĂƚƐĞĚ͕�
ĞŬƐƉĞƌƚŝŝƐ�ũŶĞͿ

ϭ Ϯ ϯ ϰ ϱ

dĞĂĚůĂƐƚĞ�ƚƂƂƚĂŵŝŶĞ�ĞƚƚĞǀƁƚƚĞƐ�
;ƁƉƉĞũƁƵĚƵĚĞ� ũĂ� ƚĞĂĚůĂƐƚĞ� ĂũƵƚŝŶĞ� ǀƁŝ� ƉƺƐŝǀ�
ƚƂƂƚĂŵŝŶĞ�ĞƚƚĞǀƁƚĞƚĞƐͿ�

ϭ Ϯ ϯ ϰ ϱ

�ƚƚĞǀƁƚĞƚĞ�ĞƐŝŶĚĂũĂĚ�ŬƁƌŐŬŽŽůŝ�ŽƚƐƵƐƚƵƐŬŽŐƵĚĞƐ�
;ŶƁƵŬŽŐƵĚ͕�ŬƵƌĂƚŽŽƌŝƵŵŝĚ�ũŶĞͿ

ϭ Ϯ ϯ ϰ ϱ

�ƚƚĞǀƁƚůƵƐ�
;ƵƵƚĞ�ĞƚƚĞǀƁƚĞƚĞ�ůŽŽŵŝŶĞ�ŬŽŽƐ�ŬƁƌŐŬŽŽůŝĚĞŐĂͿ

ϭ Ϯ ϯ ϰ ϱ

<Ƶŝ�ǀĂƐƚĂƐŝƚĞ�ǀŝŝŵĂƐĞƐ�ŬƺƐŝŵƵƐĞƐ�ŬƁŝŐŝůĞ�ǀćŝĚĞƚĞůĞ�ͣ�ŝ�ŽůĞ�ŬĂƐƵƚĂŶƵĚ͕͞�ƉĂůƵŵĞ�ũćƚŬĂƚĂ�
ŽƐĂŐĂ� ͣ�/� K>�� <KK^dPP�� d�/Eh�͞� ůĞŚĞŬƺůũĞů� Ŷƌ� ϲ͘� DƵƵů� ũƵŚƵů� ƉĂůƵŵĞ� ũćƚŬĂƚĂ�
ĂůůũćƌŐŶĞǀĂ�ŽƐĂŐĂ�ͣK>�D��<KK^dPP��d�/Eh�͘͞

2/(0(�.2267gg'�7(,18'

,,,��.2267gg�('8.86

ϭ͘ EŝŵĞƚĂŐĞ�ŬƵŶŝ�ŬŽůŵ�ŬƁƌŐŬŽŽůŝ͕�ŬĞůůĞŐĂ�ŽůĞƚĞ�ŬƁŝŐĞ�ƌŽŚŬĞŵ�ŬŽŽƐƚƂƂĚ�ƚĞŝŶƵĚ͘

͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�

Ϯ͘ <ĂƐ�dĞŝĞ�ĞƚƚĞǀƁƚƚĞ�ũƵŚƚŬŽŶŶĂƐ�ŽŶ�ƐĞůůĞͬŶĞŶĚĞ�ŬƁƌŐŬŽŽůŝĚĞ�ǀŝůŝƐƚůĂƐŝ�͍
ĂͿ :ĂŚ
ďͿ �ŝ

ϯ͘ DŝŬƐ�ĂůƵƐƚĂƐŝƚĞ�ŬŽŽƐƚƂƂĚ͍�dƁŵŵĂŬĞ�ƌŝŶŐ�ƺŵďĞƌ�ŬƵŶŝ�ŬŽůŵĞůĞ�ŽůƵůŝƐĞŵĂůĞ�
ƉƁŚũƵƐĞůĞ͘

ĂͿ <ŽŶƐƵůƚĂƚƐŝŽŽŶŝǀĂũĂĚƵƐ
ďͿ KůĞŵĂƐŽůĞǀĂ�ƚŽŽƚĞ�ǀƁŝ�ƚĞĞŶƵƐĞ�ĂƌĞŶĚĂŵŝŶĞ
ĐͿ hƵĞ�ƚŽŽƚĞ�ǀƁŝ�ƚĞĞŶƵƐĞ�ǀćůũĂ�ĂƌĞŶĚĂŵŝŶĞ



��

ĚͿ dŽŽƚŵŝƐƉƌŽƚƐĞƐƐŝ�ĞĨĞŬƚŝŝǀƐĞŵĂŬƐ�ŵƵƵƚŵŝŶĞ
ĞͿ WĞƌƐŽŶĂůŝ�ŬŽŽůŝƚĂŵŝŶĞ
ĨͿ <ƁƌŐŬŽŽůŝ�ƉƌĂŬƚŝŬĂŶƚŝĚĞ�ŬĂƐƵƚĂŵŝŶĞ
ŐͿ <ƁƌŐŬŽŽůŝ�ƚĞĂĚƵƐƚƵůĞŵƵƐƚĞ�ŬĂƐƵƚĂŵŝŶĞ
ŚͿ ^ŽŽǀ�ŬƁƌŐŬŽŽůŝ�ƁƉĞƚ�ƉĂƌĞŵĂŬƐ�ŵƵƵƚĂ
ŝͿ mŚŝŶĞ�ĞƚƚĞǀƁƚůƵƐĞ�ĂƌĞŶĚĂŵŝŶĞ

DƵƵ�ƉƁŚũƵƐ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

ϰ͘ <ƵŝĚĂƐ�ƚŽŝŵƵƐ�ĞƐŝŵĞŶĞ�ŬŽŶƚĂŬƚ͍
ĂͿ /ƐŝŬůŝŬƵ�ƚƵƚǀƵƐĞ�ŬĂƵĚƵ
ďͿ sƁƚƐŝƚĞ�ŝƐĞ�ƺŚĞŶĚƵƐƚ�ŬƁƌŐŬŽŽůŝ�ƚƂƂƚĂũĂŐĂ͕�ŬĞĚĂ�ƚĞ�ĞŶŶĞ�Ğŝ�ƚƵŶĚŶƵĚ�
ĐͿ <ƁƌŐŬŽŽůŝ�ƚƂƂƚĂũĂĚ�ǀƁƚƐŝĚ�ƺŚĞŶĚƵƐƚ�dĞŝĞ�ĞƚƚĞǀƁƚƚĞŐĂ
ĚͿ >ćďŝ�ŬƁƌŐŬŽŽůŝ�ĞƚƚĞǀƁƚůƵƐͲ ǀƁŝ�ƚĞĂĚŵƵƐƐŝŝƌĚĞ�ŬĞƐŬƵƐĞ
ĞͿ >ćďŝ�ĞƚƚĞǀƁƚůƵƐƚ�ĂƌĞŶĚĂǀĂ�ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝϮ

ĨͿ �ƌŝĂůĂůŝŝĚƵ�ŬĂƵĚƵ

DƵƵ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�

ϱ͘ <ƵŝĚĂƐ�ŚŝŶĚĂƚĞ�ƐĞŶŝƐĞƐƚ�ŬŽŽƐƚƂƂƐƚ�ƐĂĂĚƵĚ�ŬĂƐƵ͍

ϲ͘ DŝůůŝƐĞĚ�ŽŶ�ŽůŶƵĚ�ƉĞĂŵŝƐĞĚ�ŬŝƚƐĂƐŬŽŚĂĚ�ũĂ�ƉƌŽďůĞĞŵŝĚ�ŬŽŽƐƚƂƂƐ͍�<ƵŝǀƁƌĚ�ƚƵŐĞǀĂůƚ�
ŽŶ�ŶĞĞĚ�ŬŽŽƐƚƂƂĚ�ŵƁũƵƚĂŶƵĚ͍

