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7KLVýERRNýLVýGHGLFDWHGýWRýWKUHHýFODVVHVýRIýSHRSOHã

ìïýý7RýWKRVHýLQWHUQDWLRQDOýVFLHQWLVWVñýHQJLQHHUVñýDQGýLQYHQWRUVýWKDWýKDYHýGLOLJHQWO\ýSXUVXHGýWKHýWUXWKâýZKRýKDYH
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JDWKHULQJýDQGýWUDQVODWLQJýPDQ\ý5XVVLDQýSDSHUVâý7DPDUDý*ULQHYLFKýIRUýKHUýVXSHUEýVNLOOVýLQýLQWHUSUHWLQJýDQG
WUDQVODWLQJâýWRý(YDý&DOOñý'LQHKý7RUUHVñýDQGý5RE\Qý*LOOHQñýWKHýVWDIIýDWýWKHý)XVLRQý,QIRUPDWLRQý&HQWHUñýZKRýGR
VXFKýDýVXSHUEýMREïýý)LQDOO\ñýIRUJLYHýPHýIRUýHUURUVýPDGHýDQGýSOHDVHýVHQGýFRUUHFWLRQVï
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0,5525"ý5()87$7,21ý2)ý7+(ý&219(17,21$/ý&2/'ð)86,21ýC40ð
,03266,%,/,7<öýû3522)û

E\ý5REHUWý:ïý%DVV éæ

/,7+,80ý),66,21ý72ý)86(ý'(87(5,80"
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75$16)(5ð&219(56,21ý$6ý$ý/,1($5ý$3352;,0$7,21
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)25(:25'

:Hý DUHý DOZD\Vý KDUYHVWLQJýZKDWý RWKHUVý KDYHý SODQWHGïý ý (DFKý QHZý JUDGXDWHý XVHVý WRROVý IDVKLRQHGý E\ý KLV
SUHGHFHVVRUVïýý$OOýRIýXVýHQWHUýRXUýVHOHFWHGýõRUýLPSRVHGôýSURIHVVLRQVýDQGýEXLOGýRQýWKHýSDVWïýý,IýZHýDUHýFOHYHUñ
ZHýDGGýWRýNQRZOHGJHñýEXLOGýQHZýWRROVñýDQGýSDVVýRQýWKDWýVPDOOýRUýODUJHýFRQWULEXWLRQýWRýWKHýVWUHDPýRIýPDQNLQG
ZKRýZLOOýKDUYHVWýZKHUHýZHýKDYHýSODQWHGï

7KLVýERRNýLVñýLQýODUJHýSDUWñýDQýLQYLWHGýFRQWULEXWLRQýRIýWHFKQLFDOýUHSRUWVýDERXWýFROGýQXFOHDUýIXVLRQýDQGýDýIHZ
RWKHUýHQKDQFHGýHQHUJ\ýV\VWHPVïýý0DLQO\ýWKLVýERRNýSUHVHQWVýWKHýHDUO\ýKDUYHVWýIURPýWKHýSXUVXLWýRIýWUXWKýDV
LQWURGXFHGýE\ý6WDQOH\ý3RQVýDQGý0DUWLQý)OHLVFKPDQQïý

,Wý KDVý EHHQý RYHUý ILYHý \HDUVý VLQFHý 3RQVý DQGý )OHLVFKPDQQý ZHUHý UHTXHVWHGý E\ý WKHý 8QLYHUVLW\ý RIý 8WDK
DGPLQLVWUDWLYHýVWDIIýWRýDQQRXQFHýWKHLUýGLVFRYHU\ýRIýûFROGýIXVLRQûýDWýDýSUHVVýFRQIHUHQFHýRQý0DUFKýëêñýìäåäï
7KHýSUHVVýFRQIHUHQFHýZDVýFDOOHGýLQýUHVSRQVHýWRýPDQ\ýSKRQHýFDOOVýWRýWKHý8QLYHUVLW\ýRIý8WDKýDERXWýWKHýUXPRUV
RIýDýQHZýGLVFRYHU\ïýý7KHVHýSKRQHýFDOOVýZHUHýWKHýUHVXOWýRIýWKHýIDLOXUHýRIýWKHýSHHUðUHYLHZýV\VWHPýWKDWýDOORZHG
FRSLHVýRIýWKHýSDSHUýE\ý3RQVñý)OHLVFKPDQQñýDQGý+DZNLQVýWRýEHýSULYDWHO\ýFLUFXODWHGýSULRUýWRýSXEOLFDWLRQï

7KHýIOXUU\ýRIýH[FLWHPHQWýWKDWýJUHHWHGýWKHýDQQRXQFHPHQWýRIýFROGýIXVLRQýZDVýVRRQýIROORZHGýE\ýDýEDUUDJHýRI
DWWDFNVýXSRQýWKLVýQHZýGLVFRYHU\ýDQGýHYHQýE\ýDFFXVDWLRQVýRIýIUDXGýDJDLQVWý3RQVýDQGý)OHLVFKPDQQïýý7KHýPDQ\
VXFFHVVHVýRIýFROGýIXVLRQýUHSOLFDWLRQñýLPSURYHPHQWñýDQGýRIýQHZýGLVFRYHULHVýLVýWKHýVWRU\ýSUHVHQWHGýLQýWKLVýERRNï
7KLVýERRNýLVýDýSDUWLDOýUHSRUWýRQýWKHýHIIRUWVýRIýPDQ\ýWKDWýKDVýVWLOOHGýWKHýVWULGHQWýYRLFHVýRIýWKHýSDWKRORJLFDO
VNHSWLFVïýý

7KHýWHUPVýûFROGýIXVLRQûýDQGýûFROGýQXFOHDUýIXVLRQûýPD\ýQRWýDFFXUDWHO\ýGHVFULEHýWKHýULFKýSKHQRPHQDýWKDWýKDV
EHHQýGLVFRYHUHGýE\ýWKRVHýVHHNHUVýRIýWUXWKýZKRýKDYHýIROORZHGý3RQVýDQGý)OHLVFKPDQQïý ý7KHVHýUHSRUWVýRI
UHSOLFDWLRQýDQGýQHZýGLVFRYHULHVýKDYHýDOVRýHQJHQGHUHGýPDQ\ýQHZýILQGLQJVýDQGýQHZýWKHRULHVïýý$ýIHZýVHOHFWHG
WKHRU\ýSDSHUVýKDYHýEHHQýLQFOXGHGýLQýWKLVýYROXPHïýý

7KLVýYROXPHýRIýVHOHFWHGýSDSHUVýGRHVýQRWýLQFOXGHýDOOýRIýWKHýUHSRUWVýWKDWýZHýZRXOGýOLNHýWRýKDYHýSXEOLVKHGïýý,W
LVý Dý EHJLQQLQJïý ý7Rý WKHýPDQ\ýQHZý LQYHVWLJDWRUVñý WKLVý ERRNý LVýPHDQWý WRý VHUYHý DVý Dý VWDUWLQJý SODFHïý ý7KH
ELEOLRJUDSK\ýõDYDLODEOHýRQýWKHýGLVNHWWHýWKDWýDFFRPSDQLHVýWKLVýERRNôýLVñýZHýEHOLHYHñýWKHýPRVWýFRPSOHWHýOLVWLQJ
DYDLODEOHýRIýSDSHUVýRQýFROGýIXVLRQýDQGýDVVRFLDWHGýUHSRUWVïýý

,WýLVýH[SHFWHGýWKDWýZKDWýZHýKDYHýSODQWHGñý\RXýZLOOýFXOWLYDWHñýDQGýWKHýZRUOGýZLOOýKDUYHVWïýý+HUHýDUHýVRPHýWRROV
ððýWLOOýZHOOï
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$%287ý7+(ý(',725

+DOý)R[ýZDVýWKHýGLUHFWRUýRIýWKHýILUVWýUHVHDUFKýODERUDWRU\ýDWýWKHý8QLYHUVLW\ýRIý8WDKý5HVHDUFKý3DUNïýý+HýFODLPV
WKDWýWKHýFROGýIXVLRQýDQQRXQFHPHQWýE\ý3RQVýDQGý)OHLVFKPDQQýZDVýUHVSRQVLEOHýIRUýKLPýQRWýEHFRPLQJýIDPRXVï
+HýKDGýMXVWýUHWLUHGýDQGýZDVýJRLQJýWRýWDNHýXSýWDSýGDQFLQJïýý+DOýZDVýWKHýSULQFLSDOýIRXQGHUýRIýWKHý)XVLRQ
,QIRUPDWLRQý&HQWHUñý,QFïýý+HýZDVýDOVRýFRðIRXQGHUýRIý)XVLRQý5HVRXUFHVñý,QFïýDQGý)XWXUHý(QHUJ\ý$SSOLHG
7HFKQRORJ\ýõ)($7ôýDQGýVHUYHGýDVý&(2ýDQGý&KDLUPDQýRIý)($7ýXQWLOýVKRUWO\ýEHIRUHý)XVLRQý5HVRXUFHVýDQG
)($7ýZHUHýPHUJHGýDQGýQDPHGý(1(&2ñý,QFïýõDý8WDKýFRUSRUDWLRQôï

+DOý)R[ý LVý WKHý HGLWRUýRIý)XVLRQý)DFWVñý DýPRQWKO\ý WHFKQLFDOýQHZVOHWWHUýGHVLJQHGý WRýNHHSý LWVý VXEVFULEHUV
LQIRUPHGýRIýWKHýODWHVWýGHYHORSPHQWVýLQýFROGýIXVLRQýUHVHDUFKýDQGýGHYHORSPHQWïýý+DOýLVýDOVRýHGLWRUýRIý1HZ
(QHUJ\ý1HZVñýDýPRQWKO\ýQHZVOHWWHUýSURYLGHGýWRýPHPEHUVýRIýWKHý,QVWLWXWHýIRUý1HZý(QHUJ\ýDQGýWRýRWKHU
VXEVFULEHUVïýý+DOýLVýDOVRýDXWKRUýRIý&ROGý)XVLRQý,PSDFWýLQýWKHý(QKDQFHGý(QHUJ\ý$JHï
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72ý7+(ý&+,/'5(1ý2)ý&+(512%</

:KHQý,ýILUVWýOHDUQHGýRIýWKHýGHYDVWDWLRQýWRý%HODUXVýõDQGýSDUWVýRIý8NUDLQHôýIURPýWKHý&KHUQRE\OýQXFOHDUýSRZHU
SODQWýGLVDVWHUñý,ýZDVýVWURQJO\ýGLVWUHVVHGýDWýWKHýLQWHQVHýSHQDOW\ýWKDWýZDVýLPSRVHGýRQýDýQDWLRQñýLWVýSHRSOHñýDQG
HVSHFLDOO\ýLWVýFKLOGUHQïýý,ýGHWHUPLQHGýWRýGRýVRPHWKLQJýIRUýWKHýû&KLOGUHQýRIý&KHUQRE\Oïûýý,ýGHVLUHýWRýH[SUHVV
P\ýFRPPHQGDWLRQVýWRýWKRVHýZKRýULVNHGýWKHLUýOLYHVýWRýWHOOýWKHýZRUOGýDERXWýWKHýVLOHQWýNLOOHUýLQýWKHLUýODQGýDQG
DOOýRIýXVýH[SUHVVýRXUýWKDQNVýWRýWKHýFRQFHUQHGýFLWL]HQVýIURPýPDQ\ýQDWLRQVýWKDWýDUHýWU\LQJýWRýKHOSïýýý7KHUHýLVýQR
QDWLRQýRQýHDUWKýWKDWýLVýLQýDýEHWWHUýORFDWLRQýIRUýDQýLQWHUQDWLRQDOýFRQIHUHQFHýRQýQHZýHQHUJ\ýWKDQý%HODUXVïýý7KHUH
LVýQRýQDWLRQýRQýHDUWKýWKDWýGHVHUYHVýDQGýQHHGVýDýQHZýQRQðSROOXWLQJýVRXUFHýRIýHQHUJ\ýPRUHýWKDQý%HODUXVïýý7KDW
LVýZK\ý,ýDPýKHUHýZLWKý\RXýDWýWKLVýFRQIHUHQFHï

,ý DPýSOHDVHGý WRýEHý WKHý HGLWRUýRIý WKHý(QJOLVKýYHUVLRQýRIý WKHýSURFHHGLQJVýRIý WKLVý LPSRUWDQWý LQWHUQDWLRQDO
FRQIHUHQFHïýý(DUO\ýWKLVý\HDUý,ýZURWHýWRýRYHUýèíýFROGýIXVLRQýVFLHQWLVWVñýZKRPý,ýFDOOýP\ýIULHQGVñýDQGýDVNHGýWKHP
WRýSURYLGHýUHSRUWVýRQýWKHLUýZRUNïýý(DFKýRQHýZDVýDVNHGýWRýZULWHýDQýDUWLFOHýZKLFKýZRXOGýEHFRPHýDýSDUWýRIýD
û&ROGý)XVLRQý6RXUFHý%RRNûïýý,QýDGGLWLRQñýP\ýIULHQGý%HQý)LOLPRQRYýRIý%HODUXVýLQYLWHGýSDSHUVýIURPýOHDGLQJ
VFLHQWLVWVý IURPýKLVýSDUWýRIý WKHýZRUOGýZKRýKDGýEHHQýVXFFHVVIXOý LQý WKHýGHYHORSPHQWýRIý WKLVýH[FLWLQJýQHZ
WHFKQRORJ\ýRIýFROGýQXFOHDUýIXVLRQïýý:LWKýWKHýKHOSýRIýH[FHOOHQWýWUDQVODWRUVñýHVSHFLDOO\ý0Vïý7DPDUDý*ULQHYLFKñ
WKRVHý SDSHUVñý PDLQO\ý IURPý &,6ý õ&RPPRQZHDOWKý RIý ,QGHSHQGHQWý 6WDWHVôñý KDYHý EHHQý LQFOXGHGý LQý WKLV
SXEOLFDWLRQïýý,QýDGGLWLRQñýZHýKDYHýDOVRýLQFOXGHGýVRPHýLQYLWHGýSDSHUVýWKDWýGHDOýZLWKýVRPHýRWKHUýHQKDQFHG
HQHUJ\ýV\VWHPVýõQHZýHQHUJ\ýV\VWHPVýWKDWýSURYLGHýPRUHýHQHUJ\ýRXWýWKDQýXVHGýDVýLQSXWýRUýGULYLQJýHQHUJ\ôï

7KHýILUVWýDUWLFOHýLQýWKHý&ROGý)XVLRQý6RXUFHý%RRNýLVýPLQHýDQGýLVýPHDQWýWRýVHWýWKHýVWDJHýIRUýWKHýDUWLFOHVýWKDW
IROORZýE\ýSURYLGLQJýDýUHYLHZýRIýWKHýPDQ\ýQHZýPHWKRGVñýLQýDGGLWLRQýWRýWKHýRULJLQDOý3RQVð)OHLVFKPDQQýFROG
IXVLRQýFHOOVñýE\ýZKLFKýQXFOHDUýUHDFWLRQVýDQGîRUýH[FHVVýWKHUPDOýHQHUJ\ýFDQýEHýSURGXFHGýLQýUHODWLYHO\ýVLPSOH
ûWDEOHðWRSûýH[SHULPHQWVïýý7KHýVHFRQGýSDSHUýLVýE\ý'Uïý%HQý)LOLPRQRYñýZKRýFDWHJRUL]HVýWKHýPDQ\ýSKHQRPHQD
RIýFROGýQXFOHDUýIXVLRQýDQGýSURYLGHVýXVýZLWKýDýQHZýZD\ýRIýORRNLQJýDWýWKLVýULFKýSKHQRPHQDï

7RýWKHýDWWHQGHHVýRIýWKLVýFRQIHUHQFHýDQGýWRýWKRVHýZKRýZLOOýUHDGýRIýRXUýZRUNãýýZHýFKDOOHQJHý\RXýWRýPDNHýXVH
RIýWKLVýNQRZOHGJHñýLPSURYHýZKDWýZHýKDYHýGRQHñýDQGýVROYHýWKHýHQHUJ\ýSUREOHPVýVRýWKDWýWKHUHýZLOOýQHYHUýDJDLQ
EHýDQ\ýPRUHýû&KLOGUHQýRIý&KHUQRE\Oûï

,WýLVýLQWHQGHGýWKDWýWKLVýSUHðSURFHHGLQJVýRIýWKHý,QWHUQDWLRQDOý6\PSRVLXPýRQý&RXOGý)XVLRQýDQGý$GYDQFHGý(QHUJ\ý6RXUFHVýEHýGLVWULEXWHG
ZLWKýDýGLVNHWWHýZKLFKýFRQWDLQVýRYHUýìèííýELEOLRJUDSKLFýPDWHULDOVýRQýFROGýQXFOHDUýIXVLRQýDQGýDVVRFLDWHGýVFLHQWLILFýSKHQRPHQDïýý7KH
)XVLRQý,QIRUPDWLRQý&HQWHUñýZKRýKDVýSXEOLVKHGýWKLVý(QJOLVKýYHUVLRQñýEHOLHYHýWKDWýLWýKDVýFRPSLOHGýWKHýZRUOGöVýPRVWýFRPSOHWHýFROOHFWLRQ
RIýSRVLWLYHýUHSRUWVýRQýWKLVýQHZýVFLHQFHïýý:HýNQRZýWKDWýRXUýFROOHFWLRQýLVýQRWýFRPSOHWHýDQGýZHýDVNýRXUýUHDGHUVýWRýVHQGýXVýFRSLHVýRIýSRVLWLYH
SDSHUVýWKDWýDUHýQRWýLQFOXGHGýLQýRXUýELEOLRJUDSK\ïýý:HýKDYHýFKRVHQýQRWýWRýFDWDORJýDOOýRIýWKHýQHJDWLYHýSDSHUVýWKDWýKDYHýEHHQýZULWWHQïýý,Q
JHQHUDOñý WKHýQHJDWLYHýSDSHUVýPHUHO\ýVXPPDUL]HýZD\VýLQýZKLFKýFROGýIXVLRQýGRHVýQRWýZRUNïý ý([FHSWýWRýLOOXVWUDWHýVSHFLILFýLQFRUUHFW
SURFHGXUHVýWKDWýKDYHýEHHQýDWWHPSWHGñýWKHVHýSDSHUVýKDYHýOLWWOHýVFLHQWLILFýYDOXHïýý,QýDGGLWLRQñýRXWýRIýRXUýJUHDWýUHVSHFWýIRUýZHOOðPHDQLQJ
VFLHQWLVWVýZKRýKDYHýEHHQýPLVOHGý LQý WKHLUý FRQFOXVLRQVý WKDWý FROGý IXVLRQý LVý VRPHKRZýFRQWUDU\ý WRý UHVSHFWDEOHý VFLHQFHñýZHýKDYHý QRW
FDWDORJXHGýWKHLUýWHPSRUDU\ýHUURUVïýý:HýDUHýVXUHýWKDWýPRVWýRIýWKHPýZLOOýVRRQýMRLQýWKHýPDQ\ýVFLHQWLVWVýIURPýRYHUýêíýFRXQWULHVýZKRýKDYH
EHHQýVXFFHVVIXOýLQýWKHýGHYHORSPHQWýRIýWKLVýH[FLWLQJýQHZýVFLHQFHï
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&2/'ý18&/($5ý)86,21ñý63$&(ý(1(5*<ý'(9,&(6ý÷ý&200(5&,$/,=$7,21

+DOý)R[
(GLWRUðLQð&KLHIñý)XVLRQý)DFWVâý(GLWRUñý1HZý(QHUJ\ý1HZV

3UHVLGHQWñý)XVLRQý,QIRUPDWLRQý&HQWHUñý,QFïý
3ï2ïý%R[ýèåçêäñý6DOWý/DNHý&LW\ñý87ýåéìèå

$%675$&7

$IWHUýQHDUO\ýILYHý\HDUVýRIýUHSRUWLQJýRQýFROGýIXVLRQýõ)XVLRQý)DFWVôýDQGýRQHý\HDUýHGLWLQJýDQGýSXEOLVKLQJý1HZ
(QHUJ\ý1HZVýDERXWýRWKHUýHQKDQFHGýHQHUJ\ýGHYLFHVñýDýELEOLRJUDSK\ýRIýRYHUýìèííýHQWULHVýKDVýEHHQýFRPSLOHG
IURPýSDSHUVýJDWKHUHGýDQGýUHYLHZHGýIURPýRYHUýêíýFRXQWULHVïýý7KLVýSDSHUýSUHVHQWVýDýILYHð\HDUýUHWURVSHFWLYH
UHSRUWýRQýQLQHýGLIIHUHQWýPHWKRGVýE\ýZKLFKýQXFOHDUýUHDFWLRQVýDUHýSURGXFHGýDQGýFRQWUROOHGïýý7KHýHPSKDVLVýLV
RQýGHPRQVWUDWHGýGHYLFHVýKDYLQJýFRPPHUFLDOýSRWHQWLDOïýý$ýVLPLODUýUHYLHZýLVýSURYLGHGýFRQFHUQLQJýDýORQJHU
KLVWRU\ýRIýH[SHULPHQWVýDQGýGHYLFHVýWKDWýDUHýDSSDUHQWO\ýGHSHQGHQWýRQýVSDFHýHQHUJ\ýõDQýHQHUJHWLFýHWKHUôýIRU
WKHLUýRSHUDWLRQïýý$OWKRXJKýWKHUHýH[LVWýXQH[SODLQHGýH[SHULPHQWDOýUHSRUWVýWKDWýDUHýDERXWýRQHýFHQWXU\ýROGñýWKLV
SDSHUý H[DPLQHVýGHYLFHVý WKDWý DUHý FXUUHQWO\ýEHLQJýGHYHORSHGýDQGý UHSOLFDWHGïý ý7KURXJKý WKHý HIIRUWVý RIý WKH
,QVWLWXWHý IRUý1HZý(QHUJ\ñý VHYHUDOý FDQGLGDWHý HQKDQFHGý HQHUJ\ý GHYLFHVý WKDWý DSSHDUý WRý KDYHý LPPHGLDWH
DSSOLFDWLRQýWRýVROYLQJýWKHýZRUOGöVýHQHUJ\ýSUREOHPVýKDYHýEHHQýLGHQWLILHGýDQGýDUHýGLVFXVVHGïýý7KHVHýGHYLFHV
LQFOXGHýWKHýGH3DOPDý1ðPDFKLQHñýWKHý$GDPVýPDJQHWLFýPRWRUñýDQGýWKHý6KRXOGHUVöý(IIHFWïýý7KHUHýDUHýRWKHU
XQUHSOLFDWHGýGHYLFHVýWKDWýDSSHDUýWRýKDYHýFRPPHUFLDOýSRWHQWLDOýZLWKLQýWKHýQH[WýIHZýPRQWKVïýý$OOýRIýWKH
GHYLFHVýFLWHGýKDYHýEHHQýUHSRUWHGýLQýHLWKHUý)XVLRQý)DFWVñý1HZý(QHUJ\ý1HZVñýRUýLQýERWKï

,1752'8&7,21

7KHýUHZDUGýUHFHLYHGýIURPýFROOHFWLQJñýUHDGLQJñýUHYLHZLQJñýDQGýSXEOLVKLQJýLQIRUPDWLRQýDERXWýHQKDQFHGýHQHUJ\
GHYLFHVýKDVýEHHQýWKHýSULYLOHJHýRIýEHFRPLQJýIULHQGVýZLWKýDýODUJHýQXPEHUýRIýGHGLFDWHGýLQWHUQDWLRQDOýVFLHQWLVWV
DQGýHQJLQHHUVýZKRýKDYHýULVNHGýWKHLUýVFLHQWLILFýUHSXWDWLRQVýWRýLQYHVWLJDWHýDQGýUHSRUWýRQýQHZýVFLHQFHïýý&KLHI
DPRQJýWKHVHýVFLHQWLVWVýDUHý'Uïý0DUWLQý)OHLVFKPDQQýDQGý'Uïý6WDQOH\ý3RQVýZKRVHýRQFHðLQðDðOLIHWLPHýGLVFRYHU\
RIý FROGý QXFOHDUý IXVLRQý KDVý QRZý EHHQý UHSOLFDWHGý LQý RYHUý êíý FRXQWULHVý DQGý ZKLFKý LVý DSSURDFKLQJ
FRPPHUFLDOL]DWLRQïýý$OVRýDPRQJýQHZýIULHQGVýDUHýLQFOXGHGýPDQ\ýVFLHQWLVWVýIURPý,WDO\ñý-DSDQñý&KLQDñýDQGýIURP
VHYHUDOýFRXQWULHVýRIýWKHý&RPPRQZHDOWKýRIý,QGHSHQGHQWý6WDWHVïýý7KDQNVýWRýDOOýRIý\RXýIRUý\RXUýOR\DOW\ýWR
VFLHQFHýDQGýWUXWKïýý,QýDGGLWLRQñýP\ýQHZHUýIULHQGVýLQFOXGHýVFLHQWLVWVýDQGýHQJLQHHUVýZKRýKDYHýULVNHGýWKHLU
UHSXWDWLRQVýE\ýWKHLUýGHFDGHVýRIýLQVLVWHQFHýWKDWýVSDFHýLWVHOIñýDOOýDURXQGýXVñýFRQWDLQVýDýVRXUFHýRIýHQHUJ\ýWKDWýFDQ
EHýDQGýVKRXOGýEHýXVHGïýý7RýWKRVHýRIý\RXýZKRýUHDGýWKLVýSDSHUýDQGýWKLVýSXEOLFDWLRQñý\RXýDUHýHVSHFLDOO\ýXUJHG
WRýGLVFDUGýWKHýWZRýPDMRUýIDOODFLHVýRIý\HVWHUGD\öVýVFLHQFHãýý7KDWýWKHUHýLVýQRWýDQýHQHUJHWLFýHWKHUýDQGýWKDWýWKH
&RXORPEýEDUULHUýSUHYHQWVýQXFOHDUýUHDFWLRQVýLQîRQýDýPHWDOýODWWLFHï

&2/'ý18&/($5ý)86,21ý'(9,&(6

$ýYDULHW\ýRIýDQRPDORXVýSKHQRPHQDýKDYHýEHHQýUHGLVFRYHUHGñýUHPHPEHUHGñýRUýQHZO\ýGLVFRYHUHGýVLQFHýWKH
DQQRXQFHPHQWýE\ý3RQVýDQGý)OHLVFKPDQQýRIýDSSDUHQWýQXFOHDUýUHDFWLRQVýIURPýWKHý3RQVð)OHLVFKPDQQý(IIHFW
õ3)(ôïýý7KLVýVHFWLRQýEULHIO\ýGHVFULEHVýHLJKWýRIýWKRVHýH[SHULPHQWDOýILQGLQJVñýFLWHVýWKHýOLWHUDWXUHñýDQGýVSHFXODWHV
RQýWKHýFRPPHUFLDOýSRWHQWLDOýRIýVXFKýGHYLFHVï
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ìïýý+HDY\ð:DWHUý(OHFWURFKHPLFDOý&HOOV

7KHýRULJLQDOý3RQVð)OHLVFKPDQQýGLVFRYHU\ýLQYROYHVýHOHFWURFKHPLFDOýFHOOVýXVLQJýKHDY\ýZDWHUñýDýSDOODGLXP
FDWKRGHñýXVXDOO\ýDýSODWLQXPýDQRGHñýDQGýOLWKLXPýLQýWKHýHOHFWURO\WHý>ì@ïýý0DQ\ýUHVHDUFKýJURXSVýZHUHýXQDEOHýWR
UHSOLFDWHýWKHý3RQVð)OHLVFKPDQQýHIIHFWýDQGýVRPHýEHFDPHýLQVWDQWýFULWLFVñýHYHQýWRýWKHýH[WHQWýRIýDFFXVLQJý3RQV
DQGý)OHLVFKPDQQýRIýIUDXGïýý+RZHYHUñýSRVLWLYHýUHVXOWVýKDYHýEHHQýREWDLQHGýE\ýUHVHDUFKýJURXSVýLQýPRUHýWKDQ
êíýFRXQWULHVýLQýUHSOLFDWLQJýWKHý3ð)ýHIIHFWý>ë@ïýý7KHUHýKDVýEHHQýOLWWOHýFROGýIXVLRQýUHVHDUFKýDPRQJýWKHý,Y\ð
/HDJXHýFROOHJHVýLQýHDVWHUQý8ï6ïýDQGñýH[FHSWýIRUý,WDO\ñýRQO\ýDýIHZýFROGýIXVLRQýSDSHUVýIURPý:HVWHUQý(XURSHï
6HYHUDOýJURXSVýLQý(DVWHUQý(XURSHýDQGý5XVVLDýKDYHýKHOSHGýWRýGHYHORSýDýEHWWHUýXQGHUVWDQGLQJýRIýWKHýFROGýIXVLRQ
WHFKQRORJ\ý>ê@ïýý+RZHYHUñýQRýJURXSýKDVýIXOO\ýUHVROYHGýWKHýSUREOHPVýDVVRFLDWHGýZLWKýWKHýSUHSDUDWLRQýRIýWKH
SDOODGLXPýPHWDOñýWKHýORDGLQJýRIýWKHýSDOODGLXPýFDWKRGHVñýDQGýWKHýûWXUQLQJýRQûýRIýWKHýH[FHVVýKHDWýUHDFWLRQVï
6HHý)LJïýìï

$ýKHDY\ðZDWHUýFHOOýRSHUDWHGýDWýDWPRVSKHULFýSUHVVXUHýFDQýEHýH[SHFWHGýWRýSURGXFHýORZðOHYHOýH[FHVVýKHDWñ
ZKHQHYHUýWKHýSDOODGLXPýFDWKRGHýLVýORDGHGýZLWKýGHXWHULXPýVXFKýWKDWýWKHý'î3GýDWRPLFýUDWLRýLVýJUHDWHUýWKDQýíïåè
DQGýSURYLGHGýRWKHUýQRZýZHOOðNQRZQýSURWRFROVýDUHýIROORZHGïýý3UHVVXUL]HGýKHDY\ðZDWHUýFHOOVýDUHýQRZýEHLQJ
WHVWHGýWKDWýDUHýýH[SHFWHGýWRýSURGXFHýKLJKHUýOHYHOVýRIýKHDWýDQGýOHDGýWRýFRPPHUFLDOýDSSOLFDWLRQVïýý7KHýPD[LPXP
WHPSHUDWXUHýDWýZKLFKýSUHVVXUL]HGýHOHFWURFKHPLFDOýFHOOVýFDQýRSHUDWHýLVýLQýWKHýUDQJHýRIýæíí()ïýý$WýKLJKHU
WHPSHUDWXUHVýWKHUHýLVýQRýGHILQLWHýGHPDUNDWLRQýEHWZHHQýOLTXLGýDQGýJDVýUHJDUGOHVVýRIýWKHýSUHVVXUHýDQGýLWýLV
EHOLHYHGýWKDWýVWDQGDUGýHOHFWURFKHPLVWU\ýZRXOGýQRWýIXQFWLRQýDERYHýWKLVýFULWLFDOýWHPSHUDWXUHïýý7KHUHIRUHñýWKLV
IDFWRUý OLPLWVý WKHý UDQJHý RIý FRPPHUFLDOý DSSOLFDWLRQVý WRý LQGXVWULDOý DQGý GRPHVWLFý SURFHVVHVý UHTXLULQJ
WHPSHUDWXUHVýRIýOHVVýWKDQýæíí()ï

ëïýý/LJKWð:DWHUý(OHFWURFKHPLFDOý&HOOVýDQGý1XFOHDUý7UDQVPXWDWLRQV

$OWKRXJKýWKHý3RQVð)OHLVFKPDQQýSDWHQWýDSSOLFDWLRQVýDQWLFLSDWHGýWKHýXVHýRIýOLJKWðZDWHUýõDVýDQýDGGLWLRQýWRýKHDY\
ZDWHUôýLQýFROGðIXVLRQýHOHFWURFKHPLFDOýFHOOVñýDQGý0DWVXPRWRýõ-DSDQôýPHDVXUHGýQXFOHDUýE\SURGXFWVýXVLQJýOLJKW
ZDWHUý>é@ñýLWýZDVý5DQGHOOý0LOOVýõ/DQFDVWHUñý3HQQïôýZKRýILUVWýVKRZHGýWKDWýOLJKWðZDWHUýHOHFWURFKHPLFDOýFHOOV
XVLQJýVRPHýDONDOLðPHWDOýFDUERQDWHVýFRXOGýSURGXFHýH[FHVVýKHDWý>è@ïýý7KHý0LOOVýWKHRU\ýRIýWKHýIXQFWLRQLQJýRI
OLJKWðZDWHUý HOHFWURFKHPLFDOý FHOOVý LVý VWLOOý EHLQJý FDUHIXOO\ý HYDOXDWHGïý ý'UVïý%XVKýDQGý(DJOHWRQý õ&DOð3RO\ñ
3RPRQDñý&DOLIRUQLDôýKDYHýH[WHQGHGýWKHýOLJKWðZDWHUýFROGðIXVLRQýH[SHULPHQWDOýZRUNýDQGý'Uïý%XVKýKDVýPRGLILHG
KLVý7UDQVPLVVLRQý5HVRQDQFHý0RGHOýõ750ôýWRýH[SODLQýERWKýWKHýKHDY\ðZDWHUýDQGýWKHýOLJKWðZDWHUýUHVXOWVýDV
EHLQJýDONDOLðPHWDOðK\GURJHQýIXVLRQý>ç@ïýý6HHý)LJïýëïýý0RUHýUHFHQWO\ý%XVKýDQGý(DJOHWRQýKDYHýGHPRQVWUDWHG
WKDWý WKHUHý DUHý GHILQLWHý WUDQVPXWDWLRQVý RIý DONDOLý HOHPHQWVý E\ý IXVLRQý ZLWKý K\GURJHQý õLQý WKHý OLJKWðZDWHU
HOHFWURFKHPLFDOýH[SHULPHQWVôý>æ@ýWRýSURGXFHýHOHPHQWVýZLWKýDQýDGGHGýSURWRQýLQýWKHýQXFOHXVï

([SHULPHQWDOýUHVXOWVýIURPý%XVKýDQGý(DJOHWRQýDQGýODWHUýVHYHUDOýJURXSVýDWý%$5&ñý7URPED\ñý,QGLDý>å@ñýý'Uï
5HLNRý1RWR\DýDWý+RNNDLGRý8QLYHUVLW\ý>ä@ñýDQGý'UVïý2KPRULýDQGý(Q\RýDWý+RNNDLGRý8QLYHUVLW\ý>ìí@ýKDYH
VKRZQýWKDWýWKHýOLJKWðZDWHUýHOHFWURFKHPLFDOýFHOOVýDUHýKLJKO\ýUHSURGXFLEOHâýXVXDOO\ýSURGXFHýëíýWRýæíøýDQG
RFFDVLRQDOO\ýXSýWRýêííøýH[FHVVýKHDWâýDQGýIXQFWLRQýZLWKýDOOýRIýWKHýDONDOLýPHWDOVýõXVXDOO\ýDVýFDUERQDWHVôïýý7KH
FDWKRGHVýXVHGýDUHýQLFNHOñýJROGñýVLOYHUñýDQGýWLQýDQGýUDQJHýIURPýZLUHýDQGýSODWHýWRýSRURXVýPDWHULDOVýõVXFKýDVýWKH
SRURXVýQLFNHOýXVHGýLQý1LFNHOð&DGPLXPýEDWWHULHVïô

7KHUHýKDVýEHHQýVRPHýHYLGHQFHñýHVSHFLDOO\ýLQýVPDOOðVFDOHýOLJKWðZDWHUýHOHFWURFKHPLFDOýFHOOVñýWKDWýH[FHVVýKHDW
FRQVLGHUDEO\ýKLJKHUýWKDQýêííøýKDVýDOUHDG\ýEHHQýDFKLHYHGïýý7KHUHIRUHñýE\ýGHILQLWLRQñýWKLVýWHFKQRORJ\ýTXDOLILHV
IRUý SRWHQWLDOý FRPPHUFLDOL]DWLRQïý ý ,Wý LVý H[SHFWHGý WKDWý WKHý QHZHUý H[SHULPHQWDOý GLVFRYHULHVý LQý OLJKWðZDWHU
HOHFWURFKHPLFDOýFHOOVýZLOOýFHUWDLQO\ýOHDGýWRýDýEHWWHUýXQGHUVWDQGLQJýRIýWKHýRYHUFRPLQJýRIýWKH
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ý&RXORPEýEDUULHUñýRIýWKHýEDVLFýVWUXFWXUHýRIýPDWWHUñýWKHýFRQWUROýRIýQXFOHDUýUHDFWLRQVýLQîRQýDýPHWDO
ODWWLFHñýDQGýSRVVLEO\ýVWDELOL]LQJýUDGLRDFWLYHýQXFOLGHVïýý7KHVHýDUHýLPSRUWDQWýUHDVRQVýIRUýDFFHOHUDWLQJýIXQGLQJ
IRUýIXUWKHUýH[SHULPHQWDOýLQYHVWLJDWLRQVýLQWRýERWKýKHDY\ðýDQGýOLJKWðZDWHUýFROGýIXVLRQýUHDFWRUVï

êïýý0ROWHQý6DOWVý(OHFWURFKHPLVWU\

'UVïý/LDZýDQGý/LHEHUWýRIýWKHý8QLYHUVLW\ýRIý+DZDLLýLQYHQWHGýDQGýGHPRQVWUDWHGýWKHýXVHýRIýPROWHQýVDOWVýWR
SURYLGHýUHODWLYHO\ýKLJKýWHPSHUDWXUHVýLQýDQýHOHFWURFKHPLFDOýFROGðIXVLRQýFHOOý>ìì@ïýý7KHLUýZRUNýVKRZHGýWKDWýDV
PXFKýDVýìèííøýH[FHVVýKHDWýFRXOGýEHýDFKLHYHGýXVLQJýSDOODGLXPýDVýWKHýDQRGHýDQGýXVLQJýDQýHXWHFWLFýPL[WXUH
RIýVDOWVýLQýDQýDOXPLQXPýFRQWDLQHUïýý6HHý)LJïýêïýý,WýKDVýEHHQýIRXQGýWKDWýWKHUHýDUHýVRPHýVHULRXVýPDWHULDOV
SUREOHPVýWRýEHýUHVROYHGýLQýZRUNLQJýDWýWKHVHýKLJKHUýWHPSHUDWXUHVïýý7KHýUHSOLFDWLRQýRIýWKLVýZRUNýKDVýEHHQ
GLIILFXOWïýý2QO\ýDýIHZýRWKHUýJURXSVýKDYHýUHSOLFDWHGýWKHý/LDZð/LHEHUWýPROWHQýVDOWýZRUNý>ìë@ïýý+RZHYHUýWKHVH
SUREOHPVýDUHýH[SHFWHGýWRýEHýUHVROYHGýDQGýWKHýPROWHQýVDOWVýûFROGýIXVLRQûýGHYLFHVýEHFRPHýDQýLPSRUWDQWýSDUW
RIýIXWXUHýHQKDQFHGýHQHUJ\ýV\VWHPVïýý7KHýKLJKýOHYHOýRIýKHDWýDFKLHYHGýGRHVýPDUNýWKLVýWHFKQRORJ\ýDVýHOLJLEOH
IRUýFRPPHUFLDOL]DWLRQýDIWHUýWKHýPDWHULDOVýSUREOHPVýDUHýVROYHGïýý7KHýDSSOLFDWLRQVýIRUýPROWHQðVDOWVýFROGðIXVLRQ
GHYLFHVýDUHýREYLRXVO\ýGHVWLQHGýIRUýV\VWHPVýZKHUHýKLJKHUýWHPSHUDWXUHVýDUHýGHVLUHGýRUýUHTXLUHGñýVXFKýDVýLQýWKH
PDQXIDFWXULQJýDQGîRUýSURFHVVLQJýRIýPDQ\ýJODVVHVýDQGýPHWDOVïýý5HFHQWO\ñý/LDZýKDVýUHSRUWHGýVRPHýVXFFHVVHV
ZLWKýWKHýXVHýRIýDýQLFNHOýFDWKRGHýLQýDýPROWHQýVDOWýUHDFWRUý>ìê@ï

