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-y]VD�(GLQD�±�)iELiQ�6]DEROFV�ÈNRV�±�9DUJD�*iERU�±�9DUJD�7DPiV

0HUHGHN�OHMWĘNNHO�HOYiODV]WRWW�VtN�IHOV]tQHN�
GRPERU]DWPRGHOOH]pVpQHN�VDMiWRVViJDL�GXQDL�

PDJDVSDUWRN�SpOGiMiQ

$%6=75$.7
$�'XQiW�NtVpUĘ�PDJDVSDUWL�WHU�OHWHN�D�VRNV]RU�IDOV]HUĦHQ�PHJMHOHQĘ�OHMWĘN�PLDWW�NLKtYiVW�MHOHQWHQHN�
D�GRPERU]DW�GLJLWiOLV�PRGHOOH]pVH�VRUiQ��$]�LQJ\HQHVHQ�HOpUKHWĘ�JHRLQIRUPDWLNDL�V]RIWYHUHN�W|EE�
IpOH�PHJROGiVW�NtQiOQDN�V]LQWYRQDODNEyO�W|UWpQĘ�UDV]WHUHV�LQWHUSROiOiVUD��D]RQEDQ�HOWpUĘ�PpUWpNEHQ�
NpSHVHN�NH]HOQL�D�SUREOpPiW��$]�HOpUKHWĘ�PyGV]HUHN�|VV]HJ\ĦMWpVH��D�V]iPtWRWW�GRPERU]DWPRGHOOHN�
pUWpNHOpVH�YDODPLQW�H]HN�WHUHSL�PpUpVHNNHO�pV�D�''0���iOORPiQQ\DO�W|UWpQĘ�HOOHQĘU]pVH�~M�LQIRUPi�
FLyNDW�V]ROJiOWDW�D�WpPiYDO�NDSFVRODWEDQ��$]�HUHGPpQ\HN�UiYLOiJtWRWWDN�D�''0���KLiQ\RVViJDLUD�D�
PDJDVSDUWL�WHU�OHWHNHQ��$�V]LQWYRQDOEyO�W|UWpQĘ�LQWHUSROiOiVUD�D�Ä*5$66�*,6�.|]|VVpJ´�iOWDO�MDYD�
VROW�PyGV]HUHN�D�YL]VJiOW�GRPERU]DWL�YLV]RQ\RN�PHOOHWW�HOWpUĘHQ�WHOMHVtWHWWHN��$�Ä1DWXUDO�1HLJKERU´�
HOMiUiV�YLV]RQ\ODJ�MyO�NH]HOWH�D�PHUHGHN�OHMWĘN�SUREOpPiMiW��PtJ�D�Ä5DVWHU�&RQWRXUV´�PyGV]HU�NHYpVVp�
EL]RQ\XOW� DONDOPDVQDN�� $� V]LQWYRQDOUDM]� HOĘNpV]tWpVpQHN�� MDYtWiViQDN� pV� D� GRPERU]DWPRGHOOH]pV�
NLYLWHOH]pVpQHN�PyGV]HUWDQL� OHtUiVD��D]�DONDOPD]KDWy�HV]N|]|N�EHPXWDWiVD� WiPSRQWXO�V]ROJiOKDW�D�
NpVĘEEL�NXWDWiVRNQDN�D�PHJIHOHOĘ�HV]N|]|N�pV�PyGV]HUHN�NLYiODV]WiViEDQ�

$%675$&7
7KH�KLJK�EOXIIV�DORQJ�'DQXEH�ZLWK�IUHTXHQW�VWHHS�VORSHV�LPSO\�FKDOOHQJH�GXULQJ�GLJLWDO�VXUIDFH�PRG�
HOOLQJ��)UHH�*,6�VRIWZDUH�GLVWULEXWHG�XQGHU�*3/�RIIHU�VHYHUDO�VROXWLRQV�WR�LQWHUSRODWH�LQ�UDVWHU�IURP�
FRQWRXUV��EXW�SUREOHPV�FDQ�EH�PDQDJHG�DW�GLIIHUHQW�OHYHOV��&ROOHFWLQJ�DYDLODEOH�PHWKRGV��HYDOXDWLQJ�
FDOFXODWHG�HOHYDWLRQ�PRGHOV�DQG�YHULI\LQJ�WKHP�ZLWK�ILHOG�PHDVXUHPHQWV�DQG�''0���GDWD�SURYLGH�
QHZ� LQIRUPDWLRQ� RQ� WRSLF��7KH� UHVXOWV� RI� WKH� UHVHDUFK� UHIOHFWHG� RQ� WKH� GHILFLHQFLHV� RI�''0���RQ�
WKH�KLJK�EOXII�DUHDV��7KH�FRQWRXU�OLQHV�WR�'(0�LQWHUSRODWLRQ�PHWKRGV�DGYLFHG�E\�WKH�Ä*5$66�*,6�
&RPPXQLW\´�SUHVHQWHG�GLIIHUHQW�UHVXOWV�ZLWK�WKH�FLUFXPVWDQFHV�RI�WKH�H[DPLQHG�WHUUDLQ��7KH�Ä1DWXUDO�
1HLJKERU´�PHWKRG�PDQDJHG�WKH�SUREOHP�RI�KLJK�EOXIIV�ZHOO��KRZHYHU�WKH�Ä5DVWHU�&RQWRXUV´�PHWKRG�
SURYHG�OHVV�VXLWDEOH��'HWDLOHG�GHVFULSWLRQ�IRU�SUHSDULQJ�DQG�FRUUHFWLQJ�FRQWRXUV�DQG�IRU�LPSOHPHQWLQJ�
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RI�HOHYDWLRQ�PRGHOOLQJ��PRUHRYHU�LQWURGXFLQJ�DSSOLFDEOH�WRROV�FDQ�VHUYH�DV�D�JXLGH�IRU�IXUWKHU�VWXGLHV�
WR�FKRRVH�DGHTXDWH�WRROV�DQG�PHWKRGV��

.XOFVV]DYDN��GRPERU]DWPRGHOOH]pV��HOOHQĘU]pV��GXQDL�PDJDVSDUWRN��*18�*3/�*,6��'(0

.H\�ZRUGV��VXUIDFH�PRGHOLQJ��YDOLGDWLRQ��'DQXELDQ�EOXIIV��*18�*3/�*,6��'(0

%(9(=(7e6�e6�&e/.,7ĥ=e6
$�GLJLWiOLV�GRPERU]DWPRGHOOHN��''0��D]�HOP~OW�pYWL]HGHNEHQ�V]pOHV�N|UEHQ�HOWHUMHGW�WHUPpNHL�OHWWHN�
D�I|OGIHOV]tQUH�YRQDWNR]y�LQIRUPiFLy�V]ROJiOWDWiVQDN��YDODPLQW�HJ\UH�W|EE�HVHWEHQ�YiOWDN�D�I|OGIHOV]tQ�
WXODMGRQViJDLUD�LUiQ\XOy�NXWDWiVRN�HV]N|]pYp�LV��72=��*��±�(5'2*$1��0���������$�*,6�pV�D�''0�HN�
HJ\�WWHVHQ� OHKHWĘVpJHW�Q\~MWDQDN�UpV]EHQ��YDJ\�WHOMHVHQ�DXWRPDWL]iOW�PyGV]HUHNNHO��QDJ\�WHU�OHWUH�
NLWHUMHGĘ�JHRPRUIRPHWULDL�HOHP]pVHNUH��YLV]RQ\ODJ�DODFVRQ\�LGĘ��pV�N|OWVpJUiIRUGtWiVVDO��+(1*/��7��
±�0$&0,//$1��5��$���������(QQHN�D]RQEDQ�DODSYHWĘ�IHOWpWHOH��KRJ\�D�YL]VJiODWRN�FpOMDLKR]�PHJIHOHOĘ�
SRQWRVViJ~��KRUL]RQWiOLV�pV�YHUWLNiOLV�IHOERQWiV~�''0�iOOMRQ�UHQGHONH]pVUH��5(87(5��+��,��HW�DO��������

0DJDVViJL� DGDWRN� KiURP� IĘ� HOMiUiVVDO� iOOtWKDWyN� HOĘ�� I|OGL� IHOPpUpVVHO�� WRSRJUiILDL� WpUNpSHNUĘO�
NDUWRPHWULDL�HOMiUiVVDO��YDODPLQW�WiYpU]pNHOpVL�PyGV]HUHNNHO��+87&+,1621��0��)��±�*$//$17��-��&���������
0HUHGHN� OHMWĘN� VRN� IHOV]tQIRUPD� �SO�� HUy]LyV� iUNRN�� V]DNDGpNY|OJ\HN�� W|PHJPR]JiVRV� IHOV]tQHN� pV�
DOiPRVRWW�Wy��YDJ\�IRO\ySDUWRN��HVHWpEHQ�LV�PHJMHOHQQHN��tJ\�LVPHUWHN�V]DNLURGDOPL�SpOGiN�PLQGKiURP�
DGDWQ\HUpVL�HOMiUiV�DONDOPD]iViUD�pV�D�PRGHOOH]pV�QHKp]VpJHLUH�HJ\DUiQW��%(776��+��'��±�'(526(��5��&��
������&+$3/27��9��������68��=��HW�DO��������.$6$,��0��HW�DO��������7$1$552��/��0��±�08f2=��-��������

$]�DGDWIRUUiVRN�QHP�FVDN�PLQĘVpJ�NEHQ��GH�DQ\DJL�YRQ]DWXNEDQ�LV�MHOHQWĘVHQ�HOWpUQHN�HJ\PiVWyO��
pV�V]iPRV�HVHWEHQ�H]�XWyEEL�WpQ\H]Ę�DODSMiQ�NHU�O�VRU�D�''0�DODSDGDWDLQDN�NLYiODV]WiViUD��.,5È/<�
*���������eSSHQ�H]pUW�D�V]LQWYRQDODN�|QiOOy�YHNWRUL]iOiVD�~WMiQ�Q\HUW�PDJDVViJL�pUWpNHN�J\DNRUL�IRU�
UiVDL�D�GRPERU]DWPRGHOOHN�HOĘiOOtWiViQDN��DQQDN�HOOHQpUH��KRJ\�D]�HOMiUiV�D�QHP]HWN|]L�NXWDWiVRNEDQ�
PiU�HODYXOW�PyGV]HUQHN�V]iPtW��1(/621��$��HW�DO���������PHUW�MHOOHJ]HWHV�KLEiN�MHOHQKHWQHN�PHJ��SO��
WHUDV]RVViJ��pV�EL]RQ\RV�VWDWLV]WLNDL�SDUDPpWHUHN�PHJKDWiUR]iVD�FVDN�NRUOiWR]RWWDQ�OHKHWVpJHV��5(8�
7(5��+��,��HW�DO���������$]�LJHQ�PHUHGHN�pV�IDOV]HUĦ�OHMWĘN��D�V]DNLURGDOPDNEDQ�WDOiOKDWy�NDWHJRUL]iOiV�
V]HULQW�����QiO�QDJ\REE�PHUHGHNVpJ��D�PRGHOOH]pVL�QHKp]VpJHNHW�WHNLQWYH�LQNiEE���±����QiO�PHUH�
GHNHEE�OHMWĘN��HVHWpEHQ�D�GLJLWDOL]iOiV�pV�D�''0�HOĘiOOtWiVD�HJ\DUiQW�NLKtYiVW�MHOHQW��(�OHMWĘN�JUDILNXV�
iEUi]ROiViUD�D�JHRPRUIROyJLDL�NXWDWiVRNEDQ�iOWDOiQRVDQ�KDV]QiOW����������pV����������PD��WRSRJUiILDL�
WpUNpSHNHQ��'(0(.��-��>HG�@�������FVDN�HJ\H]PpQ\HV�MHOHNHW�DONDOPD]QDN��$�GRPERU]DWPRGHOOH]pV�
VRUiQ�LV�SUREOpPiW�RNR]��KRJ\�HJ\�FHOOD�WHU�OHWpQ�W|EE�V]LQWYRQDO�UHSUH]HQWiOQi�D�PDJDVViJ�YiOWR�
]iViW�� tJ\�QHP�HJ\pUWHOPĦ�� KRJ\� DGRWW� WHUHSL� SRQWKR]�PHO\�PDJDVViJpUWpN� WDUWR]LN� �0e/<.Ò7,�*��
�������������$�JHRLQIRUPDWLNiEDQ�MiUWDV�V]DNHPEHUHN�V]iPiUD�LV�QHKp]VpJHW�RNR]KDW�D�GRPERU]DWL�
YLV]RQ\RNQDN�PHJIHOHOĘ�PRGHOOH]pVL�HOMiUiVRN�NLYiODV]WiVD��SRQWRV�SDUDPHWUL]iOiVD��D�YDOyV�GRPERU�
]DWUD�OHJLQNiEE�KDVRQOtWy�HUHGPpQ\HN�SURGXNiOiVD��0,7$6��/��±�0,7$629$��+���������.�O|Q|VHQ�LJD]�
H]�D�PLQWDWHU�OHWHNKH]�KDVRQOy�IHOV]tQHN�HVHWpEHQ��0HJROGiVNpQW�HOVĘVRUEDQ�D]�$UF*,6�NHUHVNHGHOPL�
V]RIWYHU�LQWHUSROiFLyV�HV]N|]NpV]OHWH�PHU�OKHW�IHO��DPHO\HN�N|]|WW�WDOiOXQN�GLV]NRQWLQXXV�WHU�OHWHN�
HOĘiOOtWiViUD�DONDOPDV�PyGV]HUHNHW���SO��6SOLQH�ZLWK�%DUULHUV��,':��7RSR�WR�5DVWHU��
�� KWWS���KHOS�DUFJLV�FRP�HQ�DUFJLVGHVNWRS������KHOS�LQGH[�KWPO��&RPSDULQJBLQWHUSRODWLRQBPHWKRGV����]������]��������
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-HOHQ� WDQXOPiQ\� FpOMD� D]RQEDQ� Q\tOW� IRUUiVNyG~�� LOOHWYH� V]DEDG� IHOKDV]QiOiV~� WpULQIRUPDWLNDL�
V]RIWYHUHN�HV]N|]NpV]OHWpQHN�DONDOPD]iViUD�pStWYH�HJ\IDMWD�LVPHUWHWĘW��D]�HUHGPpQ\HN�W�NUpEHQ�HJ\�
~WPXWDWyW�HONpV]tWHQL��DPHO\�HJ\DUiQW�PHJN|QQ\tWL�D�V]LQWYRQDODV�iOORPiQ\�HOĘiOOtWiViW�pV�MDYtWiViW��
YDODPLQW�PDJiW�D]�LQWHUSROiOiVL�IRO\DPDWRW�LV��(KKH]�V]�NVpJHV�YROW�D]�HOpUKHWĘ�HV]N|]NpV]OHW��PyG�
V]HUHN�W�]HWHV�iWWDQXOPiQ\R]iVD��NLSUyEiOiVD��D]�HUHGPpQ\HN�DODSRV�HOOHQĘU]pVH��$�NXWDWiVEDQ�WHKiW�
IRQWRV��KRJ\�D�OpSpVVRUR]DW�WHOMHV�HJpV]pEHQ�V]DEDGRQ�KR]]iIpUKHWĘ�V]RIWYHUHN�DONDOPD]iViYDO�NHU�O�
HOYpJ]pVUH��N�O|Q|V�WHNLQWHWWHO�D�NpVĘEEL�DXWRPDWL]iOiVL�OHKHWĘVpJHNUH�

$�*5$66�*,6��PLQW�YH]HWĘ�Q\tOW�IRUUiV~�JHRLQIRUPDWLNDL�SURJUDP��V]LQWpQ�W|EEIpOH�OHKHWĘVpJHW�
NtQiO�D�YL]VJiOW�IHOV]tQIRUPiN�PRGHOOH]pVpUH��(]HN�PHOOHWW�D�SDUWIDODN��PDJDVSDUWRN�UDV]WHUHV�LQWHU�
SROiFLyMiUD�%$5721�*���������iOWDO�$UF*,6�V]RIWYHUN|UQ\H]HWUH�NLIHMOHV]WHWW�/HJR�*,6��PyGV]HU�LV�
iWYLKHWĘ�*5$66�ED�

$�0,17$7(5h/(7(.�5g9,'�%(087$7È6$
$�'XQiW�NtVpUĘ�O|V]VtNRN��O|VV]HO�IHGHWW�Y|OJ\N|]L�KiWDN�D�0H]ĘI|OG�pV�D�7ROQD�%DUDQ\DL�GRPEViJ�
WHU�OHWpQ�HJ\DUiQW�My�SpOGiW�NtQiOQDN�D�PRGHOOH]QL�NtYiQW�MHOHQVpJUH��$�SOHLV]WRFpQ�IRO\DPiQ���±���
P�YDVWDJ�O|V]|VV]OHW�pV�O|V]V]HUĦ��OHGpN��3e&6,�0��������WHOHS�OW�D�UpWHJVRU�DOVy�UpV]pW�NpSH]Ę�YLWDWRWW�
NURQROyJLDL�EHVRUROiV~�Y|U|VDJ\DJUD��6&+:(,7=(5�)��±�6=gė5�*<��������.29È&6�-��������.29È&6�-��HW�
DO���������(�WHOMHV�|VV]OHW�DODSMiW�HUy]LyV�KLiWXV�DODWW�D�SDQQRQ��OHGpNHN�DGMiN��(]�PLQG�I|OGWDQL��PLQG�
JHRPRUIROyJLDL�WHNLQWHWEHQ�OHKHWĘVpJHW�DGRWW�D�IHOV]tQPR]JiVRV��FVXV]DPOiVRN��RPOiVRN��GRPERU]DW�
NLDODNXOiViUD��./(%�%��±�6&+:(,7=(5�)���������(�O|V]IDODNDW�D�'XQD�ODWHUiOLV�HUy]LyMD�NE���������pYH�
�+(57(/(1',�(��HW�DO��������W|EEp�NHYpVEp�IRO\DPDWRVDQ�SXV]WtWMD��/Ï&=<�'��HW�DO���������$]�XWyEEL�
�����pYEHQ�D�UyPDL�pS�OHWHN�PDUDGYiQ\DL�pV�D]�DQWURSRJpQ�KDWiVRN�DODSMiQ�D�KiWUiOiV�PpUWpNH�HOpUWH�
D����P�����pYHW��/Ï&=<�'��HW�DO���������

-HOHQ� NXWDWiVKR]� 7ROQD� PHJ\H� OHJpV]DNDEEL� �'XQDI|OGYiU�� pV� OHJGpOHEEL� �%iWD�� WHOHS�OpVpUĘO�
YiODV]WRWW�PLQWDWHU�OHWHN�NHU�OWHN�HOHP]pVUH�����iEUD���(]HN�HOWpUQHN�HJ\PiVWyO�D�PDJDVSDUWL�WpUV]tQ�
'XQiKR]�YDOy�MHOHQOHJL�KHO\]HWH�V]HULQW��+DVRQOyDN�D]RQEDQ�DEV]RO~W�pV�UHODWtY�PDJDVViJL�YLV]RQ\DLN�
WHNLQWHWpEHQ��tJ\�HOWpUĘ�OpSWpNĦ��GH�KDVRQOy�NHOHWNH]pVĦ�pV�UHFHQV�IHMOĘGpVĦ��YDODPLQW�KDVRQOy�W|PHJ�
PR]JiVRV�IRUPiNDW�KRUGR]y��DQWURSRJpQ�IHOV]tQIRUPiOiVVDO�pULQWHWW�WHU�OHWHNUĘO�YDQ�V]y�
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���iEUD��$�PDJDVSDUWRN�iWWHNLQWĘ�KHO\V]tQUDM]D�7ROQD�PHJ\pEHQ��V]HUN��-Ï=6$�(����$� �PDJDVSDUWRN�N|]YHWOHQ�O�D�'XQD�
PHOOHWW��%� �PDJDVSDUWRN�D�'XQiWyO�WiYRO��&� �QHP�MHOOHP]Ę�WLSLNXV�PDJDVSDUW��'� �PLQWDWHU�OHWHN���� �'XQDI|OGYiU±
%|OFVNH���� �'XQDN|POĘG±3DNV���� �7HQJHOLF�6]ĘOĘKHJ\���� �0HGLQD±6LyDJiUG���� �6]HNV]iUG±%iWD���� �%iWD±

'XQDV]HNFVĘ

)LJ�����$�VNHWFK�RQ�ORFDWLRQ�RI�EOXIIV�LQ�7ROQD�FRXQW\��HG��-Ï=6$��(����$� �EOXIIV�FORVH�WR�'DQXEH��%� �EOXIIV�IDU�IURP�
'DQXEH��&� �QR�W\SLFDO�EOXII��'� �VWXG\�DUHDV���� �'XQDI|OGYiU±%|OFVNH���� �'XQDN|POĘG±3DNV���� �7HQJHOLF�

6]ĘOĘKHJ\���� �0HGLQD±6LyDJiUG���� �6]HNV]iUG±%iWD���� �%iWD±'XQDV]HNFVĘ

$�N|]YHWOHQ�O�D�'XQD�PHOOHWW�K~]yGy�GXQDI|OGYiUL�PDJDVSDUW�HVHWpEHQ�D�PRGHOOH]pV�QHKp]VpJH�
LQHN�EHPXWDWiViKR]�HOHJHQGĘ�YROW�HJ\���NP��HV� WHU�OHW�NLMHO|OpVH��$�YL]VJiOW� WpUVpJEHQ�DODSYHWĘHQ�
NpW� V]LQW� N�O|QtWKHWĘ� HO�� D� ���±���� pV� D� ���±����PpWHU� N|]|WWL� OHJPDJDVDEE� WpUV]tQHN� �$OVy��� pV�
)HOVĘ�gUHJKHJ\� WHWĘV]LQWMHL�� pV� D�'XQiW� NtVpUĘ� ��±����PpWHU� N|]|WWL� V]LQW��(]HN� D�'XQD� ODWHUiOLV�
HUy]LyMD� PLDWW� PHUHGHN� OHMWĘNNHO� NDSFVROyGQDN� |VV]H� $� O|V]SODWyN� IHOV]tQpW� GHUi]LyV� Y|OJ\HN� pV�
PHUHGHN�IDO~��DOiSLQFp]HWW�PpO\XWDN�LV�V]DEGDOMiN��ÈGiP�/��HW�DO��������6FKZHLW]HU�)���������$�WHU�OHW�
JHRPRUIROyJLDL�IHOpStWpVpQHN�pUWHOPH]pVpW�pV�WpUNpSH]pVpW�LV�QHKH]tWL�D�)HOVĘ�gUHJKHJ\�'�L�HOYpJ]Ę�
GpVpQpO�K~]yGy�FVXV]DPOiVKDOPD]RN�|VV]HWHWW�UHQGV]HUH���$]������HV�SDUWFVXV]DPOiV�yWD�±�PHO\QHN�
FVXV]DPOiVKDOPD]D� MHOHQOHJ� LV� MyO� NLYHKHWĘ�±�QHP�YROW� KDVRQOy�PpUHWĦ� pV� DNNRUD�NiUW� RNR]y� FVX�
V]DPOiV��GH�NLVHEE�W|PHJPR]JiVRV�HVHPpQ\HN�MHOHQOHJ�LV�QDJ\�V]iPEDQ�IRUGXOQDN�HOĘ�pV�IRUPiOMiN�
D�WHU�OHWHW��(PHOOHWW�D]�HJ\NRUL�pV�QDSMDLQNEDQ�LV�]DMOy�VWDELOL]iFLyV�SURJUDPRN��SO��$OVy�gUHJKHJ\�
HOĘWWL�PHGHUUHQGH]pV�� WiPIDOpStWpV�D�.iOYiULiQ�� MHOHQWĘV�DQWURSRJpQ�IHOV]tQDODNtWy�EHDYDWNR]iVNpQW�
pUWHOPH]KHWĘHN�� $� GRPERU]DWPRGHOOH]pV� NLKtYiVD� D� YiOWR]DWRV�� N�O|QE|]Ę� NLWHUMHGpVĦ� pV� PDJDV�
ViJEDQ�K~]yGy�IHOV]tQHNEĘO��IRVV]LOLV�FVXV]DPOiVRN�Q\RPDL�� O|V]SODWy�UpV]HL��pV�N�O|QE|]Ę�VNiOiM~�
PHUHGHN�OHMWĘNEĘO�IHOpS�OĘ�GRPERU]DW�GLJLWiOLV�UHSURGXNiOiVD�
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$� �� NP��HV� EiWDL� PLQWDWHU�OHW� HVHWpEHQ� D� IRO\y� MHOHQOHJ� W|EE� NP�UH� WDOiOKDWy� D� 'pO�%DUDQ\DL�
GRPEViJ� SHUHPpWĘO��+HO\W|UWpQHWL� IRUUiVRN� �9��.È32/1È6�0�� ������ pV� NRUDEHOL� WpUNpSHN� �SO�� HOVĘ�
NDWRQDL�IHOPpUpV�WpUNpSH��D]RQEDQ�EL]RQ\tWpNXO�V]ROJiOQDN�D�6iUYt]�pV�D�'XQD�IRO\yV]DEiO\R]iVRN�
HOĘWWL� HURGiOy� WHYpNHQ\VpJpUH��$� V]pOHVHEE� iUWpU� YLV]RQ\ODJ� HJ\|QWHWĦ��/È1*� 6�� �������PHJiOODSt�
WiVDL�V]HULQW�D�7ROQDL�6iUN|]�H�V]DNDV]iQ�FVDN�D]�HJ\NRUL�PHGUHN��J\ĦU|N�pV�J|U|QG|N� MHOHQWHQHN�
UHOLHI�HQHUJLiW��$�O|V]SODWy�QDJ\�V]LQWN�O|QEVpJJHO�YiOLN�HO�D�VtNViJWyO��SHUHPpW�V]iPRV�KiWUDYiJyGy�
GHUi]LyV�Y|OJ\�WDJROMD��DPHO\HN�HPEHUL�KDWiVUD�WRYiEE�PpO\�OWHN��D]�HUHGHWL�Y|OJ\WDOSWyO�HOWpUĘ�KHO\HQ�
LV�IRO\WDWyGWDN��/(e/�ė66<�6��������)È%,È1�6=��È��HW�DO���������$�WHU�OHWHQ�HJ\NRUL�FVXV]DPOiVRN�pV�OHM�
WĘSLKHQĘUH�XWDOy�IRUPiN�LV�HON�O|QtWKHWĘHN��PLQW�DODFVRQ\DEEDQ�K~]yGy��NLVHEE�IHOV]tQHN��7RYiEEi�D�
SODWy�IHOV]tQpQ�IHMOHWW�O|V]GROLQiN�LV�IHOLVPHUKHWĘHN��)È%,È1�6=��È��HW�DO���������.LHPHOHQGĘ�DQWURSRJpQ�
KDWiV�PpJ��KRJ\�D�ODNRWW�WHU�OHWHQ�EHO�O�PHVWHUVpJHVHQ�����QiO�PHUHGHNHEE�Up]VĦNHW�DODNtWRWWDN�NL��
tJ\�SLQFpNHW�PpO\tWKHWWHN�D�O|V]IDOED��YDJ\�PHOOpNpS�OHWHN�pStWpVpKH]�PHJIHOHOĘ�WHU�OHWHW�KR]KDWWDN�
OpWUH��$�NLVHEE�OpSWpNĦ��GH�UHQGV]HUHV�W|PHJPR]JiVRN�W|EE�pS�OHWEHQ�RNR]WDN�NiUW�%iWiQ�D]�HOP~OW�
pYWL]HGEHQ��D�WiPIDODN�V�OO\HGpVpW��SDUWIDORPOiVW�pV�DQQDN�YHV]pO\pW�D�WHOHS�OpV�IĘXWFiMiUyO�pV�W|EE�
D�Y|OJ\HNEH�IHON~V]y�XWFiEyO�MHOHQWHWWpN���$�GRPERU]DWPRGHOOH]pV�V]HPSRQWMiEyO�D�QHKp]VpJHW�D�NpW�
HQ\KH�UHOLHIĦ�IHOV]tQ�pV�D�QpKRO�N|]HO����P�HV�V]LQWN�O|QEVpJHW�MHOHQWĘ�YiOWR]DWRV�OHMWĘN�pV�D�PHUHGHN�
IDO~�Y|OJ\HN�|VV]HNDSFVROiVD�MHOHQWL�

0Ï'6=(5(.�e6�)(/+$6=1È/7�È//20È1<2.
$�NXWDWiV� VRUiQ�D�4XDQWXP�*,6�����/LVERQD�pV� D�*5$66�*,6������� �*18�*3/�� WpULQIRUPDWLNDL�
V]RIWYHUHN� NHU�OWHN� DONDOPD]iVUD�� D� KD]DL� IHOVĘRNWDWiVEDQ�YDOy� HOWHUMHGWVpJ�N�� YDODPLQW� D� V]HU]ĘN�
VDMiW�WDSDV]WDODWDL�DODSMiQ��$�NpW�V]RIWYHUFVDOiG�NRRSHUiFLyW�DODNtWRWW�NL��PHJN|QQ\tWYH�D�IHOKDV]QiOyN�
PXQNiMiW��0LQGNpW�SURJUDPUD�MHOOHP]Ę��KRJ\�D]�HOpUKHWĘ�EĘYtWPpQ\HN�UpYpQ�D]�HJ\HGL�LJpQ\HNKH]�
DODNtWKDWy�HV]N|]WiUDW�NtQiOQDN�D�N�O|QE|]Ę�WpULQIRUPDWLNDL�IHODGDWRN�HOYpJ]pVpUH��

$�NpW�V]RIWYHU�DONDOPD]iVD�D�YHNWRURV�pV�UDV]WHUHV�UpV]IHODGDWRN�DODSMiQ�N�O|Q�OW�HO��$�GLJLWiOLV�
V]LQWYRQDO�iOORPiQ\�V]HUNHV]WpVpKH]�D�'LJLWL]LQJ�pV�$GYDQFHG�'LJLWL]LQJ�PRGXO�NHU�OW�DONDOPD]iVUD��
PtJ�D�NRUULJiOiViKR]�D�4*,6�I7RROV��~MDEEDQ�HJ\V]HUĦHQ�Ä9HNWRU´�PHQ���HV]N|]NpV]OHWH�pV�*HQHUDOL]HU�
EĘYtWPpQ\H�YROW�MyO�DONDOPD]KDWy��PtJ�D�''0�HN�LQWHUSROiFLyMD�pV�D�PRGHOOHN�HOOHQĘU]pVH�*5$66�
EDQ� NHU�OW� PHJYDOyVtWiVUD�� ÈWWHNLQWYH� D]� XWyEEL� V]RIWYHU� UDV]WHUHV� IHOV]tQ� LQWHUSROiFLyV� PRGXOMiW�
HJ\pUWHOPĦYp�YiOW�D�*5$66�I|OpQ\H�H]HQ�D�WpUHQ��QHP�EHV]pOYH�DUUyO��KRJ\�V]LQWpQ�EĘYtWPpQ\HNNHO�
~MDEE�OHKHWĘVpJHN�LV�Q\HUKHWĘN��SO��U�VXUI�QQEDWK\�HV]N|]��

$�PXQND�DODSMiW�D�)g0,��)|OGPpUpVL�pV�7iYpU]pNHOpVL�,QWp]HW��iOWDO�IRUJDOPD]RWW�V]LQWYRQDOUDM]�
NpSH]WH��$�WHUPpNOHtUiVQDN��PHJIHOHOĘHQ�D]�(275����������WRSRJUiILDL�WpUNpSHN�DODSMiQ�HOĘiOOtWRWW�
DGDWNpV]OHWEHQ� D� V]LQWYRQDODN� PHJV]DNDGQDN� DKRO� XWDNDW�� W|OWpVHNHW� PHWV]HQHN�� LOOHWYH� HJ\VpJHV�
GRPERU]DWL�MHONXOFFVDO�iEUi]ROW�NpS]ĘGPpQ\HN�IRUGXOQDN�HOĘ�D]�DODSWpUNpSHQ��$]�HOYiUiVRNQDN�PHJ�

�� %iWD�N|]VpJ�������GHFHPEHU���MpQ��������IHEUXiU����pQ��IHEUXiU����iQ��RNWyEHU���pQ��QRYHPEHU���pQ�WDUWRWW�NpSYLVHOĘ�
WHVW�OHWL��OpVpQHN�MHJ\]ĘN|Q\YHL��5RVHWWH�.|UQ\H]HWYpGHOPL�pV�0pUQ|NL�%HWpWL�7iUVDViJ�V]DNYpOHPpQ\H

�� KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�*5$66B*,6�� KWWS���TJLV�RUJ�DSL������� KWWS���ZZZ�TJLV�RUJ�HQ�GRFV�XVHUBPDQXDO�JUDVVB
LQWHJUDWLRQ�JUDVVBLQWHJUDWLRQ�KWPO

�� KWWS���IRPL�KX�SRUWDO�LQGH[�SKS�WHUPHNHLQN�V]LQWYRQDOUDM]
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�

IHOHOĘ�''0�HOĘiOOtWiVD�pUGHNpEHQ�WHKiW�W|EE�PyGRVtWiV�HOYpJ]pVH�YROW�V]�NVpJHV��H]HN�NLIHMWpVpUH�D]�
HUHGPpQ\HN�IHMH]HWEHQ�NHU�O�VRU�

$�)g0,�WĘO�WRYiEEi�EHV]HU]pVUH�NHU�OW�D]�~Q��''0���iOORPiQ\�LV��$]���P�HV�IHOERQWiV~�PRGHOOW�
DODSYHWĘHQ�D]�HPOtWHWW�V]LQWYRQDOUDM]EyO�������yWD�V]WHUHR�IRWRJUDPPHWULDL�HOMiUiVVDO�MDYtWYD�iOOtWRWWiN�
HOĘ�pV������P�HV�iWODJRV�PDJDVViJL�PHJEt]KDWyViJJDO� MHOOHP]HWW���$� WXGRPiQ\RV�NXWDWiVRN�HVHWp�
EHQ�D]�iUiQ�NtY�O�D�PRGHOO�HJ\LN�KiWUiQ\D��KRJ\�D�7,1� LQWHUSROiFLyV�HOMiUiV�VRUiQ�D�V]DEiO\WDODQ�
KiURPV]|JKiOy�KiURPV]|JHLQ�EHO�O�OLQHiULV�LQWHUSROiFLyW�DONDOPD]WDN��tJ\�NLYHKHWĘHN�D�7,1�KLEiL��
SO��D�KiURPV]|JHN�pOHL�YDJ\�D�Yt]V]LQWHV�KiURPV]|JHN��.,5È/<�*���������$�NpV]�GRPERU]DWPRGHOO�
EHYRQiVD�D�YL]VJiODWED�NHWWĘV�FpOW�V]ROJiOW��PHJYL]VJiOQL��KRJ\�D�KD]iQNEDQ�iOWDOiQRVDQ�OHJMREEQDN�
HOIRJDGRWW��.,5È/<�*���������RUV]iJRVDQ�HOpUKHWĘ�PRGHOO�KRJ\DQ�NH]HOL�D�PDJDVSDUWRNDW��PpO\XWDNDW��
O|V]|V� WHU�OHWHN� IDOV]HUĦHQ� PHJMHOHQĘ� PHUHGHN� OHMWĘLW�� YDODPLQW� D]� ~MRQQDQ� JHQHUiOW� PRGHOOHNNHO�
|VV]HYHWYH��D]�HOYpJ]HWW�PXQND�HOOHQĘU]pVpUH�LV�DONDOPD]KDWy�

$�GRPERU]DW�PRGHOOH]pVH�PHOOHWW�D�NXWDWiV�VRUiQ�WHUHSEHMiUiV�pV�723&21�)&�����GLIIHUHQFLiO�
*36�PpUpVHN� UpYpQ� W|UWpQW� DQQDN�PHJiOODStWiVD�� KRJ\� D�PLQWDWHU�OHWHN� GRPERU]DWL� YLV]RQ\DLEDQ�
W|UWpQW�H�MHOHQWĘVHEE�YiOWR]iV�D�WRSRJUiILDL�WpUNpSH]pV��LOOHWYH�D�WpUNpSHN�IHO~MtWiVD�yWD�

���iEUD��(J\�''0�DODS~�JHRPRUIROyJLDL�NXWDWiV�IRO\DPDWD�D�FpO�PHJKDWiUR]iViWyO�D�JHRPRUIRPHWULDL�HUHGPpQ\HN�
HOĘiOOtWiViLJ��V]HUN��-Ï=6$�(���

)LJ�����7KH�SURFHVV�RI�D�'(0�EDVHG�JHRPRUSKRORJLFDO�UHVHDUFK�IURP�GHWHUPLQDWLRQ�RI�DLP�WR�D�SURGXFWLRQ�RI�UHVXOWV�
�HG��-Ï=6$��(���

�� KWWS���IRPL�KX�SRUWDO�LQGH[�SKS�WHUPHNHLQN�GRPERU]DW��KWWS���ZZZ�JHRVKRS�KX�LPDJHV�VWDWLF�(/.�''0��B7HUPHNBLVPHUWHWR�SGI



-y]VD�(GLQD�²�)iELiQ�6]DEROFV�ÉNRV�²�9DUJD�*iERU�²�9DUJD�7DPiV
0HUHGHN�OHMWĞNNHO�HOYiODV]WRWW�VtN�IHOV]tQHN�GRPERU]DWPRGHOOH]pVpQHN�VDMiWRVViJDL

�

$����iEUD� IRJODOMD�|VV]H�D�JHRPRUIROyJLDL�NXWDWiV�FpOMiQDN�PHJKDWiUR]iViWyO�D�''0�HQ�YpJH]�
KHWĘ�PRUIRPHWULDL� YL]VJiODWRN� HUHGPpQ\HLQHN� NLQ\HUpVpLJ� YH]HWĘ� IRO\DPDWRW�� $� NXWDWiV� FpOMDLKR]�
LJD]RGyDQ�WHKiW�D�EHPXWDWRWW� OpSpVHN�YH]HWWHN�HO�D]�HOYiUiVDLQNKR]�pV�D]�HOpUKHWĘ�PDJDVViJL�DGDW�
IRUUiVRNKR]� LOOHV]NHGĘ�GLJLWiOLV� GRPERU]DWPRGHOO� HOĘiOOtWiViKR]��$�JHRPRUIRPHWULDL� YL]VJiODWRN� D�
V]HU]ĘN�|QiOOy�NXWDWiVDLQDN�WpPiMiW�NpSH]LN��PHO\HN�QHP�WDUWR]QDN�V]RURVDQ�MHOHQ�SXEOLNiFLyKR]��tJ\�
DUUD�YRQDWNR]y�HUHGPpQ\HN�LWW�QHP�V]HUHSHOQHN�

(5('0e1<(.
7HUHSL�PpUpVHN

/(51(5�-����������(1*/(5�3��±�0e/<.Ò7,�*����������:,1./(5�3���������LV�OHV]|JH]L��KRJ\�D�O|V]IDODN�
IRO\DPDWRV�iWDODNXOiVD�HOKDQ\DJROKDWy�PpUWpNĦ�KRUL]RQWiOLV�YiOWR]iV�D�WRSRJUiILDL� WpUNpSHN�PpUHW�
DUiQ\iEDQ��*\DNRUODWL� pUWHOHPEHQ� WHUPpV]HWHVHQ�H�YiOWR]iV� D�KHO\L� ODNRVRNDW� VRNV]RU�KiWUiQ\RVDQ�
pULQWL��NiURNDW�RNR]��$�EHPXWDWRWW�PLQWDWHU�OHWHN�HVHWpEHQ�D�IHOV]tQIRUPiNDW�D�IHQW�HPOtWHWWHN�DODSMiQ�
D]RQEDQ�QHP�WHNLQWKHWM�N�VWDWLNXVQDN�D�V]HOYpQ\HN�NpV]tWpVpQHN�pV�MDYtWiViQDN�LGĘSRQWMiWyO�QDSMD�
LQNLJ�WDUWy�LGĘV]DNUD�YHWtWYH��(EEĘO�N|YHWNH]ĘHQ�V]�NVpJV]HUĦYp�YiOW�D�WHUHSEHMiUiV��WHUHSL�PpUpVHN�
HOYpJ]pVH�pV�D�V]LQWYRQDOUDM]��D�GRPERU]DWL�MHOHN�EHKDWy�YL]VJiODWD��(QQHN�HOOHQpUH�D]�DGDWIRUUiVRN�
LGĘEHOL�SRQWRVViJD��PLQW�D]�DGDWRN�PLQĘVpJpW�EHIRO\iVROy�WpQ\H]Ę��iOWDOiEDQ�QHP�NDS�DNNRUD�KDQJV~O\W�
MHOHQ�NXWDWiV�±�pV�PiV�NXWDWiVRN�VRUiQ�VHP�±��KLV]HQ�NpQ\WHOHQHN�YDJ\XQN�D]�HOpUKHWĘ�iOORPiQ\RNUD�
WiPDV]NRGQL��9(5(*,1��+��������

$�WpUNpSV]HOYpQ\HNUH�tUW�LQIRUPiFLyN�DODSMiQ������pV������VRUiQ�IHMH]WpN�EH�D�PLQWDWHU�OHWHNHQ�
D]RN�MDYtWiViW��WHKiW�HVHW�QNEHQ�DNiU����pYH�IULVVtWHWW�V]LQWYRQDOUDM]�OHKHW�D]�HOpUKHWĘ�iOORPiQ\��)RQWRV�
PHJMHJ\H]QL��KRJ\�D� IHO~MtWiV� VRUiQ� W|UHNHGWHN�D]�~M�GRPERU]DWIHOPpUpV�HONHU�OpVpUH��H]pUW�D]�~Q��
.RPSOH[� 8WDVtWiVEDQ�� pV� 7����EHQ�� PHJKDWiUR]RWW� PpUpVHNNHO� EL]RQ\tWYD� D� V]LQWYRQDODN� PHWULNXV�
PHJEt]KDWyViJiW��D]RN�MHOOHP]ĘHQ�iWYpWHOUH�NHU�OWHN��7Ï7+�-��HW�DO���������(]�DODSMiQ�IHOWpWHOH]KHWĘ��
KRJ\�D�GRPERU]DWUD�YRQDWNR]y�WRSRJUiILDL�IHOPpUpV�PpJ�UpJHEEUH�Q\~OKDW�YLVV]D�

$�WHUHSL�PXQND�VRUiQ�GLIIHUHQFLiO�*36�V]HO�YpJ]HWW�PpUpVHN�HUHGPpQ\HL�D�''0�HN�PDJDVViJL�
pUWpNHLYHO�NHU�OWHN�|VV]HYHWpVUH��%iWD� HVHWpEHQ�D�'pO�%DUDQ\DL�GRPEViJ�SHUHPpUH� iOOtWRWW� Ei]LVUyO�
|VV]HVHQ����SRQWEDQ�NHU�OW�VRU�D�PDJDVViJ�PHJKDWiUR]iViUD��'XQDI|OGYiURQ�QHKH]HEE�YROW�D�NtYiQW�
PpUpVL�SRQWRVViJ�HOpUpVH�D�VĦUĦEE�YiURVL�EHpStWHWWVpJ�pV�D]�LVPHUW�NRRUGLQiWiM~�pV�PDJDVViJ~�SRQ�
WRN�PHJN|]HOtWKHWĘVpJH�PLDWW��(QQHN�HOOHQpUH����SRQW�HVHWpEHQ�VLNHU�OW�PDJDVViJL�PpUpVW�YpJH]QL��
$�7RS6859�IHOGROJR]y�SURJUDP�MHOHQWpVH�DODSMiQ�D�PpUpVHN�KRUL]RQWiOLV�pV�YHUWLNiOLV�SRQWRVViJD�����
FP�DODWW�PDUDGW�

$�WHUHSEHMiUiV�VRUiQ�D����iEUiQ�MHO|OW�WHU�OHWHN�DODSRVDEE�YL]VJiODW�DOi�HVWHN��EL]RQ\RV�HVHWHNEHQ�
pV]OHOKHWĘ�YROW�D]�HOWpUpV�D�YDOyViJ�pV�D�WRSRJUiILDL�WpUNpS�N|]|WW��$�GRPERU]DWL�VDMiWRVViJRNDW�pV�D�
PHJiOODStWRWW�N�O|QEVpJHNHW��YDODPLQW�D]RN�OHKHWVpJHV�RNDLW�D]����WiEOi]DW�IRJODOMD�|VV]H�

�� .RPSOH[�XWDVtWiV�D]����������PpUHWDUiQ\~�WRSRJUiILDL�WpUNpSHN�NpV]tWpVpKH]��È)7+������
�� 7�O��6]DEiO\]DW�D]����������PpUHWDUiQ\~�I|OGPpUpVL�WRSRJUiILDL�WpUNpSHN�IHO~MtWiViUD�D]�HJ\VpJHV�RUV]iJRV�WpUNpSUHQG�
V]HUEHQ��0e0�2)7+������
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���iEUD��$�WHUHSHQ�YpJ]HWW�PpUpVHN�KHO\V]tQHL�pV�D�UpV]OHWHVHQ�YL]VJiOW�PDJDVSDUWIDO�V]DNDV]RN��V]HUN��)g0,�''0���
iOORPiQ\�IHOKDV]QiOiViYDO�-Ï=6$�(���

�� �'XQDI|OGYiU���� �%iWD

)LJ�����3DUWV�RI�VWXGLHG�EOXIIV�LQ�GHWDLO�DQG�ORFDWLRQV��$�*��RI�¿HOG�PHVDXUHPHQWV��HG��-Ï=6$��(��XVLQJ�)g0,�''0����
�� �'XQDI|OGYiU���� �%iWD