ϭ�с��ŝ�ŽůĞ�ŵƁũƵƚĂŶƵĚ�͙�ϱ�с�sćŐĂ�ƚƵŐĞǀĂůƚ�
ŵƁũƵƚĂŶƵĚ

<ĞĞƌƵůŝŶĞ�ŽŶ�ůĞŝĚĂ�ƐŽďŝǀĂƚ�ŬŽŽƐƚƂƂƉĂƌƚŶĞƌŝƚ ϭ Ϯ ϯ ϰ ϱ
�ƚƚĞǀƁƚƚĞ� ũĂ� ŬƁƌŐŬŽŽůŝ� ĞĞƐŵćƌŐŝĚ� ŽŶ� ůŝŝĂůƚ�
ĞƌŝŶĞǀĂĚ

ϭ Ϯ ϯ ϰ ϱ

�ƚƚĞǀƁƚƚĞ�ũĂ�ŬƁƌŐŬŽŽůŝ�ŝŶŝŵĞƐƚĞ�ĞƌŝŶĞǀĂĚ�ŚŽŝĂŬƵĚ�
ũĂ�ĂũĂůŝƐĞĚ�ǀƁŝŵĂůƵƐĞĚ

ϭ Ϯ ϯ ϰ ϱ

<ƁƌŐŬŽŽůŝ�ƚƂƂƚĂũĂĚ�ǀćŚĞ�ŵŽƚŝǀĞĞƌŝƚƵĚ�ŬŽŽƐƚƂƂĚ�
ƚĞŐĞŵĂ

ϭ Ϯ ϯ ϰ ϱ

<ƁƌŐŬŽŽůŝĚĞ�ƵƵƌŝŶŐƵĚ�ŽŶ�ůŝŝĂůƚ�ƚĞŽƌĞĞƚŝůŝƐĞĚ ϭ Ϯ ϯ ϰ ϱ
<ŽŽƐƚƂƂ�ŽŶ�ƐƵƵƌĞ�ŵĂŬƐƵŵƵƐĞŐĂ ϭ Ϯ ϯ ϰ ϱ
KŶ�ƉƌŽďůĞĞŵĞ�ŝŶƚĞůůĞŬƚƵĂĂůŽŵĂŶĚŝŐĂ ϭ Ϯ ϯ ϰ ϱ

� (WWHY}WOXVW�DUHQGDYDG�RUJDQLVDWVLRRQLG�RQ�QlLWHNV�PDDNRQGOLNXG�DUHQGXVNHVNXVHG��OLQQDYDOLWXVWH�MXXUHV�
DVXYDG�HWWHY}WOXVRVDNRQQDG��/($'(5�JUXSLG��HWWHY}WMDWH�OLLGXG��($6��(WWHY}WOXVH�$UHQGDPLVH�6$���.,.�
�.HVNNRQQDLQYHVWHHULQJXWH� .HVNXV��� � WHDGXVSDUJLG�� UHJLRQDDOVHG� DUHQJXNHVNXVHG� MD� PXXG� WDROLVHG�
RUJDQLVDWVLRRQLG�

ϭ�с��ŝ�ƺůĚƐĞ�ŽůĞ�ŬĂƐƵůŝŬ�͙�ϱ�с�sćŐĂ�ŬĂƐƵůŝŬ
ϭ Ϯ ϯ ϰ ϱ



��

sƁŝ�DƵƵ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

ϳ͘ DŝĚĂ�ƐĂĂŬƐŝĚ�ŬƁƌŐŬŽŽůŝĚ�ƚĞŚĂ͕�Ğƚ�ƚĞĞŬƐŝƚĞ�ŶĞŶĚĞŐĂ�ƌŽŚŬĞŵ�ŬŽŽƐƚƂƂĚ͍
ϭ�с�dćŝĞƐƚŝ�ĞďĂŽůƵůŝŶĞ�͙�ϱ�с�sćŐĂ�ŽůƵůŝŶĞ

<ƁƌŐŬŽŽůŝĚ� ƉĞĂŬƐŝĚ� ƚƵƚǀƵƐƚĂŵĂ� ĂŬƚŝŝǀƐĞůƚ� ŽŵĂ�
ǀƁŝŵĂůƵƐŝ

ϭ Ϯ ϯ ϰ ϱ

<ƁƌŐŬŽŽůŝĚ� ƉĞĂŬƐŝĚ� ĞƚƚĞǀƁƚĞƚĞŐĂ� ŽƚƐĞ�
ŬŽŶƚĂŬƚĞĞƌƵŵĂ

ϭ Ϯ ϯ ϰ ϱ

<ƁƌŐŬŽŽůŝĚĞů� ƉĞĂŬƐ� ŽůĞŵĂ� ƐĞůŐĞŵ� ƐƺƐƚĞĞŵ� ũĂ�
ŬŽŶŬƌĞĞƚƐĞĚ�ƚĞĞŶƵƐĞĚ�ŬŽŽƐƚƂƂŬƐ

ϭ Ϯ ϯ ϰ ϱ

�ĞƐƚŝ�ŬƁƌŐŬŽŽůŝĚĞů�ƉĞĂŬƐ�ŽůĞŵĂ�ƺŚŝŶĞ�ŬŽŶƚĂŬƚƉƵŶŬƚ͕�
ŬƵƐƚ�ŬŽŽƐƚƂƂ�ĂůƵƐƚĂŵŝƐĞŬƐ�ŝŶĨŽƚ�ƐĂĂď�

ϭ Ϯ ϯ ϰ ϱ

WĞĂŬƐ�ĞŬƐŝƐƚĞĞƌŝŵĂ�ƐĞůŐĞ�ǀŝŝƐ͕�ŬƵŝĚĂƐ�ƚĞŚĂ�ŬŽŽƐƚƂƂĚ�
ŵŝƚŵĞ�ŬƁƌŐŬŽŽůŝŐĂ�ŬŽƌƌĂŐĂ

ϭ Ϯ ϯ ϰ ϱ

<ƁƌŐŬŽŽůŝĚĞů� ƉĞĂŬƐ� ŽůĞŵĂ� ŝŶƚĞůůĞŬƚƵĂĂůŽŵĂŶĚŝ�
ũĂŽƚƵŵŝƐĞ�ƐĞůŐĞ�ƐƺƐƚĞĞŵ

ϭ Ϯ ϯ ϰ ϱ

KŶ� ƚĂƌǀŝƐ� ƌŽŚŬĞŵ� ƌŝŝŬůŝŬĞ� ƚŽĞƚƵƐŝ� ŬƁƌŐŬŽŽůŝĚĞ�
ƚĞĞŶƵƐƚĞ�ƚĂƌďŝŵŝƐĞŬƐ

ϭ Ϯ ϯ ϰ ϱ

sƁŝ�DƵƵ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

,9��5,,*,322/1(�78*,

ϭ͘ <ĂƐ�ŽůĞƚĞ�ŵƁŶĞ�ĞƚƚĞǀƁƚůƵƐƚ�ĂƌĞŶĚĂǀĂ�ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝŐĂ�ŬŽŽƐƚƂƂĚ�ƚĞŝŶƵĚ͍
ĂͿ :ĂŚ
ďͿ �ŝ�;ũćƚŬĂƚĂ�ŬƺƐŝŵƵƐĞŐĂ�Ŷƌ�ϮͿ