éïýý*DVý3ODVPDý'HYLFHV

2QHý8ï6ïýLQYHQWRUýõ-RKQý0DUVKDOOýRIý6XUIDFHý6ROXWLRQVýLQý%RXOGHUñý&RORUDGRôýKDVýILOHGýDýSDWHQWýIRUýDýJDVð
SODVPDýGHYLFHýZKLFKýLVýH[SHFWHGýWRýSURGXFHýH[FHVVýKHDWïýý6RPHýH[FHOOHQWýZRUNýXVLQJýJDVðSODVPDýGHYLFHVýKDV
DOVRý EHHQý SHUIRUPHGý LQý5XVVLDý E\ý'UVïý.XFKHURYñý.DUDEXWñý DQGý 6DYYDWLPRYDý >ìé@ïý ý2WKHUý JDVý SODVPD
UHSOLFDWLRQýKDVýEHHQýDFFRPSOLVKHGýE\ý5RPRGDQRYýLQý5XVVLDý>ìè@ýDQGýE\ýVFLHQWLVWVýLQýWKHý3HRSOHöVý5HSXEOLF
RIý&KLQDý>ìç@ïýý7KLVý.XFKHURYýHWýDOïýGHYLFHýXVHVýGHXWHULXPýJDVýDWýUHODWLYHO\ýORZýSUHVVXUHVýDQGýLQýWKHýSUHVHQFH
RIýPRGHUDWHO\ðKLJKýYROWDJHVýõDERXWýèííýYROWVôïýý6HHý)LJïýéïýý7KHýFDWKRGHýLVýSDOODGLXPïýý$ýYDULHW\ýRIýQXFOHDU
UHDFWLRQVýKDYHýEHHQýLGHQWLILHGýLQýWKHýJORZðGLVFKDUJHñýJDVðSODVPDýGHYLFHVïýý

,WýLVýSURMHFWHGýWKDWýWKHýGHYHORSPHQWýRIýWKLVýJDVðSODVPDýGHYLFHýZLOOýSURGXFHýHQKDQFHGðHQHUJ\ýV\VWHPVýWKDW
RSHUDWHý DWý KLJKý WHPSHUDWXUHVý DQGý LQý DHURVSDFHý HQYLURQPHQWVïý ý õ1HLWKHUý KHDY\ðZDWHUý QRUý OLJKWðZDWHU
HOHFWURFKHPLFDOýFHOOVýDUHýGHHPHGýVXLWDEOHýIRUýHLWKHUýKLJKðWHPSHUDWXUHýRUýDHURVSDFHýXVHïôýý7KHýEHVWýUHVXOWVýWKDW
KDYHýEHHQýDFKLHYHGýZLWKýJDVðSODVPDýGHYLFHVýõRYHUýèííøýH[FHVVýKHDWôýDSSHDUVýWRýPDNHýWKLVýW\SHýRIýFROG
IXVLRQýGHYLFHýDýFDQGLGDWHýIRUýIXWXUHýFRPPHUFLDOL]DWLRQï

èïýý&DSLOODU\ý)XVLRQ

6RPHýW\SHVýRIýPHWDOýFU\VWDOVýFDQýEHýPDGHýLQýZKLFKýVPDOOýGLDPHWHUñýORQJýWXEHVýRUýFDSLOODULHVýDUHýFUHDWHGï
8QGHUýDSSURSULDWHýFRQGLWLRQVýLWýKDVýEHHQýH[SHULPHQWDOO\ýVKRZQýWKDWýIXVLRQýRIýK\GURJHQýFDQýEHýDFKLHYHGýLQ
WKLVýW\SHýRIýGHYLFHïýý6HHý)LJïýèïýý'Uïý*UDQHDXý>ìæ@ýKDVýGHVFULEHGýXQXVXDOýORQJLWXGLQDOýHOHFWULFDOýIRUFHVýLQ
ZLUHVñýDQGý'Uïý9LJLHUý>ìå@ýKDVýGHVFULEHGýWKHýREVHUYDWLRQýRIýFDSLOODU\ýFROGýIXVLRQýLQýPHWDOýZLUHVýXVLQJýKLJK
DPSHUDJHïý ý $IWHUý LQLWLDOý VXFFHVVHVñý ZRUNý LVý EHLQJý FRQWLQXHGý E\ý%DUDERVKNLQý DQGý 6DPJLQý LQý 5XVVLDý WR
LQYHVWLJDWHýWKLVýDSSURDFKýWRýWKHýGHYHORSPHQWýRIýH[FHVVýKHDWý>ìä@ïýý7KHý9LJLHUýDUWLFOHýDQGýRWKHUýDUWLFOHVýDERXW
WKHý UROHý RIý$PSqUHý IRUFHVý LQý QXFOHDUý IXVLRQý >ëí@ý VXJJHVWý WKDWý GHYLFHVý XVLQJý WKHý ULJKWý FRPELQDWLRQý RI
FDSLOODULHVñýK\GURJHQýõRUýGHXWHULXPôýJDVýDQGýDSSURSULDWHýWUHDWPHQWýZLWKýKLJKðDPSHUDJHýHOHFWULFDOýFXUUHQWýPD\
GHYHORSýVXIILFLHQWýH[FHVVýKHDWýWRýEHýVXEMHFWýWRýFRPPHUFLDOL]DWLRQïýý5HFHQWO\ñý3HWHUý*UDQHDXý>ëì@ýSUHVHQWHG
DýFRQFHSWýIRUýDýFDSLOODU\ýIXVLRQýUHDFWRUïýý*UDQHDXýEHOLHYHVýWKDWýLWýZLOOýWDNHýVRPHýH[SHUWýPDWHULDOVýHQJLQHHULQJ
WRýSURGXFHýWKLVýW\SHýRIýUHDFWRUýEHFDXVHýRIýWKHýUHODWLYHO\ýODUJHýLQWHUQDOýIRUFHVýWKDWýDUHýH[SHFWHG
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ý WRý EHý SURGXFHGïý ý+RZHYHUñý*UDQHDXöVý DSSURDFKý LVý Dý VHULRXVý SURSRVDOý IRUý Dý GHYLFHý WKDWýZRXOGý OHDGý WR
FRPPHUFLDOL]DWLRQýRIýFDSLOODU\ýIXVLRQï

çïýý7KHý<DPDJXFKLý3GýVDQGZLFKï

(LLFKLý<DPDJXFKLýDQGý7DNDKDVKLý1LVKLRNDý>ëë@ýKDYHýVKRZQýWKDWýSDOODGLXPýSODWHVýWKDWýDUHýJROGðSODWHGýRQýRQH
VLGHýõWRýSUHYHQWýPLJUDWLRQýRIýGHXWHULXPôýDQGýSODWHGýZLWKý0Q2ýRQýWKHýRSSRVLWHýVLGHýõWRýVORZýGRZQýUDWHýRI
GHXWHULXPýGLIIXVLRQôýFDQýSURGXFHýQXFOHDUýUHDFWLRQVïýý7KHýSODWHVñýVHHý)LJïýçñýDUHýH[SRVHGýILUVWýWRýDýYDFXXPýWKHQ
WRýGHXWHULXPýJDVïýý%HLQJýDJDLQýH[SRVHGýWRýYDFXXPýDQGýWULJJHUHGýZLWKýDQýHOHFWULFDOýSXOVHñýWULWLXPñýQHXWURQVñ
DQGýDOSKDýSDUWLFOHVýõé+HýQXFOHLôýDUHýSURGXFHGýWRJHWKHUýZLWKýFRQVLGHUDEOHýKHDWïýý$Vý<DPDJXFKLýDQGý1LVKLRND
UHSRUWHGýLQýWKHýWKLUGýDQQXDOýFROGýIXVLRQýFRQIHUHQFHñýû:HýKDYHýIRUýWKHýILUVWýWLPHýVXFFHHGHGýLQýGHWHFWLQJýé+H
SURGXFWLRQýLQýVLWXýDQGýZLWKýKLJKýUHSURGXFLELOLW\ïýý2XUýLQýYDFXRýPHWKRGýJLYHVýWKHýILUVWýGHILQLWHýHYLGHQFHýIRU
WKHýUHDOLW\ýRIýFROGýQXFOHDUýIXVLRQýLQýVROLGVïû

7KLVýZRUNýKDVýEHHQýRIýJUHDWýLPSRUWDQFHýWRýGHPRQVWUDWHýWKHýULFKýSKHQRPHQDýLQYROYHGýLQýWKHýSURGXFWLRQýRI
QXFOHDUý UHDFWLRQVý LQý RUý RQý WKHý VXUIDFHý RIý Dý PHWDOý ODWWLFHïý ý ,Wý LVý QRWý HDV\ý WRý SUHGLFWý WKHý GHJUHHý RI
FRPPHUFLDOL]DWLRQý WKDWý FDQý EHý DFKLHYHGý E\ý XVHý RIý WKHý 3Gý VDQGZLFKHVñý KRZHYHUñý WKHý UHSURGXFLELOLW\ý LV
LPSRUWDQWýIRUýVWXG\LQJýWKHýSDUDPHWHUVýWKDWýDUHýLQYROYHGýZLWKýWKHýSURGXFWLRQýRIýQXFOHDUýE\SURGXFWVïýý%HFDXVH
RIýWKHýSURGXFWLRQýRIýQHXWURQVñýWKLVýGHYLFHýPD\ýILQGýDSSOLFDWLRQVýZKHUHýDýQHXWURQýIOX[ýLVýGHVLUHGï

æïýý3URWRQý&RQGXFWRUV

7ZRýYHU\ýLPSRUWDQWýSDSHUVýZHUHýSUHVHQWHGýDWýWKHý+DZDLLDQý,&&)ðéýDERXWýWKHýXVHýRIýSURWRQýFRQGXFWRUVýLQýWKH
LQYHVWLJDWLRQýRIýFROGýIXVLRQïýý7KHýSDSHUýE\ý6DPJLQýHWýDOïý>ëê@ýGHVFULEHVýWKHýW\SHVýRIýVROLGðVWDWHýPDWHULDOVýWKDW
VKRZýSURPLVHýIRUýWKHýSURGXFWLRQýDQGýFRQWUROýRIýQXFOHDUýUHDFWLRQVïýý7KHýSDSHUýE\ý0L]XQRýHWýDOïý>ëé@ýGHWDLOV
DQýH[SHULPHQWýLQýZKLFKýDýVPDOOýOD\HUHGýSURWRQýFRQGXFWRUýSURYLGHGýH[FHVVýSRZHUýRYHUýDýëíðKRXUýWLPHýSHULRG
LQýZKLFKýWKHýH[FHVVýKHDWýH[FHHGHGýVHYHUDOýWKRXVDQGýWLPHVýWKHýLQSXWýSRZHUï

åïýý6SDUNLQJý'HYLFHV

'Uïý-ïý'XIRXUý>ëè@ñýZRUNLQJýLQý)UDQFHñýKDVýGHVLJQHGñýWHVWHGñýSURYHQñýDQGýUHSRUWHGýRQýDýWHFKQLTXHýE\ýZKLFK
HOHFWULFDOýGLVFKDUJHVýDUHýXVHGýWRýFUHDWHýQXFOHDUýUHDFWLRQVïýý7KHýREMHFWýRIýWKHýZRUNýZDVýWRýREWDLQýH[FHVVýHQHUJ\
RIýDýVLJQLILFDQWýDPRXQWýRYHUýDýVLJQLILFDQWýWLPHýSHULRGýDQGýWKHQýWRýLGHQWLI\ýQXFOHDUýE\SURGXFWVïýý'XIRXUöV
FRQFOXVLRQVýLQFXGHVýWKHýIROORZLQJãý$ýIXOO\ðUHSURGXFLEOHýDQGýVWDEOHýV\VWHPýKDVýEHHQýGHVLJQHGýDQGýWHVWHGâ
H[FHVVýKHDWýLVýDFKLHYHGýRYHUýORQJýWLPHýSHULRGVâýDQGýDýSRVVLEOHýH[SODQDWLRQýLVýDQýK\SRWKHWLFDOýFODVVýRIýQXFOHDU
UHDFWLRQVýEDVHGýRQýYLUWXDOýQHXWURQýWUDQVIHUï

äïýý1HZýQLFNHOýSKHQRPHQD

$ýUHFHQWý õ)HEUXDU\ñýìääéôýUHSRUWý IURPýWKUHHý,WDOLDQýVFLHQWLVWVý õ)ïý3LDQWHOOLý IURPý6LHQDñý6ïý)RFDUGLý IURP
%RORJQDñýDQGý5ïý+DEHOýIURPý&DJOLDULôýGHVFULEHVýWKHýXVHýRIýDýQLFNHOýHOHFWURGHýSURGXFLQJýéíýZDWWVýRIýH[FHVV
KHDWïý ý7KLVýQHZýGLVFRYHU\ýXVHGýDýQLFNHOýEDUý õìý VTïýFPïý LQýFURVVýVHFWLRQýDQGýäýFPïý ORQJôý LQýDýK\GURJHQ
DWPRVSKHUHýDQGýKHDWHGýWRýDERXWýêèíýGHJUHHVý&ïýý$IWHUýDýSURSULHWDU\ýHOHFWURPDJQHWLFýVWLPXODWLRQñýWKHýV\VWHP
JHQHUDWHGýDERXWýéíýZDWWVýRIýH[FHVVýKHDWïýý7KHýUHVXOWVýDUHýUHSRUWHGýWRýEHýKLJKO\ýUHSURGXFLEOHï

6XPPDU\

7KHVHýDUHýH[FLWLQJýWLPHVýLQýWKHýVWXG\ýRIýWKHýQHZýVFLHQFHýRIýFROGýIXVLRQïýý(YHU\ýFRQIHUHQFHýUHSRUWVýRQýQHZ
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ýH[SHULPHQWDOýILQGLQJVýWKDWýVHUYHýWRýDGYDQFHýWKHýXQGHUVWDQGLQJýRIýWKHýSKHQRPHQDýRIýWKHýFDWDO\VLVýRIýQXFOHDU
UHDFWLRQVýLQîRQýDýPHWDOýODWWLFHïýý,WýFDQýQRZýEHýUHDVRQDEO\ýSUHGLFWHGýWKDWýWKHUHýZLOOýEHýDýQXPEHUýRIýFRPPHUFLDO
DSSOLFDWLRQVýGHULYHGýIURPýWKHýULFKýSKHQRPHQDýWKDWýKDVýEHHQýGLVFRYHUHGýLQýFROGýQXFOHDUýIXVLRQï

527$7,1*ý'(9,&(6ý7+$7ý&219(57ý63$&(ý(1(5*<

ìïýý,QWURGXFWLRQ

7KHUHýDUHýDýYDULHW\ýRIýH[SHULPHQWVýWKDWýFDQýEHýPRUHýHDVLO\ýXQGHUVWRRGýLIýWKHýH[LVWHQFHýRIýDQýHQHUJHWLFýHWKHU
LVýDFNQRZOHGJHGïýý1RýRQHýVKRXOGýGHSHQGýRQýWKHýPLVLQWHUSUHWDWLRQýRIýWKHý0LFKHOVRQð0RUOH\ýH[SHULPHQWýDV
SURRIýRIýWKHýQRQðH[LVWHQFHýRIýDQýHQHUJHWLFýHWKHUïýý$ýìèð\HDUðROGý\RXQJýPDQýKDVýSURYLGHGýDýGLGDFWLFýSDSHU
VKRZLQJýWKDWýWKHý0LFKHOVRQð0RUOH\ýH[SHULPHQWýFRXOGýQRWýPHDVXUHýWKHýHIIHFWýIRUýZKLFKýWKHýH[SHULPHQW
ZDVýGHVLJQHGý>ëç@ïýý0LFKHOVRQñýKLPVHOIñýZDVýQRWýFRQYLQFHGýRIýWKHýWUXWKýRIýKLVýQXOOýH[SHULPHQWïýý/DWHUýKH
DQGý*DOHýVHWýXSýDýëýPLOOLRQýVTïýIWïýLQWHUIHUHQFHýORRSýLQý,OOLQRLVýLQýWKHýZLQWHUýRIýìäëêðëéýWRýPHDVXUHýFKDQJHV
LQýWKHýVSHHGýRIýOLJKWýDQGýREWDLQHGýGLIIHUHQWýUHVXOWVïýý6HHý+D\GHQýHWýDOïñýû,Iý0LFKHOVRQð0RUOH\ñý:K\ýQRW
6DJQDFýDQGý0LFKHOVRQð*DOH"ûñýõ*DOLOHDQý(OHFWURG\QDPLFVñýYROýìñýìääíôïýý,WýLVýFODLPHGýWKDWý(LQVWHLQöVýWKHRU\
RIý UHODWLYLW\ý LVý EDVHGý RQý WKHý PLVWDNHQý LQWHUSUHWDWLRQý RIý WKHý0LFKHOVRQð0RUOH\ý H[SHULPHQWý VRý WKDWý WKH
PDWKHPDWLFDOý GHYHORSPHQWýZDVý FRQVWUDLQHGý E\ý QRWý DOORZLQJý WKHý H[LVWHQFHý RIý DQý HQHUJHWLFý HWKHUïý ý 7KH
IROORZLQJýDUHýDýIHZýRIýWKHýH[SHULPHQWVýWKDWýFDQýEHVWýEHýXQGHUVWRRGýLIýRQHýDFFHSWVýWKHýH[LVWHQFHýRIýVSDFH
HQHUJ\ã

Dïý ý(OHFWULFDOý LQGXFWLRQý õ)DUDGD\ôãý:KHQýDý FRQGXFWRUý LVýPRYHGý WKURXJKýDýYROXPHýRIý VSDFHý LQýZKLFKý D
PDJQHWLFýILHOGýLVýSUHVHQWñýFXUUHQWýIORZýLVýLQGXFHGýLQýWKHýFRQGXFWRUïýý1RWHýWKDWýWKLVýVWDWHPHQWýVD\VýQRWKLQJ
DERXWýûFXWWLQJýOLQHVýRIýIRUFHïû

Eïýý0DJQHWLFý)LHOGýõ)DUDGD\ôãýý:KHQýDýGLUHFWýFXUUHQWýIORZVýLQýDýFRLOýDýPDJQHWLFýILHOGýDSSHDUVýLQýWKHýFHQWHU
RIýWKHýFRLOýDQGýWKHýRULHQWDWLRQýRIýWKHýPDJQHWLFýSRODULW\ýFDQýEHýGHWHUPLQHGýLIýWKHýGLUHFWLRQýRIýWKHýFXUUHQWýLV
NQRZQïý

Fïý ý0DJQHWLFý0DWHULDOVýõ)DUDGD\ôãý ý6RPHýDWRPLFýDQGîRUýPROHFXODUýVWUXFWXUHVýFDQýVXVWDLQýWHPSRUDULO\ýRU
H[KLELWýSHUPDQHQWO\ñýVWURQJýPDJQHWLFýILHOGVñýHVSHFLDOO\ýZKHQýVXFKýDýPDJQHWLFýPDWHULDOýLVýSODFHGýZLWKLQýDQ
HOHFWULFýFRLOýLQýZKLFKýFXUUHQWýLVýIORZLQJï

Gïýý/HYLWDWLRQýZLWKý&RQGXFWLQJý6SKHUHýõ*HRUJHý6ïý3LJJRWñýìäíéñýDVýUHSRUWHGýE\ý:LOOLDPý)ïý+DPLOWRQôãýý:KHQ
DýFRQGXFWLQJýVSKHULFDOýHOHFWURGHýLVýURWDWHGýDQGýKLJKðYROWDJHýHOHFWULFLW\ýLVýDSSOLHGñýLWýZDVýVKRZQýWKDWýVPDOO
PHWDOýEDOOVñýFRUNñýDQGýZRRGýFRXOGýEHýVXSSRUWHGýDJDLQVWýJUDYLW\ïý

Hïýý*UDYLW\ý÷ý+LJKý9ROWDJHýõ'Uïý)UDQFLVý1LSKHUñý6Wïý/RXLVñý0LVVRXULñýìäìçðìæôãýý:KHQýDýPDVVýLVýFRQQHFWHG
WRýKLJKðYROWDJHñýJUDYLWDWLRQDOýDWWUDFWLRQýZDVýDIIHFWHGï

Iïýý*UDYLW\ý÷ý*\URVFRSHýõGH3DOPDôãýý:KHQýDýVSLQQLQJýJ\URVFRSHýIDOOVýDORQJýLWVýD[LVýRIýURWDWLRQñýWKHýUDWHýRI
IDOOýLQýDQýHDUWKöVýJUDYLW\ýILHOGýLVýVORZHGï

Jïýý*UDYLW\ý÷ý0DJQHWVî&RLOVýõ.HOO\ñýìääêðéôãý:KHQýQRQðLQGXFWLYHýFRLOVýDUHýZRXQGýDURXQGýPDJQHWVñýDQGýWKH
FRLOVýDUHýHQHUJL]HGñýWKHQýWKHýUDWHýRIýIDOOýLVýGHFUHDVHGïýý>2Qý0D\ýìèñýìääéñý.HOO\ýGHPRQVWUDWHGýWKLVýSKHQRPHQD
WRý DERXWý ìííý SHRSOHý DWWHQGLQJý WKHý ìääéý ,QWHUQDWLRQDOý 6\PSRVLXPý RQý1HZý(QHUJ\ñý'HQYHUñý &2ïý ý 6HH
3URFHHGLQJVï@
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Kïýý1ð0DFKLQHVýõGH3DOPDñý7HZDULñý,QRPDWDôãýý:KHQýOD\HUVýRIýPDJQHWVýDQGýFRQGXFWRUVýDUHýURWDWHGñýHOHFWULFLW\
LVýSURGXFHGýõDVýLQýDQý1ðPDFKLQHïôýý7KLVýLVýDýVSHFLILFýHPERGLPHQWýRIýH[DPSOHýDï

Lïýý1ð0DFKLQHý÷ý%DFNý7RUTXHýõ7HZDULñý,QRPDWDôãýý:KHQýDQý1ðPDFKLQHýLVýRSHUDWHGýLQýDýQRðORDGýFRQGLWLRQñ
WKHýLQSXWýWRUTXHýLVýPHDVXUHGïýý:KHQýWKHý1ðPDFKLQHýRXWSXWýLVýVZLWFKHGýWRýDýIXOOðORDGýFRQGLWLRQñýWKHýLQSXW
WRUTXHý LVýQRWýGLUHFWO\ýSURSRUWLRQDOý WRý WKHý ORDGïý ý7KLVý LVýDýGUDPDWLFýGLIIHUHQFHýEHWZHHQý1ðPDFKLQHVýDQG
FODVVLFDOýHOHFWULFýPRWRUVîJHQHUDWRUVïýý6HHýDOVRýH[DPSOHVýDýDQGýKï

Mïýý)RUFHýE\ý+LJKý9ROWDJHýõ7ïý7RZQVHQGý%URZQôãýý:KHQýKLJKðYROWDJHýLVýDSSOLHGýWRýDQýDLUýIRLOñýPHFKDQLFDO
IRUFHVýDUHýSURGXFHGï

Nïýý(QHUJ\ý6WRUHGýLQý0DJQHWLFý)LHOGýõ$VSGHQñýìääêôãýý8QGHUýFHUWDLQýFRQGLWLRQVñýPDJQHWVýFDQýVWRUHýHQHUJ\
LQýVSDFHýDQGýWKDWýHQHUJ\ýFDQýEHýUHFDSWXUHGýDQGýXVHGïýý7KLVýLVýEHOLHYHGýWRýEHýWKHýSKHQRPHQDýXVHGýLQýWKH
$GDPVýPDJQHWLFýPRWRUï

Oïýý(OHFWURQý&KDUJHý&OXVWHUVýõ6KRXOGHUVñýìäåèôãýý:KHQýDýKLJKðGHQVLW\ýHOHFWURQýFKDUJHýFOXVWHUýLVýSURGXFHGýLW
WUDYHOVý DWý DERXWýíïìý WKHý VSHHGýRIý OLJKWý LQý WKHý HOHFWULFý ILHOGýEHWZHHQýFDWKRGHýDQGýDQRGHïý ý8QGHUý FHUWDLQ
FRQGLWLRQVñýPRUHýHQHUJ\ýFDQýEHýH[WUDFWHGýIURPýWKHýPRYLQJýKLJKðGHQVLW\ýFKDUJHýFOXVWHUý WKDQýUHTXLUHGýWR
SURGXFHýWKHýFKDUJHýFOXVWHUïýý7KLVýLVýWKHý6KRXOGHUVöý(IIHFWýDVýVKRZQýLQý8ï6ïý3DWHQWýèñíìåñìåíï

Pïýý(OHFWULFý*HQHUDWRUý÷ý/HYLWDWLRQýõ6HDUOýìäæíôãýý:KHQýPDJQHWLFýIRUFHVýDUHýSURGXFHGýDWýULJKWýDQJOHVýLQýWKH
SUHVHQFHýRIýURWDU\ýPRWLRQñýKLJKýYROWDJHýHOHFWULFLW\ýLVýJHQHUDWHGñýWKHýWHPSHUDWXUHýLVýUHGXFHGñýDQGýJUDYLW\ýLV
UHGXFHGïýý7KLVýHIIHFWýLVýUHSRUWHGýWRýKDYHýEHHQýGHPRQVWUDWHGýE\ýWKHý6HDUOýûOHYLWDWLQJýGLVNVûï

Qïýý6SDFHý(QHUJ\ýLVýQRWý,VRWURSLFýõ&KULVWLDQý0RQVWHLQñý)UHLHQEDFKñý6ZLW]HUODQGñýìääêðéôãýý:KHQýURWDWLQJýD
F\OLQGULFDOýPDJQHWýRQýLWVýD[LVýWKHýWLPHýIRUýVORZLQJýGRZQýLVýGLIIHUHQWýGHSHQGLQJýRQýWKHýGLUHFWLRQýRIýURWDWLRQï
1RWHãý ý7KLVýPD\ýEHý DQý HIIHFWý RIý LQWHUDFWLRQýZLWKý HDUWKöVýPDJQHWLFý ILHOGïý ý0DULQRYý õLQýKLVýERRNý'LYLQH
(OHFWURPDJQHWLVPôýGHVFULEHVýH[SHULPHQWVýWKDWýGHILQLWHO\ýVKRZýWKDWýVSDFHýHQHUJ\ýLVýQRWýWKHýVDPHýLQýHYHU\
GLUHFWLRQï

Rïý ý(OHFWULFý*HQHUDWRUñý&HUPHWý õ/DPEHUWVRQñý ìääêðéôãý ý:KHQý HOHFWULFý FXUUHQWý IORZVý LQý ûDQý DFFHOHUDWHG
IDVKLRQûý LQý FHUDPLFðPHWDOý VHPLFRQGXFWRUýGHYLFHVý õFHUPHWVôñý Dý FLUFXODWLQJý FXUUHQWý FDQýEHýSURGXFHGý WKDW
SURYLGHVýH[FHVVýHQHUJ\ýWRýDýWDQNýFLUFXLWï

7KHUHýDUHýPDQ\ýRWKHUýH[DPSOHVýRIýSDWHQWHGýûRYHUðXQLW\ûýPDFKLQHVýWKDWýDSSHDUýWRýGHSHQGýRQýDQýHQHUJHWLF
HWKHUýIRUýWKHýPDFKLQHVýWRýRSHUDWHýDVýFODLPHGïýý+RZHYHUñýWKHýDERYHýH[DPSOHVýVKRXOGýEHýVXIILFLHQWýWRýLQGLFDWH
WKDWýWKHUHýLVýDWýOHDVWýDýæèð\HDUýKLVWRU\ýRIýH[SHULPHQWDOýHYLGHQFHýIRUýVSDFHýHQHUJ\ïýý7KHýIROORZLQJýGHVFULEHV
DýIHZýRIýWKHVHýGHYLFHVýWKDWýKDYHýEHHQýUHSOLFDWHGýDQGýZKHUHýWKHýGHYHORSPHQWýRIýWKHýPDFKLQHýRUýV\VWHPýLVýVWLOO
EHLQJýSXUVXHGï

ëïýý7KHý1ð0DFKLQHV

7KLVýDXWKRUýKDVýQRWñýDVý\HWñýPDVWHUHGýWKHýWKUHHðGHFDGHýKLVWRU\ýRIýWKHýGHYHORSPHQWýRIýURWDWLQJýPDFKLQHVýWKDW
SURGXFHýH[FHVVýSRZHUýõDOVRýNQRZQýDVýRYHUðXQLW\ýPDFKLQHVôïýý7KHýEDVLFýGHYLFHýLVýWKHýKRPRðSRODUýHOHFWULFDO
JHQHUDWRUýGLVFRYHUHGýE\ý0LFKDHOý)DUDGD\ýLQý'HFHPEHUñýìåêìïýýõ:HýKDYHýUHSOLFDWHGý)DUDGD\öVýKRPRðSRODU
JHQHUDWRUýLQýRXUýODERUDWRU\ôïýý%UXFHý'H3DOPDýLVýRQHýRIýWKHýSURSRQHQWVýDQGýVXFFHVVIXOýH[SHULPHQWHUVýZLWK
PDFKLQHVýWKDWýDSSHDUýWRýREWDLQýH[FHVVýSRZHUýE\ýXVLQJýPDJQHWVýDQGýFRQGXFWRUVýURWDWLQJýWRJHWKHUýRQýDýVKDIW
õRIWHQýGULYHQýE\ýDQýHOHFWULFýPRWRUïôýý7KHVHýHOHFWULFDOýJHQHUDWLQJýPDFKLQHVýDUHýFKDUDFWHUL]HGýE\ýWKH
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ýIROORZLQJãýýõìôýWKHýGHPRQVWUDWHGýDELOLW\ýWRýSURGXFHýPRUHýHOHFWULFDOýSRZHUýWKDQýXVHGýWRýURWDWHýWKHýPDFKLQHVâ
õëôýDQýHOHFWULFDOýRXWSXWýRIýORZýYROWDJHýEXWýKLJKýFXUUHQWâýýõêôýSRZHUýSURGXFHGýZLWKRXWýFXWWLQJýOLQHVýRIýIRUFHâ
õéôýWKHýG\QDPLFýFKDUDFWHULVWLFýWKDWýUHTXLUHVýUHODWLYHO\ýKLJKýURWDWLRQDOýVSHHGVýWRýSURGXFHýRYHUðXQLW\ýSRZHUâ
õèôýWKHýDSSDUHQWýODFNýRIýLQFUHDVLQJýFRXQWHUðWRUTXHýRQýWKHýJHQHUDWRUýVKDIWýDVýKLJKýRXWSXWýLVýDFKLHYHGñýDQGýýõçô
WKHýUHTXLUHPHQWýIRUýUHODWLYHO\ýKLJKýPDJQHWLFýILHOGýVWUHQJWKVý>ëæñýëåñýëä@ï

5HFHQWýDUWLFOHVýE\ý%UXFHýGH3DOPDý>ëæ@ýKDYHýEHHQýSXEOLVKHGýLQý1HZý(QHUJ\ý1HZVïýý'XULQJýWKHýSDVWýGHFDGH
õRUýPRUHôý3ïý7HZDULýKDVýGHYHORSHGý1ðPDFKLQHVýZLWKýWKHýFXUUHQWýH[SHULPHQWDOýZRUNýEHLQJýGRFXPHQWHGýLQýERWK
SULQWHGý>ëå@ýDQGýYLGHRýPHGLDïýý7KLVýUHSRUWýDQGýYLGHRýSUHVHQWDWLRQVýGHSLFWýDýPDFKLQHýGULYHQýE\ýDQýHOHFWULFDO
PRWRUýWKDWýLVýFDSDEOHýRIýURWDWLQJýWKHýJHQHUDWRUýDWýPRUHýWKDQýéñíííýUSPýZKLOHýFRQVXPLQJýXSýWRýDERXWýRQHð
NLORZDWWýRIýLQSXWýHOHFWULFDOýSRZHUýIURPýWKHýVWDQGDUGýHOHFWULFDOýPDLQVýLQý,QGLDïýý6HHý)LJïýæïýý$VýLVýVKRZQýDQG
GHVFULEHGñýWKHýJHQHUDWRUýKDVýSURGXFHGýPRUHýRXWSXWýSRZHUýWKDQýLVýEHLQJýFRQVXPHGýE\ýWKHýGULYLQJýPRWRUïýý7KH
RXWSXWýYROWDJHýLVýOHVVýWKDQýWKUHHýYROWVýEXWýZLWKýKLJKýDPSHUDJHïýý7KHýGHPRQVWUDWHGýRYHUðXQLW\ýFRQGLWLRQýLV
DFKLHYHGýDWýURWDWLRQDOýVSHHGVýRIýDERXWýêñíííýWRýéñíííýUSPï

6KLXMLý ,QRPDWDýRIý WKHý(OHFWURWHFKQLFDOý/DERUDWRU\ý LQý,EDUDNLñý-DSDQýKDVýGHYHORSHGýDQGý WHVWHGýDýVPDOOHU
PRWRUîJHQHUDWRUýZKLFKýKDVýEHHQýVKRZQýWRýSURGXFHýRYHUðXQLW\ýSRZHUýRXWSXWýDWýKLJKýURWDWLRQDOýVSHHGVý>ëä@ï
5HFHQWO\ñý,QRPDWDýSURYLGHGý1HZý(QHUJ\ý1HZVýZLWKýKLVýODWHVWýGHVLJQýZKLFKýZLOOýXVHýVXSHUFRQGXFWLQJýPDJQHWV
WRýLQFUHDVHýWKHýPDJQHWLFýILHOGýVWUHQJWKý>êí@ïýý,QRPDWDýKDVýGHULYHGýDQýHTXDWLRQýIRUýWKHýYROWDJHýRXWSXWýRIýWKH
PDFKLQHý VKRZLQJý WKDWý WKHý RXWSXWý YROWDJHý LVý GLUHFWO\ý SURSRUWLRQDOý WRý USPý DQGý WRýPDJQHWLFý VWUHQJWKý DQG
SURSRUWLRQDOýWRýWKHýVTXDUHýRIýWKHýUDGLXVýRIýWKHýURWDWLQJýFRSSHUýGLVNVýXVHGýLQýKLVýPDFKLQHïýý+LVýFDOFXODWLRQVñ
EDVHGý RQý H[SHULPHQWDOý HYLGHQFHý ZLWKý WKHý FXUUHQWý PRGHOý õVHHý GUDZLQJñý )LJïý åôý LQGLFDWHVý E\ý XVLQJ
VXSHUFRQGXFWLQJýFRLOVýWRýLQFUHDVHýWKHýPDJQHWLFýIRUFHñýWKDWýWKHýRXWSXWýFDQýEHýLQFUHDVHGýWRýSURYLGHýìíýN:ýDQG
PRUHýIURPýDýPDFKLQHýXVLQJýDýëèýFPýGLDPHWHUýFRSSHUýGLVNï

7KHýELJJHVWýGLVDGYDQWDJHýRIýWKHý1ðPDFKLQHVýLVý WKHLUý ORZðYROWDJHýRXWSXWý õLQýWKHýUDQJHýRIýìýWRýéíýYROWVôï
+RZHYHUñý WKHý RXWSXWý FXUUHQWý FDQý EHý LQý WKRXVDQGVý RIý DPSqUHVïý ý 7KLVý FRPELQDWLRQñý WRJHWKHUý ZLWKý WKH
UHTXLUHPHQWý WKDWý WKHý GïFïý RXWSXWýPXVWý EHý WDNHQý RIIý Dý URWDWLQJý GLVNñý SODFHVý VXEVWDQWLDOý GHPDQGVý RQý WKH
GHYHORSPHQWýRIýWKHýHOHFWULFDOO\ðFRQGXFWLQJýEUXVKHVïýý7KHýVHFRQGýSUREOHPýLVýWRýWUDQVIRUPýWKHýORZðYROWDJHñ
KLJKðFXUUHQWýRXWSXWýLQWRýPRUHýDFFHSWDEOHýHOHFWULFDOýSRZHUïýý%RWKýSUREOHPVýKDYHýEHHQýSRWHQWLDOO\ýUHVROYHG
E\ýPRGHUQýHQJLQHHULQJýGHYHORSPHQWVïýý7KHýXVHýRIýKXQGUHGVýRIýKDLUðOLNHýFRQGXFWLQJðPHWDOýILEHUVýIRUýWKH
EUXVKHVýDQGýWKHýXVHýRIýPRGHUQýVROLGðVWDWHýGHYLFHVýIRUýWUDQVIRUPLQJýORZðYROWDJHýGïFïýLQWRýKLJKðYROWDJHýDïFïýDUH
WKHýSURSRVHGýVROXWLRQVï

7HZDULöVýJRDOýLVýWRýSURGXFHýDýPRWRUðJHQHUDWRUýSOXVýWUDQVIRUPLQJýFLUFXLWU\ýVRýWKDWýWKHýJHQHUDWHGýSRZHUýFDQýEH
XVHGý WRý GULYHý WKHý HOHFWULFDOý PRWRUý DQGý VWLOOý KDYHý H[FHVVý SRZHUý GHOLYHUHGý WRý WKHý RXWSXWý ORDGïý ý 7KLV
GHPRQVWUDWLRQýZLOOýEHñýRIýFRXUVHñýWKHýILQDOýSURRIýWKDWýVXFKýDýPDFKLQHýLVýWUDQVIHUULQJýSRZHUýIURPýDýKHUHWRIRUH
XQXVHGý HQHUJ\ý VRXUFHïý ý 7KDWý VRXUFHý LVý ûVSDFHý HQHUJ\ûý RUý =3(ý õ]HURðSRLQWý HQHUJ\ôïý ý :Hý DZDLWý VXFK
GHPRQVWUDWLRQýZLWKýNHHQýLQWHUHVWï