���WiEOi]DW��$�YDOyV�GRPERU]DW�MHOOHJ]HWHVVpJHL�pV�D�WRSRJUi¿DL�V]HOYpQ\HNHQ�PHJ¿J\HOW�N�O|QEVpJHN��V]HUN��-Ï=6$�(���

7DEOH����2EVHUYHG�GLIIHUHQFLHV�EHWZHHQ�WRSRJUD¿F�PDSV�DQG�FKDUDFWHULVWLFV�RI�WKH�UHDO�VXUIDFH��HG��-Ï=6$��(���

0HJILJ\HOW�MHOOHP]ĘN 0HJMHJ\]pV

$ D]�XWFD�IHOVĘ�V]DNDV]iQ�D�SLQFpN�VWDELO�WHU�OHWHQ��
OHMMHEE�RPOiVRN��D�Y|OJ\�DOVyEE�V]DNDV]iQ�NpW�V]LQW�

KLiQ\]LN�D]�iOWHUDV]��WHUHSOpSFVĘ�MHO|OpVH�±�WpUNpS�
IHO~MtWiVD�XWiQ�NHOHWNH]KHWHWW��PpUHWDUiQ\KR]�NpSHVW�
HOKDQ\DJROKDWy�KRUL]RQWiOLV�pV�YHUWLNiOLV�WHUMHGHOPĦ

%
IDOV]HUĦ��LJHQ�PHUHGHN�pV�RPODGpNRV��NHYpVEp�
PHUHGHN�OHMWĘN�YiOWDNR]iVD��ODNypS�OHWHN�KiWWHUpEHQ�
VWDELOL]iOW�OHMWĘN

WpUNpSL�MHO|OpVEĘO�QHP�HJ\pUWHOPĦ�D�OHMWĘN�YiOWR]iVD�±�
MHO|OpV�QHKp]VpJH

& RPODGpNRV��LOO��N|]pSVĘ�V]DNDV]XNRQ�PHUHGHNHEE�
OHMWĘN

FVXV]DPOiV�XWiQ�D�SDUWIDO�iWDODNXOiVD�QHP�YHKHWĘ�NL�
D�WpUNpSUĘO�±�MHO|OpV�QHKp]VpJH��IHOWpWHOH]KHWĘ�NpVĘEEL�
PR]JiVRN�PLDWWL�HJ\V]HUĦVtWpV

' OHMWĘ�DOMD�LJHQ�PHUHGHN��N|]HO�I�JJĘOHJHV�V]DNDV]RN
WHUHSOpSFVĘ�MHO|OpV�OHQQH�V]�NVpJHV�V]LQWYRQDODN�
KHO\HWW�±�NpVĘEEL�DQWURSRJpQ�EHDYDWNR]iV�N|YHWNH]�
PpQ\H

( D�WHPSORP�HJ\�NRUiEEL�FVXV]DPOiV�KDOPD]iUD�pS�OW�
D�WHU�OHW�KiWWHUpEHQ�WDOiOKDWy�WHUHSOpSFVĘ�MHO�pV�D]�
HOĘWpUEHQ�K~]yGy�HOOHQWpWHV�KDMOiV~�V]LQWYRQDODN�
XWDOQDN�D]�HJ\NRUL�D�W|PHJPR]JiVUD

)

D�GRPEViJSHUHP�HOĘWW�NLDODNtWRWW�U|YLG�XWFD��D�)Ę�
XWFiQiO�PDJDVDEE�V]LQWHQ��KiWWpUEHQ�PHUHGHN��GH�
QHP�IDOV]HUĦ�OHMWĘ��WiPIDO�P|J�O�D�O|V]|V�WHU�OHWUĘO�
V]iUPD]y�YL]HN�NLYH]HWpVH�NLIRO\yNNDO

NHWWĘV�WHUHSOpSFVĘ�MHO|OpV�W~O�NRPSOLNiOW��PiV�MHOOHJĦ�
IRUPiUD�XWDO

* D]�XWFD�IHOVĘ�V]DNDV]iQ�PHUHGHN�IDO�SLQFpNNHO D�MHO|OpV�PHJIHOHOĘHQ�XWDO�D�YDOyV�IRUPiUD

gVV]HVVpJpEHQ�H]HN�D]�HOWpUpVHN�D�JHRPRUIRPHWULDL�YL]VJiODWRNEyO� OHYRQKDWy�N|YHWNH]WHWpVHNHW�
QHP�EHIRO\iVROMiN�MHOHQWĘVHQ��SO��D�PH]ĘJD]GDViJL�NDWHJyULiN�V]HULQW�~MUDRV]WiO\R]RWW�OHMWĘV]|J�WpU�
NpS�HVHWpEHQ�XJ\DQDEED�D�NDWHJyULiED�VRUROyGQiQDN�D�FHOOiN��

$�''0���MHOOHP]ĘL�D�PLQWDWHU�OHWHNHQ
$�GXQDI|OGYiUL�PLQWDWHU�OHWHQ����P�HVHN�D�OHJDODFVRQ\DEE�'XQD�SDUWL�pV�����P�HVHN�D�OHJPDJDVDEE�
.iOYiULD�N|UQ\pNL�FHOOiN�D�''0�HQ��(]�HJ\H]LN�D�V]LQWYRQDODN�DODSMiQ�PHJKDWiUR]KDWy�pUWpNHNNHO��
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$�PRGHOOHQ�PHJMHOHQLN�D�KtGKR]�YH]HWĘ�W|OWpV��HQQHN�D]RQEDQ�LQNiEE�D�KLGUROyJLDL�PRGHOOH]pVHNEHQ�
YDQ�QDJ\REE� MHOHQWĘVpJH��$� ]iUyGy�YDJ\�YLVV]DIRUGXOy� V]LQWYRQDODNQiO� VtN� IHOV]tQHN� DODNXOWDN�NL��
DPHO\HN�D�OHMWĘV]|J�WpUNpSHQ�LV�PHJILJ\HOKHWĘHN��$�OHJQDJ\REE�OHMWĘV]|J�pUWpN�D�WHU�OHWHQ���������$�
SDUWIDO�pV�D�GpOL�WHU�OHW�PHUHGHN�IDO~�Y|OJ\HL�MyO�NLUDM]ROyGQDN�D�����QiO�PHUHGHNHEE�OHMWĘN�PHJMHOHQt�
WpVpYHO��$�''0�UĘO�NpV]tWHWW�NHUHV]WPHWV]HWHN�DODSMiQ�PHJiOODStWKDWy��KRJ\�D�PDJDVSDUW�PHUHGHNVpJH�
QHP�pUL�HO�D�YDOyViJEDQ�PHJILJ\HOKHWĘW��D�0pO\�~W�HVHWpEHQ�D�Y|OJ\�DODNMD�SHGLJ�MHOHQWĘVHQ�HOWpU�DQQDN�
WHUHSL�PHJMHOHQpVpWĘO��$�SDUWIDO�PHQWpQ�WRYiEEi�PHJILJ\HOKHWĘHN�IĦUpV]IRJV]HUĦ�NLXJUiVRN��DPHO\HN�
D�V]LQWYRQDODN�IXWiVD�DODSMiQ�PHJOHSĘHN�pV�QHP�MHO|OKHWQHN�YDOyV�WHUHSL�IRUPiNDW��$�PLQWDWHU�OHWUĘO�
UHOLHIHQHUJLD�WpUNpS�LV�NpV]�OW��DPHO\�DUUyO�V]ROJiOWDW�DGDWRNDW��KRJ\����P�HV�LOOHWYH����P�HV�FHOOiN�
WHU�OHWpQ�PHNNRUD�UHODWtY�PDJDVViJN�O|QEVpJHN�YDQQDN��$�NLVHEE�FHOODPpUHW�HVHWpEHQ�������P�HV�D�
OHJQDJ\REE�N�O|QEVpJpUWpN��D�SDUWIDO�PHUHGHNHEE�UpV]HLQ�SHGLJ�PLQGHQKRO�HOpUL�D����P�W��$]����P�HV�
FHOOiN�HVHWpEHQ������P�D�PD[LPiOLV�UHODWtY�UHOLHI�pUWpN��H]W�D]�$OVy�gUHJKHJ\��D]D]�D�PLQWDWHU�OHW�
OHJPDJDVDEE�UpV]pQpO�pUL�HO�

%iWD�HVHWpEHQ�D�PRGHOO�OHJDODFVRQ\DEE�SRQWMD������P��H]�PHJIHOHO�D�V]LQWYRQDOUDM]QDN��/HJPD�
JDVDEE�SRQWMD��������P��WHKiW�HOPDUDG�D�YL]VJiODWL�WHU�OHW�OHJPDJDVDEE�SRQWMiWyO��&VyND�KHJ\�������
P���HEEĘO�PHJiOODStWKDWy��KRJ\�D]�LQWHUSROiOiV�VRUiQ�QHP�YHWWpN�ILJ\HOHPEH�D�PDJDVViJL�SRQWRNDW��
$�''0�EH�LWW�LV�EHLOOHV]WHWWpN�D�W|OWpVHNHW��$�Y|OJ\HN�IHOVĘ�V]DNDV]DL��DKRO�D�O|V]PpO\~W�MHOHN�PLDWW�
PHJV]DNDGQDN� D� V]LQWYRQDODN�� QHP� W�NU|]LN� D� YDOyV�PRUIROyJLiW�� D� GRPERU]DWSURILORN� DODSMiQ�9�
NHUHV]WPHWV]HWĦ�� V]ĦN� Y|OJ\HN� WDOiOKDWyDN� D�PRGHOOHQ��$�''0�HQ� V]LQWpQ� OiWV]LN� IĦUpV]IRJV]HUĦ�
PLQWD�D�GRPEViJSHUHP�OiEiQiO��$�O|V]SODWy�IHOV]tQpQ�W|EE�VtNQDN�WĦQĘ�IROW�IHGH]KHWĘ�IHO��DPHO\HN�D�
OHMWĘV]|J�WpUNpSHNHQ�YDOyEDQ����RV�WHU�OHWNpQW�KDWiUROKDWyDN�OH��$�OHJQDJ\REE�OHMWĘV]|J��������HKKH]�
N|]HOL�pUWpNĦ�PHUHGHN� OHMWĘN�D�YiUW� WHU�OHWHNHQ� MHOHQQHN�PHJ��D�GRPEViJ�NHOHWL�SHUHPpQ�� LOOHWYH�D�
O|V]SODWyUD�IHON~V]y�6]pFKHQ\L�XWFiEDQ��$�''0�EĘO�Q\HUW�NHUHV]WPHWV]HWHNUĘO�PHJiOODStWKDWy��KRJ\�
D�WHUHSHQ�PHJILJ\HOWHNNHO�HOOHQWpWEHQ�pSSHQ�D�SDUWIDO�DOVyEE�UpV]H�HQ\KpEE�OHMWpVĦ��$�WHU�OHWUĘO�V]LQ�
WpQ�NpV]�OW�UHOLHIHQHUJLD�WpUNpS�����P�HV�FHOOiNUD�V]iPtWYD������P�D�OHJQDJ\REE�UHODWtY�UHOLHI�����P�HV�
FHOOiN� HVHWpEHQ�������P�HV�PD[LPXP�pUWpNNHO� MHOHQWNH]LN� D]� iUWpUL� pV� D�GRPEViJL� WpUV]tQ�N|]|WWL�
MHOHQWĘV�PDJDVViJN�O|QEVpJ�

$�PLQWDWHU�OHWHN�19,=�EHQ�PHJMHOHQtWYH�����'��D]����iEUiQ�OiWKDWyDN�

'LJLWDOL]iOiV��D�V]LQWYRQDOUDM]�pV�D]�HJ\H]PpQ\HV�GRPERU]DWL�MHOHN�IHOGROJR]iVD
$�'6=0� �'LJLWiOLV�6]LQWYRQDO�0RGHOO�� DONDOPD]iVD� VRUiQ� WLV]WiEDQ�NHOO� OHQQL� D]]DO�� KRJ\� DQQDN�
DODSMD�D�Q\RPWDWRWW�WpUNpSQHN�NpV]tWHWW����������(29�SROJiUL�WRSRJUiILDL�V]HOYpQ\HN�V]LQWYRQDOUDM]D��
PHO\�HVHWpEHQ�D]�iEUi]ROiViQDN�W|EE�V]DEiO\D�OpWH]LN��.RPSOH[�8WDVtWiV�������0e/<.Ò7,�*���������
DPL�Q\LOYiQYDOyDQ�PHJKDWiUR]]D�D]�DEEyO�HOĘiOOtWRWW�'6=0�iOORPiQ\W�LV�

$]�LQWHUSROiOiVW�PHJHOĘ]ĘHQ�HOHQJHGKHWHWOHQ�D]�HONpV]tWHWW�YDJ\�PHJYiViUROW�V]LQWYRQDODV�iOORPiQ\�
DODSRV�HOOHQĘU]pVH��*\DNUDQ�HOĘIRUGXO�±�pV�D�PRGHOOH]pV�VRUiQ�GXUYD�KLEiNDW�HUHGPpQ\H]�±�D�V]LQWYRQD�
ODN�PDJDVViJL�pUWpNHLQHN�WpYHV�U|J]tWpVH��1DJ\REE�WHU�OHW�HVHWpEHQ�FpOV]HUĦ�64/�OHNpUGH]pVW�YpJH]QL��
tJ\�IHOGHUtWKHWĘHN�D]RN�D�YRQDODN��DPHO\HN�pUWpNHL�QHP�D�YiUKDWy�WL]HGHVHNUH�YpJ]ĘGQHN��0HJROGiVW�
MHOHQW�PpJ�D�V]LQWYRQDODN�GRPERU]DWPRGHOOHNQpO�PHJV]RNRWW�V]tQVNiOiYDO�YDOy�PHJMHOHQtWpVH��$�PHJ�
PDUDGy�MHOHQWĘVHEE�PDJDVViJL�HOWpUpVHN�SHGLJ�D]�LQWHUSROiOW�PRGHOOUĘO�YL]XiOLVDQ�V]ĦUKHWĘN�NL�
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$�YHNWRURV�iOORPiQ\�HOOHQĘU]pVH�VRUiQ�pUGHPHV�PHJYL]VJiOQL�D�YRQDODN�WpUNpSL�V]LQWYRQDODNUD�YDOy�
LOOHV]NHGpVpW�pV�D�JHQHUDOL]iOWViJ�IRNiW��$PHQQ\LEHQ�V]�NVpJ�YDQ�D�YRQDODN�VLPtWiViUD��V]LQWYRQD�
ODNUD�J|UEtWpVpUH�D�*5$66�Y�JHQHUDOL]H�HV]N|]H��YDJ\�D]�DUUD�DODSR]RWW�*HQHUDOL]HU�4*,6�EĘYtWPpQ\�
DONDOPD]KDWy��$]� HJ\HV� HOMiUiVRN�� W|EE�SpOGiYDO� LOOXV]WUiOYD�� UpV]OHWHVHQ� V]HUHSHOQHN� D]� HV]N|]|N�
OHtUiViEDQ���-HOHQ�HVHWEHQ�D�Ä&KDLNHQ´�PyGV]HU�NHU�OW�DONDOPD]iVUD��DPHO\�D]�HUHGHWL�YRQDODW�EHO�OUĘO�
tUMD�N|U�O��(QQHN�HUHGPpQ\HNpQW�D]RQEDQ�W~O�VRN�YHUWH[�NHOHWNH]HWW��D�NpVĘEEL�IHOKDV]QiOiV�pUGHNpEHQ�
H]HN�FV|NNHQWpVUH�NHU�OWHN�D�EĘYtWPpQ\�Ä9HUWH[�5HGXFWLRQ´�HJ\V]HUĦVtWpVL�PĦYHOHWpYHO�����iEUD��

���iEUD��$�V]LQWYRQDODN�PyGRVtWiViQDN�HUHGPpQ\H�D�*HQHUDOL]HU�EĘYtWPpQQ\HO��V]HUN��-Ï=6$�(���
�� �HUHGHWL�V]LQWYRQDODN���� �Ä&KDLNHQ´�PyGV]HU�HUHGPpQ\H���� �Ä9HUWH[�5HGXFWLRQ´�PyGV]HU�HUHGPpQ\H��YHUWH[HN���

P�HQNpQW�

)LJ�����5HVXOW�RI�WKH�PRGL¿FDWLRQ�RI�FRQWRXUV�ZLWK�¶*HQHUDOL]HU¶�DGGV�RQ��HG��-Ï=6$��(������ �RULJLQDO�FRQWRXUV���� �
¶&KDLNHQ¶�PHWKRG���� �UHVXOW�RI�¶9HUWH[�5HGXFWLRQ¶��GLVWDQFH�EHWZHHQ�WKHP���P��

$�IRO\WRQRV� IHOV]tQ� OpWUHKR]iVD� VRUiQ�HOĘIRUGXOKDW��KRJ\�D�PHUHGHN� OHMWĘN��SDUWIDODN�HVHWpEHQ�D�
''0�KH]�YiODV]WRWW� FHOODPpUHWHQ� HJ\� FHOOiUD� W|EE�PDJDVViJL� pUWpN� MXW�� DPHO\HN�N|]�O� D�PyGV]HU�
NLYiODV]W� HJ\HW�� H]iOWDO� KLEiV� HUHGPpQ\HNUH� YH]HW�� (KKH]� KDVRQOy�� KD� D]� LQWHUSROiFLyV� HOMiUiVKR]�
QHP�YHNWRURV�YRQDODNNpQW��KDQHP�UDV]WHUUp�NRQYHUWiOYD�NHOO�D�V]LQWYRQDODV�EHPHQHWL�IiMOW�PHJDGQL��
$�.tQDL�O|V]IHQQVtN�HVHWpEHQ�NXWDWyN�NLGROJR]WDN�HJ\�|VV]HWHWW�PyGV]HUW��D�SUREOpPD�PHJROGiViUD�
�;,(��.��HW�DO���������D]RQEDQ�FpOV]HUĦ�OHKHW�LQNiEE�D�MHOHQVpJ�HONHU�OpVpUH�OpSpVHNHW�WHQQL�

$�V]LQWYRQDODN�DODSMiQ�iWWHNLQWĘ�LQIRUPiFLyN�V]HUH]KHWĘN�D�PHUHGHN�OHMWĘN�HOKHO\H]NHGpVpUĘO��D�
YHUWH[HN�WiYROViJiEyO�SHGLJ�PHJiOODStWKDWy��KRJ\�D]�HPOtWHWW�SUREOpPD�PHO\�YRQDODNQiO�MHOHQWNH]KHW��
$KKR]��KRJ\�V]LQWYRQDODNEyO�PHJKDWiUR]KDWy�OHJ\HQ�D�UHODWtY�UHOLHI�YDODPLO\HQ�IHO�OHWUH�±�HEEHQ�D]�
HVHWEHQ����P�HV�UiFVKiOy�QpJ\]HWHLUH��YLV]RQ\tWYD�NHOO�YL]VJiOQL�D�PDJDVViJL�pUWpNHNHW��(]�HJ\V]HUĦHQ�
OpWUHKR]KDWy�D�5HVHDUFK�7RROV�YHNWRURV�HV]N|]NpV]OHW�9HFWRU�*ULG�HV]N|]pYHO��$]�DGRWW�QpJ\]HWUH�HVĘ�
OHJDODFVRQ\DEE� pV� OHJPDJDVDEE� V]LQWYRQDO� pUWpNHNHW� WpUEHOL� |VV]HNDSFVROiVVDO� �'DWD�0DQDJHPHQW�
7RROV�±�-RLQ�DWWULEXWHV�E\�ORFDWLRQ��OHKHW�D]�DWWULE~WXP�WiEOiED�W|OWHQL��PDMG�HJ\�~M�RV]ORS�OpWUHKR�
]iViYDO�pV�D�)LHOG�FDOFXODWRU�DONDOPD]iViYDO�HOYpJ]HWW�HJ\V]HUĦ�NLYRQiVVDO�PHJNDSKDWyDN�D�NHUHVHWW�
pUWpNHN�����iEUD��

�� KWWS���XVHUV�R[�DF�XN�aRULH�����WXWRULDO�KWPO��KWWS���ZZZ�JLV�VXSSRUW�SO�JHQHUDOL]HU�
�� $�PyGV]HU�OpQ\HJH��KRJ\�SOXV]�LQIRUPiFLyNpQW�HOWiUROMiN�D]�HJ\�FHOOiQ�iWIXWy�V]LQWYRQDODN�N|]�O�D�OHJPDJDVDEE�pV�
OHJDODFVRQ\DEE�pUWpNHW��LOOHWYH�HJ\�ÄLUiQ\MHO]pVW �́�DPHO\�D]�LQWHUSROiFLy�VRUiQ�HJ\pUWHOPĦVtWL��KRJ\�D]�DODFVRQ\�YDJ\�
PDJDV� WHU�OHWHN� LQWHUSROiFLyMD� VRUiQ� D�PHUHGHN� OHMWĘ� N|UQ\pNpQ� WDOiOKDWy� FHOOiN�PDJDVViJiQDN�PHJKDWiUR]iViKR]�
PHO\LN�pUWpNHW�YHJ\H�ILJ\HOHPEH�D]�HOMiUiV�
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���iEUD��$�V]LQWYRQDODN�DODSMiQ�V]iPtWRWW�UHOLHI�pUWpNHN��V]HUN��-Ï=6$�(������ �'XQDI|OGYiU���� �%iWD

)LJ����5HOLHI�YDOXH�ZDV�FDOFXODWHG�E\�FRQWRXUV��HG��-Ï=6$��(������ �'XQDI|OGYiU���� �%iWD

$� V]LQWYRQDODN� N|]|WWL� WiYROViJRW� D� YHUWH[HN� V]iPiQDN� FV|NNHQWpVH� XWiQ� HOĘiOOtWRWW� '6=0�HQ�
WXGMXN�PHJKDWiUR]QL��KLV]HQ�HEEHQ�D]�HVHWEHQ�QHP�D]�HJ\�YRQDOUD�HVĘ�W|UpVSRQWRNUyO�NDSXQN�LQIRU�
PiFLyW��(KKH]�D�W|UpVSRQWRNDW�HJ\�SRQW�iOORPiQ\ED�NHOO�H[SRUWiOQL��*HRPHWU\�7RROV�±�([WUDFW�1RGHV���
D�SRQWRNQDN�HJ\�~M�RV]ORSEDQ�HJ\HGL�D]RQRVtWyW�DGQL��PDMG�D]�$QDO\VLV�7RROV�HV]N|]NpV]OHW�'LVWDQFH�
0DWUL[�HV]N|]H�VHJtWVpJpYHO�~M�DWWULE~WXPNpQW�D]�DGDWWiEOiED�tUDWQL�D]�HJ\HV�SRQWRN�WiYROViJiW��.LMH�
O|OYH�D�W~O�N|]HOL�YHUWH[HNHW�WiPSRQWXO�V]ROJiOQDN�D�V]LQWYRQDODN�XWyODJRV�V]HUNHV]WpVpKH]�

$�)g0,�WĘO�YiViUROW�YHNWRURV�iOORPiQ\�HVHWpEHQ�IRQWRV�OpSpV�PpJ�D�GRPERU]DWL�MHOHN�pV�D�PHJ�
V]DNDGy�V]LQWYRQDODN�IHO�OYL]VJiODWD��$�OHJQDJ\REE�SUREOpPiW�HOVĘVRUEDQ�D�QDJ\�V]LQWN�O|QEVpJHNHW�
MHOHQWĘ�WHUHSOpSFVĘ�pV�SDUWIDO�MHOHN�RNR]]iN��D]RQEDQ�D�O|V]PpO\XWDN�HVHWpEHQ�LV�W|UHNHGQL�NHOO�D�V]LQW�
YRQDODN�PHJIHOHOĘ�EHUDM]ROiViUD��0LYHO�D�PHJROGiVRN�HOVĘVRUEDQ�D�YiODV]WRWW�LQWHUSROiFLyV�HOMiUiVWyO�
I�JJQHN��D�WRYiEEL�OpSpVHN�NpVĘEE�V]HUHSHOQHN�

,QWHUSROiFLy
$� *5$66�� D� IHOKDV]QiOyN� HUHGPpQ\HV� PXQNiMiQDN� WiPRJDWiVD� pUGHNpEHQ� PLQGHQ� HV]N|]pKH]�
UpV]OHWHV�V~Jy�ROGDOW��HJ\pE�OHtUiVRNDW�WHV]�RQOLQH�HOpUKHWĘYp��$�V]LQWYRQDODNEyO�HOĘiOOtWRWW�''0�HN�
NpUGpVN|UpKH]� NDSFVROyGyDQ� D� SURJUDPEDQ� HOpUKHWĘ� LQWHUSROiFLyV� HOMiUiVRN� |VV]HKDVRQOtWy� YL]V�
JiODWiW��� LV�HONpV]tWHWWpN�� -HOHQ�NXWDWiV� LV�D]�HPOtWHWW� OHtUiV�DODSMiQ� LQGXOW�NL��D]�HUHGPpQ\HVHEEQHN�
EHPXWDWRWW�PyGV]HUHNHW�DONDOPD]YD��$�PRGHOOH]pV�NLYLWHOH]pVpKH]�D�V]LQWYRQDODN�*5$66�ED�W|UWpQĘ�
LPSRUWiOiVD�D]�HOVĘ�OpSpV�

$�PyGV]HUHN�N|]�O�Np]HQIHNYĘ�YiODV]WiV�YROW�HOVĘNpQW�D]�U�VXUI�FRQWRXU�DONDOPD]iVD��KLV]HQ�DKRJ\�
D� QHYH� LV�PXWDWMD� pSSHQ� D� V]LQWYRQDODNEyO� W|UWpQĘ�''0�HOĘiOOtWiVUD� GROJR]WiN� NL� �1(7(/(5��0�� ±�
0,7$629$��+���������(EEHQ�D]�HVHWEHQ�D�V]LQWYRQDODN�UDV]WHUL]iOiVD�OHWW�YROQD�D]�HJ\HWOHQ�HOĘNpV]tWĘ�
OpSpV��D]RQEDQ�D�WDSDV]WDODWRN�DODSMiQ�D�GXQDI|OGYiUL�PDJDVSDUW�HVHWpEHQ�V]�NVpJ�YROW�D�PDJDV�V]LQW�
OHJDODFVRQ\DEE�pV�D]�DODFVRQ\�V]LQW� OHJPDJDVDEE�pUWpNpYHO�D�SDUWIDO�YRQDOiQDN�N|UQ\H]HWpEHQ�NpW�
V]LQWYRQDO�EHK~]iViUD��)RQWRV�NLHPHOQL��KRJ\�D]�HOMiUiV�|VV]HI�JJĘ�V]LQWYRQDODN�HVHWpEHQ�V]ROJiOWDW�

���KWWS���JUDVVZLNL�RVJHR�RUJ�ZLNL�&RQWRXUBOLQHVBWRB'(0
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PHJIHOHOĘ�NLPHQHWHW��PLYHO�OLQHiULV�LQWHUSROiFLyW�DONDOPD]�D�IRO\WRQRV�IHOV]tQ�JHQHUiOiViUD��+iWUiQ\D��
KRJ\�DODSYHWĘHQ�QLQFV�OHKHWĘVpJ�D�WHUHSOpSFVĘN�EHpStWpVpUH��$]�HUHGPpQ\H]HWW�PRGHOOHQ�D�PHJV]DNDGy�
V]LQWYRQDODN�PLDWW�V]HPEH|WOĘ�KLEiN�OiWKDWyDN��PHO\HN�D����'�PHJMHOHQtWpVEHQ�PpJ�IHOWĦQĘEEHN��$�
OHMWĘNUĘO�HOPRQGKDWy�D]RQEDQ��KRJ\�LJHQ�PHUHGHNHN��H]W�D�NHUHV]WPHWV]HWHN�LV�DOiWiPDV]WMiN�

(KKH]� KDVRQOyDQ� UDV]WHUHV� V]LQWYRQDODNEyO� YpJH]� LQWHUSROiOiVW� D� Ä1DWXUDO� 1HLJKERU´� �U�VXUI�
QQEDWK\��HOMiUiV��$�PyGV]HU�HOĘQ\HL�N|]|WW�HPOtWKHWĘ�HJ\V]HUĦVpJH��J\RUVDViJD��pV�KRJ\�YLV]RQ\ODJ�
SRQWRV�PRGHOOW�V]ROJiOWDW�HUHGPpQ\�O��7(/%,6=�7��HW�DO���������$�KR]]iIpUKHWĘ�LQIRUPiFLyNNDO�HOOHQ�
WpWEHQ�D�PRGHOOEH�QHP�VLNHU�OW�EHpStWHQL�D�W|UpVYRQDODNDW����$�PRGHOOHNHW�D�Ä1RQ�6LEVRQLDQ�1DWXUDO�
1HLJKERU´�EHiOOtWiVVDO�V]iPtWRWWXN��$]�HUHGPpQ\�O�NDSRWW�IHOV]tQHN�PHJIHOHOQHN�D�IHMOHV]WĘ��6,(&=.$��
0������±������iOWDO� OHtUW� MHOOHP]ĘNQHN��D�IHOV]tQ�NLVVp�HJ\HQHWOHQ��NHYHVHEE�D�KLED�D�PHJV]DNDGy�
V]LQWYRQDODNQiO��YLV]RQW�D�]iUyGy�V]LQWYRQDODN�N|]|WW�PHJMHOHQQHN�D�VtN�IHOV]tQHN���

$�EHPXWDWRWW�NpW�PRGHOO�N|]|V�WXODMGRQViJD��KRJ\�D�UDV]WHU�pUWpNHN�KLV]WRJUDPMiQ�MyO�PHJILJ\HO�
KHWĘ�D�V]LQWYRQDODN�pUWpNHLQHN�W~OUHSUH]HQWiOWViJD��D����'�PHJMHOHQtWpVEHQ�D�OpSFVĘ]HWHVVpJ��D�]iUW�
V]LQWYRQDODN�N|]|WWL�VtN�IHOV]tQHN��(]HN�D�MHOHQVpJHN�D�PyGV]HUHN�DODSMiQ�YiUKDWyDN�YROWDN��KLV]HQ�D�
IHOV]tQHN�iWKDODGQDN�D�EHPHQHWL�SRQWRNRQ��$�MREE�HUHGPpQ\HN�HOĘiOOtWiViW�pSSHQ�D�PHUHGHN�OHMWĘN��
SDUWIDODN�PLDWW�PHJV]DNDGy�V]LQWYRQDODN�JiWROMiN�PHJ�

$� PLQWDWHU�OHWHN� GRPERU]DWPRGHOOMpQHN� HONpV]tWpVpKH]� D� Ä5HJXODUL]HG� 6SOLQH� ZLWK� 7HQVLRQ´�
�Y�VXUI�UVW��567��HOMiUiV�V]LQWpQ�DONDOPD]iVUD�NHU�OW��DQQDN�HOOHQpUH��KRJ\�MHOOHJpEĘO�DGyGyDQ�QHKH�
]HQ�NH]HOL�D�KLUWHOHQ�PDJDVViJYiOWR]iVRNDW��(]�D]�HOMiUiV�D]RQEDQ�RO\DQ�VRN�EHiOOtWiVL�OHKHWĘVpJJHO�
UHQGHONH]LN����KRJ\�PLQGHQNpSSHQ�V]�NVpJHV�YROW�D�WHV]WHOpVH��$ODSYHWĘ�HOWpUpV�D�IHQW�HPOtWHWW�PyG�
V]HUHNWĘO��KRJ\�D�JHQHUiOW�IHOV]tQ�QHP�N|YHWL�SRQWRVDQ�D�EHPHQHWL�SRQWRNDW��KDQHP�D�SDUDPpWHUHN�
I�JJYpQ\pEHQ�LOOHV]NHGLN��(QQHN�N|YHWNH]WpEHQ��KD�D�ÄWHQVLRQ�SDUDPHWHU´��DPHOO\HO�V]DEiO\R]KDWy�D�
UDV]WHU�IHOV]tQ�UiIHV]tWpVH�D�SRQWRNUD��W~O�NLFVL�D�KLUWHOHQ�PDJDVViJYiOWR]iVRN�N|UQ\H]HWpEHQ�HOW~OR]]D�
D]�pUWpNHW��KD�SHGLJ�W~O�QDJ\��DNNRU�D�PDJDVViJL�pUWpNHN�N|U�O�EHPpO\HGpVHN�MHOHQQHN�PHJ��$�GRP�
ERU]DWL�YLV]RQ\RN�pV�D�V]LQWYRQDOUDM]�VDMiWRVViJDL�PLDWW�D]�HPOtWHWW�KLEiN�PHJMHOHQWHN�D�GXQDI|OGYiUL�
PLQWDWHU�OHW�HVHWpEHQ��H]pUW�DQQDN�PRGHOOH]pVpUH�HOĘQ\|VHEE�YiODV]WiV�D�N|YHWNH]Ę�IHMH]HWEHQ�OHtUW�
/HJR�*,6��PyGV]HU��$�EiWDL�WHU�OHWHQ��0,7$6��/��pV�0,7$629$��+���������WDQiFVDL�DODSMiQ�NpW�OpSpVEHQ�
HOYpJH]YH� D]� LQWHUSROiFLyW� HOIRJDGKDWy� HUHGPpQ\W� VLNHU�OW� HOpUQL��.LKDV]QiOYD� D]W�� KRJ\� D]� HJ\HV�
V]LQWYRQDODNQDN�HJ\HGL�VLPtWiVL�SDUDPpWHUW�LV�PHJ�OHKHW�KDWiUR]QL��HUĘVHEE�UiIHV]tWpVVHO�pV�D����P�
DODWWL�pV�����P�I|O|WWL�WHU�OHWHNQpO�MHOHQWĘVHEE�VLPtWiVW�DONDOPD]YD�NHU�OW�HOĘiOOtWiVUD�HJ\�''0��(UUĘO�
D]�U�UDQGRP�HV]N|]]HO������GE�NLHJpV]tWĘ�PDJDVViJL�SRQWRW�Q\HUW�QN��PHOO\HO�HJ\�KRPRJpQHEE�EHPH�
QHWL�DGDWiOORPiQ\�iOOW�UHQGHONH]pVUH�D�N|YHWNH]Ę�LQWHUSROiFLyKR]����$�IHOV]tQ�MREEDQ�HOVLPtWRWW��D����'�

���(UUH�HJ\�IyUXP�KR]]iV]yOiVEDQ�D�IHMOHV]WĘ��6,(&=.$��0��LV�IHOKtYMD�D�ILJ\HOPHW�
���KWWS���RVJHR�RUJ������[��QDEEOH�FRP�U�VXUI�QQEDWK\�Y�RXW�DVFLL�WG��������KWPO
���$]�HOMiUiV�pV�D�SDUDPpWHUHN� UpV]OHWHV� OHtUiVD�QHP�NpSH]L� MHOHQ� WDQXOPiQ\� UpV]pW��HKKH]�NDSFVROyGyDQ�D�N|YHWNH]Ę�
V]DNLURGDOPDN�V]ROJiOWDWQDN�LQIRUPiFLyNDW��0,7$629$��+��±�0,7$6��/��������0,7$629$��+�±�+2),(5.$��-��������0,7$6��
/��±�0,7$629$�+�������������

���(QQHN�NLYLWHOH]pVH� U|YLGHQ�� D�PDJDVViJL� SRQWRN� GEI� iOORPiQ\iQDN�PyGRVtWiVD� ~J\�� KRJ\�XJ\DQD]RN� D]� RV]ORSRN�
OHJ\HQHN�EHQQH��PLQW�D� V]LQWYRQDODV� IHGYpQ\�HVHWpEHQ��D� V]LQWYRQDODN�PHQWpQ�D�*HQHUDWH�SRLQWV�DORQJ� OLQHV� �Y�WR�
SRLQWV��HV]N|]]HO����P�HQNpQW�SRQWRN�OpWUHKR]iVD��D�Ä3DWFK�YHFWRU�PDSV´��Y�SDWFK��HV]N|]]HO�D�NpW�WpUNpSEĘO�HJ\�RO\DQ�
~M�IiMO�HOĘiOOtWiVD��DPHO\�WDUWDOPD]]D�D�V]�NVpJHV�PDJDVViJL�LQIRUPiFLyNDW�
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PHJMHOHQtWpV�V]HEE��PLQW�D�IHQWL�HVHWHNEHQ��%iU�PHJMHOHQLN�D�V]LQWYRQDODN�PLDWWL�HQ\KH�WHUDV]RVViJ�D�
PDJDVViJL�pUWpNHN�KLV]WRJUDPMD�PpJVHP�IpVĦV�

���iEUD��$�PLQWDWHU�OHWHNUĘO�NpV]tWHWW�GRPERU]DWPRGHOOHN�19,=�EHQ�PHJMHOHQtWYH��V]HUN��)g0,�''0���pV�
V]LQWYRQDOUDM]�DODSMiQ�V]HUNHV]WHWWH�-Ï=6$�(������ �''0������ �U�VXUI�FRQWRXU���� �U�VXUI�QQEDWK\�'XQDI|OGYiU�

�� �''0������ �U�VXUI�FRQWRXU���� �U�VXUI�QQEDWK\���� �Y�VXUI�UVW�%iWD

)LJ�����'(0¶V�RI�VWXG\�DUHDV�DUH�GLVSOD\HG�LQ�19,=��HG��-Ï=6$��(��EDVHG�RQ�)g0,�''0���DQG�FRQWRXUV����� �''0����
�� �U�VXUI�FRQWRXU���� �U�VXUI�QQEDWK\�'XQDI|OGYiU���� �''0������ �U�VXUI�FRQWRXU���� �U�VXUI�QQEDWK\���� �Y�VXUI�UVW�

%iWD

/HJR�*,6��PyGV]HU�DONDOPD]iVD
$]�RPOiVIDODN��PDJDVSDUWRN��V]DNDGpNRN�PRGHOOH]pVpUH�%$5721�*���������HJ\�RO\DQ�UDV]WHUHV�LQWHUSR�
OiFLyV�HOMiUiVW�N|]|OW��DPHO\�HJ\V]HUĦVpJH�UpYpQ�N|QQ\HQ�HOYpJH]KHWĘ�pV�*5$66�UD�LV�PLQGHQ�QHKp]VpJ�
QpON�O�DGDSWiOKDWy��$�PDJDVViJL�YLV]RQ\RN�DODSMiQ�D]�HOMiUiV�DONDOPD]iViUD�D�GXQDI|OGYiUL�SDUWIDO�V]RO�
JiO�PHJIHOHOĘ�PLQWDWHU�OHW�O��%iU�D]�HPOtWHWW�V]HU]Ę�UpV]OHWHVHQ�NLIHMWL�D�PXQND�PHQHWpW��LWW�LV�SRQWRVDQ�
V]HUHSHOQHN�D�OpSpVHN�D]pUW��KRJ\�D�KDV]QiOW�V]RIWYHUHNHQ�LV�HJ\pUWHOPĦHQ�N|YHWKHWĘHN�OHJ\HQHN�

$�PyGV]HU�OpQ\HJH��KRJ\�D�PDJDVSDUWRN�PRGHOOH]pVH�VRUiQ�D�V]DNDGiVIURQW�YRQDOD�PHQWpQ�HOYi�
ODV]WYD�HJ\�PDJDVDEE�pV�DODFVRQ\DEE�±�WHKiW�D�O|V]SODWyW�pV�D]�iUWHUHW�MHOHQWĘ�±�IHOV]tQW�LOOHV]W�|VV]H�
HJ\�''0�EH��tJ\�DODNtWYD�NL�D]�D]RNDW�|VV]HNDSFVROy�LJHQ�PHUHGHN�OHMWĘW�

$�NRUiEELDNKR]�KDVRQOyDQ�D�YHNWRURV�iOORPiQ\RNRQ�YpJ]HWW�OpSpVHN�4*,6�EHQ�YDOyVXOWDN�PHJ��
$]�HOVĘ�IHODGDW�D�IHQWLHNEĘO�N|YHWNH]ĘHQ�D�YL]VJiODWL�WHU�OHW�D]RQ�UpV]pQHN�NLMHO|OpVH��DKRO�D]�HOMiUiVW�
DONDOPD]QL�DNDUMXN��~J\��KRJ\�D�V]DNDGiVIURQW�YRQDOD�PHQWpQ�HON�O|QtWYH�OpWUHKR]]XN�D]�ÄDODFVRQ\´�
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pV�ÄPDJDV´�WHU�OHWHN�SROLJRQMDLW��$�NRUiEEDQ�IHOYHWW�SDUWIDO�YRQDOD�D�7UDFH�(GLW�HV]N|]��WUDFH'LJLWL]H�
EĘYtWPpQ\��VHJtWVpJpYHO�HJ\V]HUĦHQ�YpJLJN|YHWKHWĘ��H]]HO�LV�U|YLGtWYH�D�GLJLWDOL]iOiV�LGHMpW�pV�EL]WR�
VtWYD��KRJ\�D�SROLJRQRN�PHJIHOHOĘHQ�LOOHV]NHGMHQHN��$�V]LQWYRQDODV�iOORPiQ\EyO�D�SROLJRQRN�DODSMiQ�
NLMHO|OW�pV�~M�IiMOED�PHQWHWW�DGDWRNEyO�OpWUH�NHOO�KR]QL�D�ÄPDJDV´�pV�ÄDODFVRQ\´�WHU�OHWHN�V]LQWYRQDODV�
IHGYpQ\pW��(]HQ�NtY�O�V]�NVpJ�YDQ�PpJ�D�V]LQWYRQDODV�iOORPiQ\RN�WRYiEEL�V]HUNHV]WpVpUH�LV��$�SDUW�
IDOKR]�NLIXWy��D]W�PHWV]Ę�V]LQWYRQDODNDW�D�ÄPDJDV´� WHU�OHWHQ�D�PHWV]pVSRQWEHOL� LUiQ\EDQ�PHJ�NHOO�
KRVV]DEEtWDQL��D]�ÄDODFVRQ\´�WHU�OHW�HVHWpEHQ�SHGLJ�±�IHOWpWHOH]YH��KRJ\�D�WHU�OHW�VtNViJNpQW�IRO\WDWy�
GLN�±�EHK~]QL�HJ\�WRYiEEL�V]LQWYRQDODW�D�PDJDVSDUW�DOi����$]RNRQ�D�V]DNDV]RNRQ��DKRO�QLQFV�SDUWIDO�
D� KLEiN� HONHU�OpVH� YpJHWW� V]�NVpJHV� D� PyGRVtWiV� QpON�OL� GRPERU]DWPRGHOO� PDJDVViJL� pUWpNHLYHO�
UHQGHONH]Ę�SRQWRN�IHOYpWHOH��$�SRQWRN�PDJDVViJL�DWWULE~WXPiQDN�IHOW|OWpVpKH]�V]LQWpQ�UHQGHONH]pVUH�
iOO�HJ\�EĘYtWPpQ\��H]�D�3RLQW�VDPSOLQJ�WRRO�

���iEUD��$�ÄPDJDV´��OLOD��pV�ÄDODFVRQ\´��]|OG��WHU�OHWHN�V]LQWYRQDODL�pV�D�NLHJpV]tWĘ�PDJDVViJL�SRQWRN��ViUJD���V]HUN��
)g0,�V]LQWYRQDOUDM]�DODSMiQ�-Ï=6$�(���

)LJ�����&RQWRXUV�RI�WKH�¶KLJK¶��SXUSOH��DQG�¶ORZ¶��JUHHQ��VXUIDFHV�DQG�DGGLWLRQDO�HOHYDWLRQ�SRLQWV��\HOORZ���HG��-Ï=6$�(��
EDVHG�RQ�)g0,�FRQWRXUV��

(]W�N|YHWĘHQ��D�PXQND�IRO\WDWiViKR]�D]�iOORPiQ\RNDW��ÄPDJDV´�pV�D]�ÄDODFVRQ\´�WHU�OHWHN�SROLJRQMDL�
pV�PyGRVtWRWW�V]LQWYRQDODL��PDJDVViJL�SRQWRN��LPSRUWiOQL�NHOO�*5$66�ED��0LYHO�D]�Ä567´�LQWHUSR�
OiOy�HV]N|]�QHP�NH]HO�W|EE�EHPHQHWL�iOORPiQ\W��tJ\�D]pUW��KRJ\�D�NLHJpV]tWĘ�PDJDVViJL�SRQWRNDW�pV�
D�V]LQWYRQDODNEyO�NpS]HWW�SRQWRNDW�LV�ILJ\HOHPEH�YHJ\H��D]RNDW�HJ\�N|]|V�SRQW�WtSXV~�VKDSHILOH�EDQ�
NHOO� HOKHO\H]QL��$]� LQWHUSROiFLyW� D� ÄPDJDV´� pV� D]� ÄDODFVRQ\´� WHU�OHWHNUH� HJ\DUiQW� HO� NHOO� YpJH]QL��
$�''0�HNEĘO�D�5DVWHU�0DS�&DOFXODWRU� VHJtWVpJpYHO�� D]�DOiEEL� ORJLNDL�NLIHMH]pV��� IHOKDV]QiOiViYDO�
HOĘiOOtWKDWy�D�YpJHUHGPpQ\�PRGHOO�
(5('0(1<� �LVQXOO�DODFVRQ\BSROLJRQ#GXQDIROGYDUBGGP��"�PDJDVBGGP#GXQDIROGYDUBGGP���
DODFVRQ\BGGP#GXQDIROGYDUBGGP

���$�0pO\�~W�HVHWpEHQ�V]�NVpJHV�YROW�HJ\�WRYiEEL�V]LQWYRQDO�EHUDM]ROiVD��LOOHWYH�D]�HOWpUpV�D�SDUWIDO�Q\RPYRQDOiWyO��KRJ\�
D]�XWFD�HPHONHGpVpW�PHJIHOHOĘHQ�OHKHVVHQ�PRGHOOH]QL�

���$�NLIHMH]pV�PHJYL]VJiOMD��KRJ\�DGRWW�FHOOD�18//�pUWpNĦ�H�D]�ÄDODFVRQ\´�WHU�OHW�SROLJRQMiQDN�WpUNpSpQ��KD�LJHQ��D�
ÄPDJDV´�WHU�OHW�GRPERU]DWPRGHOOMpQHN�pUWpNpW�tUMD�D]�~M�PRGHOOEH��KD�QHP�D]�ÄDODFVRQ\´�WHU�OHWpW�
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���iEUD��$�/HJR�*,6��PyGV]HUUHO�HOĘiOOtWRWW�''0��V]HUN��-Ï=6$�(��

)LJ�����'(0�SURGXFHG�E\�/HJR�*,6��PHWKRGRORJ\��HG��-Ï=6$��(���

$]� HUHGPpQ\� OiWYiQ\RV�� D� SDUWIDO� UHQGNtY�O�PHUHGHN� IHOV]tQNpQW� MHOHQLN�PHJ� D� ���'�PHJMHOH�
QtWpVEHQ�pV�D�PRGHOOUĘO�NpV]tWHWW�NHUHV]WPHWV]HWHNHQ� LV��1DJ\REE�WHU�OHW�HVHWpEHQ�YLV]RQ\ODJ�QDJ\�
pOĘPXQND� LJpQ\Ħ�pV�QDJ\�RGDILJ\HOpVW� LJpQ\OĘ� IHODGDW�D]�iOORPiQ\RN�HOĘNpV]tWpVH��$�*5$66�EDQ�
YpJH]KHWĘ�OpSpVHNHW�D�Ä*UDSKLFDO�0RGHOHU´�KDV]QiODWiYDO�PiU�PRGHOOEH�OHKHWQH�IRJODOQL��tJ\�DXWRPD�
WL]iOQL�D�IRO\DPDWRW��PHJN|QQ\tWHQL�N�O|QE|]Ę�YHU]LyN�J\RUV�HOĘiOOtWiViW�

$]�HUHGPpQ\HN�pUWpNHOpVH��|VV]HKDVRQOtWiVD
$]�HOĘiOOtWRWW�PRGHOOHN�YDOLGiOiViKR]�UHQGHONH]pVUH�iOOy�OHKHWĘVpJHN�N|]�O�D�PDJDVViJL�pUWpNHN�HOWpUp�
VHLQHN�PHJiOODStWiVD��D�GRPERU]DWUyO�NpV]tWHWW�NHUHV]WPHWV]HWHN��D�N�O|QE|]Ę�YL]XiOLV�PHJMHOHQtWpVHN�
PHOOHWW�D�OHMWĘV]|J�pV�UHODWtY�UHOLHI�GHULYiWXP�WpUNpSHN�YL]VJiODWD�WĦQW�D�OHJDONDOPDVDEEQDN�

$�WHUHSL�PDJDVViJPpUpVHN�pUWpNHL�DODSMiQ�NLV]iPtWKDWy�YROW�D]�iWODJRV�KLED��0(��pV�QpJ\]HWHV�
N|]pSKLED��506(��pUWpNH�����WiEOi]DW���$PLQW�D]�YiUKDWy�YROW��'XQDI|OGYiURQ�D�PDJDVSDUW�PHQWpQ�
pV� D�0pO\�~W� WHU�OHWpQ�PpUW�PDJDVViJRN� W|EE�HVHWEHQ� MHOHQWĘVHQ�HOWpUWHN�D]� LQWHUSROiOW� pUWpNHNWĘO��
$�''0���YL]VJiODWD�VRUiQ�NHWWĘYHO�W|EE�LO\HQ�KLEiV�PDJDVViJ�YROW�IHOIHGH]KHWĘ��DPHO\HN�D�NHYpVEp�
PHUHGHN�OHMWĘV]|JĦ�SDUWIDO�PLDWW�MHOHQWNH]WHN�D]�iUWpUHQ��(]HNHW�D�PpUpVHNHW�ILJ\HOPHQ�NtY�O�KDJ\YD�
D]�iWODJRV�KLED�����PpWHUUH��D�QpJ\]HWHV�N|]pSKLED�����PpWHUUH�FV|NNHQW�D�)g0,�PRGHOOMH�HVHWpEHQ��
$� EiWDL�PLQWDWHU�OHWHQ� D�PpUW� SRQWRN� pV� D]� HJ\HV�''0�HN�PDJDVViJL� pUWpNHL� N|]|WW� NpW� HVHWEHQ�
YROW�MHOHQWĘV�HOWpUpV�WDSDV]WDOKDWy��$]�HJ\LN�SRQW�KLEiMiW�D�KROWiJQiO�PHJV]DNDGy�V]LQWYRQDODN�HUHG�
PpQ\H]WpN��PtJ� D�PiVLN� HVHWEHQ� D� IHOV]tQ� UHQGH]pVH� D� IHOWpWHOH]KHWĘ�RN��gVV]HVVpJpEHQ� D�KLEiNDW�
MHOOHP]Ę�PpUĘV]iPRN�D]�HJ\HV�PyGV]HUHNQpO�QHP�LJD]iQ�WpUQHN�HO��%iU�D�OHJNLVHEE�iWODJRV�KLEDpUWpN�
D]�Ä567´�HOMiUiVVDO�NpV]�OW�PRGHOOW� MHOOHP]L��H]� LQNiEE�D�PyGV]HU�VDMiWRVViJDLQDN��IHOV]tQ�ÄJXPL�
OHSHGĘ´� MHOOHJH�� ÄW~OO|YpV´��N|YHWNH]PpQ\H��$�QpJ\]HWHV�N|]pSKLED� pUWpN� D�''0���pV� D� Ä1DWXUDO�
1HLJKERU´�PyGV]HU�HUHGPpQ\H�HVHWpEHQ�D�OHJNLVHEE��

���WiEOi]DW��$�PRGHOOHN�KLEiLW�MHOOHP]Ę�PpUĘV]iPRN�D�WHUHSL�PpUpVHN�DODSMiQ����V]HUN��-Ï=6$�(���

7DEOH����%DVHG�RQ�¿HOG�PHDVXUHPHQW��YDOXHV�FKDUDFWHULVHG�HUURUV�RI�PRGHOV��HG��-Ï=6$��(���

'XQDI|OGYiU %iWD
''0�� ÄFRQWRXU´ ÄQQEDWK\´ /(*2 ''0�� ÄFRQWRXU´ ÄQQEDWK\´ ÄUVW´

0(��P� ��� ��� ��� ��� ��� ��� ��� ���
506(��P� ���� ��� ��� ��� ��� ��� ��� ���

���$�PpUĘV]iPRN�NLV]iPtWiVDNRU�NLKDJ\iVUD�NHU�OWHN�D]RN�D�NLXJUy�KLEiN��DPHO\HN�HJ\pUWHOPĦHQ�PDJ\DUi]KDWyDN�D�
V]LQWYRQDODV�iOORPiQ\�YDJ\�D]�LQWHUSROiFLyV�HOMiUiV�KLiQ\RVViJDLYDO�
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$�OHMWĘV]|J�pUWpNHN�D�VDMiW�GXQDI|OGYiUL�PRGHOOHNHQ�QpKiQ\�FHOOiQiO�PHJN|]HOtWLN�D�����RW��HOVĘ�
VRUEDQ� D�PDJDVSDUW�PRGHOOH]pVpUH� DONDOPD]RWW� NLHJpV]tWĘ�PyGV]HUHN�PLDWW��$� Ä5DVWHU� &RQWRXUV´�
HOMiUiV�HUHGPpQ\HLQHN�KLEiL�D�OHMWĘV]|J�WpUNpS�DODSMiQ�LV�V]HPEHWĦQĘHN��$�/HJR�*,6��PyGV]HU�HUHG�
PpQ\H�HVHWpEHQ�D�SDUWIDO�PHQWpQ�PLQWHJ\�V]DODJV]HUĦ�D�OHJPHUHGHNHEE�OHMWĘV]|JĦ�WHU�OHW��PtJ�D�W|EEL�
GHULYiWXP�WpUNpSHQ�HJ\�V]pOHVHEE��YiOWR]y�OHMWĘV]|JĦ�ViY�MHO|OL�D]W�NL��$�UHODWtY�UHOLHI�WHNLQWHWpEHQ�D�
���P�HV�FHOOiNUD�PHJKDWiUR]RWW�pUWpNHN�YL]VJiODWD�UHOHYiQV�FVDN��D]RQEDQ�D�WpUNpSUĘO�QHP�ROYDVKDWy�
OH�PHJOHSĘ�LQIRUPiFLy��$�OHJQDJ\REE�pUWpNHN�NLFVLYHO�PDUDGQDN����P�DODWW�pV�D]�$OVy�gUHJKHJ\KH]�
NDSFVROyGy�V]DNDV]RQ�KHO\H]NHGQHN�HO��$�''0�HNUĘO�NpV]tWHWW�NHUHV]WPHWV]HWHNHQ�D�SDUWIDO�D�YiUW�
pOHV� W|UpVVHO� MHOHQLN�PHJ��$�0pO\�~W�HVHWpEHQ�NpV]tWHWW�SURILORN�D�/HJR�*,6��PyGV]HUW�PXWDWWiN�D�
OHJMREEQDN��D�Ä5DVWHU�&RQWRXUV´�HOMiUiVVDO�WHOMHVHQ�KLEiV�OHWW�D�WHU�OHW��D�Ä1DWXUDO�1HLJKERU´�PyGV]HU�
SHGLJ�W~O�PpO\�Y|OJ\HW�HUHGPpQ\H]HWW��PLYHO�QHP�PHJROGRWW�D�IHOV]tQ�HPHONHGpVH�D�Y|OJ\EHQ�

$�EiWDL�PLQWDWHU�OHW�HVHWpEHQ�QDJ\REE�HOWpUpVHN�YDQQDN�D�PD[LPXP�OHMWĘV]|JHN�N|]|WW��(QQHN�
HJ\LN�RND�D�Ä5DVWHU�&RQWRXUV´�PRGHOOHQ�HOĘIRUGXOy�KLEiN��PiVLN�SHGLJ�D]�Ä567´�iOWDO�HUHGPpQ\H]HWW�
VLPtWRWW�IHOV]tQ��$�PRGHOOHN�KLEiL��VDMiWRVViJDL�H]HQ�NtY�O�D�UHOLHIHQHUJLD�WpUNpS�pUWpNHLEHQ�LV�PHJPX�
WDWNR]QDN�QpKiQ\�NLXJUy�pUWpNĦ�FHOOiYDO��$�GRPEViJSHUHPHW��Y|OJ\HN�ROGDODLW�DODSYHWĘHQ�D�����QiO�
PHUHGHNHEE�OHMWĘN�pV�D]�Ä567´�HVHWpEHQ����P�QpO��D�PiVLN�NpW�PRGHOOHQ����P�QpO�QDJ\REE�UHODWtY�
UHOLHI� pUWpNHN� UDM]ROMiN� NL��$� GRPERU]DWUyO� NpV]tWHWW� NHUHV]WPHWV]HWHN� QDJ\RQ� KDVRQOyDN� D]� HJpV]�
PLQWDWHU�OHWHQ��D]�Ä567´�HOMiUiV�D]RQEDQ�QpKRO�PDJDVDEE��QpKRO�DODFVRQ\DEE�pUWpNHNHW�SURGXNiOW�

g66=(*=e6
$� GRPERU]DWPRGHOOH]pVKH]� V]�NVpJHV� iOORPiQ\RN� HOĘNpV]tWpVH� pV� D� PRGHOOH]pV� IRO\DPDWD� VRUiQ�
IHOPHU�OĘ�SUREOpPiN�D�IHOV]tQ�VDMiWRVViJDLYDO�|VV]HI�JJpVEHQ�pV�D�NDUWRJUiILDL�iEUi]ROiV�NRUOiWR]RWW�
OHKHWĘVpJHLEĘO�IDNDGyDQ��D�PRGHOOH]pV�IHOERQWiViYDO�pV�D�V]LQWYRQDODV�iOORPiQ\�YHNWRU�UDV]WHU�NRQ�
YHU]LyMiYDO�NDSFVRODWRVDQ�MHOHQWNH]WHN�

ÈWWHNLQWYH�D�''0����YDODPLQW�D�V]LQWYRQDOUDM]EyO�|QiOOyDQ�HOĘiOOtWRWW�PRGHOOHN�VDMiWRVViJDLW�OHYRQ�
KDWy�D�N|YHWNH]WHWpV��KRJ\�D]�LO\HQ�WHU�OHWHN�GRPERU]DWPRGHOOMHLQHN�HOĘiOOtWiVD�WRYiEEUD�LV�NLKtYiVW�
MHOHQW�D�UDV]WHUHV�LQWHUSROiOy�HV]N|]|N�V]iPiUD��$�)g0,�WHUPpNpQHN�DONDOPD]iViWyO�D�OHJQDJ\REE�
YLVV]DWDUWy�HUĘ�D�KD]DL�NXWDWiVRN�N|OWVpJYHWpVpKH]�YLV]RQ\tWRWWDQ�PDJDV�iUD�� LOOHWYH��KRJ\�pSSHQ�D�
Y|OJ\HN�HVHWpEHQ�QHP�W�NU|]L�D�YDOyViJRW��$�Ä5DVWHU�&RQWRXUV´�HOMiUiV�HUHGPpQ\H�DODSMiQ�D�PyGV]HU�
DONDOPD]iVD� HOYHWHQGĘ� LO\HQ� MHOOHJĦ� GRPERU]DWRQ� pV� V]LQWYRQDOUDM]�PHOOHWW��$�PHJMHOHQtWpV� V]HP�
SRQWMiEyO�YiODV]WKDWy�D]�Ä567´�PRGHOO��D]RQEDQ�PpUpVHN�YpJ]pVHNRU��J\HOQL�NHOO�D�KDQJV~O\R]RWW�
KiWUiQ\RV�WXODMGRQViJRNUD��$�WDSDV]WDODWRN�DODSMiQ�D�O|V]PpO\XWDN�pV�D�PHUHGHN�OHMWĘN�N|UQ\H]HWpEHQ�
HOKHO\H]HWW�NLHJpV]tWĘ�PDJDVViJL�SRQWRN� UpYpQ� MHOHQWĘV�SRQWRVViJQ|YHNHGpV�pUKHWĘ�HO��$]�HUHGPp�
Q\HN�W�NUpEHQ�D�Ä1DWXUDO�1HLJKERU´�PyGV]HUUH�pUGHPHV�ILJ\HOPHW�IRUGtWDQL��YLV]RQ\ODJ�MyO�NH]HOL�D�
PHJV]DNDGy�V]LQWYRQDODN�pV�D�PHUHGHN�OHMWĘN�SUREOpPiMiW��LOOHWYH�D�PHJDGRWW�PDJDVViJL�pUWpNHNHW�LV�
SRQWRVDQ�N|YHWL�

$QQDN�HOOHQpUH��KRJ\�VHP�D]�HOHP]HWW�IRUPiN��VHP�D�EHPHQHWL�DGDWRN�HOĘNpV]tWpVH��VHP�D�YiODV]�
WRWW�PpUHWDUiQ\RQ� W|UWpQĘ� LQWHUSROiOiV�QHP� MHOHQWHQHN� LJD]iQ�~MGRQViJRW��D�NXWDWiVQDN�PpJLV� W|EE�
MHOHQWĘVpJH�HPHOKHWĘ�NL�
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$�WDQXOPiQ\�UiYLOiJtWRWW��KRJ\�D�V]DEDGRQ�KR]]iIpUKHWĘ�WpULQIRUPDWLNDL�V]RIWYHUHN�V]iPRV�OHKH�
WĘVpJHW�NtQiOQDN�PLQG�D�V]LQWYRQDODV�iOORPiQ\RN�V]HUNHV]WpVpUH��PLQG�D�GRPERU]DW�PRGHOOH]pVpUH��
.|]pUWKHWĘ�PyGRQ�WDJODOMD�D�4*,6�pV�*5$66�*,6�V]RIWYHUHN�KDV]QiOKDWy�HV]N|]HLQHN�DONDOPD]iViW��
$�EĘYtWPpQ\HN�EHPXWDWiViYDO�~M�OHKHWĘVpJHNHW�WiU�IHO�D]�ROYDVyN��NXWDWyN�V]iPiUD��1HP�OHKHW�HOpJV]HU�
KDQJV~O\R]QL��PHQQ\LUH�PHJN|QQ\tWL�D�PXQNiW��KRJ\�D�WpPiEDQ�UHQJHWHJ�LQIRUPiFLy�KR]]iIpUKHWĘ�D]�
LQWHUQHWHQ��OHtUiVRN��EORJRN��IyUXP�KR]]iV]yOiVRN�VWE����YDODPLQW��KRJ\�D�KiWWpUEHQ�DONRWy�IHMOHV]WĘL�
N|]|VVpJ�IRO\DPDWRVDQ�~MDEE�HV]N|]|NHW�WHV]�HOpUKHWĘYp�

)HOKtYWXN� D� ILJ\HOPHW� D� EHPHQHWL� IiMORN� N|U�OWHNLQWĘ� HOĘNpV]tWpVpUH�� D� N�O|QE|]Ę� LQWHUSROiFLyV�
PyGV]HUHN�VDMiWRVViJDLUD��D]�DGDWRN�pV�PyGV]HUHN�NRPELQiOiViQDN�OHKHWĘVpJHLUH�pV�V]�NVpJHVVpJpUH�

$�NHUHVNHGHOPL�IRUJDORPEDQ�NDSKDWy�V]LQWYRQDOUDM]�pV�PRGHOO�DONDOPD]KDWyViJiQDN��WXODMGRQVi�
JDLQDN�YL]VJiODWiYDO�~MDEE�LQIRUPiFLyNDW�WHWW�QN�KR]]i�D�WHUPpNOHtUiVRNKR]�

$�PLQWDWHU�OHWHN�''0�DODS~�JHRPRUIROyJLDL�YL]VJiODWiQDN�PHJNH]GpVpKH]�PiU�My�DODSRW�V]ROJiO�
WDWKDWQDN�D�PRGHOOHN��LOOHWYH�KDVRQOy�MHOOHJĦ�IHOV]tQHN�PRGHOOH]pVpKH]�LV�VHJtWVpJHW�DGKDWQDN�D�OHtUWDN�

.g6=g1(71<,/9È1Ë7È6
$�NXWDWiV�D�7È023�������$������������������D]RQRVtWy�V]iP~�1HP]HWL�.LYiOyViJ�3URJUDP�±�+D]DL�
KDOOJDWyL��LOOHWYH�NXWDWyL�V]HPpO\L�WiPRJDWiVW�EL]WRVtWy�UHQGV]HU�NLGROJR]iVD�pV�PĦN|GWHWpVH�NRQYHU�
JHQFLD�SURJUDP�FtPĦ�NLHPHOW�SURMHNW�NHUHWpEHQ�]DMORWW��$�SURMHNW�D]�(XUySDL�8QLy�WiPRJDWiViYDO��D]�
(XUySDL�6]RFLiOLV�$ODS�WiUVILQDQV]tUR]iViYDO�YDOyVXO�PHJ��

$� V]HU]ĘN� KiOiVDN� D� NpW� DQRQLP� EtUiOy�PHJMHJ\]pVHLpUW�� DPHO\HN� VHJtWHWWpN� D� Np]LUDW� V]DNPDL�
IHMOHV]WpVpW��

)(/+$6=1È/7�,52'$/20
%(776��+��'��±�'(526(��5��&��������'LJLWDO�HOHYDWLRQ�PRGHOV�DV�D�WRRO�IRU�PRQLWRULQJ�DQG�PHDVXULQJ�

JXOO\�HURVLRQ���±�,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�(DUWK�2EVHUYDWLRQ�DQG�*HRLQIRUPDWLRQ����������
SS����±����

&+$3/27��9�� ������ ,PSDFW� RI� WHUUDLQ� DWWULEXWHV�� SDUHQW�PDWHULDO� DQG� VRLO� W\SHV� RQ� JXOO\� HURVLRQ�� ±�
*HRPRUSKRORJ\������SS���±���

'(0(.��-���HG���������0DQXDO�RI�GHWDLOHG�JHRPRUSKRORJLFDO�PDSSLQJ��$FDGHPLD��3UDJXH������S�
(1*/(5�3��±�0e/<.Ò7,�*��������$]���������PpUHWDUiQ\~�WRSRJUiILDL�WpUNpSHN�GRPERU]DWiQDN�HOOHQ�

ĘU]pVH�~M�PpUpVL�HUHGPpQ\HN�IHOKDV]QiOiViYDO��;��2UV]iJRV�7pULQIRUPDWLNDL�.RQIHUHQFLD��6]ROQRN
)È%,È1�6=��È��±�.29È&6�-��±�6&+:(,7=(5�)��±�9$5*$�*��������7HUPpV]HWL�HUĘ��pV�YHV]pO\IRUUiVRN��±�,Q��

3$3�1���V]HUN����7HU�OHW��pV�WHOHS�OpVIHMOHV]WpV�7ROQD�PHJ\pEHQ��%DELWV�.LDGy��6]HNV]iUG��SS���±���
+(1*/��7��±�0$&0,//$1��5��$��������*HRPRUSKRPHWU\�±�$�.H\�WR�/DQGVFDSH�0DSSLQJ�DQG�0RGHOO�

LQJ��±�,Q��+(1*/��7��±�5(87(5��+��,���HGV����*HRPRUSKRPHWU\�±�&RQFHSWV��6RIWZDUH��$SSOLFDWLRQV��
±�(OVHYLHU��SS�����±����

+(57(/(1',�(��±�3(7=�5��±�6&+(8(5�*<��±�6&+:(,7=(5�)��������5DGLRNDUERQ�NRUDGDWRN�D�3DNV�6]HN�
V]iUGL�V�OO\HGpN�NLDODNXOiViKR]��±�)|OGUDM]L�eUWHVtWĘ�������±���SS�����±����
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+87&+,1621��0��)��±�*$//$17��-��&��������'LJLWDO�(OHYDWLRQ�0RGHOV�DQG�5HSUHVHQWDWLRQ�RI�7HUUDLQ�
6KDSH��±�,Q��:,/621��-��3��±�*$//$17��-��&���HGV����7HUUDLQ�$QDO\VLV��3ULQFLSOHV�DQG�$SSOLFDWLRQV��
±:LOH\��1HZ�<RUN��SS����±���

.$6$,��0��±�,.('$��0��±�$6$+,1$��7��±�)8-,6$:$��.��������/L'$5�GHULYHG�'(0�HYDOXDWLRQ�RI�GHHS�
VHDWHG�ODQGVOLGHV�LQ�D�VWHHS�DQG�URFN\�UHJLRQ�RI�-DSDQ��±�*HRPRUSKRORJ\��������±���SS����±���

9��.È32/1È6�0��������.iURN�pV�KDV]RQYpWHOHN��eUYHN��HOOHQpUYHN�pV�D]�iUPHQWHVtWpV�YDOyViJD�%iWiQ�D�
��±����V]i]DGEDQ��±�,Q��:RVLQVN\�0yU�0HJ\HL�0~]HXP�eYN|Q\YH�;;9,��6]HNV]iUG��SS�����±����

./(%�%�� ±�6&+:(,7=(5� )�� ������$�'XQD� FVXV]DPOiVYHV]pO\HV�PDJDVSDUWMDLQDN� WHOHS�OpVN|UQ\H]HWL�
KDWiVYL]VJiODWD��,Q��0DJ\DURUV]iJ�D]�H]UHGIRUGXOyQ�±�6WUDWpJLDL�NXWDWiVRN�D�0DJ\DU�7XGRPiQ\RV�
$NDGpPLiQ��0ĦKHO\WDQXOPiQ\RN��VRUR]DWV]HUN���*/$7=�)����)|OGWXGRPiQ\RN�pV�D�I|OGL�IRO\DPDWRN�
NRFNi]DWL�WpQ\H]ĘL��|VV]HiOOtWRWWD��È'È0�$��±�0(6.Ï�$���07$��%XGDSHVW��SS�����±����

.RPSOH[�XWDVtWiV�D]����������PpUHWDUiQ\~�WRSRJUiILDL�WpUNpSHN�NpV]tWpVpKH]��È)7+������

.29È&6�-���)È%,È1�6=��È���9$5*$�*���Ò-9È5,�*���9$5*$�*<���'(=6ė�-��������3OLR�3OHLVWRFHQH�UHG�FOD\�
GHSRVLWV�LQ�WKH�3DQQRQLDQ�EDVLQ��$�UHYLHZ��±�4XWHUQDU\�,QWHUQDWLRQDO��������±���SS����±���

/È1*� 6�� ������ 7HUPpV]HWL� I|OGUDM]L� WDQXOPiQ\RN� D� 6iUN|]� N|UQ\pNpQ�� ±� )|OGUDM]L� eUWHVtWĘ� ��� ����
SS�����±����

/(e/�ė66<�6��������*HRPRUIROyJLDL�PHJILJ\HOpVHN�%DMD�pV�%iWDV]pN�YLGpNpQ��±�)|OGUDM]L�.|]OHPp�
Q\HN�������±���SS�����±����

/(51(5� -�� ������ 7pUNpSpV]HWL� DODSLVPHUHWHN�� )|OGUDM]� pV� I|OGWXGRPiQ\L� V]DNRV� KDOOJDWyN� V]iPiUD��
7DQN|Q\YNLDGy��%XGDSHVW������S�

/Ï&=<��'��±�%$/2*+��-��±�5,1*(5��È��������/DQGVOLGH�KD]DUG�LQGXFHG�E\�ULYHU�XQGHUFXWWLQJ�DORQJ�WKH�
'DQXEH��±�6XSSOHPHQWL�GL�*HRJUDILD�)LVLFD�H�'LQDPLFD�4XDWHUQDULD����SS���±����

/Ï&=<��'��±�)È%,È1��6=��È��±�6&+:(,7=(5��)��������5LYHU�DFWLRQ�DQG�ODQGVOLGHV�LQ�+XQJDU\��,Q��%$68��6��
5��±�'H�6��.���HGV���,VVXHV�LQ�*HRPRUSKRORJ\�DQG�(QYLURQPHQW�$%&��.RONDWD��SS���±���

0,7$6��/��±�0,7$629$��+���������6SDWLDO�LQWHUSRODWLRQ��±�,Q��/21*/(<��3���*22'&+,/'��.��)���0$*8,5(��'��
-���5+,1'��'�:���HGV����*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV��3ULQFLSOHV�DQG�7HFKQLFDO�,VVXHV��:LOH\��
1HZ�<RUN��SS�����±����

0,7$629$��+�� ±�0,7$6��/�� ������ ,QWHUSRODWLRQ� E\�5HJXODUL]HG�6SOLQH�ZLWK�7HQVLRQ�� ,��7KHRU\� DQG�
,PSOHPHQWDWLRQ��±�0DWKHPDWLFDO�*HRORJ\������SS�����±����

0,7$629$��+��±�+2),(5.$��-��������,QWHUSRODWLRQ�E\�5HJXODUL]HG�6SOLQH�ZLWK�7HQVLRQ��,,��$SSOLFDWLRQ�
WR�7HUUDLQ�0RGHOLQJ�DQG�6XUIDFH�*HRPHWU\�$QDO\VLV�����0DWKHPDWLFDO�*HRORJ\������SS�����±����

1(/621��$��±�5(87(5��+��,��±�*(66/(5��3��������'(0�3URGXFWLRQ�0HWKRGV�DQG�6RXUFHV��±�,Q��+(1*/��7��
±�5(87(5��+��,���HGV����*HRPRUSKRPHWU\�±�&RQFHSWV��6RIWZDUH��$SSOLFDWLRQV��±�(OVHYLHU��SS����±���

1(7(/(5��0��±�0,7$629$��+�� ������6SDWLDO� ,QWHUSRODWLRQ� DQG�$SSUR[LPDWLRQ�� ±� ,Q��1(7(/(5��0��±�
0,7$629$��+���HGV����2SHQ�6RXUFH�*,6��$�*5$66�*,6�$SSURDFK��6SULQJHU��SS�����±����

3e&6,�0��������1HJ\HGNRU�pV�O|V]NXWDWiV��±�(OPpOHW�±�0yGV]HU�±�*\DNRUODW�����$NDGpPLDL�.LDGy��
%XGDSHVW������S�

5(87(5��+��,��±�+(1*/��7��±�*(66/(5��3��±�62,//(��3��������3UHSDUDWLRQ�RI�'(0V�IRU�*HRPRUSKRPHWULF�
$QDO\VLV�� ±� ,Q�� +(1*/�� 7�� ±� 5(87(5�� +�� ,�� �HGV���� *HRPRUSKRPHWU\� ±� &RQFHSWV�� 6RIWZDUH��
$SSOLFDWLRQV��±�(OVHYLHU��SS����±����
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68��=��±�;,21*��'��±�'21*��<��±�/,��-��±�<$1*��'��±�=+$1*��-��±�+(��*��������6LPXODWHG�KHDGZDUG�
HURVLRQ�RI�EDQN�JXOOLHV�LQ�WKH�'U\�KRW�9DOOH\�5HJLRQ�RI�6RXWKZHVW�&KLQD��±�*HRPRUSKRORJ\��KWWS���
G[�GRL�RUJ���������M�JHRPRUSK������������

7�O�� 6]DEiO\]DW� D]� ����� ����PpUHWDUiQ\~� I|OGPpUpVL� WRSRJUiILDL� WpUNpSHN� IHO~MtWiViUD� D]� HJ\VpJHV�
RUV]iJRV�WpUNpSUHQGV]HUEHQ��0e0�2)7+������

7$1$552��/��0��±�08f2=�� -��������5RFNIDOOV� LQ� WKH�'XUDWyQ�FDQ\RQ��FHQWUDO�6SDLQ�� ,QYHQWRU\�DQG�
VWDWLVWLFDO�DQDO\VLV��±�*HRPRUSKRORJ\����±�����SS����±���

7Ï7+�-���WpPDYH]HWĘ��������$]�(275����������PpUHWDUiQ\~�I|OGPpUpVL�WRSRJUiILDL�WpUNpSHN�����±
������N|]|WW�YpJ]HWW�IHO~MtWiVL�SURJUDP�HUHGPpQ\HLQHN�UHQGV]HUH]pVH�pV�HOHP]pVH������S�

9(5(*,1��+���������'DWD�TXDOLW\�SDUDPHWHUV��±�,Q��/21*/(<��3���*22'&+,/'��.�)���0$*8,5(��'�-���5+,1'��
'�:���HGV����*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV��3ULQFLSOHV�DQG�7HFKQLFDO�,VVXHV��:LOH\��1HZ�<RUN��
SS�����±����

:,1./(5� 3�� ������ 0DJ\DURUV]iJ� GLJLWiOLV� RUWRIRWy� SURJUDPMDL� pV� D]� ����� ���� RUV]iJRV� YHNWRURV�
DGDWEi]LV��,Q��7Ï7+�7��±�7Ï7+�*��±�1e0(7+�7��±�*$È/�=���V]HUN����)|OGPLQĘVtWpV��I|OGpUWpNHOpV�pV�
I|OGKDV]QiODWL�LQIRUPiFLy��07$�7$.,��.HV]WKHO\�±�%XGDSHVW�����±����
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