ϭ͘ϭ͘ <Ƶŝ�ũĂŚ͕�ƐŝŝƐ�ŵŝůůŝŶĞ�ŶĞŝƐƚ�ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝĚĞƐƚ�ŽŶ�dĞŝĞ�ũĂŽŬƐ�ŽůƵůŝƐŝŵ�ƉĂƌƚŶĞƌ͍�
͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

ϭ͘Ϯ͘ <ƵŝĚĂƐ�ŬƵůŐĞƐ�ŬŽŽƐƚƂƂ�ŽůƵůŝƐŝŵĂ�ƉĂƌƚŶĞƌŝŐĂ�ŶŝŵĞƚĂƚƵĚ�ĂƐƉĞŬƚŝĚĞƐ͍
ϭ�с�sćŐĂ�ŚĂůď�͙�ϱ�с�sćŐĂ�ŚĞĂ

DĞŝĞ�ƉƌŽďůĞĞŵŝ�ŵƁŝƐƚĞƚŝ�ŚćƐƚŝ ϭ Ϯ ϯ ϰ ϱ
�Ŷƚŝ�ŚĞĂ�ƺůĞǀĂĂĚĞ�ŬƁŝŬŝĚĞƐƚ�ǀƁŝŵĂůŝŬĞƐƚ�ůĂŚĞŶĚƵƐƚĞƐƚ ϭ Ϯ ϯ ϰ ϱ
�Ŷƚŝ� ŚĞĂ� ƺůĞǀĂĂĚĞ� ŬƁŝŬŝĚĞƐƚ� ǀƁŝŵĂůŝŬĞƐƚ� ŬŽŽƐƚƂƂͲ
ƉĂƌƚŶĞƌŝƚĞƐƚ

ϭ Ϯ ϯ ϰ ϱ

^Žďŝǀ�ůĂŚĞŶĚƵƐ�ǀƁŝ�ŬŽŽƐƚƂƂƉĂƌƚŶĞƌ�ůĞŝƚŝ�ŬŝŝƌĞƐƚŝ ϭ Ϯ ϯ ϰ ϱ
dŽŝŵƵƐ�ĞĨĞŬƚŝŝǀŶĞ�ůĂŚĞŶĚƵƐĞ�ǀƁŝ�ŬŽŽƐƚƂƂ�ŬŽƌƌĂůĚƵƐ ϭ Ϯ ϯ ϰ ϱ
:ćŝŵĞ�ŬŽŬŬƵǀƁƚƚĞƐ�ƌĂŚƵůĞ�ƐĂĂĚƵĚ�ůĂŚĞŶĚƵƐĞŐĂ ϭ Ϯ ϯ ϰ ϱ
dĞŬŬŝƐ� ƵƐĂůĚƵƐůŝŬ� ƐƵŚĞ� ĞƚƚĞǀƁƚůƵƐƚ� ĂƌĞŶĚĂǀĂ�
ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝŐĂ

ϭ Ϯ ϯ ϰ ϱ



��

Ϯ͘ <ƵŝǀƁƌĚ�ƉĞĂŬƐŝĚ�ĞƚƚĞǀƁƚůƵƐƚ�ĂƌĞŶĚĂǀĂĚ�ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝĚ�ƉĂŬŬƵŵĂ�ŬƁƌŐŬŽŽůŝĚĞŐĂ�
ŬŽŽƐƚƂƂ�ƚĞŐĞŵŝƐĞ�ǀƁŝŵĂůƵƐŝ͍

ϭ�с�dćŝĞƐƚŝ�ĞďĂŽůƵůŝŶĞ�͙�ϱ�с�sćŐĂ�ŽůƵůŝŶĞ
WĞĂŬƐŝĚ� ƉĂŬŬƵŵĂ� ƌŽŚŬĞŵ� ŝŶĨŽƚ� ŬƁƌŐŬŽŽůŝĚĞ�
ŬŽŽƐƚƂƂǀƁŝŵĂůƵƐƚĞ�ŬŽŚƚĂ

ϭ Ϯ ϯ ϰ ϱ

<ŽƌƌĂůĚĂŵĂ�ƺŚŝƐŬƺůĂƐƚƵƐŝ�ŬƁƌŐŬŽŽůŝĚĞƐƐĞ ϭ Ϯ ϯ ϰ ϱ
:ĂŐĂŵĂ� ŝŶĨŽƚ� ŬƁƌŐŬŽŽůŝĚĞ� ƉŽŽůƚ� ƉĂŬƵƚĂǀĂƚĞ�
ƐĞŵŝŶĂƌŝĚĞ͕�ŬŽŽůŝƚƵƐƚĞ͕�ůŽĞŶŐƵƐĂƌũĂĚĞ�ŬŽŚƚĂ

ϭ Ϯ ϯ ϰ ϱ

dƵƚǀƵƐƚĂŵĂ�ŬƁƌŐŬŽŽůŝ�ŝŶŝŵĞƐŝ�ũĂ�ƵƵƌŝŶŐƵŝĚ ϭ Ϯ ϯ ϰ ϱ
WĂŬŬƵŵĂ�ƚŽĞƚƵƐƚ�ƉƌĂŬƚŝŬĂŶƚŝĚĞ�ũƵŚĞŶĚĂŵŝƐĞŬƐ ϭ Ϯ ϯ ϰ ϱ
WĂŬŬƵŵĂ� ƐƚŝƉĞŶĚŝƵŵŝǀƁŝŵĂůƵƐƚ� ƺůŝƁƉŝůĂƐƚĞ�
ŬĂĂƐĂŵŝƐĞŬƐ� ĞƚƚĞǀƁƚƚĞƐƐĞ� ;Ŷƚ� ŵŝŶŐŝ� ƉƌŽďůĞĞŵŝ�
ůĂŚĞŶĚĂŵŝƐĞŬƐͿ

ϭ Ϯ ϯ ϰ ϱ

WĂŬŬƵŵĂ� ƚĂƐƵƚĂ� ƉƌŽũĞŬƚŝũƵŚŝ� ƚĞĞŶƵƐƚ�
ŬŽŽƐƚƂƂƉƌŽũĞŬƚŝĚĞ�ũĂŽŬƐ

ϭ Ϯ ϯ ϰ ϱ

WĂŬŬƵŵĂ�ƌĂŚĂůŝƐŝ�ƚŽĞƚƵƐŵĞĞƚŵĞŝĚ�ŬŽŽƐƚƂƂ�ũĂŽŬƐ ϭ Ϯ ϯ ϰ ϱ

sƁŝ�DƵƵ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

^ƵƵƌ�ĂŝƚćŚ�ǀĂƐƚĂŵĂƐƚ͊�

<Ƶŝ�ŵćƌŬŝƐŝƚĞ�ƺůĞƐ�ŽŵĂ�ŬŽŶƚĂŬƚŝ͕�ƐĂĂĚĂŵĞ�ƚƵůĞŵƵƐĞĚ�ŬŽŽƐ�ƚćŝĞůŝŬƵ�ǀĞƌƐŝŽŽŶŝŐĂ�ƵƵƌŝŶŐƵƐƚ�

ŽƌŝĞŶƚĞĞƌƵǀĂůƚ�ϮϬϭϲ͘�ĂĂƐƚĂ�ŬĞǀĂĚĞ�ůƁƉƵƐ͘

(,�2/(�.2267gg'�7(,18'

,,,��.2267gg3$571(5,7(�9$/,.