êïýý7KHý$GDPVý0DJQHWLFý0RWRU

7KHý$GDPVýPDJQHWLFýPRWRUýõ6HHý)LJïýäôýKDVýKDGýFRQVLGHUDEOHýUHFHQWýSXEOLFLW\ýEXWýQRýSHHUðUHYLHZHGýDUWLFOHV
KDYHýEHHQýSXEOLVKHGïýý$GDPVýLVýDQýLQYHQWRUýZLWKRXWýWKHýVWDQGDUGý3Kï'ïýTXDOLILFDWLRQVýWRýEHýFDOOHGýûVFLHQWLVWûï
+HýKDVýPDGHýFODLPVýIRUýVLJQLILFDQWýRYHUðXQLW\ýSRZHUýSURGXFWLRQïýý5HFHQWýYHUEDOýDQGýYLGHRýUHSRUWVýKDYHýEHHQ
PDGHýFRQFHUQLQJýWKHýUHSOLFDWLRQýRIýWKHý$GDPVýPDFKLQHïýý'Uïý+DUROGý$VSGHQýKDVýMRLQHGýIRUFHVýZLWKý$GDPV
IRUýIXUWKHUýGHYHORSPHQWýRIýWKLVýW\SHýRIýPDJQHWLFýPRWRUïýý'Uïý$VSGHQñýZKRýKDVýORQJýEHHQýDQýDGYRFDWHýRIýWKH
H[LVWHQFHýRIýDQýHQHUJHWLFýDHWKHUñýKDVýILOHGýIRUýDýSDWHQWýRQýDýVLPLODUýPDJQHWLF
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ýPDFKLQHý>êì@ïýý7KHýPRVWýLQWHUHVWLQJýUHSRUWýRQýWKHý$GDPVý0DJQHWLFý0RWRUýLVýWKDWýõZKHQýSURSHUO\ýûWXQHGûô
LWýDSSHDUVýWRýFKDUJHýWKHýEDWWHU\ýWKDWýRSHUDWHVýWKHýPRWRUï

62/,'ð67$7(ý63$&(ð(1(5*<ý'(9,&(6

ìïýý7KHýKLJKðGHQVLW\ýHOHFWURQýFKDUJHýFOXVWHUVï

'Uïý+DUROGý3XWKRIIýLVýRQHýRIýWKHýVFLHQWLVWVýZKRýKDYHýZULWWHQýH[WHQVLYHO\ýDERXWýVSDFHýHQHUJ\ý>êëñýêê@ïýý+HýDQG
.HQQHWKý6KRXOGHUVýKDYHýEHHQýZRUNLQJýLQýWKLVýQHZýILHOGýRIýVFLHQFHýIRUýVHYHUDOý\HDUVïýý7KHýGLVFRYHU\ýE\
.HQQHWKý6KRXOGHUVý>êé@ýWKDWýKLJKðGHQVLW\ýHOHFWURQýFOXVWHUVýFDQýEHýSURGXFHGñýPDLQWDLQHGñýDQGýFRQWUROOHGýKDV
ODLGý WKHýJURXQGZRUNý IRUý DýQHZý UHYROXWLRQý LQý HOHFWURQLFýGHYLFHVïý ý2IýPRVWý LPSRUWDQFHý IRUý WKLVýSDSHUý LV
6KRXOGHUVöýGHPRQVWUDWLRQýõDVýUHSRUWHGýLQýWKHýSDWHQWýGLVFXVVLRQý>êé@ñýSULRUýWRýWKHýFODLPVôýWKDWýXQGHUýFHUWDLQ
FRQGLWLRQVýDQý(9ýõ6KRXOGHUVöýQDPHýIRUýKLJKðGHQVLW\ýHOHFWURQýFOXVWHUVôýFDQýSURGXFHýPRUHýWKDQýêíýWLPHVýWKH
DPRXQWýRIýHQHUJ\ýUHTXLUHGýWRýSURGXFHýWKHý(9ïýý7KHýGUDZLQJýLQý)LJïýìíýLVýWDNHQýIURPýWKHýSDWHQWýDEVWUDFWýDQG
LOOXVWUDWHVýKRZýWKHý(9VýDUHýFUHDWHGýDQGýKRZýSRZHUýLVýREWDLQHGïýý%DVLFDOO\ñýWKHý(9ýLVýSURGXFHGýDQGýODXQFKHG
WKURXJKýDýWXEHýRUýFKDQQHOýZKLFKýLVýVXUURXQGHGýE\ýDýZLUHýFRLOïýý7KHý(9ýLVýDýWUDYHOLQJýEXQGOHýRIýHOHFWURQVñ
PRYHVýDWýDERXWýíïìýWKHýVSHHGýRIýOLJKWñýDQGýLQGXFHVýDýVXUJHýRIýHOHFWULFDOýSRZHUýLQýWKHýFRLOïýý7KHý(9ýLVýFDSWXUHG
E\ýWKHýDQRGHýDQGýSURYLGHVýDERXWýWKHýVDPHýDPRXQWýRIýHQHUJ\ýWKDWýZDVýUHTXLUHGýWRýSURGXFHýWKHý(9ïýý7KHýSRZHU
IURPýWKHýFRLOýKDVýEHHQýPHDVXUHGýWRýEHýPRUHý WKDQýêíý WLPHVý WKHýSRZHUýUHTXLUHGýWRýSURGXFHýWKHý(9ïýýõ,Q
GLVFXVVLRQVýZLWKý6KRXOGHUVñýKHýUHSRUWHGýJUHDWýGLIILFXOWLHVý LQýSURGXFLQJýFRQWLQXRXVýH[FHVVýSRZHUýGXHý WR
LQGXFHGýHOHFWURVWDWLFýFKDUJHVýFDXVHGýE\ýWKHýHQHUJHWLFý(9Vïôý ý6KRXOGHUVöý ODWHVWý LQQRYDWLRQýLVýH[SHFWHGýWR
RYHUFRPHýWKHýSUREOHPVýDQGýSURYLGHýIRUýDýFRPPHUFLDOýSURGXFWï

,QýWKHýGLVFXVVLRQýJLYHQýLQýWKHýSDWHQWñýWKHýVWDWHPHQWýLVýPDGHýõDQGýDFFHSWHGýE\ýWKHýSDWHQWýH[DPLQHUôýWKDWýWKH
VRXUFHýRIýSRZHUýûDSSHDUVýWRýEHýWKHý]HURðSRLQWýUDGLDWLRQýRIýWKHýYDFXXPýFRQWLQXXPïûýý,WýLVýEHOLHYHGýWKDWýWKLV
LVýWKHýILUVWý8ï6ïýSDWHQWýWKDWýKDVýEHHQýJUDQWHGýZKLFKýFODLPVýWRýWDSýWKHýHQHUJ\ýRIýVSDFHïýý7KHýLPSRUWDQW
DVSHFWýRIýWKHýSURGXFWLRQýDQGýXVHýRIý(9VýLVýWKDWýWKHýFKDUJHýGHQVLW\ýõLQýWHUPVýRIýFKDUJHýSHUýFXELFýFHQWLPHWHUô
LVýH[WUDRUGLQDULO\ýKLJKñýSHUKDSVýVLPLODUýWRýEDOOý OLJKWQLQJýRUýZLWKLQýOLJKWQLQJýVWURNHVïý ý,WýDSSHDUVýWKDWýWKH
KLJKO\ðG\QDPLFýQDWXUHýRIýWKHý(9ýDFWXDOO\ýGRHVýWDSýWKHýHQHUJ\ýRIýVSDFHýDQGýWKDWýDýWUDYHOLQJý(9ýLVýFRQWLQXDOO\
JLYLQJýRIIýHQHUJ\ýDQGýKDYLQJýLWVýLQWHUQDOýHQHUJ\ýUHVWRUHGïýý7KHUHýZLOOýREYLRXVO\ýEHýDQýLQFUHDVLQJýLQWHUHVWýLQ
FUHDWLQJñýODXQFKLQJñýDQGýVWXG\LQJýWKHýPHWKRGVýE\ýZKLFKýWKHýHQHUJ\ýRIýWKHý(9ýFDQýEHýFRXSOHGýWRýSURYLGH
XVHIXOýZRUNï

ëïýý7KHý/DPEHUWVRQýFHUPHWýGHYLFHï

'Uïý:LQJDWHý/DPEHUWVRQýKDVýLQYHQWHGýDýGHYLFHýZKLFKýXVHVýDýFHUPHWýõFHUDPLFðPHWDOôýW\SHýRIýVHPLðFRQGXFWRUï
8QGHUýSURSHUýFRQGLWLRQVñýWKHýHOHFWURQVýDUHýDFFHOHUDWHGýLQýVXFKýDýPDQQHUýWKDWýXVHIXOýH[FHVVýSRZHUýFDQýEH
H[WUDFWHGýDQGýGHOLYHUHGýWRýDQýRXWVLGHýORDGïýý'Uïý/DPEHUWVRQýGHVFULEHVýWKLVýGHYLFHýLQýDý0DUFKñýìääéýDUWLFOH
SXEOLVKHGýLQý1HZý(QHUJ\ý1HZVý>êè@ïýý6HHý)LJïýììï

6800$5<ý$1'ý35(',&7,216

6LQFHý0DUFKýëêñýìäåäñýZKHQý'UVïý3RQVýDQGý)OHLVFKPDQQýZHUHýGLUHFWHGýWRýPDNHýDýSXEOLFýDQQRXQFHPHQWýRI
WKHLUýGLVFRYHU\ýRIýFROGýIXVLRQñýWKHýZRUOGýKDVýFKDQJHGïýý$VýKDVýSUHYLRXVO\ýKDSSHQHGýZLWKýQHZýVFLHQWLILF
GLVFRYHULHVñýPDQ\ýFRQILUPHGýVNHSWLFVýKDYHýWUHDWHGýFROGýIXVLRQýZLWKýHPRWLRQDOýUHDFWLRQVýUDQJLQJýIURPýGLVGDLQ
WKURXJKýIDOVHýFODLPVýRIýIUDXGïýý6HULRXVýVFLHQWLVWVñýHVSHFLDOO\ýWKRVHýZKRýZHUHýDZDUHýRIýWKHýUHSXWDWLRQVýRIýWKH
LQYHQWRUVñýKDYHýQRWýRQO\ýUHSOLFDWHGýWKHýRULJLQDOý3RQVð)OHLVFKPDQQýZRUNýEXWýKDYHýDOVRýDGGHGýVHYHQýõDQG
JURZLQJôýQHZýPHWKRGVýE\ýZKLFKýQXFOHDUýUHDFWLRQVýõRUñýDWýOHDVWñýH[FHVVýKHDWôýFDQýEH
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ýSURGXFHGýDQGýFRQWUROOHGýLQýDýYDULHW\ýRIýGHYLFHVï

,QýDQýDPD]LQJýGHPRQVWUDWLRQýRIýQHDUðV\QFKURQLFLW\ñýWKHýUHFRJQLWLRQýRIýDQGýWKHýFRPPHUFLDOL]DWLRQýRIýWDSSLQJ
VSDFHýHQHUJ\ýKDVýHPHUJHGýIURPýLWVýGROGUXPVýDQGýLVýEHLQJýUHFRJQL]HGýIRUýLWVýVFLHQWLILFýPHULWïýý1RZýZHýKDYH
VHYHUDOý VHULRXVýFRQFXUUHQWýGHYHORSPHQWVýRIýGHYLFHVýDQGýV\VWHPVý WKDWýDSSHDUý WRýREWDLQýHQHUJ\ý IURPý WKH
HQYLURQPHQWýõVSDFHôýDURXQGýXVïýý7KHý1ðPDFKLQHñýPDJQHWLFýPRWRUVñýDQGýVRPHýVROLGðVWDWHýGHYLFHVýDUHýEHLQJ
GHYHORSHGýWRýKHOSýUHVROYHýWKHýZRUOGöVýHQHUJ\ýSUREOHPVïýý

,Qý ERWKý FDVHVñý RIý FROGý IXVLRQý DQGý VSDFHý HQHUJ\ý GHYLFHVñý WKHUHý DUHý FRUSRUDWHý HIIRUWVý LQYROYHGý LQý WKH
FRPPHUFLDOL]DWLRQýRIýQHZýHQHUJ\ýGHYLFHVïý ý3DUWLFXODUO\ý LQý-DSDQñý WKHUHý LVýERWKýDFDGHPLFýDQGýFRUSRUDWH
GHYHORSPHQWýZRUNýZLWKýWKHýJRDOýRIýVROYLQJýWKHýZRUOGöVýHQHUJ\ýFULVLVïýý,Qý,QGLDñýWKHUHýDUHýVWURQJýHIIRUWVýWR
GHYHORSýQHZýHQHUJ\ýVRXUFHVñýHVSHFLDOO\ýDWýWKHý%KDEKDý$WRPLFý5HVHDUFKý&HQWUHýQHDUý%RPED\ïýý$GGLWLRQDO
HIIRUWVýDUHýEHLQJýPDGHýLQýPDQ\ýRWKHUýFRXQWULHVñýPRVWýQRWDEO\ýLQý5XVVLDñý&KLQDñý7DLZDQñý,WDO\ñý6SDLQñýDQGýLQ
WKHý8QLWHGý6WDWHVïýý0RUHýPRGHVWýVFLHQWLILFýHIIRUWVýDUHýEHLQJýSXUVXHGýLQýPDQ\ýRWKHUýQDWLRQVýVXFKýDVý$UJHQWLQDñ
5RPDQLDñý+XQJDU\ñýDQGý)UDQFHïýý7KHýRLOðULFKýQDWLRQVýDQGýWKHýKLJKO\ýLQGXVWULDOL]HGýZHVWHUQýQDWLRQVýKDYH
DSSHDUHGýPRUHý UHOXFWDQWý WRý SXUVXHý GHYHORSPHQWVý LQý HLWKHUý FROGý IXVLRQý RUý LQý VSDFHý HQHUJ\ïý ý +RZHYHUñ
FRPSDQLHVýVXFKýDVý(1(&2ñý,QFïýDQGý)XVLRQý,QIRUPDWLRQý&HQWHUýõERWKýRIý6DOWý/DNHý&LW\ñý87ôâý+\GUR&DWDO\VLV
3RZHUý&RUSRUDWLRQýõ/DQFDVWHUñý3$ôâýDQGýWKHý(OHFWULFDOý3RZHUý5HVHDUFKý,QVWLWXWHýõ3DORý$OWRñý&$ôýKDYHýDVVHWVñ
IXQGVñýDQGýSHUVRQQHOýZRUNLQJýRQýWKHýGHYHORSPHQWýDQGýFRPPHUFLDOL]DWLRQýRIýQHZýHQHUJ\ýV\VWHPVï

-DSDQý WKURXJKý LWVý0,7,ýRUJDQL]DWLRQýSOXVý VHYHUDOýPDMRUýFRUSRUDWLRQVñý VXFKýDVý ,05$ýDQGý7R\RWDñýKDYH
FRPPLWWHGýPDMRUýIXQGLQJïýý,WýLVý-DSDQHVHýIXQGVýWKDWýKDYHýEXLOWýDýQHZýùçýPLOOLRQýODERUDWRU\ýIRUý'UVïý3RQVýDQG
)OHLVFKPDQQýQHDUý1LFHñý)UDQFHýZKHUHýVLJQLILFDQWýSURJUHVVýLVýEHLQJýPDGHýWRZDUGýWKHýFRPPHUFLDOL]DWLRQýRI
FROGýIXVLRQï

2QHýRIýWKHýPDMRUýGHYHORSPHQWVýLQýWKHý8ï6ïýLVýWKHýILQDQFLDOýDVVLVWDQFHýRIý/\QGDýDQGý%LOOý%HLHUZDOWHVýWRýIXQG
WKHýILUVWýDQGýVHFRQGý,QWHUQDWLRQDOý6\PSRVLDýRQý1HZý(QHUJ\ïýý7KHVHýFRQIHUHQFHVñýSOXVýWKHýDFWLYLWLHVýRIýWKH
,QVWLWXWHýIRUý1HZý(QHUJ\ýõIRXQGHGýLQý0D\ýìääêôýDUHýPDNLQJýDýGUDPDWLFýGLIIHUHQFHýLQýWKHýZRUOGöVýUHQHZHG
LQWHUHVWýLQýWDSSLQJýWKHýHQHUJ\ýRIýVSDFHï

7KHUHIRUHñýWKHýIROORZLQJýLVýSUHGLFWHGã

ìïýý7KHUHýZLOOýEHýDýFRQWLQXHGýHIIRUWýWRýFRPPHUFLDOL]HýERWKýFROGýIXVLRQýDQGýRWKHUýQHZýHQHUJ\ýV\VWHPVï

ëïý ý$Vý VRRQý DVý VXFFHVVIXOý GHPRQVWUDWLRQVý RIý FRPPHUFLDOý SURWRW\SHVý DUHýPDGHý WKHUHýZLOOý EHý Dý VWURQJO\
DFFHOHUDWHGñýZRUOGðZLGHýLQWHUHVWýLQýGHYHORSLQJñýPDQXIDFWXULQJñýDQGýGLVWULEXWLQJýQHZýHQHUJ\ýGHYLFHVýDQG
V\VWHPVï

êïýý'UVïý)OHLVFKPDQQýDQGý3RQVýZLOOýEHýQRPLQDWHGýWRýUHFHLYHýDý1REHOýSUL]Hï

éïýý7KHýODUJHVWýLQYHVWPHQWýDQGýWKHýPRVWýQHZýHQHUJ\ýSURGXFWVýZLOOýEHýPDGHýLQý-DSDQï

èïýý7KHýQXFOHDUýILVVLRQýSRZHUýLQGXVWU\ýZLOOýFHDVHýWRýH[SDQGï

çïýý)LQDOO\ñýWKHý8ï6ïý'HSDUWPHQWýRIý(QHUJ\ýZLOOýRIILFLDOO\ýDGPLWýWKHýUHDOLW\ýRIýFROGýIXVLRQýDQGýQHZýHQHUJ\
GHYLFHVýDQGýSRLQWýZLWKýSULGHýWRýWKHýDFWLYLWLHVýRIýWKHLUýRZQýQDWLRQDOýODERUDWRULHVýLQýWKHýGHYHORSPHQWýRIýFROG
IXVLRQï
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5()(5(1&(6

>ì@ý0DUWLQý)OHLVFKPDQQñý6WDQOH\ý3RQVñýDQGý0ïý+DZNLQVñýû(OHFWURFKHPLFDOO\ý,QGXFHGý1XFOHDUý)XVLRQýRI
'HXWHULXPñûý-ïý(OHFWURDQDOïý&KHPïñýìäåäñýYROýëçìñýSSýêíìðêíåñýDQGýHUUDWXPñýYROýëçêñýSýìåæï

>ë@ý+DOý)R[ñý&ROGý)XVLRQý,PSDFWýLQýWKHý(QKDQFHGý(QHUJ\ý$JHñýSXEOLVKHGýE\ý)XVLRQý,QIRUPDWLRQý&HQWHUãýý6DOW
/DNHý&LW\ñý87ñýìääêñýVHHýWKHýLQFOXGHGýELEOLRJUDSK\ýGLVNHWWHñýDOVRýDYDLODEOHýLQý5XVVLDQýDQGý6SDQLVKï

>ê@ý9ODGLPLUý7VDUHYýõ/HEHGHYý3K\VLFDOý,QVWïôñýû&ROGý)XVLRQý5HVHDUFKHVýLQý5XVVLDñûýLQý)URQWLHUVýRIý&ROG
)XVLRQñý3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý+ïý,NHJDPLñý(GïñýSSýêéìðêèìñýêí
UHIVñýFìääêñý8QLYHUVDOý$FDGHP\ý3UHVVñý7RN\Rï

>é@ý7ïý0DWVXPRWRñýû&ROGý)XVLRQý2EVHUYHGýZLWKý2UGLQDU\ý:DWHUñûý)XVLRQý7HFKQRORJ\ñý0D\ýìääíñýYROýìæñýQR
êñýSSýéäíðéäëñýêýILJVñýéýUHIVï

>è@ý5DQGHOOý/ïý0LOOVýDQGý6WHYHQý3ïý.QHL]\Vñýû([FHVVý+HDWý3URGXFWLRQýE\ýWKHý(OHFWURO\VLVýRIýDQý$TXHRXV
3RWDVVLXPý&DUERQDWHý(OHFWURO\WHýDQGýWKHý,PSOLFDWLRQVýIRUý&ROGý)XVLRQûñý)XVLRQý7HFKQRORJ\ñýYROýëíñý$XJ
ìääìñýSSýçèðåìñýìíýUHIVñýäýILJVñýëýWDEOHVï

>ç@ý5REHUWý7ïý%XVKñýû&ROGý)XVLRQýZLWKý/LJKWý:DWHUñûý)XVLRQý)DFWVñý'HFHPEHUýìääìñýSýìðëïýý6HHýDOVRý5REHUW
7ïý%XVKñý û$ý/LJKWý:DWHUý([FHVVý+HDWý5HDFWLRQý6XJJHVWVý WKDWý ö&ROGý)XVLRQöýPD\ýEHý C$ONDOLð+\GURJHQ
)XVLRQöñûý)XVLRQý7HFKQRORJ\ñýYROýëëñý6HSWýìääëñýSSýêíìðêëëñýçìýUHIVñýëýILJVï

>æ@ý5REHUWý7ïý%XVKýõ&DOý3RO\ñý3RPRQDñý&DOLIRUQLDôñýû7RZDUGVýDý6ROLGý6WDWHý1XFOHDUý3K\VLFVãý7KHý/$17
0RGHOý õ/DWWLFHð$VVLVWHGý1XFOHDUý7UDQVPXWDWLRQôý IRUý&ROGý1XFOHRV\QWKHVLVñûý)XVLRQý7HFKQRORJ\ñýìääêñ
DFFHSWHGýIRUýSXEOLFDWLRQïýý6HHýDOVRý3HWHUý*O�FNñýû1XFOHDUý&DWDO\VLVý÷ý&ROGý)XVLRQýðý7KHý685)'<1ý0RGHOñû
)XVLRQý)DFWVñý-XQHýìääëñýSSýìðêñýDOVRý)XVLRQý7HFKQRORJ\ñýYROýëéñýQRýëñýSSýìëëðìëçñýééýUHIVï

>å@ý0ïý6ULQLYDVDQñý$ïý6K\DPñý7ï.ïý6KDQNDUQDUD\DQDQñý0ï%ïý%DMSDLñý+ïý5DPDPXUWK\ñý8ï.ïý0XNKHUMHHñý0ï6ï
.ULVKQDQñý0ï*ïý1D\DUýDQGý<ïý1DLNýõ%KDEKDý$WRPLFý5HVHDUFKý&HQWUHñý%RPED\ñý,QGLDôñýû7ULWLXPýDQGý([FHVV
+HDWý*HQHUDWLRQý'XULQJý(OHFWURO\VLVýRIý$TXHRXVý6ROXWLRQVýRIý$ONDOLý6DOWVýZLWKý1LFNHOý&DWKRGHñûý)URQWLHUV
RIý&ROGý)XVLRQñý(GïýE\ý+ïý,NHJDPLñý3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñ
2FWREHUýëìðëèñýìääëñý8QLYHUVDOý$FDGHP\ý3UHVVñý7RN\RñýSSýìëêðìêåñýåýILJVñýêýWDEOHVñýäýUHIVï

>ä@ý5HLNRý1RWR\Dýõ+RNNDLGRý8QLYïôñýû&ROGý)XVLRQýE\ý(OHFWURO\VLVýLQýDý/LJKWý:DWHUýðý3RWDVVLXPý&DUERQDWH
6ROXWLRQýZLWKýDý1LFNHOý(OHFWURGHñûý)XVLRQý7HFKQRORJ\ñýYROýëéñýQRýëñý6HSWýäêñýéýILJVñýèýUHIVï

>ìí@ý7DGD\RVKLý2KPRULý÷ý0LFKLRý(Q\Rýõ+RNNDLGRý8QLYHUVLW\ñý&DWDO\VLVý5HVHDUFKý&WUïñý.LWDNXñý6DSSRURôñ
û([FHVVý+HDWý(YROXWLRQý'XULQJý(OHFWURO\VLVýRIý+ë2ýZLWKý1LFNHOñý*ROGñý6LOYHUñýDQGý7LQý&DWKRGHVñûý)XVLRQ
7HFKQRORJ\ñýYROýëéñýQRýêñýSSýëäêðëäèñýäýUHIVñýëýILJVñýéýWDEOHVï

>ìì@ý %RUý <DQQý /LDZñý 3HQJð/RQJý 7DRñý DQGý %UXFHý (ïý /LHEHUWóý õ+DZDLLý 1DWXUDOý (QHUJ\ý ,QVWLWXWHñý DQG
ó'HSDUWPHQWýRIý0HFKDQLFDOý(QJLQHHULQJñý8QLYHUVLW\ýRIý+DZDLLôñýû5HFHQWý3URJUHVVýRQý&ROGý)XVLRQý5HVHDUFK
8VLQJý0ROWHQý6DOWý7HFKQLTXHVñûý7KHý6FLHQFHýRIý&ROGý)XVLRQñý(GýE\ý%UHVVDQLñý'HOý*XLGLFHý÷ý3UHSDUDWDñýF
ìääìñý6RFLHWjý,WDOLDQDýGLý)LVLFDñý%RORJQDñý,WDO\ñýSSýèèðçéñýììýILJVñýëýWDEOHVñýìæýUHIVï

>ìë@ý/ï-ïý<XDQñý&ï:ïý:DQñý&ï<ïý/LDQJýDQGý.ï6ïý&KHQýõ1DWLRQDOý7VLQJý+XDý8QLYïôñýû1HXWURQý0RQLWRULQJ
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ý RQý &ROGý )XVLRQý ([SHULPHQWVñûý LQý )URQWLHUVý RIý &ROGý )XVLRQñý 3URFHHGLQJVý RIý WKHý 7KLUGý ,QWHUQDWLRQDO
&RQIHUHQFHýRQý&ROGý)XVLRQñý+ïý,NHJDPLñý(GïñýSSýéçìðéçéñýèýILJVñýëýUHIVñýFìääêñý8QLYHUVDOý$FDGHP\ý3UHVVñ
7RN\Rï

>ìê@ý%RUý<DQQý/LDZñýû6RPHý7KHUPRG\QDPLFý$VSHFWVý5HODWHGýWRý&KDUJLQJý+\GURJHQý6SHFLHVýLQWRý0HWDO
/DWWLFHñûýSUHVHQWHGýDWýWKHý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý0DXLñý+DZDLLñý'HFHPEHUýçðäñ
ìääéï

>ìé@ý$ï%ïý.DUDEXWñý<Dïý5ïý.XFKHURYýDQGý,ï%ïý6DYYDWLPRYDñýû1XFOHDUý3URGXFWý5DWLRýIRUý*ORZý'LVFKDUJHýLQ
'HXWHULXPñûý3K\Vïý/HWWïý$ñýìääëñýYROýìæíñýSSýëçèðëæëï

>ìè@ý 5RPRGDQRYñý 6DYLQñý 6NXUDWQLNñý ÷ý (ONVQLQñý û5HSURGXFLELOLW\ý RIý 7ULWLXPý *HQHUDWLRQý IURPý 1XFOHDU
5HDFWLRQVýLQý&RQGHQVHGý0HGLDñûýSDSHUýSUHVHQWHGýDWýWKHý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñ
+DZDLLñý'HFïýäñýìääêï

>ìç@ý;LQJý=KRQJý/Lýõ7VLQJKXDý8QLYïý%HLMLQJñý&KLQDôñý3HUVRQDOýFRPPXQLFDWLRQï

>ìæ@ý3HWHUý*UDQHDXñýû)LUVWý,QGLFDWLRQýRIý$PSqUHý7HQVLRQýLQý6ROLGý(OHFWULFý&RQGXFWRUVñûý3K\VLFVý/HWWHUVñýYRO
äæ$ñýQRýçñýèý6HSWýìäåêñýSSýëèêðëèèñýçýUHIVñýìýILJï

>ìå@ý-HDQð3LHUUHý9LJLHUýõ8QLYïý3ïýDQGý0ïý&XULHñý3DULVôñýû1HZý+\GURJHQý(QHUJLHVýLQý6SHFLDOO\ý6WUXFWXUHG
'HQVHý0HGLDãýý&DSLOODU\ý&KHPLVWU\ýDQGý&DSLOODU\ý)XVLRQñûý3UHSULQWýFRXUWHV\ýRIýWKHýDXWKRUñýWRýEHýSXEOLVKHG
LQý3K\Vïý/HWWïý$ï

>ìä@ý.ï$ïý.DOLHYñý$ï1ïý%DUDERVKNLQñý$ï/ïý6DPJLQñýû5HSURGXFLEOHý1XFOHDUý5HDFWLRQVý'XULQJý,QWHUDFWLRQýRI
'HXWHULXPýZLWKý2[LGHý7XQJVWHQý%URQ]Hñûý3K\Vïý/HWWïý$ñýìääêñýYROýìæëñýSýìääï

>ëí@ý3HWHUý*UDQHDXýõ&HQWHUýIRUý(OHFWURPDJQHWLFý5HVHDUFKñý1RUWKHDVWHUQý8QLYïý%RVWRQñý0$ôñýû7KHý5ROHýRI
$PSqUHý)RUFHVýLQý1XFOHDUý)XVLRQñûý3K\VLFVý/HWWHUVý$ñýYROýìçèñýìääëñýSSýìðìêñýìíýILJVñýëäýUHIVï

>ëì@ý 3HWHUý *UDQHDXñý û&RQFHSWý RIý Dý &DSLOODU\ý )XVLRQý 5HDFWRUñûý LQý 3URFHHGLQJVý RIý WKHý ,QWHUQDWLRQDO
6\PSRVLXPýRQý1HZý(QHUJ\ñý$SULOýìçðìåñýìääêñý'HQYHUñý&RORUDGRñýSSýìèêðìçåñýëýILJVñýììýUHIVï

>ëë@ý(LLFKLý<DPDJXFKLý÷ý7DNDKDVKLý1LVKLRNDñýû'LUHFWý(YLGHQFHýIRUý1XFOHDUý)XVLRQý5HDFWLRQVýLQý'HXWHUDWHG
3DOODGLXPñûýLQý)URQWLHUVýRIý&ROGý)XVLRQñý3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñ
SSýìæäðìååñýèýILJVñýìëýUHIVï

>ëê@ý$ï/ïý6DPJLQñý$ï1ïý%DUDERVKNLQñý,ï9ïý0XULJLQñý6ï$ïý7VYHWNRYñý9ï6ïý$QGUHHYñý*ïý9DUNDULQýõ,QVWïýRIý+LJKð
7HPSïý(OHFWURFKHPLVWU\ñý5XVVLDQý$FDGïýRIý6FLHQFHñý(NDWHULQEXUJôñýû7KHý,QIOXHQFHýRIý&RQGXFWLYLW\ýRQýWKH
1HXWURQý*HQHUDWLRQý3URFHVVýLQý3URWRQý&RQGXFWLQJý6ROLGý(OHFWURO\WHVñûýSUHVHQWHGýDWýWKHý)RXUWKý,QWHUQDWLRQDO
&RQIHUHQFHýRQý&ROGý)XVLRQñý0DXLñý+DZDLLñý'HFHPEHUñýìääêïýý7RýDSSHDUýLQýWKHý3URFHHGLQJVï

>ëé@ýý7DGDKLNRý0L]XQRñý0LFKLRý(Q\Rñý7DGDVKLý$NLPRWRý÷ý.D]XKLVDý$]XPLýõ+RNNDLGRý8QLYïñý6DSSRURñ
-DSDQôñý û3URWRQý &RQGXFWRUVý GXULQJý $EVRUSWLRQî'HVRUSWLRQý RIý 'HXWHULXPý LQý $OWHUQDWHý (OHFWULFý )LHOGñû
SUHVHQWHGýDWýWKHý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý0DXLñý+DZDLLñý'HFHPEHUñýìääêïýý7RýDSSHDU
LQýWKHý3URFHHGLQJVï

>ëè@ý-ïý'XIRXUñýû&ROGý)XVLRQýE\ý6SDUNLQJýLQý+\GURJHQý,VRWRSHVñûý)XVLRQý7HFKQRORJ\ñýìääêñýYROýëéñýS
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ýëíèIIï

>ëç@ý6WHIDQý0DULQRYýõZULWLQJýDERXWý)ULW]FKHQý=XQJH]HLJHôñýû2QFHý0RUHýRQýWKHý+HUGýRIýWKHý%OLQGñûý'HXWVFKH
3K\VLNñý$SULOð-XQHýìääéñýYROýêñýQRýìíñýSSýêíðêéï

>ëæ@ý%UXFHý'H3DOPDñýû:KHUHý(OHFWULFDOý6FLHQFHý:HQWý:URQJñûý1HZý(QHUJ\ý1HZVñýYROïýìñýQRïýèñý6HSWïýìääêñ
SSýìðéñýèýILJVñýêýUHIVïýý$OVRñýû2QýWKHý1DWXUHýRIý(OHFWULFDOý,QGXFWLRQûñý1HZý(QHUJ\ý1HZVñýYROýìñýQRýçñýSSýëðåñ
èýILJVñýìéýUHIVï

>ëå@ý3DUDPDKDPVDý7HZDULñýû*HQHUDWLRQýRIý&RVPLFý(QHUJ\ýDQGý0DWWHUýIURPý$EVROXWHý6SDFHýõ9DFXXPôñû
3URFHHGLQJVýRIý,QWHUQDWLRQDOý6\PSRVLXPýRQý1HZý(QHUJ\ñý0DXU\ý$OEHUWVRQñý(Gïñý'HQYHUñý&RORUDGRñý$SULO
ìçðìåñýìääêñýSSýëäìðêíêñýçýILJVñýåýUHIVï

>ëä@ý6KLXMLý,QRPDWDý÷ý<RVKL\XNLý0LWDñýû6PDOOý1HRG\PLXPý0DJQHWý7ZLQý1ð0DFKLQHñûý3URFHHGLQJVýRIýëåWK
,QWHUVRFLHW\ý(QHUJ\ý&RQYHUVLRQý(QJLQHHULQJý&RQIHUHQFHñý$XJXVWýåðìêñýìääêñý$WODQWDñý*HRUJLDñýSSýëïêéæð
ëïêèëñýììýILJVñýëýUHIVï

>êí@ý6KXLMLý,QRPDWDñýû/HWWHUýIURPý6KLXMLý,QRPDWDýZLWKý&RQFHSWXDOý'HVLJQýRIý-3,ð,,ý7HVWý0DFKLQHñûý1HZ
(QHUJ\ý1HZVñýYROýìñýQRýæñýSSýæðåñýëýWDEOHVñýêýILJVï

>êì@ý+DUROGý$VSGHQñýû2SHQý/HWWHUýIURPý+DUROGý$VSGHQñûý1HZý(QHUJ\ý1HZVñýYROýìñýQRïýìíñýSSýìêðìéñýìýUHIï

>êë@ý+DUROGý(ïý3XWKRIIñýû7KHý(QHUJHWLFý9DFXXPãý,PSOLFDWLRQVýIRUý(QHUJ\ý5HVHDUFKñûý6SHFXODWLRQVýLQý6FLHQFH
÷ý7HFKQRORJ\ñýìääíñýYROýìêñýQRýéñýSSýëéæðëèæñýêêýUHIVï

>êê@ý+DOý)R[ñýû6SDFHý(QHUJ\ýðý3HHUý5HYLHZHGñûý1HZý(QHUJ\ý1HZVñý)HEýìääéñýYROýìñýQRýìíñýSSýëðçñýåýUHIVï

>êé@ý.HQQHWKý5ïý6KRXOGHUVñýû(QHUJ\ý&RQYHUVLRQý8VLQJý+LJKý&KDUJHý'HQVLW\ñûý8ï6ïý3DWHQWýèñíìåñìåíñý0D\
ëìñýìääìñýåíýSDJHVñýäæýILJVñýéëýFODLPVï

>êè@ý:LQý/DPEHUWVRQñýû(OHFWULFý3RZHUýIURPý6SDFHý(QHUJ\ñûý1HZý(QHUJ\ý1HZVñý0DUFKñýìääéñýYROýìñýQRýììñ
SSýìðéñýéýILJVï
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&2/'ý)86,21ý$1'ý683(5)$67ý/2:ð7(03(5$785(ýý&+(0,&$/ýý352&(66(6ýýýýýýýýýýýýýý
,1ý62/,'6ãý&20021ý%$6,6ý)25ý81'(567$1',1*ýýýýýýýýýýýý

9ï$ïý)LOLPRQRYñý9ï$ïý/LVKQHYVNLL
,QVWLWXWHýRIý3K\VLFRFKHPLFDOý3UREOHPVñý%HODUXVý6WDWHý8QLYHUVLW\ñ

ìéý/HQLQJUDGVND\Dý6WUïñý0LQVNýëëííåíý%HODUXV

$%675$&7

,WýLVýREYLRXVýWKDWýFROGýQXFOHDUýIXVLRQýõ&)ôý>ì@ýLVQöWýVLPLODUýWRýWKHýWKHUPRQXFOHDUýûKRWûýIXVLRQñýHWFïýý7KHUHýDUH
GR]HQVýRIýWKHRUHWLFDOýPRGHOVýEXWýWKHLUýDELOLWLHVýWRýGHVFULEHý&)ýTXDOLWDWLYHO\ýDQGýTXDQWLWDWLYHO\ýDUHýSRRUïýý(YHQ
QRZñýILYHý\HDUVýDIWHUýWKHýPHPRUDEOHý8WDKý1HZVý&RQIHUHQFHñýLWýLVýQRWýFOHDUýZKDWý&)ýLVýVLPLODUýWRïýý:HýFODLP
WKDWý WKHUHý DUHý FHUWDLQý DQDORJLHVý EHWZHHQý &)ñý RQý RQHý KDQGñý DQGý YDULRXVý IDVWý FKHPLFDOý UHDFWLRQVý DQG
SK\VLFRðFKHPLFDOýSURFHVVHVýLQýVROLGVñýRQýWKHýRWKHUýKDQGï

,QýERWKýFODVVHVñýWKHýSURFHVVHVýGRýQRWýREH\ýWKHýH[SRQHQWLDOýGHSHQGHQFHýRQýDFWLYDWLRQýHQHUJ\îWHPSHUDWXUH
õ$UUKHQLXVöVýODZýIRUýFKHPLFDOýUHDFWLRQVôýDQGýVHHPýWRýEHýDýVLPLODUýEXWýPRUHýJHQWO\ýVORSHGýIXQFWLRQïýý7KHýPRVW
H[FLWLQJý FDVHý RIý VROLGý VWDWHý FKHPLFDOý SURFHVVHVý XQGHUý FRQVLGHUDWLRQý LVý VXSHUIDVWý õH[SORVLRQðOLNHô
FU\RðFKHPLFDOýUHDFWLRQVýLQýIUR]HQýJDVýPL[WXUHVýDWýSKDVHýWUDQVLWLRQýWHPSHUDWXUHVýDVýKDVýEHHQýVWXGLHGýE\ýRQH
RIýXVýõ9ï$ï/ïôýGXULQJýìäçåðìäæåý>ë@ïýý5DWHVýRIýVXFKýUHDFWLRQVýGLIIHUýIURPýH[WUDSRODWHGýJDVýSKDVHýUHDFWLRQ
UDWHVýRIýWKHýVDPHýFRPSRQHQWVýE\ýìíðìíïý>VLF@

%RWKýWKHýILUVWýDQGýVHFRQGýSURFHVVHVýDUHýOLNHO\ýWRýEHýGHVFULEHGýE\ýWKHýV\QHUJHWLFýDFWLYDWLRQýPRGHOý>ê@ïý$IWHU
WKLVýFRQVLGHUDWLRQñýRQHýPRUHýW\SHýRIýFROGýIXVLRQýSURFHVVñýQDPHO\ý&)ýXQGHUýFKHPLFDOýGHWRQDWLRQýRIýVROLGVñýLV
VXJJHVWHGï

7+(ý1$785$/ý&/$66,),&$7,21ý2)ý&2/'ý)86,21ý352&(66(6

6LQFHýFROGýQXFOHDUýIXVLRQýõ&)ôýZDVýDQQRXQFHGýõ'HU\DJLQñýHWýDOïñýìäåçý>é@ñý)OHLVFKPDQQýDQGý3RQVñýìäåäý>ì@ôñ
WKHýNLQHWLFýLPSRVVLELOLW\ýRIýLQWHQVHýQXFOHDUýUHDFWLRQVýKDYLQJýKLJKýSRWHQWLDOýEDUULHUVýõ(ïJïñý&RXORPEýEDUULHUô
WKDWýSURFHHGýDWýORZýWHPSHUDWXUHVýDQGýSUHVVXUHVýKDVýEHHQýVWUHVVHGïýý$ýFRPSOHWHýH[SODQDWLRQýRIýWKLVýSKHQRPHQD
LVýRQHýRIýWKHýPDLQýSUREOHPVýLQýWKLVýILHOGïýý7KLVýSUREOHPýDSSHDUVýDVýDQýXQSUHFHGHQWHGýRQHýDQGýWRJHWKHUýZLWK
SRRUýUHSURGXFLELOLW\ýRIýH[SHULPHQWVýHQJHQGHUVýJUHDWýVNHSWLFLVPýLQýWKHýVFLHQWLILFýFRPPXQLW\ýWRýWKHýH[LVWHQFH
RIýWKHýSKHQRPHQRQýLWVHOIý>è@ï

7KHUHýLVýQRýFRPPRQýDFFHSWDEOHýFODVVLILFDWLRQýRIý&)ýW\SHVïýý8VLQJýGLIIHUHQWýPHWKRGVýRIýFODVVLILFDWLRQýRQHýPD\
REWDLQýXSýWRýìíýRUýPRUHýGLIIHUHQWýW\SHVýRIý&)ý>ç@ïýý,WýLVýOLNHO\ýWKDWýXQGHUýVXFFHVVIXOýGHYHORSPHQWýRIýWKHýILHOG
WKHýQXPEHUýRIý&)ýYHUVLRQVýZRXOGýEHýFORVHýWRýWKHýQXPEHUýRIýHOHPHQWDU\ýSDUWLFOHVïýý)RUýSUHVHQWýFRQVLGHUDWLRQ
ZHýQHJOHFWýFHUWDLQýNLQGVýRIý&)ýREMHFWVñýPHWKRGVýRIýDFWLRQñýHWFïñýDQGýZLOOýOLPLWýRXUýFDWHJRULHVýWRýWKHýW\SHýRI
SURFHVVHVýLQýVROLGVýRUýRQýWKHýVXUIDFHýRIýWKHýVROLGVýWKDWýSURGXFHý&)ïýý7KHUHIRUHñýWKHýQXPEHUýRIý&)ýW\SHVýLV
UHGXFHGýWRýIRXUïýý7KHVHýDUHýVKRZQýLQý7DEOHýìï

$VVLJQPHQWý RIý NQRZQý&)ý V\VWHPVý WRý RQHý RUý DQRWKHUý RIý WKHý DERYHý W\SHVýPD\ýEHý QRWý FOHDUñý EXWý FDQý EH
XQGHUVWRRGýDIWHUýPRUHýH[WHQVLYHýVWXG\ýRIýV\VWHPVýQRWHGïýý)LUVWýFRQVLGHUýVRPHýFRPPRQýUHJXODULWLHVýRIýRU
SDUDOOHOVñýDOVRýWDNLQJýLQWRýDFFRXQWýXQDYRLGDEOHýGLIIHUHQFHVýGXHýWRýLQFRPPHQVXUDEOHýDFWLYDWLRQýHQHUJ\ýVFDOHVï
7KHýILUVWýFRQFHUQVýPHFKDQRðIXVLRQýDQGýPHFKDQRðFKHPLVWU\ïýý7KHVHýSKHQRPHQDýZHUHýREVHUYHGýLQýDýYDULHW\
RIýV\VWHPVýXQGHUýGLIIHUHQWýNLQGVýRIýDFWLRQãýýZLWKýVLQJOHýGHXWHULGHýFU\VWDOVýDQGýZLWKý'ë2ýLFHý
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SRO\FU\VWDOVýLQýWKHýFDVHýRIýIXVLRQý>é@ñýDQGýDýVHWýRIýLQRUJDQLFýFU\VWDOOLQHýVDOWVýDQGýWKHLUýPL[WXUHVñýSRO\PHUVýHWFï
LQýWKHýFDVHýRIýFKHPLVWU\ý>æ@ïýý7KHýW\SHýRIýûWULJJHUûýDFWLRQýPD\ýEHýGLIIHUHQWñýVXFKýDVãýVKRFNýZDYHýLPSDFWýWR
VDPSOHVñýEXOOHWýEODVWñýPHFKDQLFDOýJULQGLQJñýSUHVVXUHýSOXVýPHFKDQLFDOýDFWLRQñýHWFïýý7KHýUHVXOWýLVýVLPLODUýLQýDOO
FDVHVãýQXFOHDUýRUýFKHPLFDOýUHDFWLRQýUDWHVýDWýVPDOOýRUýODUJHýPDJQLWXGHVýDVýFRPSDUHGýWRýEDFNJURXQGýUDWHVýDW
WKHýVDPHýWHPSHUDWXUHVýZLWKRXWýPHFKDQLFDOýDFWLRQïýý:HýHVSHFLDOO\ýSRLQWýRXWýWKDWýWKHýVSHFLILHGýDFWLRQýLWVHOI
FDQQRWýOHDGýWRýVXIILFLHQWýKHDWLQJýRIýWKHýUHDFWLRQýPDWHULDOVñýDQGýWKHýWHPSHUDWXUHýFKDQJHVýXQGHUýPHFKDQLFDO
DFWLRQýDUHýQHJOLJLEOHýIURPýWKHýSRLQWýRIýYLHZýERWKýQXFOHDUýIXVLRQýDQGýFKHPLFDOýUHDFWLRQýDFWLYDWLRQïýý7KHýPDWWHU
LVýFRQFHUQHGýZLWKýQRWýKHDWLQJýRIý WKHýUHDFWLRQýPHGLXPñý LïHïý HQKDQFLQJýFKDRWLFýPRWLRQý LQýVROLGñýEXWýZLWK
XQLGLUHFWLRQDOýDFWLRQýRQýLWïý

7KHýVHFRQGýPRGHýFRQFHUQVýWKHýPRVWýIDPRXVý&)ýYHUVLRQýðýWKHý)OHLVFKPDQQð3RQVýHIIHFWý>ì@ýDQGýPD\ýDOVR
LQFOXGHýVXFKý&)ýDVýWKHýIROORZLQJãýý7LýORDGLQJýE\ýGHXWHULXPýJDVýH[SHULPHQWVýE\ý'Hý1LQQRýHWýDOïñý>å@ýDQG
.DOLHYð%DUDERVKNLQýWXQJVWHQýEURQ]HVýðýGHXWHULXPýJDVýORDGLQJýH[SHULPHQWVý>ä@ïýý7KHýSK\VLFRFKHPLFDOýDQDORJ
LVýVXUSULVLQJýEXWýFRXOGýEHýFRPSDUHGýZLWKýWKHýSKHQRPHQRQýRIýWKHýKLJKýPRELOLW\ýRIýLPSXULWLHVýLQýSDOODGLXPýDQG
SDOODGLXPýDOOR\VýXQGHUýFRQMXJDWHýWUDQVIHUýRIýK\GURJHQýLVRWRSHVý>ìí@ïýý7KHýDFFHOHUDWLRQýRIýVXFKýDýSURFHVVñ
XVLQJýVLJQLILFDQWýDFWLYDWLRQýHQHUJ\ñýH[FHHGVýH[SHFWDWLRQVýE\ýWHQýRUGHUVýRIýPDJQLWXGHýPRUHï

7KHýQH[WýFRPSDULVRQýFRQFHUQVýWKHýQXFOHDUýDQGýFKHPLFDOýDQRPDOLHVýXQGHUýSKDVHýWUDQVLWLRQýLQýVROLGVïýý7KLV
SKHQRPHQRQýLQýWKHýQXFOHDUýIXVLRQýILHOGýKDVýEHHQýGLVFRYHUHGýE\ý'HU\DJLQýDQGýFROODERUDWRUVýLQýìääëý>ìì@ïýý:H
VXSSRVHýWKDWýWKHýVDPHýSKHQRPHQRQýLVýFRQFHUQHGñýWRýVRPHýH[WHQWñýLQýVRPHýRWKHUýYHUVLRQVýRIý&)ñýHïJïñýLQýDERYH
PHQWLRQHGý 7LðORDGLQJý E\ý GHXWHULXPý JDVý ZLWKý WKHUPDOý F\FOLQJý >å@ý DQGý LQý 6DPJLQð%DUDERVKNLQöVý ìääê
H[SHULPHQWýRQýHOHFWURFKHPLFDOýGHXWHUDWLRQýRIýWKHýVWURQWLXPýFHUDWHýK\GURJHQðLRQýFRQGXFWRUýXVLQJýWKHUPDO
F\FOLQJý>ìë@ï
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7+(ý683(5)$67ý&5<2&+(0,&$/ý5($&7,216ý,1ý62/,'6ýðý7+(ý&/26(67ý&+(0,&$/
$1$/2*ý2)ý&2/'ý)86,21

,WýLVýZRUWKýPHQWLRQLQJýWKDWýWKHýSK\VLFRFKHPLFDOýDQDORJ\ýWRý&)ýLVýWKHýPRVWýH[FLWLQJýRQHïýý,WýZDVýVWXGLHGýE\
RQHýRIýXVýõ9ï$ï/ïôýGXULQJýìäçåðìäæåýLQý0LQVNý>ë@ïýý)DVWýH[RWKHUPLFýFU\RFKHPLFDOýUHDFWLRQVýPD\ýSURFHHGýLQ
VRPHý HOHFWURQLFñý SURWRQLFñý DQGý RWKHUý GRQRUðDFFHSWRUý PROHFXODUý V\VWHPVý KDYLQJý VWURQJý FRRSHUDWLYH
LQWHUDFWLRQVïýý:HýHVSHFLDOO\ýQRWHýWKDWýPRVWýRIýWKHýFKHPLFDOýUHDFWLRQVýRIýWKHýVDPHýFRPSRQHQWVñýLQýDýJDVýSKDVHñ
GRýQRWýSURFHHGýDWýVLJQLILFDQWýUDWHVýLQýDPELHQWýDQGýPRGHUDWHýWHPSHUDWXUHVýGXHýWRýWKHýUHODWLYHO\ýKLJKýDFWLYDWLRQ
HQHUJLHVýRIýYDOHQFHðVDWXUDWHGýPROHFXODUýUHDFWLRQVïýý7HPSHUDWXUHýGHSHQGHQFLHVýRIýWKHýQRWHGýUHDFWLRQýUDWHVýDUH
VLJQLILFDQWO\ýQRQð$UUKHQLXVöVýRQHVñýDQGýWKHýUDWHVýWKHPVHOYHVýDUHýKLJKýDQGýHYHQýH[SORVLRQðOLNHýGRZQýWRýOLTXLG
QLWURJHQýWHPSHUDWXUHýðýææ(.ï

8VXDOO\ýWKHýUHDFWLRQýPL[WXUHVýIRUýQRWHGýSURFHVVýðýJDVýFRPSRVLWLRQVýKDYLQJýVWRLFKLRPHWULFýGRQRUðWRðDFFHSWHU
UDWLRýIL[HGýDWýææ(.ýDUHýQRQðHTXLOLEULXPýSURFHVVHVýIRUýWKHLUýVWUXFWXUHVýDQGýFRPSRVLWLRQVïýý:KHQýWUHDWHGýE\
VORZýSUHFLSLWDWLRQýõIUHH]LQJôýDWýææ(.ñýWKHýUHDFWLRQýDFWLYLW\ýRIýWKHVHýPL[WXUHVýSURFHHGVýUDSLGO\ýDQGýHQWLUHO\
DWýWKHýWHPSHUDWXUHVýVRPHýõê(ýWRýëí(.ôýEHORZýWKHýSKDVHýWUDQVLWLRQýSRLQWVýõLQFOXGLQJýLQWHUPHGLDWHýFRPSOH[HV
DQGýHXWHFWLFVôýVXFKýDVýPHOWLQJýSRLQWVýRUýVWUXFWXUHýWUDQVLWLRQVïýý$FFHOHUDWLRQýRIýWKHýFU\RFKHPLFDOýUHDFWLRQV
XQGHUýSKDVHýWUDQVLWLRQVýLQýVROLGVýDSSHDUVýWRýEHýXSýWRýêíýRUýHYHQýçíýRUGHUVýRIýPDJQLWXGHýKLJKHUýWKDQýH[SHFWHG
E\ý$UUKHQLXVöVý UDWHVý IRUý WKHý VDPHý FRPSRQHQWVý LQý Dý JDVý SKDVHý RUý DWý KLJKý RUý HQKDQFHGý WHPSHUDWXUHVý DV
H[WUDSRODWHGýGRZQýWRýWKHýWHPSHUDWXUHýRIýUHOHYDQWýSKDVHýWUDQVLWLRQýõVHHý)LJïýìôïýý,QýDOOýFDVHVñýERWKýJDVýSKDVH
DQGýVROLGýVWDWHýUHDFWLRQVñýRQO\ýWKHýUHDFWLRQVýFDUULHGýRXWýLQýIXOOýGDUNQHVVýDUHýWDNHQýLQWRýDFFRXQWï

,WýLVýHVSHFLDOO\ýQRWHGýWKDWýWKHýIHDWXUHV
õPHQWLRQHGý DERYHôý DUHý QRWý PDLQO\
SURGXFHGýE\ýWKHýTXDQWXPýSKHQRPHQD
EHFDXVHý WKHý XSSHUý WHPSHUDWXUHý RI
TXDQWXPý WXQQHOLQJý 7ý RIý SDUWLFOHV
WKURXJKý SRWHQWLDOý EDUULHUý (ý IRU
ORZðWHPSHUDWXUHýFKHPLFDOýUHDFWLRQVýLV
JLYHQý E\ý WKHý IROORZLQJý HTXDWLRQ
GHULYHGýE\ý*ROGDQVNLLý>æ@ã

ýõìô7W ö
K

N% 5G
# (

P

õZKHUHýKýLVýWKHý3ODQNöVýFRQVWDQWñýNýLVýWKHý%ROW]PDQQýFRQVWDQWñýGýLVýWKHýKRSSLQJýOHQJWKñýPýLVýWKHýPDVVýRIýWKH
SDUWLFOHôïýý7KHýUHVXOWLQJýWHPSHUDWXUHýLVýèí(.ýIRUýSURWRQVýDQGýFRUUHVSRQGLQJO\ýORZHUýIRUýSDUWLFOHVýKDYLQJ
ODUJHUýPDVVHVýZKHUHDVýWKHýUHSRUWHGýUHDFWLRQVýSURFHHGýDWýPRUHýWHPSHUDWXUHVïýý0RUHRYHUñýTXDQWXPýWXQQHOLQJñ
LQýWKLVýFDVHñýPXVWýH[KLELWýDýFRQVWDQWýUHDFWLRQýUDWHýEHORZý7ýDVýFRPSDUHGýZLWKýLWVýUDWHýDVýWHPSHUDWXUHVýDUH
GHFHDVHGïý ý ý7KHýREVHUYHGýHQRUPRXVý LQFUHDVLQJýYDOXHýRIý WKHý UHDFWLRQýDWý IL[HGý WHPSHUDWXUHýSRLQWVý LVýQRW
H[SHFWHGï

,WýLVýDOVRýQRWHGýWKDWýDWýUHODWLYHO\ýORZýWHPSHUDWXUHVýLQýVROLGýVWDWHýPDWHULDOVýHYHQýVPDOOýFKDQJHVýRIýHQWURS\ýGXH
WRý IRUPDWLRQýRIý FRPSOH[HVýRUý FRRSHUDWLYHý HIIHFWVý LQý FOXVWHUVý VKDUSO\ý H[KLELWýPDFURðHIIHFWVýRIý VXSHUIDVW
FU\RFKHPLFDOýSURFHVVHVýZLWKRXWýWKHýLQWURGXFWLRQýRIýIRUHLJQýPDWWHUñýVXFKýDVýDýFDWDO\]HUñýDOWKRXJKýWKHUPDO
HQHUJLHVýRIýWKHýPROHFXOHVýDWýWKHýVDPHýWHPSHUDWXUHVýDUHýIDUýORZHUýWKDQýWKHýTXDQWXPý]HURýYLEUDWLRQýHQHUJ\ýOHYHO
RUý9DQýGHUý:DDOVýLQWHUPROHFXODUýLQWHUDFWLRQýHQHUJ\ï
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2QHýPRUHýDQDORJ\ýðýFRPSDUHýWKHýOLJKWýZDWHUðQLFNHOý&)ýV\VWHPýE\ý0LOOVñý%XVKð(DJOHWRQýDQGýWKHLUýIROORZHUV
ZLWKýWKHýVXUIDFHýG\QDPLFVýRIýK\GURJHQýDQGýYDULRXVýKHWHURJHQHRXVýFDWDO\VWVïýý7KLVýHIIHFWýLVýSURSRVHGýDQG
FRQVLGHUHGýLQýGHWDLOýE\ý*O�FNý>ìê@ï

7+(ý6<1(5*(7,&ý$&7,9$7,21ý02'(/ýðý$ý&20021ý%$6,6ý)25ý&2/'ý)86,21ý$1'
)$67ý&+(0,&$/ý5($&7,216ý,1ý62/,'6

,WöVý HDVLO\ý VHHQý WKDWý WKHUHý DUHý FOHDUý VLPLODULWLHVý LQý WKHý KRUL]RQWDOý URZVý RIý 7DEOHý ìïý ý1RZý OHWöVý FRQVLGHU
VLPLODULWLHVý LQý WKHýYHUWLFDOýFROXPQVý WKDWýDUHQöWýVRýHYLGHQWïý ý7KHUHýVHHPýWRýEHýVLPLODUýRUýFRPPRQýSRLQWV
EHWZHHQýGLIIHUHQWýW\SHVýRIý&)ýDVýLVýREVHUYHGýEHWZHHQýGLIIHUHQWýNLQGVýRIýFKHPLFDOýUHDFWLRQVýDQGîRUýWUDQVSRUW
SKHQRPHQDýLQýVROLGVïýý%XWýLWöVýQRWýVRï

7KHýFRQFHSWýFRQQHFWLQJýGLIIHUHQWýFHOOVýLQýWKHýULJKWýFROXPQýRIýWKHýWDEOHýLVñýLQýRXUýRSLQLRQñýWKHýFRPPRQýQDWXUH
RIýFRRSHUDWLYHýSURFHVVHVýZKLFKýSURFHHGýLQýDFFRUGDQFHýZLWKýV\QHUJHWLFýDFWLYDWLRQýõ6$ôýPRGHOïýý7KLVýPRGHO
GUDPDWLFDOO\ýGLVWLQJXLVKHVýXQLGLUHFWLRQDOýFRRSHUDWLYHýDFWLRQýIURPýWKHUPDOñýFKDRWLFýDFWLRQVïýý7KHýPDLQýSRLQWV
RIýWKHý6$ýPRGHOýDUHýDVýIROORZVã

ìïýý6$ýPRGHOýLVýPRUHýJHQWO\ýVORSHGýWKDQýLVýWKHýH[SRQHQWLDOýGLVWULEXWLRQýRIýDWRPVýRUýPROHFXOHVýE\ýHQHUJ\ýð
QDPHO\ýTXDVLðSRZHUýRQHã

õëô3 ô

Q 1 +(Q2(3,
÷å

õZKHUHý3ýLVýWKHýSUREDELOLW\ýRIýREWDLQLQJýWKHýHQHUJ\ýSDFNHWý(ýE\ýWKHýDWRPñý(ýLVýWKHýDYHUDJHýHQHUJ\ýSHUýDWRPñ
HïJïýWKHýWKHUPDOýRQHñýOý!ýìýDQGýLWVýYDOXHýGHSHQGVýRQýWKHýVWUXFWXUHýRIýH[FLWHGýHQHUJ\ýOHYHOVýRIýWKHýV\VWHPôïýý7KLV
FRPELQDWLRQýPDNHVýRYHUFRPLQJýSRWHQWLDOýEDUULHUVýE\ýWKHýV\VWHPýHDVLHUïýý7KXVñýWKLVýHIIHFWýLVýSRVVLEOHýLQýKLJKO\
QRQðHTXLOLEULXPñýVHOIðRUJDQL]LQJýV\VWHPVïýý7KHýUHVXOWVýLVýDýVHTXHOýWRýQRQGLUHFWýEXWýPXOWLðVWDJHýH[FLWDWLRQýRI
DWRPVýõPROHFXOHVýHWFïôýXSýWRýKLJKHUýH[FLWDWLRQýOHYHOVýLQýVRPHýNLQGVýRIýGLVVLSDWLYHýVWUXFWXUHVýõVHHñýIRUýH[DPSOHñ
>ìé@ôï

ëïý ý 6XFKý GLVWULEXWLRQý LVý UHDOL]HGý LQý VSDWLRWHPSRUDOý OLPLWVý RIý VKRFNý RUý GHWRQDWLRQý ZDYHý õ6:ý DQGý ':
FRUUHVSRQGLQJO\ôýIURQWVýWKDWýDUHýWKHUHIRUHýFRQVLGHUHGýDVýG\QDPLFñýGLVVLSDWLYHýVWUXFWXUHVï

êïýý7KHVHýVKRFNýZDYHVýPD\ýEHýLQWURGXFHGýLQWRýVROLGVýIURPýRXWVLGHýEXWýDýVHOIðJHQHUDWLRQýRIý6:ýõ':ôýDQG
VHOIðIRFXVLQJýRIýWKHýVDPHýZDYHVýFDQýWKHQýSURPRWHýDFFXPXODWLRQýRIýHQHUJ\ýLQýIRFDOý]RQHVýõVXFKýDVýDUHýSRVVLEOH
XQGHUý PHFKDQLFDOý DFWLRQý XSRQý FU\VWDOVý ZLWKý WKHý UHVXOWLQJý GHVWUXFWLRQý RIý WKHý ODWWLFHñý SKDVHý WUDQVLWLRQ
LPSOHPHQWDWLRQýLQýWKHýVDPHýRUýLQWHQVHýKHDWýDQGýPDVVýWUDQVIHUýõHïJïýLQWHQVHýK\GURJHQýRUýGHXWHULXPýWUDQVSRUWô
LQý SHUIHFWý FU\VWDOOLQHý VROLGVý RUý RQý WKHLUý VXUIDFHVý LQý YLFLQLW\ý RIý SKDVHý VHSDUDWLRQý UHJLRQïý ý $Vý IRUý WKH
VHOIðJHQHUDWLRQý RIý VKRFNý ZDYHVñý Dý SKDVHý WUDQVLWLRQý DQGý IODZOHVVý FU\VWDOý SDWWHUQVý DUHý WKHý FRQYHQWLRQDO
FRQGLWLRQVýWRýSURGXFHýVKRFNýZDYHVýðýRZLQJýWRýQRQOLQHDUýDFRXVWLFVï

7KHýV\QHUJHWLFýDFWLYDWLRQýPRGHOýLVýVXLWDEOHýIRUýWKHýXQGHUVWDQGLQJýRIýDýZLGHýUDQJHýRIýSURFHVVHVýLQýKLJKO\
QRQðHTXLOLEULXPýV\VWHPVïýý7KHýPRGHOýLVýDEOHýWRýSUHGLFWýVRPHýLPSRUWDQWýFULWHULDýIRUýWKHýLPSOHPHQWDWLRQýRI
KLJKðH[FLWDWLRQýSKHQRPHQDýLQýVXFKýV\VWHPVýFRQFHUQLQJýERWKýWKHýSRVVLELOLW\ýRIýVKRFNýZDYHðW\SHýQRQOLQHDU
ZDYHýIRUPDWLRQýXQGHUýDSSURSULDWHýFRQGLWLRQVýõVXFKýDVýSKDVHýWUDQVLWLRQñýFRRSHUDWLYHýPDVVýWUDQVIHUýHWFïôýDQG
HQVXULQJýHDV\ýSURSDJDWLRQýRIýWKHýZDYHVýLQýVROLGVýõVXFKýDVýORZýHQRXJKýH[WHQGHGýGHIHFWVýFRQWHQWýLQýDýFU\VWDO
ODWWLFHôï
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7KHUHIRUHñýZHýVXSSRVHýWKDWýVLJQLILFDQWýDQGýHQRUPRXVýDFFHOHUDWLRQýRIýGLIIHUHQWýSK\VLFRFKHPLFDOýSURFHVVHV
PD\ýEHýFDXVHGýQRWýE\ýTXDQWXPýSKHQRPHQDýEXWýFRRSHUDWLYHñýV\QHUJHWLFýSURFHVVHVï

:Hý VXSSRVHý DOVRý WKDWý WKHý OHIWýFROXPQý LïHïý&)ýDUHDýPD\ýDOVRýEHýGHVFULEHGýZLWKLQý WKHý IUDPHZRUNýRIý WKH
V\QHUJHWLFýDFWLYDWLRQýPRGHOïýý0RUHRYHUñýFHUWDLQýFULWHULDýRIýUHSURGXFLEOHý&)ýLPSOHPHQWDWLRQýSURSRVHGýE\ýWKH
6$ýPRGHOýDUHýLQýDFFRUGDQFHýZLWKýSXEOLVKHGýH[SHULPHQWDOýGDWDñýDVýZHöYHýVWDWHGýUHFHQWO\ïýý,WýLVýXQIRUWXQDWHñ
EXWýTXLWHýQDWXUDOñýWKDWýPRVWýRIýSXEOLVKHGýSDSHUVýGRýQRWýUHFRUGýDQGýSXEOLVKýGDWDýDOORZLQJýRQHýWRýDVFHUWDLQýWKH
UHDOý FU\VWDOý VWUXFWXUHý RIý WKHý VDPSOHVý XVHGý LQý&)ý H[SHULPHQWVïý ý+RZHYHUñý WKHýPLQRUý SDUWý RIý WKHý SDSHUV
FRQFHUQLQJýUHOHYDQWýGDWDñýH[KLELWýFHUWDLQýSRVLWLYHýFRUUHODWLRQVýZLWKýWKHýPDLQý6$ýFULWHULRQýðýODWWLFHýSHUIHFWQHVV
ðý DQGý WKHý GLVWLQFWý FRUUHODWLRQý RIý WKHý W\SHý ûQHFHVVDU\ñý EXWý QRWý VXIILFLHQWûýZLWKý WKHý VHFRQGý RQHý ðý KLJKO\
QRQðHTXLOLEULXPýVWDWHýRIýWKHýV\VWHPýXQGHUýDFWLRQñýDVýZHöYHýUHSRUWHGýUHFHQWO\ï

6RýZHýKDYHýWRýFODLPýRQFHýPRUHýWKDWý&)ýSKHQRPHQDýDUHýFDXVHGýPDLQO\ýQRWýE\ýTXDQWXPýEXWýE\ýV\QHUJHWLF
SKHQRPHQDïýý,QýDGGLWLRQýWRýGLVWLQFWýFULWHULDýRIý&)ýUHSURGXFLELOLW\ñýWKHý6$ýPRGHOýLVýDEOHýWRýSUHGLFWýVRPHýQHZ
&)ýW\SHVñýDVýLVýVKRZQýEHORZã

35(',&7,21ý2)ý21(ý025(ý&2/'ý)86,21ý352&(66ý7<3(

7XUQLQJýEDFNýWRýWKHýULJKWýFROXPQýRIý7DEOHýìýðýSK\VLFRFKHPLFDOýDQDORJLHVýRIý&)ýW\SHVýðýZHýPXVWýDGGýRQHýPRUH
FHOOïýý7KLVýFHOOýLVýWRýEHýRFFXSLHGýE\ýFKHPLFDOýUHDFWLRQVýRIýGHWRQDWLRQýRIýVROLGVïýý6LPLODUýWRýRWKHUýPHPEHUVýRI
WKLVýJURXSñýWKHVHýH[RWKHUPLFýSURFHVVHVýLQLWLDWHGýE\ýVRPHýW\SHýRIýVKRFNLQJýDFWLRQýWRýVRPHýVROLGVïýý7KHVH
UHDFWLRQVý DUHý FKDUDFWHUL]HGý E\ý WKHLUý VXSHUKLJKý UDWHVý DWý DPELHQWý DQGý PRGHUDWHý WHPSHUDWXUHVý LQý VWUDQJH
FRQWUDGLFWLRQýZLWKýORZýUDWHVýRIýWKHýXVXDOýFRPEXVWLRQýRIýWKHýVDPHýFU\VWDOýVXEVWDQFHVýZKHQýLJQLWHGïýý7KH
GLIIHUHQFHVýEHWZHHQýYROXPHýUDWHVýPD\ýFRQVLVWýXSýWRýëíýRUGHUVýRIýPDJQLWXGHïýý6LPLODUýWRýRWKHUýPHQWLRQHG
SURFHVVHVñýWKHýGHWRQDWLRQýRIýVROLGVýDQGýWKHýGHSHQGHQF\ýRQýWHPSHUDWXUHýGRýQRWýREH\ýWKHý$UUKHQLXVöVýODZïýý7KLV
IDFWýDOORZHGý<HQLNRORS\DQñýHWýDOïñý>ìè@ýWRýSURSRVHýWKDWýFKHPLFDOýGHWRQDWLRQýLVýLPSOHPHQWHGýLQýQRQðNLQHWLF
EXWýVRðFDOOHGýûG\QDPLFûýUHJLPHýDQGýLWVýUDWHýLVýQRWýGHSHQGHQWýRQýWHPSHUDWXUHïýý7KHýODWWHUýUHSRUWýPD\ýQRWýEH
FRUUHFWñýKRZHYHUýVRPHýVWUXFWXUDOýDVSHFWVýRIýWKHýPRGHOýILWýH[SHULPHQWDOýGDWDýDQGýDUHýDFFHSWDEOHïýý:RUWK\ýRI
PHQWLRQý LVý WKDWý WKHý FKHPLFDOý GHWRQDWLRQý RIý VROLGVý PD\ý EHý EHVWý GHVFULEHGý E\ý 6$ýPRGHOïý ý 6XEVHTXHQW
DSSOLFDWLRQýRIýWKHý6$ýPRGHOýWRýGHWRQDWLRQýRIýVROLGVý>ìç@ýDOORZHGýXVýWRýGHULYHýWKHýDQDO\WLFDOýH[SUHVVLRQýRI
GHWRQDWLRQýUDWHýYñýGHSHQGHQFLHVýRQýWHPSHUDWXUHý7ñýDFWLYDWLRQýHQHUJ\ý(ñýDQGýKHDWýUHOHDVHý'(ýRIýWKHýUHDFWLRQã

õêôYGZ ö $ #
+N7,å

( å÷425
Q

# 4ø ô(
(Q

7KLVýHTXDWLRQýLVýLQýVDWLVIDFWRU\ýDJUHHPHQWýZLWKýH[SHULPHQWDOýGDWDïýý$VýRQHýFDQýVHHñýWKHýFRUUHVSRQGLQJýFHOO
RQýWKHý&)ýVLGHýRIýWKHýWDEOHýLVýHPSW\ïýý1RZýZHýFDQýSUHGLFWýWKDWýLWýPXVWýEHýILOOHGýE\ýFRUUHVSRQGLQJýNLQGýRIý&)
SKHQRPHQRQïýý:KDWýNLQGýRIýDýSURFHVVýPLJKWýLWýEH"

:HýDUHýFRQYLQFHGýWKDWýWKHýFKHPLFDOýGHWRQDWLRQýRIýVROLGVýPXVWýEHýDFFRPSDQLHGýE\ýQXFOHDUýIXVLRQýZLWKýD
SUREDELOLW\ýWKDWýGLIIHUVýIURPý]HURïýý0RUHRYHUñýGHWRðIXVLRQýPXVWýEHýPRUHýLQWHQVHýWKDQýRWKHUý&)ýW\SHVýEHFDXVH
WKHýDYHUDJHýHQHUJ\ýSHUýDWRPýõPROHFXOHôýLQýWKHýGHWRQDWLRQýZDYHýIURQWýLVýKLJKHUýWKDQýW\SLFDOýWKHUPDOýHQHUJLHV
RUýHQHUJLHVýRIýSKDVHýWUDQVLWLRQVýõ(ýLQýWKHýIRUPXODýëôï

,WýPD\ýEHýVDLGýWKDWýVLPLODUýWRýKHDY\ýZDWHUýDQGýOLJKWýZDWHUýIXVLRQñýWKHýSUHGLFWHGýGHWRðIXVLRQýLVýSRVVLEOHýLQýERWK
GHXWHULXPðFRQWDLQLQJýVROLGVýDQGýLQýWKHLUýSURWLXPýHTXLYDOHQWVïý7KHýLPSRUWDQWýSRLQWýWRýEHýVWUHVVHGýLVý
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WKDWýWKHýGHWRðIXVLRQýUDWHVîLQWHQVLWLHVýLQýGHXWHUDWHGýVROLGýVXEVWDQFHVýDUHýH[SHFWHGýWRýEHýVLPLODUýWRý&)ýUDWHVýEXW
WKHýUHDFWLRQýSURGXFWVýDUHýH[SHFWHGýWRýEHýVLPLODUýWRýûKRWûýIXVLRQýUHDFWLRQVýGXHýWRýGHVWUXFWLRQýRIýFU\VWDOýODWWLFHVï
,WýLVýVXJJHVWHGýWKDWýLWýZLOOýEHýLPSRVVLEOHýWRýVWDELOL]HýWKHý+HýUHDFWLRQVýLQýVXFKýDýUHDFWLRQïýý2QHýPRUHýLPSRUWDQW
SRLQWýLVýDýSULPHýFULWHULRQýRIý6$ýPRGHOãýýWKHýVSHFLPHQýXVHGýIRUýWKHýUHDFWLRQýPXVWýEHýSHUIHFWýFU\VWDOýZLWKýORZ
õGRZQýWRýìíýSHUýVTXDUHýFHQWLPHWHUôýFRQWHQWýRIýH[WHQGHGýGHIHFWVï

,IýRQHýXQGHUVWDQGVýWKHýDERYHýPHQWLRQHGýSDUDPHWHUVýIRUýWKHýSUHGLFWHGýGHWRðIXVLRQñýWKHýGLVFRYHU\ýRIýWKHýHIIHFW
DSSHDUVýWRýEHýTXLWHýHDV\ïýý:HýKDYHýVKRZQýWKHýGHWRðIXVLRQýFHOOýDVýHPSW\ýLQý7DEOHýìýDQGýFKDOOHQJHýDQ\ýRIýRXU
LQWHUHVWHGýFROOHDJXHVýWRýILQGýWKHýSUHGLFWHGýHIIHFWýWRýILOOýWKLVýFHOOï

5()(5(1&(6

>ì@ýý0ïý)OHLVFKPDQQñý6ïý3RQVñýDQGý0ïý+DZNLQVñý-ïý(OHFWURDQDOïý&KHPïñýYROýëçìñýQRýèñýSSýêíìðêíåýõìäåäôï

>ë@ýý9ï$ïý/LVKQHYVNLLñý-ïý3K\Vïý&KHPïýõ5XVVïôñýYROýèëñýQRýìñýSSýìðìéýõìäæåôï

>ê@ýý9ï$ïý)LOLPRQRYñý-ïý5DGLRDQDOïý1XFOïý&KHPïýõ$UWLFOHVôñýYROýìçëñýQRýìñýSSýääðìíäýõìääëôâý5XVVïý-73ïýYRO
çëñýQRýçñýSSýëëìðëëéýõìääëôâý5XVVïý-73ý/HWWHUVïýYROýìçñýQRýìäñýSSýéëðéçýõìääíôâý,ELGïñýYROýìçñýQRýëíñýSSýëäðêé
õìääíôï

>é@ýý%ï9ïý'HU\DJLQñý9ï$ï.O\XHYñý$ï*ï/LSVRQñý<Xï3ï7RSRURYñý.ROORLGQ\Lý=KXUQDOñýYROýéåñýQRýìñýSSýìëðìé
õìäåçôï

>è@ýý'ïý0RUULVRQñýSUHVHQWHGýDWýWKHý)RXUWKý,QWïý&RQIïýRQý&ROGý)XVLRQñý0DXLñý+DZDLLñý86$ñý'HFHPEHUýìääêï

>ç@ý ý +ïý )R[ïñý 3URFïý ,QWïý &RQIïý û3RVVLELOLWLHVý RIý (FRORJLFDOO\ý &OHDQý (QHUJ\ý 3URGXFWLRQý DQGý (QHUJ\
&RQVHUYDWLRQûñý0LQVNñý%HODUXVñýëèðëæý0D\ñýìääêï

>æ@ýý9ï,ïý*ROGDQVNLLñý8VSHNKLý.KLPLLñýYROýééñýQRýìëñýSSýëìëìðëìéäýõìäæèôï

>å@ýý$ïý'Hý1LQQRýHWýDOïñý(XURSK\VLFVý/HWWHUVñýYROýäñýSSýëëìðëëéýõìäåäôï

>ä@ýý.ï$ïý.DOLHYñý$ï1ïý%DUDERVKNLQñý$ï/ïý6DPJLQýHWýDOïñý'$1ýõ5HSWVïý5XVVïý$FDGïý6FLôñýYROýêêíñýQRýëñýSS
ëìéðëìçýõìääêôï

>ìí@ýý'ï9ïý6RNROöVNLLñý1ï1ïý*XGHOHYDñý%ï<Xïý1RJHUEHNRYñý(OHNWURNKLPL\DñýYROýëéñýSSýääíðääëýõìäååôï

>ìì@ýý$ï*ïý/LSVRQñý%ï9ï'HU\DJLQýHWýDOïñý5XVVïý-73ý/HWWHUVñýYROýìåñýQRýìçñýSSýäíðäèýõìääëôï

>ìë@ýý$ï/ïý6DPJLQñý$ï1ïý%DUDERVKNLQýHWýDOïñýSUHVHQWHGýDWýWKHý)RXUWKý,QWïý&RQIïýRQý&ROGý)XVLRQñý0DXLñý+DZDLLñ
86$ñý'HFHPEHUýìääêï

>ìê@ýý3ïý*O�FNñý3URFHHGLQJVýRIýWKHý0LQVNý,QWHUQDWLRQDOý&ROGý)XVLRQýDQGý(QHUJ\ý&RQIHUHQFHï

>ìé@ý ý 3ïý *ODQVGRUIIñý ,ïý 3ULJRJLQHñý 7KHUPRG\QDPLFý 7KHRU\ý RIý 6WUXFWXUHñý 6WDELOLW\ý DQGý )OXFWXDWLRQVï
:LOH\ð,QWHUVFLHQFHñý/RQGRQý÷ý1HZý<RUNñýìäæìï
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>ìè@ýý1ï6ïý<HQLNLORS\DQñý/ï,ïý0DQHYLFKñý9ï9ïý6PLUQRYñý.KLPLFKHVND\Dý)L]LNDñýYROýìíñýQRêñýSSýêåäðêäå
õìääìôï

>ìç@ýý9ï$ïý)LOLPRQRYñý(ï1ïý1DXPRYLFKñý3URFïýëQGý,QWïý:RUNVKRSýû6HOIðýRUJDQL]DWLRQýLQý&RPSOH[ý6\VWHPVûñ
3RORWVNñý%HODUXVýõ)HEUXDU\ýìääêôñýSSýåìðååï

$&.12:/('*(0(176

2QHýRIýXVýõ9ï$ïý)ïôýDFNQRZOHGJHVý%HODUXVý)XQGDPHQWDOý5HVHDUFKHVý)RXQGDWLRQýIRUýILQDQFLDOýVXSSRUWýZLWKLQ
*UDQWý1Rý)èéðìééîìï



 This monthly scientific publication is devoted to Cold Fusion Systems. 
Contributing authors and researchers from around the world supply articles for this 

informative publication.  The publisher, Fusion Information Center, Inc. has become the 
world's center for information on cold fusion and other energy systems.  This monthly 

publication is a    MUST    for ALL who are engaged in cold fusion reseach and those who 
want to stay on the leading edge of new knowledge about this expanding science.  A 

subscription for 12 months is US$300.00 which will be mailed first class or air mail to all 
countries. 