ϭ͘ DŝŬƐ�Ğŝ�ƚƵŶĚƵ�ŬŽŽƐƚƂƂ�ŬƁƌŐŬŽŽůŝĚĞŐĂ�ƚĞŝůĞ�ŚĞƚŬĞů�ǀĂũĂůŝŬ͍�
ϭ�с��ŝ�ŬĞŚƚŝ�͙�ϱ�с�<ĞŚƚŝď�ǀćŐĂ

�ƚƚĞǀƁƚƚĞ�ĂƌĞŶŐƵŬƐ�ƉŽůĞ�ŬŽŽƐƚƂƂĚ�ƚĂƌǀŝƐ ϭ Ϯ ϯ ϰ ϱ
DĞŝů� ƉƵƵĚƵǀĂĚ� ŝŶŝŵĞƐĞĚ͕� ŬĞƐ� ŬŽŽƐƚƂƂĚ� ǀƁŝŬƐ�
ĂƌĞŶĚĂĚĂ

ϭ Ϯ ϯ ϰ ϱ

DĞŝů� ƉƵƵĚƵď� ƌĂŚĂůŝŶĞ� ǀƁŝŵĞŬƵƐ� ŬŽŽƐƚƂƂ�
ĂƌĞŶĚĂŵŝƐĞŬƐ

ϭ Ϯ ϯ ϰ ϱ

<ƁƌŐŬŽŽůŝĚĞů�Ğŝ�ŽůĞ�ŵĞŝůĞ�ǀĂũĂůŝŬŬƵ�ŬŽŵƉĞƚĞŶƚƐŝ ϭ Ϯ ϯ ϰ ϱ
<ƁƌŐŬŽŽůŝĚ�ƚƵŶĚƵǀĂĚ�ůŝŝĂůƚ�ƐƵƵƌĞĚ�ũĂ�ŬĂƵŐĞĚ ϭ Ϯ ϯ ϰ ϱ
<ĞĞƌƵůŝŶĞ� ŽŶ� ůĞŝĚĂ� ŬƁƌŐŬŽŽůŝ� ƐĞĞƐƚ� ƐŽďŝǀĂƚ�
ŬŽŽƐƚƂƂƉĂƌƚŶĞƌŝƚ

ϭ Ϯ ϯ ϰ ϱ

ZĂƐŬĞ� ƚĞŬŝƚĂĚĂ� ŬƁƌŐŬŽŽůŝ� ƚƂƂƚĂũĂƚĞƐ� ŚƵǀŝ� ŬŽŽƐƚƂƂ�
ǀĂƐƚƵ

ϭ Ϯ ϯ ϰ ϱ

DĞŝĞ� ũĂ� ŬƁƌŐŬŽŽůŝ� ŝŶŝŵĞƐƚĞ� ŚŽŝĂŬƵĚ� ũĂ� ĂũĂůŝƐĞĚ�
ǀƁŝŵĂůƵƐĞĚ�ŽŶ�ůŝŝĂůƚ�ĞƌŝŶĞǀĂĚ

ϭ Ϯ ϯ ϰ ϱ



��

Ϯ͘ DŝůůŝƐĞů�ũƵŚƵů�ƚĞĞŬƐŝƚĞ�ŬŽŽƐƚƂƂĚ�ŬƁƌŐŬŽŽůŝĚĞŐĂ͍

,9��5,,*,322/1(�78*,

ϭ͘ <ĂƐ�ŽůĞƚĞ�ŵƁŶĞ�ĞƚƚĞǀƁƚůƵƐƚ�ĂƌĞŶĚĂǀĂ�ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝŐĂ�ŬŽŽƐƚƂƂĚ�ƚĞŝŶƵĚ͍
ĂͿ :ĂŚ
ďͿ �ŝ�;ũćƚŬĂƚĂ�ŬƺƐŝŵƵƐĞŐĂ�Ŷƌ�ϮͿ
ϭ͘ϭ͘ <Ƶŝ�ũĂŚ͕�ƐŝŝƐ�ŵŝůůŝŶĞ�ŶĞŝƐƚ�ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝĚĞƐƚ�ŽŶ�dĞŝĞ�ũĂŽŬƐ�ŽůƵůŝƐŝŵ�ƉĂƌƚŶĞƌ͍�

͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘�

ϭ͘Ϯ͘ <ƵŝĚĂƐ�ŬƵůŐĞƐ�ŬŽŽƐƚƂƂ�ŽůƵůŝƐŝŵĂ�ƉĂƌƚŶĞƌŝŐĂ�ŶŝŵĞƚĂƚƵĚ�ĂƐƉĞŬƚŝĚĞƐ͍
ϭ�с�sćŐĂ�ŚĂůď�͙�ϱ�с�sćŐĂ�ŚĞĂ

DĞŝĞ�ƉƌŽďůĞĞŵŝ�ŵƁŝƐƚĞƚŝ�ŚćƐƚŝ ϭ Ϯ ϯ ϰ ϱ
�Ŷƚŝ�ŚĞĂ�ƺůĞǀĂĂĚĞ�ŬƁŝŬŝĚĞƐƚ�ǀƁŝŵĂůŝŬĞƐƚ�ůĂŚĞŶĚƵƐƚĞƐƚ ϭ Ϯ ϯ ϰ ϱ

�Ŷƚŝ� ŚĞĂ� ƺůĞǀĂĂĚĞ� ŬƁŝŬŝĚĞƐƚ� ǀƁŝŵĂůŝŬĞƐƚ� ŬŽŽƐƚƂƂͲ
ƉĂƌƚŶĞƌŝƚĞƐƚ

ϭ Ϯ ϯ ϰ ϱ

^Žďŝǀ�ůĂŚĞŶĚƵƐ�ǀƁŝ�ŬŽŽƐƚƂƂƉĂƌƚŶĞƌ�ůĞŝƚŝ�ŬŝŝƌĞƐƚŝ ϭ Ϯ ϯ ϰ ϱ

dŽŝŵƵƐ�ĞĨĞŬƚŝŝǀŶĞ�ůĂŚĞŶĚƵƐĞ�ǀƁŝ�ŬŽŽƐƚƂƂ�ŬŽƌƌĂůĚƵƐ ϭ Ϯ ϯ ϰ ϱ
:ćŝŵĞ�ŬŽŬŬƵǀƁƚƚĞƐ�ƌĂŚƵůĞ�ƐĂĂĚƵĚ�ůĂŚĞŶĚƵƐĞŐĂ ϭ Ϯ ϯ ϰ ϱ

dĞŬŬŝƐ� ƵƐĂůĚƵƐůŝŬ� ƐƵŚĞ� ĞƚƚĞǀƁƚůƵƐƚ� ĂƌĞŶĚĂǀĂ�
ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝŐĂ

ϭ Ϯ ϯ ϰ ϱ

Ϯ͘ <ƵŝǀƁƌĚ�ƉĞĂŬƐŝĚ�ĞƚƚĞǀƁƚůƵƐƚ�ĂƌĞŶĚĂǀĂĚ�ŽƌŐĂŶŝƐĂƚƐŝŽŽŶŝĚ�ƉĂŬŬƵŵĂ�ŬƁƌŐŬŽŽůŝĚĞŐĂ�
ŬŽŽƐƚƂƂ�ƚĞŐĞŵŝƐĞ�ǀƁŝŵĂůƵƐŝ͍