Send your order to: 
Fusion Information Center, Inc.    

P.O. Box 58639,  Salt Lake City, Utah  84158  USA 
1 801 583 6232   /    FAX 1 801 583 2963 

Fusion Facts
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,1752'8&7,21ý72ý&2/'ý)86,21ý7+(25<ý3$3(56

$WýDýUHFHQWýFRQIHUHQFHýRQýFROGýIXVLRQýRQHýRIýWKHýIHZýUHPDLQLQJýSDWKRORJLFDOýVNHSWLFVýDQQRXQFHGýWKDWýEHFDXVH
WKHUHýZHUHýPRUHýWKDQýëíýFROGýIXVLRQýWKHRULHVýWKDWýZHUHýVXSSRUWLQJýHYLGHQFHýIRUýKLVýFRQWHQWLRQýWKDWýFROGýIXVLRQ
ZDVýQRWýUHDOüýý,IýWKHýVDPHýORJLFýZHUHýDSSOLHGýWRýVXSHUFRQGXFWLYLW\ñýWKHQýDOOýZRUNýRQýVXSHUFRQGXFWLYLW\ýVKRXOG
EHýDEDQGRQHGïýý6RñýWRRñýVKRXOGýDOOýZRUNýRQýFKHPLFDOýFDWDO\VLVýEHýDEDQGRQHGýEHFDXVHýZHýVWLOOýGRýQRWýKDYHýD
FRPSUHKHQVLYHýWKHRU\ýWRýIXOO\ýH[SODLQýFKHPLFDOýFDWDO\VLVï

,WýLVýWKHýHGLWRUöVýMXGJHPHQWýWKDWýWKHýWHFKQLFDOýDUHDýRIýFROGýIXVLRQýLVýVRýULFKýLQýQHZýSKHQRPHQDýWKDWýQRýRQH
WKHRU\ýFDQýH[SODLQýDOOýRIýWKHýH[SHULPHQWDOýILQGLQJVïýý,ýKRSHý,ýDPýZURQJïýý,ýEHOLHYHýWKDWý)XVLRQý)DFWVýZDV
WKHýILUVWýWRýZULWHýDERXWýûQXFOHDUýFDWDO\VLVûýDQGýûSURWRQýFDSWXUHûïýý:KLOHýWKHVHýDUHýMXVWýZRUGVñýLWýLVýVXJJHVWHG
WKDWýWKHýFRQFHSWVýKHOSýWRýVROLGLI\ýRXUýXQGHUVWDQGLQJýRIýVRPHýRIýWKHýSKHQRPHQDýRIýFROGýIXVLRQýDQGýWKHýWKHRULHV
WKDQýDUHýSUHVHQWHGï

7KHýIROORZLQJýWKHRU\ýSDSHUVýSUHVHQWýDýIHZýRIýWKHýWKHRULHVýRQýFROGýIXVLRQýDQGýLWVýSKHQRPHQDïýý7KHýILUVWýLVýD
QHZýSDSHUýE\ý'Uïý5REHUWý%DVVïýý+HýZLOOLQJO\ýDGPLWVýWKDWýKHýKDVýGUDZQýRQýWKHýZRUNýRIýRWKHUVýWRýSUHVHQWýKLV
WKHRU\ýEDVHGýRQýIXQGDPHQWDOñýDFFHSWHGñýõDQGýSHHUðUHYLHZHGôýSULQFLSOHVýRIýSK\VLFVïýý%DVVýDVNVýIRUý\RXUýFULWLFDO
H[DPLQDWLRQýRIýWKLVýWKHRU\ýDQGý\RXUýFRPPHQWVýRQýLWVýZHDNQHVVHVýDQGýVWUHQJWKVïýý,öPýVXUHýWKDWýWKHýRWKHU
ZULWHUVýRIýWKHRU\ýZLOOýDOVRýEHýSOHDVHGýZLWKýFRPPHQWVýDQGýPRVWýLPSRUWDQWýRIýDOOñý\RXUýH[SHULPHQWDOýGDWDï
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/,17ã
$ý6(0,ð&/$66,&$/ý48$17,=('ý7+(25<ý2)

/$77,&(ý,1'8&('ý18&/($5ý75$16087$7,216

5REHUWý:ïý%DVV
6FLHQWLILFý$GYLVRU\ý%RDUGñý(1(&2ñý,QFï

êäìð%ý&KLSHWDý:D\ñý6DOWý/DNHý&LW\ñý87ýåéìíå

$%675$&7

,QýDýIUR]HQýVXSHUVDWXUDWHGýRUýIXOO\ýGHXWHUDWHGýõûEHWDýSKDVHûôý3G#'>ìïí@ýFU\VWDOýODWWLFHñýDQýLQFRPLQJýGHXWHURQ
RIýHQHUJ\ýèïìýH9ý>DERYHýWKHýHOVHZKHUHðHVWLPDWHGý]HURðSRLQWýHQHUJ\ýOHYHOýRIýçïëèæýH9@ýZLOOýFROOLGHýZLWKýD
]HURðSRLQWýHQHUJ\ýOHYHOý(íý ýíïíèëýH9ý>òýçïëèæý ýçïêìýH9@ýERXQGýGHXWHURQñýORVLQJýìåýRIýLWVýêìýTXDQWDýRI
OLQHDUýPRPHQWXPýDVýPHDVXUHGýE\ý'XDQHöVý5XOHýõIRUý,QHODVWLFý&ROOLVLRQVýEHWZHHQýDýSDUWLFOHýDQGýDýODWWLFHôñýDQG
NQRFNLQJýWKHýERXQGýGHXWHURQñýDSSUR[LPDWHGýDVýDýTXDQWL]HGýýKDUPRQLFýRVFLOODWRUñýLQWRýLWVýéíWKýERXQGýHQHUJ\
OHYHOýDERYHýJURXQGýVWDWHý(ìý ýíïìèçýH9ý>òýçïëèæýH9ý ýçïéìý(Y@ñýLïHïý(éíýý ýéïëýH9ý>òýçïêý ýìíïèý(Y@ýZKLFKñ
LQýWKHýSUHVHQWýDGPLWWHGO\ýRYHUðVLPSOLILHGýWKHRU\ñý$/62ýFRLQFLGHVýZLWKýDý5HVRQDQWý7UDQVPLVVLRQýHQHUJ\ýOHYHOñ
DVýLQýWKHý7XUQHUð%XVKýWKHRU\ýRIýWUDQVPLVVLRQýUHVRQDQFHñýLQýZKLFKýWKHýGHý%URJOLHýZDYHOHQJWKýRIýDQýH[FLWHG
SDUWLFOHýLVýLQýUHVRQDQFHýZLWKýWKHýODWWLFHýSHULRGïýý(OVHZKHUHýWKHý:.%ý$SSUR[LPDWLRQýLVýXVHGýPRUHýUHDOLVWLFDOO\
ZLWKýDý0DGHOXQJð&RXORPEýODWWLFHýSRWHQWLDOýWRýFRPSXWHýååý5HVRQDQWý7UDQVPLVVLRQýHQHUJ\ýOHYHOVýIRUýH[FLWHG
ERXQGýGHXWHURQVýRIýHQHUJLHVýEHWZHHQýçïêëýH9ýDQGýìêïæéýH9ñýEXWýQRýPHFKDQLVPýIRUýH[FLWLQJý]HURðSRLQWýõRU
URRPðWHPSHUDWXUHüôýGHXWHURQVýWRýWKHVHýUHVRQDQWýHQHUJ\ýOHYHOVýKDVýEHHQýVXJJHVWHGïý7KHýSUHVHQWýVHPLðFODVVLFDO
VFDWWHULQJýFDOFXODWLRQýH[KLELWVýDQýH[SOLFLWýTXDQWDOýPHFKDQLVPýIRUýH[FLWLQJýWKHýERXQGýGHXWHURQVýDQGýLQWURGXFHV
WZRýQHZýLQWHJUDOýTXDQWXPýQXPEHUVýõ-ñ.ôýLQýWHUPVýRIýZKLFKýDOOýSRVVLEOHýVXFKýUHVRQDQWýVFDWWHULQJýVFHQDULRV
PD\ýEHýHQXPHUDWHGï

,1752'8&7,21

7KHýWKHRUHWLFDOýDQDO\VLVýRIýKLJKðHQHUJ\ý'ýòý'ýFROOLVLRQDOýLQWHUDFWLRQVýLQýDýQHDUýYDFXXPýõHïJïýDýORZðGHQVLW\
IXVLRQýSODVPDýPDGHýIURPýGHXWHULXPýJDVôýSUHGLFWVýWZRýSULQFLSDOýUHDFWLRQVñýQDPHO\ý>ZLWKý'ý ýì

ë+ñ7ý ýì
ê+@

'ýòý'ý9ýê+HýòýQýòýêïëæý0H9ñ õìô

'ýòý'ý9ý7ýòý+ýòýéïíêý0H9ï õëô

7KHRU\ýDQGýH[SHULPHQWýõFIïý0LOH\ý>ì@ôýSUHGLFWýDQGýFRQILUPýWKDWýWKHVHýWZRýUHDFWLRQVýRFFXUýZLWKýDSSUR[LPDWHO\
HTXDOýSUREDELOLWLHVñýWKHýUDWLRýRIýZKLFKýLVýWKHýEUDQFKLQJýUDWLRïýý$ýWKLUGýSRVVLELOLW\ñýXVXDOO\ýLJQRUHGýEHFDXVH
LWVýEUDQFKLQJýUDWLRñýLQýFRPSDULVRQýWRýHLWKHUýRIýWKHýSUHFHGLQJýUHDFWLRQVñýLVýDERXWýìíðæýWLPHVýVPDOOHUñýLVý

'ýòý'ý9ýé+Hýòýõýòýëêïåèý0H9ñ õêô

ZKHUHýWKHýH[FHVVýHQHUJ\ýDSSHDUVýLQýWKHýIRUPýRIýDýJDPPDðUD\ýSKRWRQýõï

7KHýXVXDOýH[SODQDWLRQýIRUýWKHýUDULW\ýRIýõêôýLVý WKDWýZKHQýRQHýKLJKðHQHUJ\ýõVD\ýDERXWýìíýNH9ôý'ðQXFOHXV
DSSURDFKHVýDQRWKHUýKLJKðHQHUJ\ý'ðQXFOHXVýWKHýWKUHHðGLPHQVLRQDOýRULHQWDWLRQVýDQGýOLQHDUýDQGýDQJXODU
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ýýPRPHQWDýRIýWKHýFROOLGLQJýQXFOHLýDUHýTXLWHýDV\PPHWULFDOâýWKHýQXFOHRQýIDUWKHVWýIURPýWKHýV\VWHPöVýFHQWHUýRI
PDVVýHVFDSHVýWKHýVWURQJýQXFOHDUýIRUFHýDQGýLVýWRUQýIURPýLWVýRULJLQDOýSDUWQHUñýZKLOHýWKHýUHPDLQLQJýQHDUHVWýWKUHH
SDUWLFOHVýFRDOHVFHï

%XWýõUHFDOOLQJý%ORFKöVý7KHRUHPýWKDWýDýVROXWLRQýRIý6FKU|GLQJHUöVýHTXDWLRQýLQVLGHýRIýDýSHULRGLFýODWWLFHýýLVýQRW
YDOLGý XQOHVVý LWVý ORJDULWKPLFý GHULYDWLYHý LVý Dý VSDWLDOO\ý SHULRGLFý IXQFWLRQý RIý WKHý VDPHý SHULRGôý LWý LVý SXUH
XQUHIOHFWLYHý GRJPDWLFý LQFRPSHWHQFHý WRý DVVXPHý >LQý WKHý DEVHQFHý RIý H[SHULPHQWDOý HYLGHQFH@ý WKDWý DWý ORZ
HQHUJLHVñý DQGý LQVLGHý RIý Dý3(5,2',&ý ODWWLFHñý WKHý HVWDEOLVKHGý KLJKðHQHUJ\ñý QHDUðYDFXXPýEUDQFKLQJý UDWLR
UHPDLQVýXQDOWHUHGïý,QýWKHýSURSKHWLFýZRUGVýRIý1REHOý/DXUHDWHý-XOLDQý6FKZLQJHUý>ë$@ñýWKHýTXHVWLRQýGHPDQGV
ûVWXG\ñýQRWýILDWïûý

,QýSDUWLFXODUñýLIýWZRýERXQGý'ðQXFOHLýIRUPLQJýDýKDUPRQLFðRVFLOODWRUýSDLUýLQVLGHýDýODWWLFHýDSSURDFKýHDFKýRWKHU
ZKHQý WKHý HQHUJ\ý OHYHOý RIý WKHý RVFLOODWRUý LVý H[FLWHGñý WKHLUýPRPHQWDý DQGý RULHQWDWLRQVý FRXOGý EHý UHODWLYHO\
V\PPHWULFDOñýOHDGLQJýE\ýWXQQHOLQJýWRýWKHLUýWUDQVLWRU\ýFRQMXQFWLRQýDVýDQýH[FLWHGýýûðSDUWLFOHýõRUýé+HóýýQXFOHXVôï
&RXOGýVXFKýDQýH[FLWHGýé+HóýVRPHKRZýVKHGýLWVýH[FHVVýHQHUJ\ýDQGýGURSýLQWRýLWVýXQH[FLWHGýJURXQGýVWDWHýé+H"

$FFRUGLQJýWRý6FKZLQJHUý>ë%@ñýTXDQWXPýHOHFWURG\QDPLFýõ4('ôýVHOHFWLRQýUXOHVýQRZýûIRUELGûýWKHýHPLVVLRQýRI
DýSKRWRQýððýDSSDUHQWO\ýõ3DUNý>ê$@ôýEHFDXVHýWZRý6ðVWDWHñýVSLQýìýERVRQý'ðQXFOHLýFDQýRQO\ýSURGXFHýDýé+HóýRI
VSLQýíýRUýìýRUýëñýEXWýWKHUHýDUHýQRýSKRWRQVýRIýVSLQýíýRUýVSLQýëñýDQGýEHFDXVHýSDULW\ýPXVWýFKDQJHýLQýDQýDOORZHG
WUDQVLWLRQýIURPýWKHýVSLQýìýVWDWHýõû/DSRUWHöVý5XOHûñý>ê%ñýSïýêçé@ôýWKHUHýFDQýEHýQRýSKRWRQýHPLWWHGýLQýWKDWýFDVH
HLWKHUïý

3DUNý>ê$@ýGRXEWVýWKDWýSKRQRQVýFDQýEHýHPLWWHGñýIRUýKHýH[SHFWVýWKDWýSXUHO\ýUDGLDOýSXOVDWLRQVýRIýWKHýé+HóýýZRXOG
KDYHý LQVXIILFLHQWý DPSOLWXGHý WRý DIIHFWý WKHý ODWWLFHïý +RZHYHUñý QRý RQHý KDVý HYHUý VXJJHVWHGý Dý GHWDLOHG
PLFURðSK\VLFDOýûSLFWXUHûýRIýKRZýPDVVýLVýWUDQVIRUPHGýLQWRýHQHUJ\ýDFFRUGLQJýWRý(ý ýP#ýFëñýDQGýLWýKDVýEHHQ
VXJJHVWHGý E\ý5ï'ïý:DVKEXUQý õ>é@ôý WKDWý WKHý H[FHVVý HQHUJ\ý LVý VKHGý E\ý WKHý WZRý'ðQXFOHLý LQý WKHý IRUPý RI
GHFUHDVLQJýNLQHWLFýHQHUJ\ýRIýDQJXODUýPRPHQWXPýDVýWKH\ýVSLUDOýDURXQGýRQHýDQRWKHUýLQýVKULQNLQJýRUELWVýýZKLOH
ûUDGLDWLQJûýPLOOLRQVýRIýSKRQRQVýDQGýFRDOHVFLQJýõWRýXVHýDýFODVVLFDOýSLFWXUHôýYLDýWKHýVWURQJýIRUFHïý>6XFKýD
êðGLPHQVLRQDOýSUREOHPýLVýEH\RQGýWKHýVFRSHýRIýWKHýSUHVHQWýSRLQWðSDUWLFOHýYLHZSRLQWýSDSHUï@

$WýDQ\ýUDWHñý+DJHOVWHLQý>è@ýDQGý6FKZLQJHUý>ë%@ýKDYHýSRVWXODWHGýWKHýSRVVLELOLW\ýWKDWýWKHýH[FHVVýëêïåèý0H9
FDQýVRPHKRZýEHýUHOHDVHGýLQWRýWKHýODWWLFHýDVýKHDWýHQHUJ\ýYLDýSKRQRQýH[FLWDWLRQVïýý6FKZLQJHUý>ë%@ýKDVýDVVXPHG
WKDWýWKHý'ýODWWLFHýLQVLGHýDýIXOO\ýORDGHGý3G#'ýRUýGRXEO\ðORDGHGý3G#'ëýODWWLFHýDEVRUEVýëïéý[ýìí

åýSKRQRQVýRI
HQHUJ\ýíïìíéýH9ýHDFKï

6RPHýKLJKðHQHUJ\ýSK\VLFLVWVñýVXFKýDVý6ï(ïý-RQHVý>ìå@ýKDYHýDWWHPSWHGýWRýUHIXWHýWKHýSRVVLELOLW\ýRIýVXFKýD
UHDFWLRQýE\ýWKHýIROORZLQJýDUJXPHQWïý$FFRUGLQJýWRý+HLVHQEHUJñýô(#ôWýxýKâýDVVXPLQJýWKDWýSKRWRQVýRUýSKRQRQV
RUýZKDWHYHUýLVýHPLWWHGýFDQQRWýWUDYHOýVXSHUOXPLQDOO\ñýDQGýWKDWýWKHýGLVWDQFHýEHWZHHQýQXFOHLýLVý/ýxýìcñýRQHýILQGV
WKDWýôWý ý/îFý ýìíðåFPîõìíìíFPîVHFôý ýìíðìåVHFïýý7KXVñýIURPý+HLVHQEHUJöVýUHODWLRQVKLSýLQýWKHýIRUPýô(ýxýKîôW
 ýõìíðìèH9ðVHFôîìíðìåVHFý ýìíêýH9ý ýìýNH9ñýZKLFKýLVýYDVWO\ýOHVVýWKDQýëêïåèý0H9ïý7KHýLQFRPSHWHQFHýRIýWKLV
DUJXPHQWýLVýH[SRVHGýE\ýQRWLQJýWKDWýDýSKRWRQý>RUýSKRQRQ@ýRIýHQHUJ\ýëKYýFDQýVSOLWýLQWRýWZRýSKRWRQVý>RUýWZR
SKRQRQV@ýRIýHQHUJ\ýHDFKýKáñýDQGýVRýWKHUHýLVýQRýJRRGýUHDVRQýIRUýVLPSO\ý$6680,1*ýWKDWýWKHýHPLWWHGýHQHUJ\
KDVý WRý KDYHý WKHý FKDUDFWHULVWLFVý RIý Dý VLQJOHý SDUWLFOHüý ý õ$OVRñý LQý QRQðUHODWLYLVWLFý TXDQWXPýPHFKDQLFVý WKH
WLPHðGXUDWLRQýRIý WUDQVLWLRQýRIý HQHUJ\ý OHYHOVý LVý WUHDWHGý DVý LIý LWýZHUHý HLWKHUý LQVWDQWDQHRXVý RUý õ3DUNý >ê%@ô
QRQðDQDO\]DEOHñýDQGýVRýOLJKWðFRQHýDUJXPHQWVýDUHýLUUHOHYDQWôïý7KHUHIRUHý6FKZLQJHUöVýSRVWXODWHýRIýëïéý[ýìíå

SKRQRQVýEHLQJýUHOHDVHGýLQWRýWKHý'ýODWWLFHýPHULWVýIXUWKHUýVHULRXVý
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FRQVLGHUDWLRQï

+RZHYHUñýWKHýPHDQýSRWHQWLDOýHQHUJ\ýRIýDý3GðRVFLOODWRUýLQýWKHý3GýODWWLFHýLVýRQO\ýëëïåøýRIýWKDWýRIýDý'ðRVFLOODWRU
LQýWKHý'ðODWWLFHýõEHFDXVHýRIýWKHý9LULDOý7KHRUHPýIRUýTXDQWL]HGýKDUPRQLFýRVFLOODWRUVñýDQGýEHFDXVHýWKHýSKRQRQ
HQHUJ\ýVFDOHýLQýDý3GðODWWLFHýLVýíïíëêæýH9ôï

$FFRUGLQJO\ñýLIýWKHýSRVWXODWHGýëêïåèý0H9ýUHOHDVHýSXWVýWKHý3G#'ýODWWLFHýLQWRýLWVýORZHVWýDYDLODEOHýHQHUJ\ýVWDWHñ
WKHýUHOHDVHýZRXOGýEHýDEVRUEHGýE\ýWKHý3GýODWWLFHýUDWKHUýWKDQýWKHý'ýODWWLFHïýý&RQVHTXHQWO\ýWKHýSUHVHQWýWKHRU\
SXUSRUWVýWRýLPSURYHýDQGýUHILQHý6FKZLQJHUöVý1($/ýWKHRU\ýE\ýSRVWXODWLQJýWKDWýLQVWHDGýRIýëïéý[ýìíåýSKRQRQV
JRLQJýLQWRýWKHý'ðODWWLFHñýDERXWýìý[ýìíäýSKRQRQVýRIýVL]HýíïíëêæýH9ýJRýLQWRýWKHý3GðODWWLFHï

$1$/<6,6

,QýWKHýIROORZLQJýWKHRU\ñýZHýVKDOOýERUURZýIURPýõQRQðUHODWLYLVWLFôýTXDQWXPýPHFKDQLFVýWKHýSURSRVLWLRQýWKDW
HQHUJ\ýDQGýOLQHDUýPRPHQWXPýDUHýFRPPXWLQJýREVHUYDEOHVñýDQGýWKHUHIRUHýERWKýFDQýKDYHýVLPXOWDQHRXVO\ýVKDUS
REVHUYHGýYDOXHVïý$FFRUGLQJO\ýZHýVKDOOýDVVXPHýWKDWýLWýLVýOHJLWLPDWHýWRýFKDQJHýEDFNýDQGýIRUWKýEHWZHHQýWKH
NLQHWLFýHQHUJ\ý(ýRIýDýSDUWLFOHýRIý>FRQVWDQW@ýPDVVý0ýDQGýLWVýOLQHDUýPRPHQWXPýSýE\ýWKHýWUDQVIRUPDWLRQVý

(ý ýSëîë0ñýýSý ýõë0#ý(ôÙýï õéô

$OVRñýLQVWHDGýRIýXWLOL]LQJýTXDQWXPýPHFKDQLFVñýZHýVKDOOýSURFHHGýDVýGLGý%RKUñýDSSO\LQJýZKDWý/DQGpý>ç@ýFDOOV
TXDQWDOýSRVWXODWHVýLQýDQýDGýKRFýPDQQHUýWRýDýFODVVLFDOýWUHDWPHQWïýý1RWHýWKDWý/DQGpýVD\VýWKDWýKLVýWKUHHýTXDQWDO
SRVWXODWHV

õ3/$1&.ôýýýô(ý ýQ#ýõKî7ôý2ýQ#ýKáñýýõáý ýìî7ôýñ õèDô

õ'8$1(ôýýýôSý ýQ#ýõKî/ô2ýQ#ýKçñýýõçý ýìî/ôýñ õèEô

õGH%52*/,(ñý%2+5ñý6200(5)(/'ð:,/621ôýýýô+ý ýQ#ýõKî>ë%@ôý2ýQ#6ýñ õèFô

õZKLFKýUHVXOWýIURPý3(5,2',&,7<ýLQýWLPHý7ñýLQýVSDFHý/ñýDQGýLQýDQJXODUýRULHQWDWLRQýë%ôýDUHýLQýVRPHýVHQVH
PRUHý IXQGDPHQWDOý WKDQý TXDQWXPýPHFKDQLFVñý EHFDXVHý E\ý VLPSO\ý DVVXPLQJý õèDñEñFôý WRJHWKHUýZLWKý VRPH
LQQRFXRXVO\ýXQREMHFWLRQDEOHýSRVWXODWHVýDERXWýV\PPHWU\ýDQGýLQYDULDQFHýLQýSUREDELOLW\ýWKHRU\ñý/DQGpýGHULYHV
6FKU|GLQJHUöVýHTXDWLRQü

,QýWKHýIROORZLQJýRQHðGLPHQVLRQDOýPRGHOýRIýDýFROOLVLRQýEHWZHHQýDQýLQFRPLQJýIUHHý'ðQXFOHXVýDQGýDýERXQG
'ðQXFOHXVýZKLFKýLVýKDOIýRIýDýERXQGðRVFLOODWRUýSDLUñýZHýVKDOOýUHSODFHýõèDñEôýLQýWKHýSUHVHQWýFRQWH[WýE\ýWKHýPRUH
DSSURSULDWHý SRVWXODWHVý õZKLFKý FDQý EHý GHULYHGý TXDQWXPðPHFKDQLFDOO\ý IURPñý UHVSHFWLYHO\ñý WKHý WKHRU\ý ý RI
4XDQWL]HGý+DUPRQLFý2VFLOODWRUVýDQGýWKHýWKHRU\ýRIý7UDQVPLVVLRQý5HVRQDQFHýRIýDýIUHHýSDUWLFOHýLQýDýODWWLFH
GHILQHGýE\ýDýSHULRGLFýSRWHQWLDOôã

(Qý ýõëQýòýìô#(íñýýý(íý ýõÙôõKî7ôý2ýõÙôKáýñ õçDô

SPý ýõëPýòýìô#SíñýýýSíý ýõÙôõKî/ôý2ýõÙôKçýñ õçEôý

ZKHUHýWKHýIDFWRUýõÙôýDFFRXQWVýIRUýWKHý]HURðSRLQWýTXDQWXPýOHYHOïý7KHýXVHýRIý'XDQHöVý5XOHýõèEôýLQýWKHýýIRUP
õçEôýLVýHTXLYDOHQWýWRýWKHýPRVWýEDVLFýSDUWýRIýWKHý%XVKý7UDQVPLVVLRQý5HVRQDQFHý0RGHOýõ750ôý>æ@ñýZKHUHLQ
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ýKHýGHYHORSHGýWKHýFRQFHSWýVXJJHVWHGýE\ý7XUQHUý>å@âýIRUýPRUHýGHWDLOVýFRQFHUQLQJý'XDQHöVý5XOHýLQýWKHýFRQWH[W
RIýTXDQWXPýPHFKDQLFVýDQGýUHODWLYLW\ñýVHHý%XVKý>ä@ð>ìí@ïýý7KHýLQWHQWýRIýWKHýSUHVHQWýSDSHUýFRXOGýEHýGHVFULEHG
DVýDQýDWWHPSWýWRýûFRPELQHýWKHýEHVWýIHDWXUHVýRIýWKHý%XVKý750ýWKHRU\ýDQGýWKHý6FKZLQJHUý1($/ýWKHRU\ïû

,QýWKHýFDVHýRIýDýTXDQWL]HGýERXQGðRVFLOODWRUñýZHýVKDOOýGHQRWHýWKHýUPVýRVFLOODWLRQýDPSOLWXGHýæýDQGýUPVýOLQHDU
PRPHQWXPý_S_ýE\ýWKHýV\PEROV

æý2ýá[ë!Ùñý_S_ý2ýáSë!Ùýñ õæô

ZKHUHýá#!ýGHQRWHVýWKHýTXDQWXPðPHFKDQLFDOýH[SHFWDWLRQýRSHUDWRUï

$FFRUGLQJýWRý'XDQHöVý5XOHñýDýIUHHýSDUWLFOHýLQýDýODWWLFHýRIýSHULRGý/ýFDQýRQO\ýH[FKDQJHýOLQHDUýPRPHQWXPýZLWK
WKHýODWWLFHýLQýLQWHJUDOýXQLWVýRIýõKî/ôïýý7KXVýZHýKDYHýIRUýDýIUHHýSDUWLFOHýRIýPDVVý0IýDQGýDEOHýWRýH[FKDQJHýOLQHDU
PRPHQWXPýZLWKýDýODWWLFHã

SIñPý ýõëPýòýOô#SIñíñýýýSIñíý ýKîõë/ôýñ õåô

(IñPý ýõëPýòýìô
ë#(Iñíñýý(Oñíý ý>Kîõë/ô@

ëîõë0Iôýñ õäô

ZKHUHýõåôýLVýHTXLYDOHQWýWRý'XDQHöVý5XOHýõçEôñýDQGýõäôýIROORZVýE\ýõéôïý

7KHýWKHRU\ýRIýDýTXDQWL]HGýKDUPRQLFýRVFLOODWRUýLVýZHOOýNQRZQýDQGýZLOOýQRWýEHýUHSHDWHGýKHUHâýVXIILFHýLWýWRýVD\
WKDWý6FKZLQJHUý>ë%@ýLVýEHLQJýIROORZHGýLQýVXSSRVLQJýWKDWýWKHý]HURðSRLQWýUPVýDPSOLWXGHýæíýRIýDýERXQGýSDUWLFOH
RIýPDVVý0EýLVýNQRZQýIURPý[ðUD\ýPHDVXUHPHQWVñýDQGýWKHUHIRUHýWKHýHQHUJ\ýOHYHOVýRIýZKDWýLQýWKHýSUHVHQWýFRQWH[W
VKRXOGýEHýFDOOHGýDý6FKZLQJHUýRVFLOODWRUýDUHýJLYHQýE\ã

(EñQý ýõëQýòýìô#(Eñíñýýýý(Eñíý ý^Kîõë>ë%æí@ô`
ëî0Eýñ õìíô

_SEñQ_ý ýõëQýòýìô
Ù#_SEñí_ýñýýý_SEñí_ý2ýõ0E#(Eñíô

Ùý ýKîõë>ë%æí@ôýñ õììô

ZKHUHýõììôýIROORZVýIURPýõìíôýE\ýõéôñýDQGýZKHUHýLQýõìíôýWKHýPDVVý0EýLVýXVHGýLQVWHDGýRIýë0EýõDVýIRUýDýIUHH
SDUWLFOHýKDYLQJýNLQHWLFýHQHUJ\ýRQO\ôýEHFDXVHýRIýWKHý9LULDOý7KHRUHPöVýUHVXOWýWKDWýWKHýDEVROXWHýYDOXHVýRIýWKH
PHDQýNLQHWLFýDQGýPHDQýSRWHQWLDOýHQHUJLHVýRIýDýKDUPRQLFýRVFLOODWRUýýDUHýHTXDOýõDQGýWKHUHIRUHýWKHýPHDQýWRWDO
HQHUJ\ýLVýWZLFHýHLWKHUýRQHôï

1RWHýWKHýDQDORJ\ñýEHWZHHQý/ýLQýWKHýFDVHýRIýWKHýIUHHýSDUWLFOHýDQGýë%æíýLQýWKHýFDVHýRIýWKHýERXQGýSDUWLFOHñ
GLVFORVHGýE\ýFRPSDULVRQýRIýõåôýDQGýõììôïýý,WýPD\ýEHýDýPHUHýFRLQFLGHQFHñýEXWýLQýWKHýWZRýQXPHULFDOýFDVHVýZKHUH
ZHýVKDOOýXVHýPHDVXUHGýYDOXHVýRIý/ýDQGýæíñýWKH\ýH[KLELWýDýFRPPHQVXUDELOLW\ýWRýDOPRVWýIRXUýGHFLPDOýSODFHVï
$FFRUGLQJO\ýWKLVýTXHVWLRQýPHULWVýIXUWKHUýLQYHVWLJDWLRQïýý%XWýZHýVKDOOýDVVXPHýWKDWýLWýLVýVLPSO\ýDýUHPDUNDEOH
FRLQFLGHQFHýSHUWDLQLQJýWRýWKHý3G#'ýDQGý3G#'ëýODWWLFHVýWKDWýWKHUHýFDQýDOZD\VýEHýIRXQGýDQýLQWHJHUýQ)ýVXFKýWKDW
DýUHVRQDQFHýLQýVSDWLDOýSHULRGVýõKHQFHýLQýZDYHýQXPEHUVôýH[LVWVñýQDPHO\ã

/ý ýõQ)ýòý>Ù@ô#ýõë%æíôý2ýõëQ)ýòýìô#ýõ%æíôýï õìëô

,QýWKHý)LUVWý([DPSOHýEHORZñýQ)ý ýéâýEXWýLQýWKHý6HFRQGý([DPSOHýEHORZñýQ)ý ýìï

+RZHYHUñýõìëôýDORQHýLVýLQVXIILFLHQWýWRýDOORZýXVýWRýGHULYHý'LRSKDQWLQHýHTXDWLRQVýIRUýWKHýTXDQWXPðWUDQVLWLRQV



38

ýLQYROYHGýLQýWKHýSRVWXODWHGýFROOLVLRQýEHWZHHQýDýIUHHý'ðQXFOHXVýDQGýDýERXQGý'ðQXFOHXVï

457ý35,1&,3/(

)RUýWKLVýSXUSRVHýZHýQHHGýWKHý4XDQWXPý5HVRQDQFHý7ULJJHULQJýõ457ôýSULQFLSOHñýZKLFKýDVVXPHVýWKDWýFHUWDLQ
HQHUJ\ý OHYHOVý RIý LQFRPLQJý IUHHý SDUWLFOHVý KDYHý JURXQGðVWDWHýPRPHQWDýZKLFKý DUHý LQý UHVRQDQFHýZLWKý WKH
JURXQGðVWDWHýUPVðPRPHQWXPýRIýDýERXQGýSDUWLFOHñýLQýWKHýVHQVHýWKDWýWKHUHýH[LVWýLQFRPPHQVXUDEOHýSRVLWLYH
LQWHJHUVýõUñVôýVXFKýWKDW

U#ý_SEñí_ý ýV#ýSIñíýï õìêô

1RZýVXSSRVHýWKDWýDýIUHHý'ðQXFOHXVýRIýPRPHQWXPðOHYHOýPýFROOLGHVýZLWKýDýERXQGý'ðQXFOHXVýZKLFKýLVýSDUWýRI
Dý6FKZLQJHUýRVFLOODWRUýRIýHQHUJ\ðOHYHOýMñýDQGýWKDWýDIWHUýWKHLUýLQWHUDFWLRQýWKHýIUHHý'ðQXFOHXVýUHPDLQVýIUHHýEXW
KDVýORVWýõPðNôýTXDQWDýRIýOLQHDUýPRPHQWXPñýZKLOHýWKHýRVFLOODWRUýKDVýJDLQHGýõQðMôýTXDQWDýRIýHQHUJ\ïýý,QýDQ
REYLRXVýQRWDWLRQñý

'IñPýòý'EñMý9ý'IñNýòý'EñQýï õìéô

6LQFHýFRQVHUYDWLRQýRIýERWKýHQHUJ\ýDQGýOLQHDUýPRPHQWXPýDUHýREH\HGýLQýTXDQWXPýPHFKDQLFVñýZHýPD\ýWKHQ
FRQFOXGHýWKDWýõìéôýLPSOLHVýWKDW

õ&216(59$7,21ý2)ý020(1780ôýýSIñPýòý_SEñM_ý ýSIñNýòý_SEñQ_ýñ õìèDô

õ&216(59$7,21ý2)ý(1(5*<ôýý(IñPýòý(EñMý ý(IñNýòý(EñQýï õìèEô

,QýRUGHUýWRýGHPRQVWUDWHýWKHýTXDQWXPðOHYHOýWUDQVLWLRQVýGHWHUPLQHGýE\ýõìèDñEôñýZHýUHDUUDQJHýWKHPýDVý

SIñPýðýSIñNý ý_SEñQ_ýðý_SEñM_ýñ õìçDô

(IñPýðý(IñNý ý(EñQýðý(EñMýï õìçEô

7KHUHIRUHñýXVLQJýõåôñýõäôñýõìíôñýõììôñýZHýKDYHýIURPýõìçDñEôã

SIñPýðýSIñNý2ýëõPðNô#ýSIñíý 

 ý_SEñQ_ýðý_SEñM_ý2ý^õëQýòýìô
ÙýðýõëMýòýìôÙ`#ý_SEñí_ýñ õìæDô

(IñPýðý(IñNý2ý^õëPýòýìô
ëýðýõëNýòýìôë`#(Iñíý2ýéõPýðýNôýõPýòýNô#(Iñíý 

 ý(EñQýðý(EñMý2ýëõQýðýMô#(Eñíýï õìæEô

7KXVýFRQVHUYDWLRQýRIýPRPHQWXPýDQGýHQHUJ\ýDUHýHTXLYDOHQWýWR

õëQýòýìôÙýðýõëMýòýìôÙý ýëõPýðýNô#^SIñíîý_SEñí_ýñ õìåDô

QýðýMý ýëõPýðýNôýõPýòýNýòýìô#^(Iñíî(Eñí`ýï õìåEô
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5HFDOOýWKDWñýIURPýWKHý457ýK\SRWKHVLVýRIýPRPHQWXPýUHVRQDQFHýõìêôñýWRJHWKHUýZLWKýWKHýRVFLOODWLRQðDPSOLWXGH
UHVRQDQFHýûFRLQFLGHQFHûý>"@ýõìëôñý

UîVý ýSIñíîý_SEñí_ý2ýõë%æíôî/ý ýëîõëQ)ýòýìôñý õìäô

ZKHQFHñýLQFLGHQWDOO\ñýWKHUHýPXVWýH[LVWýDýSRVLWLYHýLQWHJHUýQ457ýVXFKýWKDW

Uý ýëQ457ýñ õëíDô

Vý ýõëQ)ýòýìô#ýQ457ýï õëíEô

6LPLODUO\
(Iñíî(Eñíý ý>0Eîõë0Iô@#ýõUîVô

ëýï õëìô

+HQFHIRUWKýZHýVKDOOýFRQFHQWUDWHýRQýWKHýFDVHýõìéôñýLQýZKLFK

0Iý ý0Eýï õëëô

352%/(0ý67$7(0(17

7KHQýWKHýFRQGLWLRQVýRIýFRQVHUYDWLRQýRIýPRPHQWXPýDQGýFRQVHUYDWLRQýRIýHQHUJ\ýEHFRPHñýDIWHUýLQVHUWLQJýõìäô
DQGýõëìôðõëëôýLQWRýõìåDñEôñý

õëQýòýìôÙýðýõëMýòýìôÙý ýëõPýðýNô#ýõUîVôýñ õëêDô

õQýðýMôý ýëõPýðýNôýõPýòýNýòýìô#ýõUîVôëýï õëêEô

7KHVHýDUHý'LRSKDQWLQHýHTXDWLRQVñýLQýWKDWýWKHýRQO\ýVROXWLRQVýVRXJKWýDUHýWRýEHýLQýLQWHJHUVïýý&OHDUO\ýWKLVýLV
LPSRVVLEOHýXQOHVVýERWKýõëQýòýìôýDQGýõëMýòýìôýDUHýSHUIHFWýVTXDUHVñýZKLFKýZLOOýHPHUJHýLQýWKHýIROORZLQJïýý)RUýWKH
PRPHQWýLWýLVýHVVHQWLDOýWRýQRWHýWKDWýHYHQýLIýWKHýOHIWýKDQGýVLGHýRIýõëêDôýZHUHýWKHýGLIIHUHQFHýRIýWZRýLQWHJHUVñýWKH
HTXDWLRQýKDVýQRýVROXWLRQVýXQOHVVýõPýðýNôýLVýGLYLVLEOHýE\ýVïýý$FFRUGLQJO\ýZHýDVVXPHýWKDWýWKHUHýH[LVWVýDQýLQWHJHU
OýVXFKýWKDWýõPýðýNôý ýV#ýOïýý7KHQýWKHýFRQGLWLRQVýRIýFRQVHUYDWLRQýRIýPRPHQWXPñýPRPHQWXPýUHVRQDQFHñýDQG
FRQVHUYDWLRQýRIýHQHUJ\ýEHFRPH

õëQýòýìôÙý ýõëMýòýìôÙýòýëOUýñ õëéDô

Pý ýNýòýV#ýOýñ õëéEô

QýðýMý ýëVOõëNýòýìýòýVOô#ýõUîVôëý2ý>õëNýòýìôîV@#ýOUëýòýOëUëýï õëéFô

7KHVHýWKUHHý'LRSKDQWLQHýHTXDWLRQVýFDQýEHýVRPHZKDWýVLPSOLILHGýE\ýVTXDULQJýERWKýVLGHVýRIýõëéDôñýVLPSOLI\LQJñ
DQGýGLYLGLQJýE\ýëýWRýREWDLQ

QýðýMý ýëõëMýòýìôÙ#ýOUýòýëOëUëýï õëèô

1RZýHTXDWHýWKHýULJKWðKDQGýVLGHVýRIýõëèôýDQGýõëéFôñýVLPSOLI\ñýDQGýGLYLGHýE\ýOUëýWRýREWDLQ



40

õëîUô#ýõëMýòýìôÙý ý>õëNýòýìôîV@ýòýOýñ õëçô

ZKLFKñýRIýFRXUVHñýLVýHTXLYDOHQWýWRýõëéDôïýý7KXVñýILQDOO\ñýZHýPD\ýFRQFOXGHýWKDWýWKHýFRQGLWLRQVýRIýFRQVHUYDWLRQ
RIýPRPHQWXPñýPRPHQWXPýUHVRQDQFHñýDQGýFRQVHUYDWLRQýRIýHQHUJ\ýDUHýHTXLYDOHQWýWRýWKHýWKUHHý'LRSKDQWLQH
HTXDWLRQV

Oý ý>õëNýòýìôîV@ýðýõëîUô#ýõëMýòýìôÙýñ õëæDô

Pý ýNýòýO#ýVýñ õëæEô

Qý ýMýòý>õëNýòýìôîV@#ýOUëýòýOëUëýï õëæFô

7KHý OHQJWK\ý DOJHEUDý UHTXLUHGý LQý GHULYLQJý Dý FRPSOHWHý VROXWLRQý RIý õëæDñEñFôýZLOOý EHý RPLWWHGý LQý IDYRUý RI
VSHFLI\LQJý WKHý UHVXOWVñý ZKLFKý FDQý EHý YHULILHGý E\ý VXEVWLWXWLRQý WRý EHý WKHý FRPSOHWHO\ý JHQHUDOý VROXWLRQý RI
õëæDñEñFôñýLQýWKDWýWKH\ýFRQYHUWýWKHVHýHTXDWLRQVýLQWRýLGHQWLWLHVï

352%/(0ý62/87,21

/HWýõ-ñ.ôýEHýDQýDUELWUDU\ýSDLUýRIýQRQðQHJDWLYHýLQWHJHUVïýý7KHQýGHILQH

Q457ý ýë-ýòýì õëåDô

Q-ý ýQ)ýòýõëQ)ýòýìô#-ýñ õëåEô

Uý ýëõë-ýòýìôý'ýëýñ õëåFô

Vý ýëQ-ýòýìý2ýõëQ)ýòýìôýõë-ýòýìôýñ õëåGô

Mý ýë-õ-ýòýìôýñ õëåHô

Ný ýQ-ýòýõëQ-ýòýìôýõ.ýòýìôýñ õëåIô

Oý ýëõ.ýòýìôý'ýëýñ õëåJô

Pý ýQ-ýòýêõëQ-ýòýìôýõ.ýòýìôýñ õëåKô

Qý ýë-õ-ýòýìôýòýåõ.ýòýìôýõé.ýòýèôýõë-ýòýìôëý'ýéíýï õëåLô

8VLQJýWKHýGHILQLWLRQVýõëåDðLôñýDQGýVRPHýDOJHEUDñýLWýLVýHDV\ýWRýYHULI\ýWKDWñýDOVRñý

ëMýòýìý ýõë-ýòýìôëýñ õëäDô

ëQ-ýòýìý ýõëQ)ýòýìôýõë-ýòýìôýñ õëäEô

ëNýòýìý ýõëQ)ýòýìôýõë-ýòýìôýõë.ýòýêôý'ýêýñ õëäFô

ëPýòýìý ýõëQ)ýòýìôýõë-ýòýìôýõç.ýòýæôý'ýæýñ õëäGô

ëQýòýìý ý>õë-ýòýìôýõå.ýòýäô@ëý'ýåìýñ õëäHô

1RZñýXSRQý LQVHUWLQJý WKHýGHILQLWLRQVý õëäDðLôý DQGý LGHQWLWLHVý õëäDðHôý LQWRý WKHý WKUHHý'LRSKDQWLQHý HTXDWLRQV
õëæDñEñFôýRQHýILQGVýõDIWHUýVRPHýDOJHEUDýZKLFKýLVýOHIWýDVýDQýH[HUFLVHýIRUýWKHýUHDGHUôýLGHQWLWLHVýLQýõ-ñ.ôïýý+LQWã
8VHýWKHýLGHQWLW\ý

õå.ýòýäôëý2ýìýòýìçõé.ýòýèô#ýõ.ýòýìôýï õêíô
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7KHýQHZýTXDQWXPýQXPEHUý-ýVSHFLILHVýWKHýOHYHOýDWýZKLFKýWKHý457ýVFHQDULRýEHJLQVïýý7KHýQHZýTXDQWXPýQXPEHU
.ýVSHFLILHVýWKHýQXPEHUýRIýTXDQWDýZKLFKýDUHýJDLQHGýDQGýORVWýLQýWKHýWUDQVLWLRQýõìéôïýý,QýIDFWñ

SIñPýðýSIñNý ýëQS#ýSIñíýñ õêìDô

QSý2ýPýðýNý ýëõëQ)ýòýìô#ýõë-ýòýìô#ýõ.ýòýìôý'ýëõëQ)ýòýìôý'ýëýñ õêìEô

ZKLFKýGLVSOD\VýWKHýIDFWýWKDWýLQýWKHýFROOLVLRQýWKHýIUHHý'ðQXFOHXVýORVHVýQSý'ýëýTXDQWDýRIýOLQHDUýPRPHQWXPï
/LNHZLVHñýPDNLQJýXVHýRIýõêíôñýLWýLVýQRWýGLIILFXOWýWRýYHULI\ýWKDW

(EñQýðý(EñMý2ýëQ(#(Eñíýñ õêëDô

Q(ý2ýQýðýMý ýåõ.ýòýìôýõé.ýòýèôýõë-ýòýìô
ëý'ýéíýñ õêëEô

ZKLFKýGLVSOD\VýWKHýIDFWýWKDWýLQýWKHýFROOLVLRQýWKHýERXQGý'ðQXFOHXVýKDUPRQLFýRVFLOODWRUýJDLQVýQ(ý�ýéíýTXDQWD
RIýHQHUJ\ï

,QýWKHýWKHRU\ýRIý6FKZLQJHUýRVFLOODWRUVýõ%DVVý>ìê@ôýLWýLVýSURYHGýWKDW

(EñQý ý0Eõ7æQô
ëñýæQý ýõëQýòýìô

Ùæíñ õêêDô

7ý ýKî^ë0Eý>ë%õæíô
ë@` õêêEô

ZKHUHLQýWKHýIUHTXHQF\ýYý2ý7îõë%ôýLVýFRPSOHWHO\ýGHWHUPLQHGýE\ýWKHýHPSLULFDOO\ýPHDVXUHGýUPVýRVFLOODWLRQ
DPSOLWXGHýæíïýý,QýKLVýWKHRU\ýRIý1XFOHDUý(QHUJ\ýLQýDQý$WRPLFý/DWWLFHýõ1($/ôñý6FKZLQJHUý>ë%@ýFRPSXWHVýWKDW
WKHýWXQQHOLQJýEHWZHHQýWZRýERXQGý'ðQXFOHLýLQýDýKDUPRQLFýRVFLOODWRUýLVýVXFKýWKDWýWKHýIXVLRQýUDWHýIRUýUHDFWLRQ
õêôýLVýJLYHQýURXJKO\ýLQýWKHýFDVHýQý ýíýE\

ìî7ýxý&Qý#ýH[SõðõÙô)ë
Qôñýý&íý ýìñ õêéDô

)Qý2ý/îæQý ý)íîõëQýòýìô
Ùñýý)íý2ý/îæí õêéEô

ZKHUHýLWýLVýDSSURSULDWHýWRýFDOOý)íýWKHý6FKZLQJHUý5DWLRñýLQDVPXFKýDVýKHýKDVýSURYHGýLQýKLVý1($/ýWKHRU\ýõûDOEHLW
FUXGHO\ûôýWKDWýWKLVýUDWLRýVXPPDUL]HVýWKHýUHVXOWVýRIý$//ýRIýWKHýIRUFHVýDWýZRUNýLQýWKHýODWWLFHïýõ7KHýPLVWDNHQ
FRQMHFWXUHýWKDWý&Qýxý&íýIRUýQý'ýìñýZKLFKýLVýQRWýFRUUHFWñýLVýKHUHLQDIWHUýFDOOHGýQDLYHýH[WUDSRODWLRQâýDFWXDOO\ý&Q

LVýDýIXQFWLRQýRIýERWKýQýDQGý)íýDQGýWKHý*/2%$/ýQDWXUHýRIýWKHýSRWHQWLDOñýDQGýIRUýHYHU\ýERXQGýVWDWHýDERYH
]HURðSRLQWýVWDWHýRIýWKHýGHXWHURQýLQýDý0DGHOXQJð&RXORPEýSRWHQWLDOýFRQVLGHUHGýDVýDQýLVRODWHGýSRWHQWLDOýZHOOñ
WKHUHýLVýDýFRUUHVSRQGLQJý7UDQVPLVVLRQý5HVRQDQFHý7UDQVSDUHQF\ýLIýWKHýZHOOýLVýMXVWýRQHýFHOOýRIýDQýHQGOHVV
SHULRGLFýOLQHDUýFKDLQýRIýFHOOVâýWKHUHIRUHñýLQýDýPRUHýUHDOLVWLFýPRGHOý>ìë@ð>ìè@ñýRQHýýZRXOGýWDNHý&Qý ýò7ýýIRU
HYHU\ýýQý!ýìïôý

0RUHRYHUñýLQýWKHýFDVHýRIýWKHýQXPHULFDOýYDOXHýRIýWKHýUDWLRýDWýQý ýíýIRUýDýGRXEO\ðORDGHGý3G#'ëODWWLFHñý6FKZLQJHU
KDVýVKRZQýWKDWýLIýæíýZHUHýRQO\ýëèøýELJJHUýWKDQýLWýLVýLQýWKHý]HURðSRLQWýVWDWHñýWKHQýWKHýIXVLRQýUDWHýõêéDôýZRXOG
EHýODUJHýHQRXJKýWRýDFFRXQWýIRUýWKHý)OHLVFKPDQQð3RQVýõ)3ôý(IIHFWöVýPHDVXUHGýH[FHVVýHQWKDOS\ïý

7KHýSUHVHQWý457ýWKHRU\ýSXUSRUWVýWRýEHýDýUHILQHPHQWýDQGýDQýLPSURYHPHQWýRIý6FKZLQJHUöVý1($/ýWKHRU\ñ
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ýVLQFHýLWýSURYLGHVýDýVSHFLILFýPHFKDQLVPýIRUýUDLVLQJýWKHýHQHUJ\ýOHYHOýDERYHýWKHý]HURðSRLQWýOHYHOýFRQVLGHUHGýE\
6FKZLQJHUýõDQGýVRñýLQýFRQVLGHUDWLRQýRIýDý:.%ðEDVHGýWKHRU\ýSUHVHQWHGýHOVHZKHUHñýRIý$6685,1*ýIXVLRQôï
0RUHRYHUýWKHýUHVXOWýõêëEôýVKRZVýWKDWýHYHQýLIýMý ýíñýDIWHUýWKHýFROOLVLRQýQý'ýéíýDQGýVRýõëQýòýìôÙýý'ýäñýVRýWKDW
LQVWHDGýRIýEHLQJýLQFUHDVHGýE\ýDýPHUHýIDFWRUýRIýìïëèñýWKHýRVFLOODWLRQýDPSOLWXGHýæíýLVýLQFUHDVHGý$7ý/($67ýE\
DýIDFWRUýRIýQLQHüý$QGýLQýDýPRUHýUHDOLVWLFýWKHRU\ñýWKHýGHXWHURQýDFWXDOO\ýILQGVýWKHý&RXORPEýûEDUULHUûýWUDQVSDUHQW
ZKHQý LWý LVý LQý DQ\ýH[FLWHGý OHYHOý DERYHý WKHý ]HURýSRLQWâý ý WKLVý VXJJHVWVý WKDWý SHUKDSVý DýEHWWHUý WKHRU\ý LVý WKH
ZDYHðPHFKDQLFDOýWKHRU\ýRIýWKHý&KXEEVý>ìä@ýLQýZKLFKýWKHýGHXWHURQýLVýUHJDUGHGýDVýDýGHORFDOL]HGýHQWLW\ýZKLFK
ILOOVýWKHýHQWLUHýFU\VWDOýDQGýRFFXSLHVýDOOýFHOOVýVLPXOWDQHRXVO\ïý

(OVHZKHUHý ,ý VXJJHVWHGý õZLWKý Dý QDLYHý H[WUDSRODWLRQý RIý 6FKZLQJHUöVý ]HURðSRLQWý HQHUJ\ý OHYHOý IXVLRQý UDWH
FDOFXODWLRQýZKLFKý,ýQRZýSHUFHLYHýDVýDýPLVWDNHôýWKDWýõêéDôýSUHGLFWVýWKHýDYDLODELOLW\ýRIýìäïæýN:ýRIýH[FHVV
HQWKDOS\ýSHUýFPêýRIý3G#'ëýLQýDQýDQHXWURQLFñýUDGLDWLRQOHVVýUHDFWLRQýõêôýLIýHYHQýWKHýILUVWýHQHUJ\ýOHYHOýQýý ýìýFDQ
EHýDWWDLQHGïý$IWHUZDUGVý%XVKý÷ý(DJOHWRQý>ìì@ýPHDVXUHGýYDOXHVýRIýWKHýRUGHUýRIýìýN:îFPêýLQýDQý)ð3ýW\SHýRI
FHOOýXVLQJýWKLQðILOPý3GýFRDWHGýRQýDýJROGýFDWKRGHïý

7KHýREYLRXVýEDVLFýH[SODQDWLRQýIRUýWKLVýGLVFUHSDQF\ýEHWZHHQýP\ýQRZðGLVFDUGHGýQDLYHýWKHRU\ýDQGýH[SHULPHQW
LVýWKDWýWKHý]HURðSRLQWýHQHUJ\ðOHYHOýIXVLRQýUDWHýFRPSXWHGýE\ý6FKZLQJHUýLQýWKHýFDVHýQý ýíýýQHHGVýWRýEHýUHGRQH
XVLQJýWKHýKLJKHUðRUGHUýKDUPRQLFðRVFLOODWRUýZDYHýIXQFWLRQVýZLWKýPXOWLSOHýQRGHVýWRýSURYLGHý&QýgýìýIRUýQý'ýìñ
LQýWKHýFDVHýRIýDQýLVRODWHGýRUýORFDOýSRWHQWLDOýZHOOâýDQGýLWýQHHGVýWRýEHýGRQHýNHHSLQJýLQýPLQGýWKHýNQRZQýWKHRU\
RIý7UDQVPLVVLRQý5HVRQDQFHýõ%RKPý>ëí@ôýLQýWKHýFDVHýRIýDýJOREDOO\ýSHULRGLFýZHOOïý

$QýDGGLWLRQDOýREYLRXVýFRQWULEXWRUýWRýWKLVýGLVFUHSDQF\ýEHWZHHQýWKHRU\ýDQGýH[SHULPHQWýLVýVLPSO\ýWKDWýWKH
DSSUR[LPDWLRQýRIýWKHýHTXLOLEULXPý'ðQXFOHLýLQýDý'ðODWWLFHýFRQWDLQHGýLQýDý3GðODWWLFHýDVýEHLQJýLQýTXDGUDWLF
SRWHQWLDOýZHOOVýLVýRQO\ýJRRGýIRUý60$//ýGHSDUWXUHVýIURPýHTXLOLEULXPïýý:KHQýWKHý'ðQXFOHLýLQýDý6FKZLQJHU
RVFLOODWRUýPRYHýDýVLJQLILFDQWýIUDFWLRQýRIýWKHýGLVWDQFHýEHWZHHQýWKHPVHOYHVñýWKHýHOHFWURQýVFUHHQLQJýõZKLFKýKDG
PDGHýWKHýTXDGUDWLFýSRWHQWLDOýZHOOVýDQGýWKHýKDUPRQLFýRVFLOODWRUVýDQGýWKHýWKHRU\ýRIýWKHýý6FKZLQJHUý5DWLRýýD
YLDEOHýWKHRU\ôýLVýOHVVýHIIHFWLYHýLQýUHGXFLQJýWKHý&RXORPEýUHSXOVLRQýEHWZHHQýWKHý'ðQXFOHLñýDQGýDýPRUHýUHILQHG
WKHRU\ýRIýTXDQWL]HGýDQKDUPRQLFýRVFLOODWRUVýEDVHGýRQýDý0DGHOXQJð&RXORPEýSRWHQWLDOýõ%DVVý>ìé@ôýPXVWýEH
XVHGâýKRZHYHUñýWKHýSUHFHGLQJýWKHRU\ýDSSHDUVýWRýEHýTXDOLWDWLYHO\ýFRUUHFWïý

0RUHRYHUñý HYHQý LIý DýPRUHý DFFXUDWHý IRUPý RIý SRWHQWLDOýZHUHý XVHGñý WKHý UHVXOWDQWý RVFLOODWRUý FRXOGý VWLOOý EH
TXDQWL]HGñýDQGýDýWKHRU\ýOHDGLQJýWRý'LRSKDQWLQHýHTXDWLRQVýVLPLODUýWRýWKRVHýDERYHýFRXOGýVWLOOýEHýýGHYHORSHGâ
FIïý%DVVý>ìë@ð>ìê@ð>ìé@ð>ìè@ï

)LQDOO\ñýHYHQýLIýWKHý]HURðSRLQWýRVFLOODWLRQýDPSOLWXGHýæíýZHUHýQRWýUDLVHGýWRýWKHýPDJQLWXGHýæQý ýõëQýòìô
Ù#æíý'

ä#æíýLQGLFDWHGýE\ýWKHýTXDGUDWLFýDSSUR[LPDWLRQýWRýWKHýSRWHQWLDOýõZKLFKýLVýYDOLGýRQO\ýQHDUýHTXLOLEULXPôñýLWýZRXOG
RQO\ýKDYHýWRýEHýLQFUHDVHGýWRýDýOHYHOýæíñ1(:ý'ýìïëè#æíñ2/'ýýLQýRUGHUýWRýûH[SODLQûýWKHý)3ý(IIHFWýTXDQWLWDWLYHO\ï

+RZHYHUñý WKHýSUHFHGLQJýSDUDPHWHUðVHQVLWLYLW\ýõZKLFKý6FKZLQJHUýKDVýDSWO\ýFKDUDFWHUL]HGýDVýûYHUJLQJýRQ
FKDRVûôýLVýQRWýWKHýPRVWýVWULNLQJýUHVXOWýRIýWKHýSUHVHQWý457ýWKHRU\ïý:KDWýDSSHDUVýWRýPHULWýWKDWýGHVFULSWLRQýLV
WKHýIDFWýWKDWýLQýWKHýSUHFHGLQJýWKHRU\ýWKHýPLQLPXPýUHVRQDQWýHQHUJ\ýRIýDQýHQWHULQJý'ðQXFOHXVýLVýLQGHSHQGHQW
RIýWKHýQDWXUHýRIýWKHýSDUWLFXODUýVSDWLDOýUHVRQDQFHýõìëôýZKLFKýLVýDYDLODEOHñýDQGýGHSHQGVý21/<ýXSRQýKñýæíýDQG
WKHýGHXWHURQýPDVVý0Eüý7RýVHHýWKLVñýQRWHýWKDW

(UHVý ý(IñPýý ýýõëPýòýìô
ë#(Iñíýý ýýëQUHV#(Eñíýñ õêèDô
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QUHVý2ý>õëPýòýOôîõëQ)ýòýìô@
ëý ý>õë-ýòýìô#õç.ýòýæô@ëýï õêèEôý

7KXV
(UHVýý ýë>õë-ýòýìô#õç.ýòýæô@

ë#(Eñíý'ýäå#(Eïíýñ õêçôý

ZKHUHñýDVýPHQWLRQHGñý(EñíýGHSHQGVýRQO\ýXSRQýXSRQýKñýæíýDQGý0Eïýý:KHWKHUýLWýLVýDýPHUHýKDSS\ýFRLQFLGHQFHñ
RUýZKHWKHUýIXUWKHUýUHVHDUFKýRQý6FKZLQJHUýRVFLOODWRUVýUHYHDOVýLWýWRýEHýDýXQLYHUVDOO\ýYDOLGýUHODWLRQVKLSñýWKH
HVWDEOLVKHGýYDOXHVýRIýæíýIRUý3G#'ýDQGýIRUý3G#'ëýDUHýDOPRVWýLGHQWLFDOâýDFFRUGLQJO\ýWKHýPLQLPXPýUHVRQDQW
WULJJHULQJýHQHUJ\ýRIýäå#(EñíýýZLOOýEHýDOPRVWýWKHýVDPHýLQýHDFKýFDVHüý

7KLVýVHHPLQJO\ýXQLYHUVDOO\ýYDOLGýPLQLPXPýUHVRQDQWýWULJJHULQJýHQHUJ\ýõêçôýZLOOýQRZýEHýHVWLPDWHGýLQýGHWDLOHG
SUHVHQWDWLRQVýRIýWZRýVSHFLILFýH[DPSOHVýRIýWKHý457ýWKHRU\ï

),567ý(;$03/(

,QýWKLVýH[DPSOHýZHýXVHýYDOXHVýRIý/ýDQGýæíýIURPý&KXEEý>ìç@ïýý&RQVLGHUýDýIXOO\ýORDGHGý3G#'ýODWWLFHñýLQýZKLFK
(Eñíý ýíïíèëýH9ñýý/ý ýõêïåäîë

ÙôTìïíêýcñýýæíý ýíïìííëýcñýý)ý ýä%ï õêæDô

7KXVñýDýVSDWLDOýUHVRQDQFHýLVýDYDLODEOHýZLWK

Q)ý ýéï õêæEô

7KHýORZHVWðRUGHUýH[DPSOHVýRIýWKHý457ýSULQFLSOHýDUHýREWDLQHGýE\ýWDNLQJý-ý ýíýDQGýQMý ýé
DQG

Uý ýëñýýVý ýäñýýMý ýíñýýNý ýìêýòýä.ñýýOý ýëõ.ýòýìôñýýPý ýêìýòýëæ.ñ õêæFô

Qý ýåõ.ýòýìô#õé.ýòýèôñýýõ.ý ýíñýìñýëñýêñýïïïôï õêæGô

7KHýDEVROXWHO\ýORZHVWýRUGHUýH[DPSOHýLVýWKHQýDWý.ý ýíã

Uý ýëñýýVý ýäñýýMý ýíñýýNý ýìêñýýOý ýëñýýPý ýêìñýýQý ýéíñ õêæHô

(UHVý ýäå#(Eñíý ýêäçä#(Iïíý ýèïìýH9ï õêæIô

õ7RýPDNHýWKLVýH[DPSOHýPRUHýUHDOLVWLFñýRQHýPXVWýQRWHýWKDWýDFFRUGLQJýWRýWKHýPRUHýDFFXUDWHýTXDQWXPðPHFKDQLFDO
WKHRU\ýõ%DVVý>ìë@ð>ìè@ôýWKHý]HURðSRLQWýERXQGýGHXWHURQVýDUHýDWýWKHýERWWRPýRIý0DGHOXQJð&RXORPEýHQHUJ\ýZHOOV
DWýDERXWýçïëèæýH9ñýDQGýVRýWKLVýVKRXOGýEHýDGGHGýWRýWKHýDERYHýRYHUðVLPSOLILHGýSRLQWðODWWLFHýWKHRU\ýRIý(Eñíý 
íïíèëýWRýJLYHýDQýDGMXVWHGý]HURðSRLQWýRIýçïêíäýH9ñýDQGýOLNHZLVHýWKHýHQHUJ\ýOHYHOý(UHVý ýèïìýH9ýVKRXOGýEH
UHSODFHGýE\ýììïéýH9ïô

6(&21'ý(;$03/(

+HUHýZHýIROORZý6FKZLQJHUý>ë%@ýLQýKLVýWKHRU\ýRIý7ULWLXPýSURGXFWLRQýIURPýDý'ýòý'ýUHDFWLRQýLQýDQýýõH[WUHPHO\
RYHUORDGHGôýGRXEO\ðGHXWHUDWHGý3G#'ëýODWWLFHñýLQýZKLFKñýDFFRUGLQJýWRý6XQýDQGý7RPDQHNý>ìæ@ñ
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(Eñíýý ýíïíèëýH9ñýý/ý ýíïäéýcñýýæíý ýíïíääæýcñýý)ý ýê%ï õêåDô

7KXVñýDýVSDWLDOýUHVRQDQFHýLVýDYDLODEOHýZLWKý

Q)ý ýìï õêåEô

$VýLQýWKHýSUHFHGLQJýH[DPSOHñýZHýKDYHñýIRUý-ý ýíýDQGýQMý ýìñýWKHýUHVXOWV

Uý ýëñýýVý ýêñýýMý ýíñýýNý ýéýòýê.ñýýOý ýëõ.ýòýìôñýýPý ýìíýòýä.ï õêåFô

$FFRUGLQJO\ñýWKHýORZHVWðRUGHUýH[DPSOHýRIýWKHý457ýSULQFLSOHñýIRUý.ý ýíñýLVýQRZ

Uý ýëñýýVý ýêñýýMý ýíñýýNý ýéñýýOý ýëñýýPý ýìíñýýQý ýéíñ õêåGô

(UHVý ýäå#(Eñíýý ýééì#(Iñíý ýèïìýH9ï õêåHô

õ$VýLQýWKHýSUHYLRXVýH[DPSOHñýIRUýJUHDWHUýUHDOLVPýWKLVýVKRXOGýEHýDGMXVWHGýXSZDUGýE\ýDýIHZýH9ýWRýDFFRXQWýIRU
WKHýIDFWýWKDWýWKHýSUHVHQWýRYHUVLPSOLILHGýWKHRU\ýWUHDWVýWKHýERXQGýGHXWHURQVýýDVýSRLQWVýLQýDýULJLGýODWWLFHýUDWKHU
WKDQýDVýSDUWLFOHVýDWýWKHýERWWRPýRIýSHULRGLFýHQHUJ\ýZHOOVâýKRZHYHUñýWKLVýFDVHýKDVýQRWý\HWýEHHQýFRPSXWHGýE\ýWKH
PRUHýDFFXUDWHý:.%ýDSSUR[LPDWLRQïô

&21&/86,21

7KHýSUHFHGLQJýUHDVRQLQJýVHHPVýDWý OHDVWýDVýSODXVLEOHýDVý WKDWýE\ýZKLFKý%RKUýDUULYHGýDWýKLVýPRGHOýRIý WKH
K\GURJHQýDWRPïýý$FFRUGLQJO\ñýXQOHVVýVRPHRQHýZKRýLVýVNHSWLFDOýRIýWKHýUHDOLW\ýRIýFROGýIXVLRQýFDQýSRLQWýRXWýD
VSHFLILFýIODZýLQýWKHýSUHFHGLQJýDUJXPHQWVñýLWýZRXOGýVHHPýWRýEHýPDQGDWRU\ýWRýSURFHHGýWRýDQýH[SHULPHQWDOýWHVW
RIýWKHýSULQFLSDOýUHVXOWýGHULYHGýDERYHñýQDPHO\ýWKDWýIRUýHDFKýGHXWHURQýRIýHQHUJ\ýììïéýH9ýHQWHULQJýDýIXOO\ðORDGHG
3G#'ýODWWLFHýSHUSHQGLFXODUýWRýDýSODQHýRIýWKHý'ýODWWLFHýWKHUHýZLOOýEHýSURGXFHGýH[DFWO\ýRQHýûðSDUWLFOHýZKLFKýZDV
QRWýSUHYLRXVO\ýSUHVHQWï

5()(5(1&(6

>ì@ýý*ï+ïý0LOH\ñý+ïý7RZQHUñý÷ý1ïý,YLFKñý)XVLRQý&URVVð6HFWLRQVý÷ý5HDFWLYLWLHVñý5HSRUWý&ííðëëìåðìæñý)XVLRQ
6WXGLHVýý/DEVïñý8QLYïýRIý,OOLQRLVñý8UEDQDñýìäæéï

>ë$@ýý-XOLDQý6FKZLQJHUñýû1XFOHDUý(QHUJ\ýLQýDQý$WRPLFý/DWWLFHïý,ñûý=HLWVFKULIWýI�Uý1DWXUIRUVFKXQJñýYROýéè
õìääíôñýSSýëëìðëëèï
>ë%@ýý-XOLDQý6FKZLQJHUñýû1XFOHDUý(QHUJ\ýLQýDQý$WRPLFý/DWWLFHñûý3URJUïý7KHRUïý3K\VïñýYROýåèýõìääìôñýQRýéñ
SSýæììðæìëï

>ê$@ýý'DYLGý3DUNñýSULYDWHýFRPPXQLFDWLRQñýìääêï

>ê%@ýý'DYLGý3DUNñý,QWURGXFWLRQýWRýWKHý4XDQWXPý7KHRU\ñý0F*UDZý+LOOñýêUGý(Gñýìääëïý

>é@ýý5ï'ïý:DVKEXUQñýSULYDWHýFRPPXQLFDWLRQñýìääêï
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>è@ýý3HWHUý+DJHOVWHLQñýû$ý6LPSOHý0RGHOýIRUý&RKHUHQWý''ý)XVLRQýLQýDý/DWWLFHñûýVXEPLWWHGýWRý3K\Vïý5HYïý/HWWï
$SULOýèñýìäåäýõVLQFHýZLWKGUDZQôï

>ç@ýý$OIUHGý/DQGpñý1HZý)RXQGDWLRQVýRIý4XDQWXPý0HFKDQLFVñý&DPEULGJHý8ïý3UHVVñýìäçèïý

>æ@ýý5REHUWý7ïý%XVKñýû&ROGýC)XVLRQöãý7KHý7UDQVPLVVLRQý5HVRQDQFHý0RGHOý)LWVý'DWDýRQý([FHVVý+HDWñý3UHGLFWV
2SWLPDOý7ULJJHUý3RLQWVñýDQGý6XJJHVWVý1XFOHDUý5HDFWLRQý6FHQDULRVñûý)XVLRQý7HFKQRORJ\ñýYROýìäýõìääìôñýSS
êìêðêèçï

>å@ý/HDIý7XUQHUñýû3HUHJULQDWLRQVýRQý&ROGý)XVLRQñûý-ïý)XVLRQý(QHUJ\ñýYROýäýõìääíôñýSSýééæðéèíâýFIïýû7KRXJKWV
8QERWWOHGýE\ý&ROGý)XVLRQñûý/HWWHUVýWRýWKHý(GLWRUñý3K\VLFVý7RGD\ñý6HSWïýìäåäñýSSýìéìðìéëïý

>ä@ýý5REHUWý7ïý%XVKñýû$ý7KHRU\ýRIý3DUWLFOHý,QWHUIHUHQFHý%DVHGý8SRQýWKHý8QFHUWDLQW\ý3ULQFLSOHñûý/HWWHUHý$O
1XRYRý&LPHQWRñýYROýêéýõìäåëôñýSSýêçêðêçäâý3DUWý,,ñýû$GGLWLRQDOý&RQVHTXHQFHVñûýLELGñýYROýêçýõìäåêôñýSS
ëéìðëééï

>ìí@ýý5REHUWý7ïý%XVKñýû7KHýGH%URJOLHý:DYHý'HULYDWLRQýIRUý0DWHULDOý3DUWLFOHý'LIIUDFWLRQý5HH[DPLQHGãý$
5HGHULYDWLRQý:LWKRXWý0DWWHUý:DYHVñûý/HWWHUHý$Oý1XRYRý&LPHQWRñýYROýééýõìäåèôñýSýçåêï

>ìì@ý ý 5REHUWý 7ïý %XVKý÷ý5REHUWý'ïý (DJOHWRQñý û&DORULPHWULFý (YLGHQFHý LQý 6XSSRUWý RIý WKHý 7UDQVPLVVLRQ
5HVRQDQFHý0RGHOñûý)XVLRQý7HFKQRORJ\ñýYROýëíýõìääìôñýSýëêäï

>ìë@ýý5REHUWý:ïý%DVVñýû$ý&ORVHGý)RUPý([SUHVVLRQýIRUýDý*HQHULFý0DGHOXQJý6HULHVñûýWRýEHýVXEPLWWHGýIRU
SXEOLFDWLRQïý

>ìê@ýý5REHUWý:ïý%DVVñýû3URRIýWKDWý0DGHOXQJý)RUFHVý3UHGLFWýWKHý6FKZLQJHUý5DWLRý&RUUHFWO\ñûýWRýEHýVXEPLWWHG
IRUýSXEOLFDWLRQï

>ìé@ýý5REHUWý:ïý%DVVñýû3URRIýWKDWý=HURð3RLQWý)OXFWXDWLRQVýRIý%RXQGý'HXWHURQVýLQýDý6XSHUVDWXUDWHGý3DOODGLXP
/DWWLFHý3URYLGHý6XIILFLHQWý/LQHð%URDGHQLQJýWRý3HUPLWý/RZð(QHUJ\ý5HVRQDQWý3HQHWUDWLRQýRIýWKHý&RXORPE
%DUULHUñûýWRýEHýVXEPLWWHGýIRUýSXEOLFDWLRQï

>ìè@ý ý5REHUWý:ïý %DVVñý û%Lð5HVRQDQWý 7UDQVSDUHQF\ý RIý4XDGUXSOHý&RXORPEý%DUULHUVý LQý 3HULRGLFý 7ULSOH
3RWHQWLDOý:HOOVñûýWRýEHýVXEPLWWHGýIRUýSXEOLFDWLRQï

>ìç@ýý6FRWWý5ïý&KXEEñýSULYDWHýFRPPXQLFDWLRQñýìääìï

>ìæ@ýý=ïý6XQý÷ý'ïý7RPDQHNñýû&ROGý)XVLRQãý+RZý&ORVHý&DQý'HXWHULXPý$WRPVý&RPHý,QVLGHý3DOODGLXPñûý3K\Vï
5HYïý/HWWïñýYROýçêýõìäåäôñýSSýèäðçìï

>ìå@ýý6ï(ïý-RQHVñýSULYDWHýFRPPXQLFDWLRQñýìääìï

>ìä@ýý6FRWWý5ïý&KXEEý÷ý7DOERWý$ïý&KXEEñýû/DWWLFHý,QGXFHGý1XFOHDUý&KHPLVWU\ñûý3URFïý&RQIïýRQý$QRPDORXV
1XFOHDUý(IIHFWVý LQý'HXWHULXPî6ROLGý 6\VWHPVñý%<8ñý2FWREHUñý ìääíñý SXEOLVKHGý E\ý$PHULFDQý ,QVWLWXWHý RI
3K\VLFVñýìääìï