ϭ�с�dćŝĞƐƚŝ�ĞďĂŽůƵůŝŶĞ�͙�ϱ�с�sćŐĂ�ŽůƵůŝŶĞ
WĞĂŬƐŝĚ� ƉĂŬŬƵŵĂ� ƌŽŚŬĞŵ� ŝŶĨŽƚ� ŬƁƌŐŬŽŽůŝĚĞ�
ŬŽŽƐƚƂƂǀƁŝŵĂůƵƐƚĞ�ŬŽŚƚĂ

ϭ Ϯ ϯ ϰ ϱ

<ŽƌƌĂůĚĂŵĂ�ƺŚŝƐŬƺůĂƐƚƵƐŝ�ŬƁƌŐŬŽŽůŝĚĞƐƐĞ ϭ Ϯ ϯ ϰ ϱ
:ĂŐĂŵĂ� ŝŶĨŽƚ� ŬƁƌŐŬŽŽůŝĚĞ� ƉŽŽůƚ� ƉĂŬƵƚĂǀĂƚĞ�
ƐĞŵŝŶĂƌŝĚĞ͕�ŬŽŽůŝƚƵƐƚĞ͕�ůŽĞŶŐƵƐĂƌũĂĚĞ�ŬŽŚƚĂ

ϭ Ϯ ϯ ϰ ϱ

dƵƚǀƵƐƚĂŵĂ�ŬƁƌŐŬŽŽůŝ�ŝŶŝŵĞƐŝ�ũĂ�ƵƵƌŝŶŐƵŝĚ ϭ Ϯ ϯ ϰ ϱ
WĂŬŬƵŵĂ�ƚŽĞƚƵƐƚ�ƉƌĂŬƚŝŬĂŶƚŝĚĞ�ũƵŚĞŶĚĂŵŝƐĞŬƐ ϭ Ϯ ϯ ϰ ϱ
WĂŬŬƵŵĂ� ƐƚŝƉĞŶĚŝƵŵŝǀƁŝŵĂůƵƐƚ� ƺůŝƁƉŝůĂƐƚĞ�
ŬĂĂƐĂŵŝƐĞŬƐ� ĞƚƚĞǀƁƚƚĞƐƐĞ� ;Ŷƚ� ŵŝŶŐŝ� ƉƌŽďůĞĞŵŝ�
ůĂŚĞŶĚĂŵŝƐĞŬƐͿ

ϭ Ϯ ϯ ϰ ϱ
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WĂŬŬƵŵĂ� ƚĂƐƵƚĂ� ƉƌŽũĞŬƚŝũƵŚŝ� ƚĞĞŶƵƐƚ�
ŬŽŽƐƚƂƂƉƌŽũĞŬƚŝĚĞ�ũĂŽŬƐ

ϭ Ϯ ϯ ϰ ϱ

WĂŬŬƵŵĂ�ƌĂŚĂůŝƐŝ�ƚŽĞƚƵƐŵĞĞƚŵĞŝĚ�ŬŽŽƐƚƂƂ�ũĂŽŬƐ ϭ Ϯ ϯ ϰ ϱ

sƁŝ�DƵƵ͗͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘

^ƵƵƌ�ĂŝƚćŚ�ǀĂƐƚĂŵĂƐƚ͊�<Ƶŝ�ŵćƌŬŝƐŝƚĞ�ƺůĞƐ�ŽŵĂ�ŬŽŶƚĂŬƚŝ͕�ƐĂĂĚĂŵĞ�ƚƵůĞŵƵƐĞĚ�ŬŽŽƐ�ƚćŝĞůŝŬƵ�

ǀĞƌƐŝŽŽŶŝŐĂ�ƵƵƌŝŶŐƵƐƚ�ŽƌŝĞŶƚĞĞƌƵǀĂůƚ�ϮϬϭϲ͘�ĂĂƐƚĂ�ŬĞǀĂĚĞ�ůƁƉƵƐ͘
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/LVD����7DNLVWDYDWH�MD�WRHWDYDWH�WHJXULWH�NRUUHODWVLRRQLG

(WWHY}WHWH�N}UJNRROLGH�NRRVW||�WHJHPLVHO�LOPQHQXG�WDNLVWXVWH�MD�N}UJNRROLGHSRROVHWH�WRHWDYDWH�WHJXULWH NRUUHODWVLRRQLG3
DUWQHU

(
HVP

lUN

+
RLDN

0
RWLYDWVLRRQ

7
HRUHHWLOLVXV

0
DNVXP

XV

,QWHOOHNWXDDO�
RP

DQG

$
NWLLYQH�LQIR

6
HOJH�V�VWHHP

5
LLJL�WRHWXVHG

2
WVHNRQWDNW

.
}UJNRROLGH�

�KLQH�NRQWDNW

,QWHOOHNWXDDO�
RP

DQGL�

3DUWQHU ����
(HVPlUN ���� ����
+RLDN ���� ���� ����
0RWLYDWVLRRQ ���� ���� ���� ����
7HRUHHWLOLVXV ���� ���� ���� ���� ����
0DNVXPXV ���� ���� ���� ���� ���� ����
,QWHOOHNWXDDORPDQG ���� ���� ���� ���� ���� ���� ����
$NWLLYQH�LQIR ���� ���� ���� ���� ���� ���� ���� ����
6HOJH�V�VWHHP ���� ���� ���� ���� ���� ���� ���� ���� ����
5LLJL�WRHWXVHG ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
2WVHNRQWDNW ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ����
.}UJNRROLGH��KLQH�NRQWDNW ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QWHOOHNWXDDORPDQGL�MDRWXPLQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
0LWPH�N}UJNRROL�NRRVW|| ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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/LVD���MlWN

(WWHY}WHWH�N}UJNRROLGH�NRRVW||�WHJHPLVHO�LOPQHQXG�WDNLVWXVWH�MD�ULLJLSRROVHWH�WRHWDYDWH�WHJXULWH�NRUUHODWVLRRQLG3
DUWQHU

(
HVP

lUN

+
RLDN

0
RWLYDWVLRRQ

7
HRUHHWLOLVXV

0
DNVXP

XV

,QWHOOHNWXDDO�
RP

DQG

,QIR�
NRRVW||�

NRKWD

6
WLSHQGLXP

LG�
�OL}SLODVWHOH

,QIR�NRROLWXVWH�
NRKWD

5
DKDOLVHG�

WRHWXVP
HHWP

H

.
}UJN��

LQLP
HVWH�

MD�

3DUWQHU ����
(HVPlUN ���� ����
+RLDN ���� ���� ����
0RWLYDWVLRRQ ���� ���� ���� ����
7HRUHHWLOLVXV ���� ���� ���� ���� ����
0DNVXPXV ���� ���� ���� ���� ���� ����
,QWHOOHNWXDDORPDQG ���� ���� ���� ���� ���� ���� ����

,QIR�NRRVW||�NRKWD ����� ����� ����� ����� ���� ���� ���� ����

6WLSHQGLXPLG��OL}SLODVWHOH ���� ���� ���� ���� ���� ���� ���� ���� ����

,QIR�NRROLWXVWH�NRKWD ����� ����� ����� ����� ���� ���� ���� ���� ���� ����

5DKDOLVHG�WRHWXVPHHWPHG ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

.}UJN��LQLPHVWH�MD�XXULQJXWH�WXWYXVWXV ���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7RHWXV�SUDNWLNDQWLGH�MXKHQGDPLVHNV ���� ����� ����� ����� ���� ���� ���� ���� ���� ���� ���� ����

7DVXWD�SURMHNWLMXKL�WHHQXV ���� ���� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����
hKLVN�ODVWXVHG�HWWHY}WHWHVVH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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7DNLVWXVHG�HWWHY}WHWH�MDRNV��NHV�HL�ROH�NRRVW||G�WHLQXG�MD�ULLJLSRROVHWH WRHWDYDWH�WHJXULWH NRUUHODWVLRRQLG3
DUWQHUL�
OHLGP

LQH

5
DKDOLVHG�

UHVVXUVLG

5
DVNH�

WHNLWDGD�

,QLP
UHVVXUVL

G .
}UJNRRO�

NDXJH

(
ULQHYDG�

KRLDNXG�
MD�

$
UHQJXNV�

SROH�
YDMD�

.
}UJNRROLGH

O�
SROH�

,QIR�NRRVW||�
NRKWD

6
WLSHQGLXP

L
G� ,QIR�
NRROLWXVWH�

WRHWXVP
HHWP

3DUWQHUL�OHLGPLQH ����
5DKDOLVHG�UHVVXUVLG ���� ����
5DVNH�WHNLWDGD�W||WDMDWHV�KXYL ���� ���� ����
,QLPUHVVXUVLG ���� ����� ����� ����
.}UJNRRO�NDXJH ���� ���� ���� ���� ����
(ULQHYDG�KRLDNXG�MD�DMDOLVHG�Y}LPDOXVHG ����� ���� ���� ���� ���� ����
$UHQJXNV�SROH�YDMD�NRRVW||G ���� ���� ���� ���� ���� ���� ����
.}UJNRROLGHO�SROH�NRPSHWHQWVL ���� ���� ���� ���� ���� ���� ���� ����
,QIR�NRRVW||�NRKWD ����� ���� ���� ���� ���� ���� ���� ���� ����
6WLSHQGLXPLG��OL}SLODVWHOH ����� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QIR�NRROLWXVWH NRKWD ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
5DKDOLVHG�WRHWXVPHHWPHG ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
.}UJN��LQLPHVWH�MD�XXULQJXWH�WXWYXVWXV ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
7RHWXV�SUDNWLNDQWLGH�MXKHQGDPLVHNV ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
7DVXWD�SURMHNWLMXKL�WHHQXV ����� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
hKLVN�ODVWXVHG�HWWHY}WHWHVVH ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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6800$5<

,03529,1* %86,1(66�81,9(56,7<�&223(5$7,21 ,1�(6721,$

5HHOLND�$OXQXUP

.QRZOHGJH�KDV�EHFRPH D�YDOXDEOH�DVVHW�IRU�HFRQRPLF�GHYHORSPHQW��%XVLQHVVHV�VHDUFK�

IRU�PHDQV�WR�DFTXLUH�NQRZOHGJH��XVH�LW�WR�HQKDQFH�WKHLU�FDSDELOLWLHV�DQG�WKHUHE\�DFKLHYH�

FRPSHWLWLYH� DGYDQWDJH�� %RWK� WKH� (XURSHDQ� 8QLRQ� DQG� LWV� PHPEHU� FRXQWULHV� KDYH�

UHFRJQL]HG� WKH� YDOXH� RI� NQRZOHGJH� EDVHG� HFRQRP\� DQG� DUH� DFWLYHO\� WU\LQJ� WR� ERRVW�

LQQRYDWLRQ� DQG�NQRZOHGJH� WUDQVIHU��7KH� JUHDWHVW� VRXUFH�RI�NQRZOHGJH� LQ� VRFLHWLHV� DUH�

XQLYHUVLWLHV��)RU�NQRZOHGJH�WUDQVIHU�WR�WDNH�SODFH�EHWZHHQ�XQLYHUVLWLHV�DQG�EXVLQHVVHV��

WKH�WZR�SDUWLHV�QHHG�WR�HQJDJH LQ�FRRSHUDWLYH�DFWLYLWLHV�

7KH�SUHYLRXVO\�VWDWHG�LPSRUWDQFH�LV�ZK\�EXVLQHVV�XQLYHUVLW\�FRRSHUDWLRQ�LV�D�WRSLF�ZHOO�

UHVHDUFKHG� +RZHYHU��WKHUH�DUH�VHYHUDO�VKRUWFRPLQJV�LQ�SUHYLRXV�UHVHDUFK�WKDW�SURYH�WKH�

UHVXOWV�QRW�TXLWH�YDOLG�LQ�D�FRXQWU\�VXFK�DV�(VWRQLD��)LUVWO\��PRVW�RI�WKH�SUHYLRXV�UHVHDUFK�

LV�EDVHG�RQ�&RPPXQLW\�,QQRYDWLRQ�6XUYH\��ZKLFK�LV�WKH�PRVW�ODUJH�VFDOH�TXHVWLRQQDLUH�

FRPSOHWHG�LQ�(XURSH��7KLV�VXUYH\��KRZHYHU��IRFXVHV�RQ�EXVLQHVVHV�DOUHDG\�HQJDJHG�LQ�

LQQRYDWLRQ� DQG� OHDYHV� RXW� FRPSDQLHV� ZLWK� OHVV WKDQ� ��� HPSOR\HHV�� ZKLFK� (VWRQLDQ�

HFRQRP\�ODUJHO\�FRQVLVWV�RI��������7KHUHIRUH�WKH�SUHYLRXV�UHVXOWV�PLJKW�QRW�DSSO\�LQ�WKLV�

FRXQWU\ VSHFLILF�VHWWLQJ��

6HFRQGO\��FRRSHUDWLRQ�LV�RIWHQ�YLHZHG�DV�RIILFLDO�DFWLRQV�VXFK�DV�FRQWUDFWHG�UHVHDUFK�DQG�

GHYHORSPHQW��5	'��SURMHFWV��EXW�WKHRUHWLFDO�YLHZV�SRLQW�RXW�WKDW�NQRZOHGJH�WUDQVIHU�FDQ�

WDNH�SODFH�WKURXJK�YDULRXV�FKDQQHOV��/DVWO\��EDUULHUV�DQG�GULYHUV�RI�EXVLQHVV�XQLYHUVLW\�

FRRSHUDWLRQ�DUH�ZLGHO\� DFNQRZOHGJHG�DQG� UHVHDUFKHG��KRZHYHU� WKHVH� IDFWRUV�KDYH�QRW�

EHHQ�SUHYLRXVO\�WLHG�WR�HDFK RWKHU�± ZKLFK�GULYHUV�KHOS�ORZHU�ZKLFK�EDUULHUV��7KH�FXUUHQW�

PDVWHU�WKHVLV�ZLOO�WU\�DQG�RYHUFRPH�WKHVH�VKRUWFRPLQJV��7KHUHIRUH��D�VSHFLILF�JRDO�KDV�

EHHQ�VHW�IRU�WKLV�SDSHU��WR�JLYH�VXJJHVWLRQV�IRU�WKH�LPSURYHPHQW�RI�EXVLQHVV�XQLYHUVLW\�
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FRRSHUDWLRQ�LQ�(VWRQLD�EDVHG�RQ�UHVHDUFK�FDUULHG�RXW�E\�WKH�DXWKRU��,Q�RUGHU�IRU�WKH�JRDO�

WR�EH�DFKLHYHG��UHVHDUFK�REMHFWLYHV�KDYH�EHHQ�IRUPXODWHG�

x WR�GHILQH�WKH�EDVLFV�RI�NQRZOHGJH�WUDQVIHU�

x WR�FODULI\�WKH�UROH�RI�EXVLQHVV�XQLYHUVLW\�FRRSHUDWLRQ�DV�D�FKDQQHO�IRU�NQRZOHGJH�

WUDQVIHU�

x WR� JLYH D� V\VWHPL]HG� RYHUYLHZ� RI� SULRU� UHVHDUFK� RQ� EXVLQHVV�XQLYHUVLW\�

FRRSHUDWLRQ��LWV�FKDQQHOV��EDUULHUV�DQG�GULYHUV�

x WR�GHILQH�WKH�PHWKRG�RI�UHVHDUFKLQJ�(VWRQLDQ�EXVLQHVV�XQLYHUVLW\�FRRSHUDWLRQ�

x WR�FRPSOHWH�WKH�VXUYH\�RI�EXVLQHVV�XQLYHUVLW\�FRRSHUDWLRQ�LQ�EXVLQHVVHV�

x WR�DQDO\]H�UHVXOWV�RI�WKH�VXUYH\�E\�EXVLQHVV�FDSDELOLWLHV��FKDQQHOV�IRU�FRRSHUDWLRQ��

FRRSHUDWLRQ�EDUULHUV�DQG�GULYHUV�

x WR�JLYH�VXJJHVWLRQV�IRU�LPSURYHPHQW�RI�(VWRQLDQ�EXVLQHVV�XQLYHUVLW\�FRRSHUDWLRQ�

7KH�PDLQ� ILQGLQJV� LQ� WKH� WKHRUHWLFDO� IUDPHZRUN� ZHUH� DV� IROORZV�� )LUVWO\�� LQ� RUGHU� WR�

HQKDQFH�NQRZOHGJH�LQ� WKH�EXVLQHVV�� WKH�EXVLQHVV�PXVW�DEVRUE�NQRZOHGJH�IURP�RXWVLGH�

VRXUFHV�� 7KLV� UHTXLUHV� DEVRUSWLYH� FDSDFLW\� ± UHVRXUFHV� DQG� SULRU� FDSDELOLWLHV� �H�J��

WHFKQRORJLFDO���6LQFH�VPDOO�EXVLQHVVHV�UHVRXUFHV�DUH�YHU\�OLPLWHG��LW�LV�KDUGHU�IRU�WKHP�WR�

DWWDLQ�RXWVLGH�NQRZOHGJH��LQFOXGLQJ�IURP�XQLYHUVLWLHV��7KLV�IRUPXODWHV�WKH�ILUVW�H[SHFWHG�

UHVXOW�± EXVLQHVVHV�ZLWK�EHWWHU�FDSDELOLWLHV�FRRSHUDWH�ZLWK�XQLYHUVLWLHV��,W�LV�DOVR�IRXQG�LQ�

OLWHUDWXUH�WKDW�NQRZOHGJH�WUDQVIHU�EHWZHHQ�XQLYHUVLWLHV�DQG�EXVLQHVVHV�WDNHV�SODFH�WKURXJK�

YDULRXV�FRRSHUDWLRQ�FKDQQHOV��KRZHYHU��VRPH�FKDQQHOV�DUH�EHWWHU�VXLWHG�IRU�VRPH�W\SHV�

RI� NQRZOHGJH� WUDQVIHU� DQG� EDVHG� RQ� WKH� FRPSOLFLW\� RI� WKH� FKDQQHO� DOVR� UHTXLUH PRUH�

UHVRXUFHV�DQG�HIIRUW�WR�XVH��7KLV�OHDGV�WR�DQRWKHU�H[SHFWHG�UHVXOW�± EXVLQHVVHV�ZLWK�EHWWHU�

FDSDELOLWLHV�SUHIHU�PRUH�FRPSOLFDWHG�FKDQQHOV�IRU�FRRSHUDWLRQ�ZLWK�XQLYHUVLWLHV�

)XUWKHUPRUH��GLIIHUHQW�EDUULHUV�DQG�GULYHUV�H[LVW�QH[W�WR�EXVLQHVV�XQLYHUVLW\ FRRSHUDWLRQ�

7KH�EDUULHUV�PD\�EH�UHODWHG�WR�UHVRXUFHV��ILQDQFLDO�RU�KXPDQ���GLIIHUHQFHV�LQ�JRDOV��WKH�

EXUHDXFUDF\� OHYHOV�HWF��'ULYHUV�DUH� WKH�IDFWRUV� LQ�FRRSHUDWLRQ� WKDW�PD\�KHOS�RYHUFRPH�

WKHVH� EDUULHUV� RU� ORZHU� WKHP�� OLNH� EXLOGLQJ� PXWXDO� WUXVW�� SURYLGLQJ UHVRXUFHV� IRU�

FRRSHUDWLRQ��GHILQLQJ�FRPPRQ�EHQHILWV�HWF��6HYHUDO�RI�WKHVH�GULYHUV�PD\�EH�SURYLGHG�E\�

D�WKLUG�SDUW\�LQ�EXVLQHVV�XQLYHUVLW\�FRRSHUDWLRQ�± WKH�VWDWH�� %DVHG�RQ�WKHVH�LGHDV��WKH�WKLUG�

DQG� IRXUWK� H[SHFWHG� UHVXOWV� ZHUH� IRUPHG� ± SURYLGLQJ� ILQDQFLDO�� LQIRUPDWLRQDO� RU�



��

UHODWLRQVKLS� GHYHORSPHQW� RULHQWHG� VXSSRUW� PLJKW� KHOS� FRPSHQVDWH� IRU� VRPH� ODFNLQJ�

FDSDELOLWLHV�RI�EXVLQHVVHV�UHTXLUHG�IRU�FRRSHUDWLRQ�ZLWK�XQLYHUVLWLHV�

7KH�ILQGLQJV�RI�WKH�FXUUHQW�WKHVLV�VKRZ�WKDW�VXUSULVLQJO\�����RI�WKH�VXUYH\HG�EXVLQHVVHV�

FRRSHUDWHG�ZLWK�XQLYHUVLWLHV��7KLV�PD\�EH�DFFRXQWHG�IRU�E\�SURYLGLQJ�YDULRXV�FKDQQHOV�LQ�

WKH�VXUYH\�WR�FKRVH�IURP��)XUWKHUPRUH��WKHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�

EHWZHHQ� EXVLQHVVHV� ZKR� FRRSHUDWHG� ZLWK� XQLYHUVLWLHV�� %RWK� FRPSDQLHV� ZLWK� KLJKHU�

HFRQRPLF� FDSDELOLWLHV� �GHWHUPLQHG� YLD� YDULDEOHV� OLNH� QXPEHU� RI� HPSOR\HHV�� WXUQRYHU��

H[SRUW��YDOXH�DGGHG��DQG�ORZHU�HFRQRPLF�FDSDELOLWLHV�FRRSHUDWHG��7KLV�PHDQV�WKH�ILUVW�

H[SHFWHG�UHVXOW�ZDV�QRW�FRQILUPHG�

7KHUH�ZHUH�GLIIHUHQFHV�LQ�WKH�SUHIHUUHQFH�RI�FRRSHUDWLRQ�FKDQQHOV��KRZHYHU��%XVLQHVVHV�

ZKR� SUHIHUUHG� FKDQQHOV� UHTXLULQJ� OHVV� HIIRUW� DQG� UHVRXUFHV� OLNH� FRQVXOWDWLRQ� ZLWK�

XQLYHUVLW\�HPSOR\HHV�RU�WUDLQLQJ��KDG�VLJQLILFDQWO\�ORZHU�HFRQRPLF�FDSDELOLWLHV��2Q�WKH�

RWKHU�KDQG�EXVLQHVVHV�ZKR�SUHIHUUHG�GHYHORSPHQW�RI�FXUULFXOXP�DV�D�PHDQ�RI�FRRSHUDWLRQ�

KDG�VLJQLILFDQWO\�EHWWHU�HFRQRPLF�FDSDELOLWLHV��7KH�VHFRQG�H[SHFWHG�UHVXOW�ZDV�WKHUHIRUH�

FRQILUPHG�

5HVXOWV�RQ�EDUULHUV�DQG�GULYHUV RI�EXVLQHVV�XQLYHUVLW\�FRRSHUDWLRQ�VKRZHG�WKDW�EXVLQHVVHV�

ZKR� DVVHVVHG� GLIIHUHQFHV� LQ� JRDOV� DV� DQ� LPSRUWDQW� EDUULHU� KDG� VLJQLILFDQWO\� EHWWHU�

HFRQRPLF� FDSDELOLWLHV�� ZKLFK�PLJKW� VKRZ� WKHLU� VWUDWHJLF� YLHZSRLQWV�� &RPSDQLHV� ZKR�

EHOLHYHG� GLIIHUHQFH� LQ� DWWLWXGHV� DQG� WKH� WKHRUHWLFDO� QDWXUH� RI� XQLYHUVLW\� UHVHDUFK� DV�

LPSRUWDQW�EDUULHUV�IRU�FRRSHUDWLRQ��KDG�ORZHU�HFRQRPLF�FDSDELOLWLHV��5HJDUGLQJ�GULYHUV�

RYHUFRPLQJ�EDUULHUV��VHYHUDO�GULYHUV�SURYLGHG�E\�WKH�VWDWH�ZHUH�YLHZHG�DV�VLJQLILFDQWO\�

LPSRUWDQW��)LQDQFLDO�VXSSRUW��VWDWH�SURYLGHG�IUHH�RI�FKDUJH�SURMHFW�PDQDJHU��VFKRODUVKLSV�

IRU� VWXGHQWV�� VXSSRUW� IRU� LQWHUQVKLSV� DQG� LQIRUPDWLRQ� UHJDUGLQJ� XQLYHUVLW\� FRRSHUDWLRQ�

RSWLRQV�ZHUH�YLHZHG� DV� LPSRUWDQW� GULYHUV� WKDW� VKRXOG�EH�SURYLGHG�E\� WKH� VWDWH��7KHVH�

UHVXOWV�FRQILUPHG� WKH� WKLUG�DQG� IRXUWK�H[SHFWHG�UHVXOWV�± WKH�VWDWH�FDQ�KHOS�IXUWKHU� WKH�

FRRSHUDWLRQ� EHWZHHQ� EXVLQHVVHV� DQG� XQLYHUVLWLHV� E\� SURYLGLQJ� WKH� ODFNLQJ� FDSDELOLWLHV�

UHTXLUHG�IRU�FRRSHUDWLRQ�

7KH�SURSRVLWLRQV�EDVHG�RQ�WKH�FXUUHQW�WKHVLV�WKHUHIRUH�DUH�DV�IROORZV��)LUVWO\��XQLYHUVLWLHV�

QHHG� WR� GHYHORS� D� V\VWHP� IRU� FRRSHUDWLRQ� WKDW� LQFOXGHV� PDQ\� FKDQQHOV� RI� GLIIHUHQW�

UHVRXUFH� DQG� FRPPLWPHQW� UHTXLUHPHQW� LQ� RUGHU� IRU� GLIIHUHQW� FRPSDQLHV� WR� EH� DEOH� WR�
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FRRSHUDWH�� 6LQFH� WKH� UHVXOWV� VKRZ� WKDW� GLIIHUHQW� EXVLQHVVHV� DOUHDG\� GR� FRRSHUDWH�ZLWK�

XQLYHUVLWLHV�� WKH� V\VWHP� VKRXOG� EH� UHILQHG� DQG� PDGH� IOH[LEOH� HQRXJK� IRU� NQRZOHGJH�

WUDQVIHU� WR� WDNH� SODFH� ZLWK� EXVLQHVVHV� GULYHQ� E\� WKHLU� YDULRXV� QHHGV�� 7KLV� LQFOXGHV�

SURYLGLQJ� D� SURSHU� VXSSRUW� VWUXFWXUH� IRU� XQLYHUVLW\ HPSOR\HHV� DV� ZHOO�� WKDW� ZRXOG�

PRWLYDWH�WKHP�WR�FRRSHUDWH�ZLWK�EXVLQHVVHV� 6HFRQGO\��D�VWDWH�SURYLGHG�VXSSRUW�VWUXFWXUH�

QHHGV� WR� H[LVW� IRU� EXVLQHVVHV� WR� RYHUFRPH� FHUWDLQ� EDUULHUV� LQ� WKH� FRRSHUDWLRQ� ZLWK�

XQLYHUVLWLHV� DQG� IRU� RWKHUV� WR� UHDFK� FRRSHUDWLRQ�� 7KH� VXSSRUW� V\VWHP� VKRXOG� SURYLGH�

ILQDQFLDO� VXSSRUW�� VXSSRUW� LQ� PDQDJLQJ� WKH� FRRSHUDWLRQ� YLD� VWDWH�SURYLGHG� SURMHFW�

PDQDJHU� DQG� VXSSRUW� LQ� SURYLGLQJ� LQIRUPDWLRQ� DERXW� XQLYHUVLWLHV� DQG� GHYHORSLQJ�

UHODWLRQVKLSV�EHWZHHQ�EXVLQHVVHV�DQG�XQLYHUVLWLHV�

6RPH�UHVWULFWLRQV�GR�DSSO\�LQ�FDVH�RI�WKLV�UHVHDUFK��7KH�VXUYH\HG�EXVLQHVVHV�EHORQJHG�WR�

WKH�QHWZRUNV�RI�VWDWH�UXQ�VXSSRUW�XQLWV�IRU�HQWUHSUHQHXUVKLS��7KLV�PD\�PHDQ�WKH�VXUYH\HG�

EXVLQHVVHV�DUH�VRPHZKDW�ELDVVHG�RU�DOUHDG\�PRUH�DFWLYH�LQ�WKH�ILHOG�RI�FRRSHUDWLRQ��7KLV�

UHVHDUFK� FRXOG� EH� IXUWKHUHG� E\� DGGLQJ� PRUH� EXVLQHVVHV� LQWR� WKH� VDPSOH DQG� IXUWKHU�

GHYHORSPHQWV�FRXOG�EH�PDGH�WKURXJK�UHVHDUFKLQJ�VSHFLILF�FRRSHUDWLRQ�FKDQQHOV�DQG�WKH�

EDUULHUV�DQG�GULYHUV�UHODWHG
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