>ìäELV@ý6FRWWý5ïý&KXEEý÷ý7DOERWý$ïý&KXEEñýû,RQý%DQGý6WDWHý)XVLRQãý5HDFWLRQVñý3RZHUý'HQVLW\ñýDQGýWKH
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ý4XDQWXPý5HDOLW\ý4XHVWLRQñûý)XVLRQý7HFKQRORJ\ýõWRýDSSHDUôï

>ëí@ýý'DYLGý%RKPñý4XDQWXPý7KHRU\ñý'RYHUý3XEOLFDWLRQVñýìäåäï
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,6ý7+(ý&28/20%ý)86,21ðö%$55,(5öý$ý5(621$17/<ð75$163$5(17ý0,5525"
5()87$7,21ý2)ý7+(ý&219(17,21$/ý&2/'ð)86,21ýö40ð,03266,%,/,7<öýû3522)û

E\ý5REHUWý:ïý%DVVñý3Kï'ï
5HJLVWHUHGý3DWHQWý$JHQW

6FLHQWLILFý$GYLVRU\ý%RDUGñý(1(&2ñý,QFïñý6DOWý/DNHý&LW\ñý8WDKýåéìíå
7HFKQLFDOý$GYLVRU\ý%RDUGñý)ï,ï&ïñý,QFïñý6DOWý/DNHý&LW\ñý8WDKýåéìíå

ûïïïýLQIRUPDWLRQýFDQýEHýPDGHýPHPRUDEOHýRQO\ýZKHQýLWýLVýVOLJKWO\ýFRORXUHGýE\ýSUHMXGLFHñû
6LUý.HQQHWKý&ODUNñýLQý$OOý7KHUHýLVýWRý.QRZñýõHGïý$ïý&ROHPDQôñý6LPRQý÷ý6FKXVWHUñýìääéï

7KHý 8QLYHUVLW\ý RIý 8WDKý DQQRXQFHGý WKHý PLOOHQQLDOý DGYHQWý RIý Dý SRWHQWLDOO\ý XQOLPLWHGñý FKHDSñý FOHDQñ
QRQðSROOXWLQJý QHZý HQHUJ\ý VRXUFHý RQý 0DUFKý ëêñý ìäåäïý 7KHý DOOHJHGý GLVFRYHU\ý RIý Dý URRPðWHPSHUDWXUH
HOHFWURðFKHPLFDOO\ýLQGXFHGýIRUPýRIýQXFOHDUýIXVLRQýSRZHUýE\ý'Uïý0DUWLQý)OHLVFKPDQQñý)56ñýDQGý'Uïý6WDQOH\
3RQVýVWXQQHGýWKHýKLJKðHQHUJ\ýSK\VLFVý(VWDEOLVKPHQWýDQGýWKHýFRQWUROOHGýWKHUPRQXFOHDUýIXVLRQý(VWDEOLVKPHQWï
0DQ\ýRWKHUýVFLHQWLVWVýDQGýHQJLQHHUVýWKURXJKRXWýWKHýZRUOGýZHUHýHOHFWULILHGýDWýWKHýVWDUWOLQJýQHZVïý)UDQWLF
HIIRUWVý WRý GXSOLFDWHý WKHý)3ý (IIHFWýZHUHý LQLWLDWHGý DWý QXPHURXVý ODERUDWRULHVñý LQý VRPHý FDVHVý E\ý UHOXFWDQW
VFLHQWLVWVýPRUHýLQWHUHVWHGýLQýSUHYLRXVýRQJRLQJýDFWLYLWLHVýWKDQýLQýWKHLUýLQWHUUXSWLRQýWRýVDWLVI\ýGHPDQGVýIRU
FRQILUPDWLRQýRUýUHIXWDWLRQïý$IWHUýVRPHýZHOOðSXEOLFL]HGýöIDLOXUHVðWRðFRQILUPöýDWýKLJKO\ýUHSXWDEOHñýZHOOðHTXLSSHG
ODERUDWRULHVñýDýGLVFXVVLRQýSDQHOýRIýWKHý$PHULFDQý3K\VLFDOý6RFLHW\ýYRWHGýäðWRðOýWKDWýWKHýVXEMHFWýRIýFROGýIXVLRQ
õ&)ôýZDVýöGHDGöïý6XEVHTXHQWýFRPPHQWDU\ýE\ý(VWDEOLVKPHQWýSK\VLFLVWVýZDVýDOPRVWýXQLYHUVDOO\ýGLVPLVVLYHñ
EDVHGýRQýWKHýSURSRVLWLRQýWKDWýûFROGýIXVLRQýFRQWUDGLFWVýWKHý/DZVýRIý3K\VLFVüûýZLWKýWKHýREYLRXVO\ýPDQGDWRU\
TXDOLILFDWLRQýûDVýWKRVHý/DZVýDUHýSUHVHQWO\ýXQGHUVWRRGûýRIWHQýQHJOLJHQWO\ýRPLWWHGï

7KHýLQLWLDOýGLVPLVVLYHýVNHSWLFLVPñýDPRQJýVLQFHUHýLIýSRVVLEO\ýKDVW\ýRUýXQGHULQIRUPHGýFULWLFVñýZDVýEDVHGýXSRQ
WZRýSULQFLSDOýREMHFWLRQVã

2EMHFWLRQýìïý'HXWHULXPýIXVLRQýõDVýHOXFLGDWHGýIRUýWKHýSDVWýKDOIðFHQWXU\ýLQýWKHý+ðERPEýDQGýLQýWKH
LQWHUQDWLRQDOýTXHVWýIRUýFRQWUROOHGýFLYLOLDQýWKHUPRQXFOHDUýSRZHUôýHLWKHUýSURGXFHVýQHXWURQVýRUý WULWLXPý LQ
FRSLRXVýDPRXQWVýZLWKýURXJKO\ýHTXDOýSUREDELOLW\ñýRUýõLQýH[WUHPHO\ýUDUHýFDVHVôýHQHUJHWLFýJDPPDðUD\ýSKRWRQVñ
EXWýQHLWKHUýRIýWKHVHýWKUHHý683326('/<ýö',$*1267,&öý6,*1$785(6ýZDVýSUHVHQWýLQýWKHý)3ý(IIHFWýLQ
DPRXQWVýHYHQýUHPRWHO\ýSURSRUWLRQDOýWRýWKHýH[FHVVýKHDWýDOOHJHGO\ýJHQHUDWHGï

2EMHFWLRQýëïý'HXWHURQVýLQýDýSDOODGLXPýODWWLFHýDUHýQRWýVLJQLILFDQWO\ýFORVHUýWRJHWKHUýWKDQýLQýDýPROHFXOH
RIýGHXWHULXPýJDVñýZKHUHýWKHýDPD]LQJýEXWýZHOOðHVWDEOLVKHGýSKHQRPHQRQýRIýTXDQWXPðPHFKDQLFDOýöWXQQHOLQJö
FDQýEULQJýWZRýSRVLWLYHO\ðFKDUJHGýöKHDY\öýK\GURJHQýQXFOHLýWRýRYHUFRPHýWKHLUýHOHFWURVWDWLFýUHSXOVLRQýDQGýPRYH
QHDUýHQRXJKýIRUýWKHýVWURQJýQXFOHDUýIRUFHýWRýEULQJýDERXWýWKHLUýIXVLRQýLQWRýDQýH[FLWHGýKHOLXPðéýQXFOHXVâýEXW
LQýGHXWHULXPýJDVýVXFKýDQýHYHQWýLVýQHYHUýREVHUYHGï

7KHýVHFRQGýREMHFWLRQýLVýPXFKýPRUHýIXQGDPHQWDOñýDQGýWKHýH[SRVXUHýRIýWKHýIDWDOýIDOODF\ýLQýWKLVýVROH
REMHFWLRQýLVýWKHýFHQWUDOýSXUSRVHýRIýWKLVýDUWLFOHñýZKLFKýVOLJKWVýPDQ\ýRWKHUýLPSRUWDQWýTXHVWLRQVýLQýIDYRUýRI
IRFXVLQJýXSRQýDýVLQJOHýLVVXHãýZDVýWKHýLQLWLDOýWKHRUHWLFDOýVNHSWLFLVPýWUXO\ýMXVWLILHG"ýõ1HZFRPHUVýWRýWKLVýILHOG
ZLOOýILQGýDýZHOOðLOOXVWUDWHGýWXWRULDOýLQWURGXFWLRQýLQý)LJïýêðìñý)LJïýêðëñý)LJïýêðêñýDQGý)LJïýêðéýRQýSSïýéçðéåýRI
)ïý'DYLGý3HDWöVý&ROGý)XVLRQñý&RQWHPSRUDU\ý%RRNVñý&KLFDJRñýìääíâýWKLVýVKRXOGýEHýIROORZHGýE\ýSSïýìäðëíñ
ìíæñýìíäñýììçðììæñýìëéñýìêíý÷ýëêìýRIý(XJHQHý)ïý0DOORYHöVý)LUHý)URPý,FHñý:LOH\ñýìääìïô
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',6&/$,0(5ýõ$GGHGýèðæðäéôãý7KHUHýDUHýDýKRVWýRIýLVVXHVýSHUWDLQLQJýWRýQXFOHDUýSK\VLFVñýVROLGðVWDWH
SK\VLFVñýPDWHULDOðVFLHQFHýSUDFWLFDOLWLHVñýHWFïýZKLFKýDUHýRQO\ýSHULSKHUDOO\ýPHQWLRQHGýRUýQRWýDGGUHVVHGýKHUHâ
VHYHUDOýUHDGHUVýRIýDýSULRUýGUDIWýH[SHFWHGýWRýILQGýDQýDFFRXQWýRIýDýFRPSOHWHýWKHRU\ñýZKLFKýLVýQRWýP\ýREMHFWLYHï
$GGHGýLQý3URRIãý7KHýMXVWðDSSHDUHGñýDQGýKHUHDIWHUýLQGLVSHQVDEOHîLQYDOXDEOHýH[WHQVLYHýUHYLHZýRIý&)ýWKHRULHV
E\ý&KHFKLQñý7VDUHYñý5DELQRZLW]ý÷ý.LPý>,QWïý-ïý7KHRUïý3K\VïñýYROïýêêýõìääéôñýSSïýçìæðçæíñýZKLFKýFLWHVýVRPH
ìæêýSDSHUVñýDJUHHVýZLWKýWKHýYLHZýWKDWýWKHýûPDLQýGLIILFXOW\ýLQý&)ýLVýLQýVXUPRXQWLQJñýLïHïñýWXQQHOLQJýWKURXJKýWKH
&RXORPEýEDUULHUý9õUôûýõSïýçêëôâýZKLOHýRIýHQRUPRXVýYDOXHñýWKLVýPRQXPHQWDOýUHYLHZýIDLOVýWRýFLWHýRUýGLVFXVV
ZKDWý,ýZRXOGýFKRRVHýDVýWKHýVLQJOHýPRVWýVHPLQDOýSDSHUýRQýWKHýVXEMHFWý>/HDIý7XUQHUñýû3HUHJULQDWLRQVýRQý&)ûñ
-ïý)XVLRQý(QHUJ\ñýYROïýäýõìääíôñýSSïýééæðéèí@ñýDQGýHUUVýJULHYRXVO\ýLQýILQGLQJýIDWDOO\ýIODZHGýE\ýûDýEDVLF
GHIHFWûýWKHý7XUQHUð%XVKý7UDQVPLVVLRQý5HVRQDQFHýDSSURDFKý>LQýP\ý,&&)éýSDSHUý,ýGLGýLQFOXGHýWKHýQXFOHDU
ZHOOýLQýDý75ýPRGHO@ýDQGýLQýPLVWDNHQO\ýFRQFOXGLQJýWKDWýûWKLVýDSSURDFKýDSSHDUVýIXWLOHûýEHFDXVHñýHFKRLQJ
-lQGHOñýûWKHýXQDGGUHVVHGýDQGýXQUHVROYHGýLVVXHýLQý%XVKöVýWKHRU\ýLVýWKDWýLWýWDNHVýWRRýORQJýIRUýWKHýZDYHýIXQFWLRQ
WRýEHFRPHýODUJHûâýLIýWKHýSUHVHQWýSDSHUýGRHVýQRýPRUHýWKDQýSURYLGHýDýõWULYLDOO\ýHDV\ôýUHEXWWDOýWRýWKHýXQZDUUDQWHG
GLVPLVVDOýRIý WKHý7XUQHUð%XVKýDSSURDFKý LWýZLOOýDFKLHYHý LWVýSXUSRVHïý0\ýLQWHQWýZDVý WRýDGGUHVVý WKHý LQLWLDO
VNHSWLFLVPýRQýWKLVýSRLQWñýEXWýWKHýéðDXWKRUý0DUFKñýìääéýWKHRU\ýUHYLHZýMXVWýFLWHGýVKRZVýWKDWýDIWHUýèý\HDUVýWKLV
LQLWLDOýVWLFNLQJýSRLQWýOLQJHUVýRQýDVýDýSHUHQQLDOýVWXPEOLQJýEORFNüýõ7KHýUHYLHZñýDOWKRXJKýFDOOLQJý6FKZLQJHUöV
1($/ýûWKHýPRVWýQRWDEOHýWKHRUHWLFDOýVXSSRUWýIRUý&)ñûýFRPSODLQVýWKDWýû6FKZLQJHUöVý/9ýõ/DWWLFHý9LEUDWLRQô
DSSURDFKý DSSHDUVý DSSOLFDEOHý RQO\ý IRUý ó9ý �ý 9ûñý LïHïý LQý WKHý QRWDWLRQý XVHGý KHUHñý RQO\ý LQý WKH
TXDGUDWLFðDSSUR[LPDWLRQýUHJLRQýRIýWKHýERWWRPýRIýWKHýSRWHQWLDOýZHOOý9õUôñýQHDUýUý ýíâýEXWýLQýP\ý,&&)éýSDSHU
,ýDWWHPSWHGýWRýH[WHQGý6FKZLQJHUöVýTXDQWL]HGýKDUPRQLFýRVFLOODWRUýWRýDýJOREDOO\ýULJRURXVýDQKDUPRQLFýTXDQWL]HG
RVFLOODWRUýXVLQJýDýSHULRGLFý0DGHOXQJýSRWHQWLDOý9õUôý2ý9õðUôý2ý9õUòë/ôýGHILQHGýILUVWO\ýRQýð/ýáýUýáý/ñýZKLFK
SUHGLFWVýWKHýFRUUHFWýVL]HýRIýWKHýUPVýYLEUDWLRQýDPSOLWXGHýæý�ý/ýDQGýVRýWKHýFRUUHFWýYDOXHýRIýWKHý6FKZLQJHUý5DWLR
>)ýã2ý/îæ@ýIRUýWKHý]HURðSRLQWýIOXFWXDWLRQVý>=3)@ýQHDUýUý ýíñý\HWýLQýDýJOREDOý:.%ýFDOFXODWLRQýLPSURYHVýKLV
DSSUR[LPDWHý>KDUPRQLFðRVFLOODWRU@ý=3)ýWXQQHOLQJýSUREDELOLW\ýìýwýH[Sõð)ëîëôýE\ýìíèæýEHFDXVHýLWýLVýéíøýGHHSHU
DQGýPXFKýIODWWHUýDWýWKHýERWWRPñýDQGýWKHUHIRUHýVWHHSHUýQHDUýWKHýEDUULHUVýWKDQýDýQDLYHý&RXORPEýSRWHQWLDOýZHOO
WUHDWHGýDVýTXDGUDWLFýDQGýH[WUDSRODWHGýWRRýIDUýIURPýWKHýFODVVLFDOýHTXLOLEULXPýYDOXHýRIýUý ýíïô

$VVXPLQJýWKDWýDQýH[FLWHGýKHOLXPðéýQXFOHXVýKDVýEHHQýFUHDWHGñýWKHUHýDUHýZHOOðXQGHUVWRRGýSK\VLFDO
UHDVRQVýIRUýWKHýVXEVHTXHQWýGHFD\ýPRGHVýRIýWKLVýH[FLWHGýSDUWLFOHñýZKLFKýH[SODLQýWKHýFRQYHQWLRQDOýEUDQFKLQJ
UDWLRVýREVHUYHGñýDVýLQýWKHýILUVWýREMHFWLRQñýWRýIROORZýIURPýDýWKUHHðGLPHQVLRQDOýFROOLVLRQýEHWZHHQýWZRýLVRODWHGñ
URWDWLQJýGHXWHURQVýLQýDýYDFXXPâýWKHýH[SRVXUHýRIýWKHýIDOODF\ýLQýMXPSLQJýWRýWKHý>IDOVH@ýFRQFOXVLRQýWKDWýWKH
EUDQFKLQJýUDWLRVýPXVWýEHýWKHýVDPHýLQVLGHýRIýDýFU\VWDOýODWWLFHýDVýLQýDýYDFXXPýZDVýILUVWýPDGHýVRXQGO\ýE\ý1REHO
/DXUHDWHñý DQGý 8&/$ý 3K\VLFVý 3URIHVVRUý (PHULWXVñý 'Uïý -XOLDQý 6FKZLQJHUý DVý H[SRVLWHGý E\ý WKLVý SHHUOHVV
WKHRUHWLFLDQý KLPVHOIý LQý WKHý ILUVWý LVVXHý RIý û&ROGý )XVLRQûý0DJD]LQHý õ0D\ñý ìääéôïý >$ý EULHIý VXPPDU\ý RI
6FKZLQJHUöVýGHILQLWLYHýUHIXWDWLRQýRIý2EMHFWLRQýìñýLQFOXGLQJýUHIHUHQFHýWRý6HOHFWLRQý5XOHVñýZLOOýEHýIRXQGýEHORZ
LQý$SSHQGL[ý$ï@

6FKZLQJHUýKLPVHOIýDOVRýPDGHýDýWUXO\ýJLDQWýIXQGDPHQWDOýVWHSýWRZDUGýUHIXWLQJý2EMHFWLRQýëñýLQýDýVHULHV
RIýìäåäðVXEPLWWHGýSDSHUVýRQýWKHýVXEMHFWýRIý1XFOHDUý(QHUJ\ýLQýDQý$WRPLFý/DWWLFHýõ1($/ôïý+RZHYHUñýWKLV
EDVLFýVWHSýQHHGVýDXJPHQWDWLRQýE\ýDQRWKHUýJLDQWýVWHSñýILUVWýVXJJHVWHGýLQýDQýHHULO\ýSURSKHWLFýSDSHUýSUHVHQWHG
DWýWKHý6DQWDý)Hý:RUNVKRSñý0D\ýëëðëèñýìäåäýDQGýDOVRýLQýDý/HWWHUýWRýWKHý(GLWRUýRIý3K\VLFVý7RGD\ñýE\ý/RV
$ODPRVýWKHUPRQXFOHDUðIXVLRQýSODVPDýUHVHDUFKHUý'Uïý/HDIý7XUQHUñýDQGýODWHUýGHYHORSHGýDQGýHODERUDWHGýLQWR
KLVý7UDQVPLVVLRQý5HVRQDQFHý0RGHOýõ750ôýE\ý'Uïý5REHUWý7ïý%XVKýRIý&DOý3RO\ýõ3RPRQDôâýWKHý750ýVRRQ
JDLQHGýLQFRQWURYHUWLEOHýEXWýXQMXVWO\ýZLGHO\ýGRXEWHGýûILQHýVWUXFWXUHûýH[SHULPHQWDOýHYLGHQFHýLQýLWVýIDYRUýLQ
)3ðW\SHýH[SHULPHQWVýE\ý%XVKýXVLQJýDXWRPDWHGýFORVHGðFHOOýFDORULPHWU\ýDSSDUDWXVýFRQVWUXFWHGýE\ýKLVýFROOHDJXH
DQGýõIRUýWKHýSDVWýèý\HDUVôýFROGðIXVLRQýFROODERUDWRUñý'Uïý5REHUWý'ïý(DJOHWRQýõVRPHýRIý
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ZKRVHýIULHQGVýGLVWLQJXLVKýEHWZHHQýWKHPýLQýFRQYHUVDWLRQýDVýö%REý7ULWLXPöýDQGýö%REý'HXWHULXPöôï

$WýWKHýUHTXHVWýRIý)XVLRQý)DFWVý(GLWRUý+DOý)R[ýLQýDýSULYDWHýFRQYHUVDWLRQýDWý,&&)ëñý%XVKýDGYDQFHG
WKHýJURXQGðEUHDNLQJýRSLQLRQýWKDWýWKHýöOLJKWýZDWHUöýHOHFWURO\VLVýUHVXOWVýRIý'Uïý5DQGDOOý0LOOVýFRXOGýEHýEHWWHU
H[SODLQHGý E\ý FRQYHQWLRQDOý QXFOHDUý SK\VLFVý DQGý KLVý 750ý WKDQý E\ý 0LOOVöý QRYHOý DQGý UHYROXWLRQDU\ý EXW
FRQWURYHUVLDOýõûGLðK\GULQRûôýUHYLVLRQýRIýFKHPLVWU\ïý7KLVýVRRQýOHGý%XVKýWRýGLVFRYHUýDQGýWRýHVWDEOLVKýZLWK
H[SHULPHQWDOýHYLGHQFHýõGXSOLFDWHGýDEURDGýDIWHUýGLVVHPLQDWLRQýRIýKLVýSUHSULQWVôýWKHýSURIRXQGýJHQHUDOL]DWLRQ
RIýWKHý)3ý(IIHFWýWRý&ROGý$ONDOLý)XVLRQýõ&$)ôýZKHUHLQý%XVKýKDVýVHHPLQJO\ýLQFRQWURYHUWLEO\ýWUDQVIRUPHG
UXELGLXPýQXFOHLýLQWRýVWURQWLXPýQXFOHLýE\ýPHDQVýRIýDýSURWRQýIURPýRUGLQDU\ýK\GURJHQýõVXSSOLHGýE\ýRUGLQDU\
RUýöOLJKWöýZDWHUôýXVLQJýDQý)3ýW\SHýRIýFHOOýEXWýZLWKýWKHýSDOODGLXPýFDWKRGHýUHSODFHGýE\ýDýSRURXVýQLFNHOýFDWKRGHñ
DQGýWKHýUXELGLXPýVXSSOLHGýLQýWKHýIRUPýRIýUXELGLXPýFDUERQDWHýGLVVROYHGýLQýZDWHUïýõ7KHýGDXJKWHUðSURGXFW
VWURQWLXPýKDVý LWVý LVRWRSLFýDEXQGDQFHýUDWLRýGUDVWLFDOO\ýD,WHUHGýIURPýWKDWýRIýQDWXUDOýVWURQWLXPñýSUHFOXGLQJ
FRQWDPLQDWLRQðHUURUñýEXWýFRQVLVWHQWýZLWKýWKHýLVRWRSLFðDEXQGDQFHýUDWLRýRIýWKHýSDUHQWýUXELGLXPüôý

/DWHUñý XVLQJý Dý SDWHQWðSHQGLQJý SURFHVVý RIýPLQHý HQWLWOHGý4XDQWXPý5HVRQDQFHý7ULJJHULQJý õ457ô
>H[SODLQHGýEHORZ@ñýDVýZHOOýDVýKLVýRZQý750ñý%XVKýJHQHUDOL]HGýKLVý&$)ýSURFHVVý WRý LQFOXGHýQHDUO\ýêèí
QXFOHDUðIXVLRQýUHDFWLRQVýZKLFKýKHýSUHGLFWVýFDQýEHýLQGXFHGýE\ýKLVýIDUðUHDFKLQJýSULQFLSOHýRIý7UDQVPLVVLRQ
5HVRQDQFHý,QGXFHGý1XFOHDUý7UDQVPXWDWLRQVýõ75,17ôïý6HHý)LJïýìï

$Q\RQHý IDPLOLDUý ZLWKý 6HFUHWDU\ý RIý (QHUJ\ý 2ö/HDU\öVý ZHOOðIRXQGHGý GLVPD\ý DWý WKHý IDFWý WKDWý WKH
'HSDUWPHQWýRIý(QHUJ\ý õ'2(ôýKDGý WRý VSHQGýPRUHý WKDQýùìëý%LOOLRQýGXULQJý WKHý WZRý\HDUVýSUHFHGLQJýKHU
DFFHVVLRQý WRýPDQDJHPHQWý RIý WKHý'2(ý LQý FOHDQXSýRIý UDGLRDFWLYHý KD]DUGVý DWý YDULRXVý FRQWLQHQWDOý DWRPLF
LQVWDOODWLRQVýVKRXOGýFDOOýWRýKHUýDWWHQWLRQýWKHýIDFWýWKDWýõDWýP\ýXUJLQJôý%XVKýODERUHGýIRUýPDQ\ýKRXUVýWRýLQFOXGH
LQýKLVý75,17ýSURFHVVý WKHý VDIHý UHGXFWLRQý WRýKDUPOHVVQHVVýRIý HYHU\ýVLQJOHýNQRZQý ORQJðOLYHGý UDGLRDFWLYH
HOHPHQWýOLVWHGýLQýWKHý+DQGERRNýRIý&KHPLVWU\ýDQGý3K\VLFVïý

,WýZDVýDýJUHDWýSHUVRQDOýWKULOOýDQGýRQHýRIýWKHýVXSUHPHýVDWLVIDFWLRQVýRIýP\ýRZQýOLIHýWKDWýDVýDýOLFHQVHG
SUDFWLWLRQHUýRIý,QWHOOHFWXDOý3URSHUW\ý/DZýEHIRUHýWKHý8ï6ïý3DWHQWý÷ý7UDGHPDUNý2IILFHýõ372ôý,ýKDGýWKHýXQLTXH
KLVWRULFDOýSULYLOHJHýRIýGUDIWLQJý3DWHQWý$SSOLFDWLRQVýIRUý%XVKý÷ý(DJOHWRQýSHUWDLQLQJýWRýERWKýWKHý&$)ýSURFHVV
õZKLFKý)OHLVFKPDQQýKDVýFDOOHGýöPLOOHQQLDOñýLIýFRQILUPHGöôýDQGýWKHýPRUHýJHQHUDOýDQGñýDGPLWWHGO\ñýDZHVRPHO\
SRUWHQWRXVý75,17ýSURFHVVýõRULJLQDOO\ýILQDQFHGýE\ý3URWHXVý3URFHVVHVý÷ý7HFKQRORJ\ñý,QFïýDý'HQYHUýFRPSDQ\
IRXQGHGýE\ý0Uïý-RVHSKý1ïý,JQDWýDQGý0Uïý5RQDOGý1ïý)ORUHVñýDQGýQRZýXQGHUýOLFHQVHýWRý(1(&2ýDVýUHJDUGV
SRZHUðJHQHUDWLRQý DSSOLFDWLRQVôñý ZKLFKý ,ý KRSHý ZLOOý HQDEOHý XVý WRý EHTXHDWKý WRý RXUý JUDQGFKLOGUHQý Dý OHVV
UDGLRDFWLYHO\ðHQGDQJHUHGýZRUOGï

8QIRUWXQDWHO\ñý%XVKöVý750ýFRQFHSWýZDVýKDUVKO\ýFULWLFL]HGñýGXULQJýDQGýDIWHUý ,&&)ëñýE\ý'Uïý0ï
-lQGHOñý ZKRý SXEOLVKHGý Dý VWLQJLQJý DQGý VHHPLQJO\ý IDWDOý GHIODWLRQý RIý WKHý 750ý LQý 'Uïý *HRUJHý 0LOH\öV
RSHQðPLQGHGý)XVLRQý7HFKQRORJ\ñýDýSURIHVVLRQDOýMRXUQDOýRIýWKHý$PHULFDQý1XFOHDUý6RFLHW\ýõ$16ôïý%ULHIO\ñ
-lQGHOöVýDSSDUHQWO\ýGHYDVWDWLQJýFULWLFLVPýLVã

2EMHFWLRQýêïý(YHQýLIýWKHýFRQGLWLRQVýIRUý5HVRQDQWý7UDQVSDUHQF\ýRIýWKHý&RXORPEý%DUULHUýFRXOGýEHýPHWñ
WKHýWXQQHOLQJýRIýRQHýODWWLFHðERXQGýGHXWHURQýWKURXJKýWKHýHOHFWURVWDWLFýUHSXOVLRQýEDUULHUýWRýWKHýYLFLQLW\ýRIýDQ
DGMDFHQWýODWWLFHðERXQGýGHXWHURQýLVýVRýXQOLNHO\ýWKDWýRQHýZRXOGýKDYHýWRýZDLWýIRUýöELOOLRQVýRIý\HDUVöýIRUýDQ\
VLJQLILFDQWýDPRXQWýRIýWXQQHOLQJýWRýRFFXUï

,Qý WKHý IRUWKFRPLQJý3URFHHGLQJVýRIý ,&&)éñý ,ý KDYHý SUHVHQWHGý VFLHQWLILFý DUJXPHQWVýZKLFKý ,ý ILQG
SHUVXDVLYHýõQRWýKDYLQJý\HWýUHFHLYHGýDQ\ýFRPSHWHQWýFULWLFLVPVôýWKDWý2EMHFWLRQýêýDOVRýFDQýEHýRYHUFRPHñýE\
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ýXVHýRIý\HWýDQRWKHUýLGHDýILUVWýXVHGýLQýWKLVýFRQWH[WýE\ý6FKZLQJHUñýQDPHO\ýWKHýVRðFDOOHGý=HURð3RLQWý)OXFWXDWLRQV
õ=3)ôýRIýDýODWWLFHýDWý$EVROXWHý=HURýWHPSHUDWXUHñýZKLFKý6FKZLQJHUýZU\O\ýFDOOVý9&),ýõ9HU\ý&ROGý)XVLRQ
,QGHHGôï

7KHýSULPDU\ýSXUSRVHýRIýWKLVýDUWLFOHýLVýWRýSURYLGHýDQýDFFHVVLEOHýRYHUYLHZýRIýZKDWý,ýSURIIHUýDVýGHFLVLYH
UHIXWDWLRQVýRIý2EMHFWLRQVýëý÷ýêïýõ7HFKQLFDOýGHWDLOVýZLOOýEHýIRXQGýLQý$SSHQGLFHVý%ýDQGý)ýEHORZïô

$VýPRVWýUHDGHUVýE\ýQRZýNQRZñýZDWHUýFRQWDLQVýDERXWýRQHýSDUWýLQýèñíííýRIýKHDY\ýZDWHUñýZKLFKýFDQýEH
H[WUDFWHGýHFRQRPLFDOO\ýE\ýIUDFWLRQDOýGLVWLOODWLRQïý7KHýKHDY\ýZDWHUýFDQýEHýHOHFWURO\WLFDOO\ýGHFRPSRVHGýLQWR
2[\JHQýDQGý'HXWHULXPýõ+HDY\ý+\GURJHQôïý,QýDQý)3ýFHOOýXVLQJýDQýHOHFWURO\WHýFRQVLVWLQJýRIýVDOWHGýKHDY\
ZDWHUñýWKHýGHXWHULXPýDWRPVýDUHýDWWUDFWHGýLQWRýWKHýFDWKRGHñýZKHUHýHDFKýDWRPýEHFRPHVýLRQL]HGýõRUýORVHVýLWV
RUELWDOýHOHFWURQôýDQGýEHFRPHVýDýEDUHýGHXWHULXPýQXFOHXVýRUýGHXWHURQïý$ýGHXWHURQýFRQVLVWVýRIýRQHýSRVLWLYHO\
FKDUJHGýSURWRQñýDQGýRQHýHOHFWULFDOO\ýQHXWUDOýQHXWURQïýõ)UHHýQHXWURQVýGHFD\ýLQýDýIHZýPLQXWHVýLQWRýDýSURWRQýDQG
DQýHOHFWURQñýDQGýIRUýSUHVHQWýSXUSRVHVýFDQýEHýUHJDUGHGýDVýWKHýUHVXOWýRIýFROODSVLQJýDQýHOHFWURQýRQWRýDýSURWRQïô
7KHýSURWRQýDQGýQHXWURQýDUHýõUHODWLYHO\ýORRVHO\ôýERXQGýWRJHWKHUýE\ýWKHýVWURQJýQXFOHDUýIRUFHñýZKLFKýRSHUDWHV
RQO\ýRYHUýVXFKýVKRUWýUDQJHVýWKDWýLWýLVýQHJOLJLEOHýLQýFRPSDULVRQýWRýHOHFWULFDOýDQGýPDJQHWLFýIRUFHVýH[FHSWýLQýWKH
YLFLQLW\ýRIýDýQXFOHXVïý6RýLQýWKHýSUHVHQWýFRQWH[WýWKHýHVVHQWLDOýIHDWXUHVýRIýWKHýSUREOHPýDUHýPDLQWDLQHGýLIýRQH
UHJDUGVýGHXWHURQVýDVýSRVLWLYHO\ýFKDUJHGýSDUWLFOHVýRIý$WRPLFý0DVVý1XPEHUý7ZRýZKLFKýFDQýEHýUHJDUGHGýDV
öSRLQWýSDUWLFOHVöýWKDWýKDYHýQRýSURSHUWLHVýRWKHUýWKDQýFKDUJHýDQGýPDVVýZKHQýVHSDUDWHGýE\ýGLVWDQFHVýW\SLFDOýRI
DWRPVñýPROHFXOHVñýDQGýEDVLFýFHOOVýRIýFU\VWDOýODWWLFHVï

,Qý)LJïýëýWKHýHOHFWURVWDWLFýSRWHQWLDOñýDOVRýFDOOHGýWKHý&RXORPEýSRWHQWLDOñýRIýDQýLVRODWHGýERXQGýõRU
ODWWLFHðIL[HGôýGHXWHURQýLVýGLVSOD\HGïý7KLVýSRWHQWLDOýKDVýWKHýYDOXHý9ý ýHî-U-ýDWýDýUDGLDOýGLVWDQFHýUñýZKHUHý-U-
GHQRWHVýWKHýXQVLJQHGýRUýDEVROXWHýYDOXHýRIýUñýDQGýZKHUHýHýLVýWKHýFKDUJHýRQýDQýHOHFWURQïý,Qý)LJïýëñýUýLVýPHDVXUHG
LQýXQLWVýRIýWKHýODWWLFHðSHULRGýOHQJWKý/ý ýëïåêý[ýìíðåýFPñýDQGý9ýLVýPHDVXUHGýLQýXQLWVýRIý(&ý2ýHî/ïý$VýLVýZHOO
NQRZQñýLIýDýVHFRQGýõFRQFHSWXDOO\ýIUHHñýRUýXQERXQGôýGHXWHURQýLVýEURXJKWýLQWRýWKLVýSLFWXUHñýLWýH[SHULHQFHVýD
UHSXOVLYHýIRUFHýHTXDOýWRýWKHýQHJDWLYHýRIýWKHýVORSHýRIýWKHýFXUYHýõWKDWýLVñýWKHýIRUFHýLVýWKHýQHJDWLYHýJUDGLHQWýRI
WKHýSRWHQWLDOýHQHUJ\ýH#9ñýRUýØý ýðHëî-U-ëôïý1RWLFHýWKDWýDVýWKHýIUHHýGHXWHURQýJHWVýFORVHUýWRýWKHýERXQGýGHXWHURQñ
WKHýPDJQLWXGHýRIýWKHýUHSXOVLRQýLQFUHDVHVýEH\RQGýDOOýOLPLWVñýLïHïýWHQGVýWRýEHFRPHýLQILQLWHïýõ,QýUHDOLW\ñýZKHQýWKH
IUHHýGHXWHURQýKDVýUHDFKHGýZLWKLQýDýGLVWDQFHýRIýWKHýERXQGýGHXWHURQöVýQXFOHDUýUDGLXVýUQý ýëïìý[ýìí

ðìêFPñýLïHï
ZKHQýUýVDWLVILHVýðUQý&ýUý&ýUQñýRUýHTXLYDOHQWO\ýZKHQý-U-ý&ýUQñýWKHQýWKHýUHSXOVLRQýLVýRYHUFRPHýE\ýWKHýVWURQJ
QXFOHDUýIRUFHýDQGýGZLQGOHVýWRý]HURýDQGýWKHQýUHYHUVHVýVLJQýDQGýEHFRPHVýDQýDWWUDFWLRQýððýEXWýWKLVýGHWDLOýLVýWRR
VPDOOýIRUýDýGUDZLQJýWRýVFDOHñýEHFDXVHýUQî/ý ýæïéý[ýìí

ðçýxýìíðèïôý

(YHU\RQHýZKRýKDVýKHDUGýDERXWýTXDQWXPýZHLUGQHVVýNQRZVýWKDWýRQýWKHýDWRPLFýVFDOHýSDUWLFOHVýEHKDYH
FRQWUDU\ýWRýZKDWýZHýH[SHFWýIURPýH[SHULHQFHýZLWKýPDFURVFRSLFýREMHFWVñýVXFKýDVýFKDUJHGýSLQJðSRQJýEDOOVïý$
ORZðHQHUJ\ýGHXWHURQýDSSURDFKLQJýIURPýWKHýULJKWñýZLWKýDQýLQLWLDOýYHORFLW\ýZKRVHýNLQHWLFýHQHUJ\ýLVýPHDVXUHG
LQýHOHFWURQýYROWVýõH9ôýUDWKHUýWKDQýLQýNLORYROWVýõNH9ôýRUýPHJDYROWVýõ0H9ôñýPXVWýVORZýGRZQýDQGýWKHQýUHYHUVH
FRXUVHýDQGýEHýUHIOHFWHGýEDFNýWRZDUGýLWVýRULJLQýZLWKýWKHýVDPHýILQDOýVSHHGýDVýLWVýLQLWLDOýVSHHGñýEXWýZLWKýWKH
GLUHFWLRQýRIýPRWLRQýUHYHUVHGïý6HHý)LJïýë$ýDQGý)LJïýë%ñýZKLFKýPD\ýEHFRPHýFOHDUHUýLQýWKHýVHTXHOñýXSRQýD
VHFRQGý UHDGLQJïý +RZHYHUñý HYHQý WKRXJKý WKHý EDUULHUý KHLJKWý LVý DOPRVWý LQILQLWHñý WKHUHý LVý Dý ILQLWHý FKDQFH
õFRPSXWDEOHý E\ý TXDQWXPýPHFKDQLFVôý WKDWý LQVWHDGý RIý EHLQJý UHIOHFWHGý HODVWLFDOO\ý õDVý PLJKWý EHý DQý LGHDO
SLQJðSRQJýEDOOýERXQFLQJýIURPýDQýLQILQLWHO\ýKDUGýVXUIDFHôñýWKHýGHXWHURQýZLOOýVRPHKRZýöWXQQHOöýWKURXJKýWKH
öHQHUJHWLFDOO\ðIRUELGGHQýUHJLRQöý>RIýQHJDWLYHýNLQHWLFýHQHUJ\ýDQGýLPDJLQDU\ýVSHHG@ýDQGýEHýIRXQGýRQýWKHýRWKHU
VLGHýRIýWKHýEDUULHUñýPRYLQJýWRZDUGýWKHýOHIWýZLWKýWKHýVDPHýXOWLPDWHýNLQHWLFýHQHUJ\ýDVýZKLFKýLWýEHJDQïý7R
QLQHWHHQWKðFHQWXU\ýSK\VLFLVWVñýWKLVýZRXOGýEHýDQýLQFUHGLEOHýPLUDFOHïý1HLWKHUý(LQVWHLQýQRUý6FKU|GLQJHU



51

ýHYHUýIXOO\ýDFFHSWHGýZKDWýWKHýFRðGLVFRYHUHUýRIýTXDQWXPðPHFKDQLFVýLQýLWVýZDYHðPHFKDQLFDOýYHUVLRQýFDOOHGýûWKLV
GDPQHGýTXDQWXPýMXPSLQJüû

$ýGHWDLOHGýCXQGHUVWDQGLQJöýRIýKRZýTXDQWXPýWXQQHOLQJýFDQýEHýSRVVLEOHýLVýDýKLJKO\ýGHEDWDEOHýVXEMHFWï
%XWýSDWURQVýRIý5DGLRý6KDFNýZKRýKDYHýSXUFKDVHGýWXQQHOýGLRGHVñýRUýXVHUVýRIýDQ\ýWUDQVLVWRUðEDVHGýVROLGðVWDWH
HOHFWURQLFýGHYLFHVýõVXFKýDVýPRGHUQý79VýRUýFRPSXWHUVôýDUHýEHQHILFLDULHVýRIýWKHýIDFWýWKDWýTXDQWXPýWXQQHOLQJ
LVýDQýREMHFWLYHO\ýUHDOýSKHQRPHQRQïý2WKHUýTXDQWXPýZHLUGQHVVHVýPXVWýEHýLQYRNHGýWRýH[SODLQýHYHQýFHUWDLQ
PDFURVFRSLFýSKHQRPHQDñýVXFKýDVýVXSHUIOXLGLW\ýDQGýVXSHUFRQGXFWLYLW\ïý:KHQýSDOODGLXPýLVýVDWXUDWHGýZLWK
HLWKHUýK\GURJHQýRUýGHXWHULXPñýDQGýFU\RJHQLFDOO\ýUHIULJHUDWHGñýLWýEHFRPHVýDýVXSHUFRQGXFWRUñýZKLFKýFDQQRWýEH
H[SODLQHGýE\ýFODVVLFDOýSK\VLFVï

,QVLGHýRIýDýSDOODGLXPýODWWLFHñýIUHHýGHXWHURQVýW\SLFDOO\ýKDYHýHQHUJLHVýPHDVXUHGýLQýWHQWKVýRIýDQýH9ñýRU
DWýPRVWýDýIHZýH9ñýDVýGLVFXVVHGýE\ý'Uïý6WDQý3RQVýDWý,&&)éïý$GYDQFHGýXQGHUJUDGXDWHVýDWý3ULQFHWRQýZKRýXVH
WKHýUHFHQWýH[FHOOHQWýWH[WýRQý4XDQWXPý0HFKDQLFVýE\ýWKHý(LQVWHLQý3URIHVVRUýRIý6FLHQFHñý'Uïý3ï-ï(ïý3HHEOHVñýILQG
WKDWýDIWHUýDQýLQLWLDOýVWXG\ýRIýWKHýVXEMHFWýRIýRQO\ýèëýSDJHVýWKH\ýKDYHýOHDUQHGýHQRXJKýWRýFRPSXWHýWKHýWXQQHOLQJ
SUREDELOLW\ýXQGHUýGLVFXVVLRQïý,WýWXUQVýRXWýWKDWýLIýWKHýGHXWHURQöVýHQHUJ\ýLVýOHVVýWKDQýVHYHUDOýKXQGUHGýH9ñýWKH
WXQQHOLQJýSUREDELOLW\ýLVýVRýLQILQLWHVLPDOO\ýVPDOOýWKDWýIRUýDOOýSUDFWLFDOýSXUSRVHVýLWýLVýQHJOLJLEOHïý$WýWKHýHQGýRI
KLVýOXFLGýäðSDJHýGHPRQVWUDWLRQýRIýWKHýQHJOLJLEOHýOLNHOLKRRGýRIý&)öVýSRVVLELOLW\ýõLQýWKHýVFHQDULRýDVVRFLDWHGýZLWK
)LJïýëôñý'Uïý3HHEOHVýH[KLELWVýDGPLUDEOHýLQWHOOHFWXDOýKRQHVW\ýE\ýPXVLQJýDORXGýDVýWRýZKHWKHUýRUýQRWýKHýFRXOG
KDYHýRYHUORRNHGýVRPHýDVSHFWýRIýVROLGýVWDWHýSK\VLFVýõVXFKýDVýKDGýSURGXFHGýWKHýXQSUHGLFWHGýGLVFRYHU\ýRIýKLJK
WHPSHUDWXUHýVXSHUFRQGXFWLYLW\ôýZKLFKýFRXOGýKDYHýOHGýWRýDýOHVVýSHVVLPLVWLFýFRQFOXVLRQïý%XWýDIWHUýUHKHDUVLQJ
VRPHýTXDOLWDWLYHýUHDVRQVýIRXQGýFRQYLQFLQJýE\ýXQVSHFLILHGýRWKHUýûSHRSOHûýõSUHVXPDEO\ýLQFOXGLQJý&DOWHFK
WKHRULVWý'Uïý6WHYHQý.RRQLQñýDQGý8QLYHUVLW\ýRIý,OOLQRLVýDXWKRULWLHVý'Uïý*RUGRQý%D\PýHWýDOïñý3HHEOHVýJLYHVýXS
DQGýPRYHVýRQï

7KHýSXUSRVHýRIýWKLVýDUWLFOHýLVýWRýVKRZýUHDGHUVýKRZýLPSRUWDQWýRYHUORRNHGýWDFLWýDVVXPSWLRQVýPD\ýEHñ
LQýWKHýDUHQDýRIýORJLFDOýDUJXPHQWVñýHYHQýZKHQýDGYDQFHGýE\ýHPLQHQWO\ýTXDOLILHGýVFKRODUVñýDQGýWRýSRLQWýRXW
FULWLFDOO\ýLPSRUWDQWýIHDWXUHVýRIýWKHýSUREOHPýDEVHQWýIURPý)LJïýëýEXWýYHU\ýPXFKýSUHVHQWýLQýDýPRUHýUHDOLVWLF
PRGHOñýDQGýZKLFKýUDLVHýWKHýWXQQHOLQJýSUREDELOLW\ýIURPýQHJOLJLEO\ýVPDOOýWRýìííýSHUFHQWüýõ7KHýFULWLFDOýH[SHUW
UHDGHUýVKRXOGýEHýSDWLHQWýZKLOHýWKHýQHHGHGýLPSURYHPHQWVýDUHýLQWURGXFHGýRQHðDWðDðWLPHïô

7KHýILUVWýLQDGHTXDF\ýRIý)LJïýëýLVýWKDWýLWýQHJOHFWVýWKHýRWKHUýERXQGýGHXWHURQVýLQýWKHýODWWLFHïýõ$VýDýILUVW
DSSUR[LPDWLRQñýWKHýHIIHFWVýRIýWKHýPRELOHýHOHFWURQVýDUHýLJQRUHGïôý$VýDýVWDUWñýDQGýUHIHUULQJýWRý)LJïýêñýFRQVLGHU
RQHýõûLQILQLWHO\ûôýULJLGO\ýERXQGýGHXWHURQýRQýWKHýOHIWýDWýUý ýð/ñýDQGýDQRWKHUýVXFKýULJLGO\ýERXQGýGHXWHURQýRQ
WKHýULJKWýDWýUý ý/ïýõ7KLVýSHUIHFWýULJLGLW\ýLVýDQýRYHUVLPSOLILFDWLRQñýEXWýDGHTXDWHýIRUýWKHýSUHVHQWïôý6XSSRVHýWKDW
WKHýIUHHýGHXWHURQýLVýLQLWLDOO\ýDWýDýSRVLWLRQýUýRQýWKHýRSHQýLQWHUYDOýð/ýáýUýáý/ïý7KHýHOHFWURVWDWLFýSRWHQWLDOýZKLFK
DIIHFWVýWKHýIUHHýGHXWHURQýLVýQRZýWKHýVXPýRIýWKHýSRWHQWLDOVýIURPýHDFKýULJLGO\ýERXQGýGHXWHURQñýQDPHO\

9õUôý ý^Hîõ/ýòýUô`ýòý^Hîõ/ýðýUô`ý2ýë#/#Hîõ/ëýðýUëôý2ý9õðUôñ

ZKHUHýWKHýVHFRQGñýLGHQWLFDOO\ýHTXLYDOHQWñýIRUPýUHTXLUHVýDýELWýRIýKLJKðVFKRROýDOJHEUDýWRýYHULI\ïý1RWLFHýWKDW
EHFDXVHýUëý2ý-U-ëý2ý-ðU-ëýLWýQRýORQJHUýPDWWHUVýZKHWKHUýUýLVýSRVLWLYHýRUýQHJDWLYHñýDQGýWKHýSRWHQWLDOýKDVýPLUURU
V\PPHWU\ýZKHQýRQHýFRQVLGHUVýUHIOHFWLRQýLQýDQýLPDJLQDU\ýPLUURUýSODFHGýDORQJýWKHýYHUWLFDOýOLQHýHUHFWHGýWKURXJK
WKHýRULJLQýõDWýUý ýíôï

1RZýGUDZýDýKRUL]RQWDOýOLQHýUHSUHVHQWLQJýWKHýLQLWLDOýNLQHWLFýHQHUJ\ý×ýRIýDýIUHHýGHXWHURQýLQý)LJïýëñý)LJï
ë$ýDQGý)LJïýë%ñýZKHQýVWDUWLQJýöLQILQLWHO\öýIDUýRIIýWRýWKHýULJKWýDQGýWKHUHIRUHýFRPSOHWHO\ýXQLQIOXHQFHG



52

ýE\ýWKHýSRWHQWLDOïý:KHQýVXFKýDýSDUWLFOHýPRYHVýIURPýWKHýULJKWýWRZDUGýWKHýUHSXOVLYHýERXQGýGHXWHURQñýLWýORVHV
NLQHWLFýHQHUJ\ýEXWýJDLQVýSRWHQWLDOýHQHUJ\ñýWKHLUýVXPýUHPDLQLQJýHTXDOýWRýWKHýLQLWLDOýYDOXHý×ï

6LPLODUO\ñýGUDZýDýKRUL]RQWDOýOLQHýDWýWKHýVDPHýOHYHOý×ýLQý)LJïýêýDQGý)LJïýê$ýUHSUHVHQWLQJýWKHýWRWDO
HQHUJ\ýRIýDýIUHHýGHXWHURQýPRYLQJýXQGHUýWKHýLQIOXHQFHýRIýWKHýSRWHQWLDOýRIýERXQGýSRVLWLYHO\ðFKDUJHGýSDUWLFOHV
RQýLWVýOHIWýDQGýULJKWïý,Qý)LJïýêýDQGý)LJïýê$ñýLIýWKHýIUHHýEXWýHQHUJHWLFDOO\ðH[FLWHGýGHXWHURQýLVýVWDUWHGýZLWKýWKLV
WRWDOýHQHUJ\ýDWý WKHýRULJLQñý WKHQýDFFRUGLQJýWRýFODVVLFDOýSK\VLFVý>QHJOHFWLQJýTXDQWXPýZHLUGQHVV@ñý WKLVýIUHH
GHXWHURQýJHWVýûWUDSSHGýLQýWKHýSRWHQWLDOýZHOOûñýDQGýEHFRPHVýLWVHOIýERXQGñýEXWýERXQGýDWýDQýöH[FLWHGýHQHUJ\ýOHYHOöñ
LQýWKHýIROORZLQJýVHQVHïý%\ýDýIXQGDPHQWDOý/DZýRIý3K\VLFVñýWRýZKLFKýFODVVLFDOýSK\VLFVýNQRZVýQRýH[FHSWLRQVñ
QDPHO\ñýWKHýFRQVHUYDWLRQýRIýHQHUJ\ñýWKHýVXPýRIýWKHýIUHHýGHXWHURQöVýNLQHWLFýHQHUJ\ý.ýõRUýHQHUJ\ýRIýPRWLRQôýDQG
SRWHQWLDOýHQHUJ\ýH#9ýõRUýHQHUJ\ýRIýSRVLWLRQôýPXVWýUHPDLQýFRQVWDQWñýDQGýWKHUHIRUHýHTXDOýWRýLWVýLQLWLDOýYDOXHý×ï
$VýGLVFRYHUHGýE\ý,VDDFý1HZWRQñýDQGýWDXJKWýLQýKLJKðVFKRROñý.ý ýõìîëô#P'#ýYýZKHUHýYýLVýWKHýVSHHGýRIýPRWLRQñ
RUýUDWHýRIýFKDQJHýRIýSRVLWLRQýUñýDQGý0'ýLVýWKHýPDVVýRIýDýGHXWHURQïý7KXVñýLQý)LJïýë$ñý)LJïý%ýDQGý)LJïýê$ñýQR
PDWWHUýZKDWýWKHýYDOXHýRIýSRVLWLRQýUýõDQGýFRUUHVSRQGLQJýVSHHGýYôñ

.ýòýH#9õUôý2ý×ï

7KLVýVLPSOHýUHODWLRQVKLSýKDVýSURIRXQGýFRQVHTXHQFHVïý,QýWKHýILUVWýSODFHñýVLQFHý.ý'ýíñýWKHýSRVLWLRQýUýPXVWýEH
UHVWULFWHGýWRýWKHýGRPDLQýLQýZKLFKýH#9õUôý&ý×ïý6HHý)LJïýë$ñý)LJïý%ýDQGý)LJïýê$ýWRýVHHýJUDSKLFDOO\ýKRZýWKLV
DIIHFWVýDOORZHGýYDOXHVýRIýUï

1H[WñýQRWLFHýLQý)LJïýê$ýWKDWýDVýUýLQFUHDVHVýIURPýUý ýíñýWKHýSRWHQWLDOýHQHUJ\ýH#9õUôýLQFUHDVHVýWRZDUG
×ñýDQGýZKHQýUýUHDFKHVýDýYDOXHýUWýõFDOOHGýWKHýFODVVLFDOýWXUQLQJýSRLQWôýVXFKýWKDWýDWýWKLVýSRLQWýH#9õUWôý ý×ñýWKHQ
QHFHVVDULO\ý DWý WKLVý VDPHý SRLQWý.ý  ý íñý LïHïý DWý Dý WXUQLQJý SRLQWñý WKHý GHXWHURQöVý VSHHGý Yý  ý íïý %\ý DSSO\LQJ
KLJKðVFKRROýDOJHEUDýWRýWKHýODVWýGLVSOD\HGýHTXDWLRQýIRUý9ñýVHWýHTXDOýWRý×ýîHñýILQGýõUWô

ëý ý/ëýðýõë#ý/#ýHëî×ôïý%XW
DJDLQýIURPýKLJKýVFKRROýZHýNQRZýWKDWýZKHQHYHUý×ý!ýë#ýõHëî/ôýWKLVýTXDGUDWLFýHTXDWLRQýKDVý7:2ýGLVWLQFWýûUHDOû
õRUýQRQðLPDJLQDU\ôýVROXWLRQVýIRXQGýE\ýWDNLQJýVTXDUHýURRWVã

ýïUW ö � / 5 ÷ +5# / # H 52× , 2 �/ # 4÷ >+5# H 5 2/,2× @

,IýIRUýVLPSOLFLW\ýZHýGHILQHýUWýWRýEHýWKHýSRVLWLYHýVTXDUHýURRWñýWKHQýõðUWôýLVýWKHýRWKHUýVROXWLRQïý7KLVýPHDQV
WKDWýWKHýGHXWHURQýLVýûWUDSSHGûýLQýWKHýUHJLRQýðUWýáýUýáýUWñýDVýVKRZQýLQý)LJïýê$ïý$VýWKHýGHXWHURQýPRYHVýIURPýULJKW
WRýOHIWñýLWýVORZVýGRZQýXQWLOýWKHýOHIWðKDQGýWXUQLQJýSRLQWýõðUWôýLVýUHDFKHGñýDWýZKLFKýSRLQWýLWVýPRWLRQýKDVýEHHQ
PRPHQWDULO\ýEURXJKWýWRýDýVWDQGVWLOOïý%XWýWKHQýWKHýUHSXOVLRQýIURPýWKHýOHIWðKDQGýERXQGýGHXWHURQñýSUHYLRXVO\
RYHUFRPHýE\ýWKHýOHIWZDUGýPRPHQWXPñýHQFRXQWHUVý]HURýPRPHQWXPýDQGýVRýLVýIUHHýWRýDFWýDORQHñýGRPLQDWLQJýWKH
ZHDNHUý UHSXOVLRQý IURPý WKHýPRUHðGLVWDQWý ULJKWðKDQGýERXQGýGHXWHURQñý DQGýDFFHOHUDWLQJý WKHý IUHHýGHXWHURQ
WRZDUGVýWKHýULJKWïý$VýWKHýGHXWHURQýFURVVHVýWKHýRULJLQýUý ýíñýWKHýUHSXOVLRQýIURPýWKHýGHXWHURQýRQýWKHýULJKW
EHFRPHVý ODUJHUý WKDQý WKDWý IURPýWKHýGHXWHURQýRQý WKHý OHIWñýDQGý LWýEHJLQVý WRýGHFHOHUDWHïý:KHQý WKHýGHXWHURQ
DSSURDFKHVýWKHýULJKWðKDQGýWXUQLQJýSRLQWýUýLWýDJDLQýVORZVýGRZQýFRPSOHWHO\ýDQGýWKHQýUHYHUVHVýLWVýPRWLRQïý7KLV
F\FOHýLVýWKHQýUHSHDWHGýHQGOHVVO\ï

7KLVýEDFNðDQGðIRUWKýPRWLRQýLVýVLPLODUýWRýWKHýPRWLRQýRIýDýVKDOORZðDQJOHýIULFWLRQOHVVýSHQGXOXPýXQGHU
JUDYLW\ñýRUýWKDWýRIýDýOHDGýEDOOýLQýRXWHUýVSDFHýDQGýDWWDFKHGýE\ýDQýDVWURQDXWýWRýVSULQJVýKHOGýDSDUWýE\ýDýULJLGýIUDPH
RQýLWVýOHIWýDQGýULJKWñýLQýZKLFKýWKHýUHVWRULQJýIRUFHýð.UýLVýSURSRUWLRQDOýWRýWKHýGLVSODFHPHQWýUñýDQGýWKHýFRQVWDQW
RIýSURSRUWLRQDOLW\ý.ýLVýFDOOHGýWKHýVSULQJýFRQVWDQWïý$JDLQýDFFRUGLQJýWRý,VDDFý1HZWRQñýWKHýEDOOýRIýPDVVýP'ýKDV
DQýDFFHOHUDWLRQýDýZKLFKýVDWLVILHVýKLVýIDPRXVýHTXDWLRQýRIýPRWLRQ
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P'#ýDý ýð.Uï

,QýIUHVKPDQýFDOFXOXVýWKLVýGLIIHUHQWLDOýHTXDWLRQýLVýVROYHGýLQýWHUPVýRIýSHULRGLFýWULJRQRPHWULFýIXQFWLRQVñ
VXFKýDVýVLQõëôý2ýVLQõëýòýë%ôñýDQGýVKRZQýWRýKDYHýWKHýIXQFWLRQDOýIRUPýUý ý$#ýVLQõë%>Wî7@ôýDVýDýIXQFWLRQýRIýWLPH
Wïý,IýWKHýSRVLWLRQýUýLVýSORWWHGýDJDLQVWýWLPHýWñýWKHýFXUYHýLVýVLQXVRLGDOñýZLWKýDýPD[LPXPýDPSOLWXGHý ï$ ö 5×2.
7KLVýNLQGýRIýPRWLRQýLVýSHULRGLFýLQýWLPHýZLWKýDýSHULRGý7ýõPHDVXUHGýLQýVHFRQGVôñýZKHUHýLQýIUHVKPDQýSK\VLFV

LWýLVýVKRZQýWKDWý ïý6XFKýDýPRWLRQýLVýFDOOHGýVLPSOHýKDUPRQLFýPRWLRQñýDQGýDQ\ýV\VWHPýZKLFK7 ö 5% # P' 2.
H[KLELWVýWKLVýEHKDYLRUýLVýFDOOHGýDýKDUPRQLFýRVFLOODWRUï

)RUýVPDOOðDPSOLWXGHýRVFLOODWLRQVñýLïHïýIRUýVPDOOýLQLWLDOýHQHUJLHVý×ñýWKHýERWWRPýRIýWKHýSRWHQWLDOýHQHUJ\ýZHOOýLQ
)LJïýêýDQGý)LJïýê$ýFDQýEHýZHOOðDSSUR[LPDWHGýDVýDýTXDGUDWLFýIXQFWLRQñýZKLFKýGHILQHVýDýSDUDERODã

ýïH # 9 ö H # 90,1 ø +425, #. # U 5 ø à

,QýWKLVýFDVHñýLWýLVýHDV\ýWRýVKRZý>VHHý$SSHQGL[ý&@ýWKDWýWKHýVSULQJýFRQVWDQWýLVýJLYHQýE\ý.ý ýé#ýõHëîý/êôïý)RUýHYHU\
VPDOOýYDOXHýRIý×ý!ý0,1,080ý^H#ý9õUô`ý2ýH#ý9õíôý2ýë#ýõHëî/ôñýLWýZLOOýEHýWUXHýLQýFODVVLFDOýSK\VLFVýWKDWýWKHýIUHH
GHXWHURQýRVFLOODWHVýLQýDýVLPSOHýKDUPRQLFýPRWLRQýDERXWýWKHýRULJLQñýDVýLQý)LJïýê$ï

3K\VLFLVWVýKDYHýDýVKRUWðKDQGýSLFWXUHýLQýZKLFKýWKHýGHXWHURQýLVýYLVXDOL]HGýDVýEHLQJýWUDSSHGýRQýWKH
KRUL]RQWDOýOLQHðVHJPHQWýH#ý9ý ý×ýEHWZHHQýWKHýSRLQWVýH#ý9õðUWôýDQGýH#ý9õUWôñýDQGýDVýVOLGLQJýEDFNýDQGýIRUWKýDWýWKLV
HQHUJ\ýOHYHOý×ýZKLOHýH[HFXWLQJýKDUPRQLFýPRWLRQï

,QýFODVVLFDOýSK\VLFVýWKHýHQHUJ\ýOHYHOý×ýõVRýORQJýDVýLWýLVýODUJHUýWKDQý90,1ýDVýH[SODLQHGýDOUHDG\ôýLV
FRPSOHWHO\ýDUELWUDU\ïý7KHýWRSýSHDNVýLQý)LJïýêýZRXOGýEHýLQILQLWHýH[FHSWýWKDWýWKH\ýKDYHýEHHQýWUXQFDWHGýWRýDOORZ
IRUýWKHýVWURQJýQXFOHDUýIRUFHïý,IýWKHýQXFOHDUýUDGLXVýZHUHýQHJOHFWHGñýWKHQýDQ\ýYDOXHýRIý×ñýQRýPDWWHUýKRZýJUHDWñ
ZRXOGýSURGXFHýDýWUDSSHGýGHXWHURQïý0RUHýUHDOLVWLFDOO\ñýWKLVýRFFXUVýRQO\ýIRUýHQHUJ\ýOHYHOVýEHWZHHQ

×0,1ý ýH#ý90,1ý2ýë#ýõH
ëî/ôñý÷ý×0$;ý ýH#ý90$;ý2ýH#ý9õ/ýðýUQôý2ýõìîëô#ý×0,1ýîõUQî/ôýòý###ýñ

ZKHUHýWKHýRPLWWHGýWHUPVýDUHýQHJOLJLEOHñýVRýWKDWýLQýFRPSDULVRQý×0$;ýxýèÕìí
é#ý×0,1ïý7KXVýLQýFODVVLFDOýSK\VLFV

WKHUHýLVýDýFRQWLQXXPýRIýSRVVLEOHýHQHUJ\ýOHYHOVýDWýZKLFKýGHXWHURQVýFRXOGýEHýWUDSSHGñýFRUUHVSRQGLQJýWRýWKH
FRQWLQXRXVýLQILQLWXGHýRIýYDOXHVýRIý×ýZKLFKýVDWLVI\ý×0,1ý&ý×ý&ý×0$;ï

+RZHYHUñýZKHQýTXDQWXPýZHLUGQHVVýLVýWDNHQýLQWRýDFFRXQWñýWKLVýSLFWXUHýEHFRPHVýUDGLFDOO\ýPRGLILHGñ
DVýVKRZQýLQý)LJïýê%ïý%HORZýDQ\ýJLYHQýHQHUJ\ýOHYHOñýWKHUHýLVýRQO\ýDýILQLWHýQXPEHUýRIýRWKHUýHQHUJ\ýOHYHOVýZKLFK
DUHýûSHUPLVVLEOHûñýRUýûDOORZHGýE\ýWKHýODZVýRIýTXDQWXPýPHFKDQLFVýDVýSUHVHQWO\ýXQGHUVWRRGûüý7KHVHýGLVFUHWH
HQHUJ\ýOHYHOVýIRUýH[FLWHGýERXQGýGHXWHURQVýDUHýGHWHUPLQHGýE\ýDýUHVRQDQFHýFRQGLWLRQýZKLFKýZLOOýQRZýEH
H[SODLQHGï

7RZDUGýWKHýERWWRPýRIýWKHýZHOOñýZKHUHýWKHýFXUYHýFDQýEHýFORVHO\ýDSSUR[LPDWHGýE\ýWKHýERWWRPýRIýD
SDUDERODñýWKHýRQO\ýDFFHSWDEOHýHQHUJ\ýOHYHOVý(QýDUHýJLYHQýE\ýWKHýIRUPXODýIRUýWKHýHQHUJ\ýOHYHOVýRIýDýTXDQWL]HG
KDUPRQLFýRVFLOODWRUýõLQYROYLQJý3ODQFNöVýFRQVWDQWýKôã

(Qý ýõQýòý>ìîë@ô#ýKî7ñýõýQý ý2ñýìñýëñýêñýïïïýôñ

ZKHUHý7ýLVýWKHýKDUPRQLFýRVFLOODWRUöVýSHULRGýGHILQHGýDERYHñýDQGýZKHUHýQýLVýDQýDUELWUDU\ýQRQðQHJDWLYHýLQWHJHU
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ýõRUýZKROHýQXPEHUôïý$QRWKHUýZD\ýWRýH[SUHVVýWKHýSUHFHGLQJýLVýWRýIDFWRUýRXWýWKHýõìîëôýDQGýZULWHã

(Qý ýõëQýòýìô#ýKîõë7ôñýõýQý ý2ñýìñýëñýêñýïïïýôï

1RWHýWKDWýIRUýHYHU\ýLQWHJHUýQñýWKHýLQWHJHUýõëQýòýìôýLVýQHFHVVDULO\ýDQý2''ýQXPEHUâýLQý)LJïýê$ñýWKHýYDOXHýRIýQ
 ýäýKDVýEHHQýLOOXVWUDWHGñýVRýWKDWýëQýòýìý ýìäýLVýDQýRGGýQXPEHUï

7KLVýRGGQHVVýLVýWKHýNH\ýWRýXQGHUVWDQGLQJýWKHýSK\VLFDOýSRVVLELOLW\ýRIý&)ïý,QýP\ýSDWHQWðSHQGLQJý457
SURFHVVñýZKLFKýSXUSRUWVýWRýVKRZýKRZýWKHýHQHUJ\ýOHYHOýPD\ýEHýUDLVHGýIURPýWKHý=3)ýOHYHOýQý ýíýWRýDýYDOXHýRI
Qý'ýìýDWýZKLFKý5HVRQDQWý7UDQVSDUHQF\ýEHFRPHVýVXIILFLHQWO\ýOLNHO\ñýWKHýXVHUýWDNHVýWKHýODWWLFHðSHULRGýOHQJWK
/ýDQGýGLYLGHVýLWýE\ýWKHýERXQGýSDUWLFOHöVýURRWðPHDQðVTXDUHýõUPVôýDPSOLWXGHýRIýYLEUDWLRQýæýZKHQýWKHýODWWLFHýLV
DWý$EVROXWHý=HURýWHPSHUDWXUHý>ERWKýRIýZKLFKýOHQJWKVý/ýDQGýæýFDQýEHýGHWHUPLQHGýIURPý[ðUD\ýFU\VWDOORJUDSK\
RUýZHOOðHVWDEOLVKHGýWKHRU\@ýDQGýVRýIRUPVýZKDWý,ýFDOOýWKHý6FKZLQJHUý5DWLRý)ý ý/îæýZKLFKýLVýDýSXUHýQXPEHUýWKDW
6FKZLQJHUýKDVýSURSKHWLFDOO\ýLGHQWLILHGýDVýVXPPLQJýXSýõûDOEHLWýFUXGHO\ûôýDOOýWKHýIRUFHVýDWýZRUNýLQýWKHýODWWLFHï
1RZýFODLPýëýRIýP\ýSHQGLQJýSDWHQWýFDOOVýIRUýWKHýXVHUýWRýGLYLGHýWKHý6FKZLQJHUý5DWLRýE\ý%ý ýêïìéìèäïïïñýDQG
FKHFNýZKHWKHUýRUýQRWýWKHýUHVXOWý LVýDQýRGGýLQWHJHUýõRUýQHDUýWRýRGGQHVVôïý,IýVRñýWKHýODWWLFHýDQGýSDUWLFOHýDUH
VXLWDEOHïý,IýQRWñýP\ý457ýWKHRU\ýFODLPVýWKDWýWKHUHýLVýQRýZD\ýWRýH[FLWHýWKHýERXQGýSDUWLFOHýõDWýQý ýíôýWRýDýKLJKHU
HQHUJ\ýOHYHOýõQý'ýìôýE\ýFROOLVLRQýLQVLGHýWKHýODWWLFHýZLWKýDýVLPLODUýSDUWLFOHü

,Qý$SSHQGL[ý'ýõZKLFKýWKHýUHDGHUýPD\ýQRWýILQGýHDV\ýEHIRUHýILQLVKLQJýWKHýSDSHUôý,ýKDYHýWHVWHGýWKH
YDOLGLW\ýRIýP\ý&RXORPEð0DGHOXQJýSRWHQWLDOýE\ýFRUUHFWO\ýSUHGLFWLQJýWKHý6FKZLQJHUý5DWLRýIRUý3G#ý'ìïíñýDQG
WKHQýXVHGýLWýWRýH[WUDSRODWHýWRýWKRVHýRIýVRPHýçýRWKHUýFDVHVýIRUýZKLFKý,ýFRXOGýQRWýILQGýPHDVXUHGýGDWDñýWKXVýQRZ
KDYLQJýUHVXOWVýRQýæýFDVHVã

õ3G#ý'ìïíñý3G#ý'ëïíñý3G#ý+ìïíñý1L#ý'ìïíñý1L#ý+ìïíñý7L#ý'ëïíñý7L#ý+ëïíôïý

'HILQHý)457ý2ý)î%ïý7KHQýIRUýWKHýæýFDVHVýP\ýSHQGLQJý457ýSDWHQWýFULWHULRQýõILOHGýLQý-XQHñýìääìôñýZKHQýDSSOLHG
GHýQRYRñýSUHGLFWVã

)457ý ýõäïííñýêïííñýæïèæñýåïæéñýæïêèñýêïííñýëïèëôýxýõäñýêñýåñýäñýæñýêñýëïèôñ

ZKLFKýFRUUHVSRQGVýSHUIHFWO\ýWRýH[SHULPHQWDOýH[SHULHQFHýLQýWKDWýLWýSUHGLFWVýWKDWýHLWKHUýGHXWHURQVýRUýSURWRQV
PD\ýZRUNýZLWKýQLFNHOñýDQGýWKDWýGHXWHURQVýõEXWýRQO\ýPDUJLQDOO\ýSURWRQVôýPD\ýZRUNýZLWKýWLWDQLXPñýZKLOHýRQO\
GHXWHURQVýVKRXOGýZRUNýZLWKýSDOODGLXPüý:KHQý,ýGHULYHGýWKHý457ýFULWHULRQñý,ýXVHGýRQO\ýFODVVLFDOýFRQVHUYDWLRQ
RIý HQHUJ\ñý FODVVLFDOý FRQVHUYDWLRQý RIýPRPHQWXPñýDQGý Dý VLQJOHýDGý KRFý õû2OGý40ûôý TXDQWL]LQJý SULQFLSOH
õ'XDQHöVý5XOHñýGLVFXVVHGý EHORZôñý DQGý H[SUHVVHGý DPD]HPHQWý DWý WKHý ûFRLQFLGHQFHûý õ"ôý WKDWý WKHý FULWHULRQ
VXFFHHGHGñýWRýDOPRVWýéýGHFLPDOýSODFHVñýZLWKý3G#ý'ìïíý÷ý3G#ý'ëïíâýEXWý,ýIDLOHGýWRýWHVWýWKHýFULWHULRQýIXUWKHUï
5HFHQWO\ý'Uïý0DULRý5DELQRZLW]ýRIý(35,ýWROGýPHýWKDWýKHýGRXEWHGýWKDWýP\ý457ýFULWHULRQýFRXOGýSRVVLEO\ýEH
FRUUHFWñýDQGýZKHQý,ýDVNHGýZK\ñýKHýVDLGãýûUHSODFHýWKHýGHXWHURQýPDVVýP'ýE\ýKDOIýLWVýYDOXHñýWRýJLYHýDýSURWRQ
PDVVñýP3ý ýP'îëñýDQGý\RXUýWKHRU\ýZLOOýVWLOOýSUHGLFWý&)ñýLQýZKLFKýFDVHý\RXýDUHýLQýGHHSýWURXEOHüûý6Rý,ýFDQýQRZ
FODLPýWKDWýWKHýUHDGHUýRXJKWýWRýWDNHýP\ýZRUNýVHULRXVO\ýVLQFHýLWýKDVýSDVVHGýöWKHý5DELQRZLW]ýDFLGýWHVWöñýSOXVýVL[
RWKHUýJUDWXLWRXVýWHVWVñýZLWKýIO\LQJýFRORUVüý>FIý$SSïý'@ý

5HWXUQLQJýWRý)LJïýêýDQGý)LJïýê$ñýLIýRQHýXVHVýWKHýPHWKRGVýRIýWKHýHPLQHQWýVFKRODUVý
UHIHUUHGýWRýDERYHýWRýFRPSXWHýWKHýSUREDELOLW\ýRIýWXQQHOLQJýRXWýRIýWKHýZHOOñýIRUýHQHUJ\ý
OHYHOVýEHORZýDýIHZýKXQGUHGýH9ñýWKHýDQVZHUýLVýRQFHýDJDLQýQHJOLJLEO\ýVPDOOïý6RýZKDWýKDVý
EHHQýJDLQHGýE\ýJRLQJýIURPý)LJïýëýWRý)LJïýê"ý1RWýHQRXJKñýEXWýSURJUHVVýLQýWKHýULJKWýGLUHFWLRQýLVýEHLQJýPDGHï
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ý7KHUHýDUHýWKUHHýPRUHýPRGLILFDWLRQVýLQýWKHýGLUHFWLRQýRIýJUHDWHUýUHDOLVPýWKDWýUHPDLQýWRýEHýLQWURGXFHGýEHIRUH
WKHýSHVVLPLVWLFýWXQQHOLQJýSUREDELOLWLHVýFDQýEHýRYHUFRPHï

7KHýILUVWýPRGLILFDWLRQýLVýWRýFRQVLGHUýDOOýRIýWKHýERXQGýGHXWHURQVýLQýWKHýODWWLFHñýQRWýMXVWýWKHýWZRýDGMDFHQW
ERXQGýGHXWHURQVïý,WýLVýDýWLPHðKRQRUHGýõEHFDXVHýVXFFHVVIXOôýDSSUR[LPDWLRQýWRýDVVXPHýWKDWýWKHUHýLVýDQýHQGOHVV
DUUD\ýRIýGHXWHURQVýWRýERWKýWKHýOHIWýDQGýWKHýULJKWýRIýWKHýRULJLQDOýWZRïý7KHVHýERXQGýGHXWHURQVýDUHýDVVXPHGýWR
EHýULJLGO\ýIL[HGýõLïHïýQRWýWRýEHýDIIHFWHGýE\ýWKHýIUHHýGHXWHURQôñýDQGýORFDWHGýDWýWKHýSRVLWLRQV

Uý ý�ýN#ý/ñýýõNý ýìñýëñýêñýïïïôï

õ,IýWKHýUHDGHUýEDONVýDWýLQILQLW\ñýKHýPD\ýLPDJLQHýNýLQFUHDVLQJýXSýWRýN0$;ý ýìí
ëëýDQGýWKHQýWKHýSRVLWLRQýDWýN0$;

EHLQJýFRQFHSWXDOO\ýLGHQWLILHGýZLWKýWKDWýDWýõðN0$;ôñýLïHïýRQHýPD\ýFRQFHSWXDOO\ýSODFHýWKHýERXQGýGHXWHURQVýRQ
DýRQHðGLPHQVLRQDOýOLQHDUýFU\VWDOýODWWLFHýZKLFKýLVýJUDGXDOO\ýEHQWýURXQGýLQýDýFLUFOHýXQWLOýLWýMRLQVýLWVHOIâýPDQ\
VXFFHVVIXOýFRPSXWDWLRQVýLQýVROLGðVWDWHýSK\VLFVýKDYHýEHHQýFDUULHGýRXWýZLWKýVXFKýDQýDSSUR[LPDWLRQïô

7KHýVHFRQGýLPSURYHPHQWýLQýWKHýPRGHOýLVýWRýUHQGHUýLWñýDWýPDFURVFRSLFýGLVWDQFHVýDZD\ýIURPýWKHýODWWLFHñ
HOHFWULFDOO\ýQHXWUDOñýE\ýSODFLQJýQHJDWLYHýFKDUJHVýõðHôýEHWZHHQýHYHU\ýSDLUýRIýSRVLWLYHýFKDUJHVïý,QýUHDOLW\ñýWKH
HOHFWURQVýDUHýFLUFXODWLQJýLQýWKHLUýRZQýTXDQWL]HGýORFLñýLQFOXGLQJýûGHORFDOL]HGýEDQGýVWDWHVûñýEXWýIRUýSUHVHQW
SXUSRVHVýLWýLVýDGHTXDWHýWRýSODFHýWKHPýULJLGO\ýLQýDYHUDJHGýSRVLWLRQVñýDQGýXQOHVVýWKHýDYHUDJHGýSRVLWLRQVýIDOO
KDOIðZD\ýEHWZHHQý WKHý ERXQGý GHXWHURQVñý WKHQý WKHVHý LGHDOL]HGý ULJLGO\ðERXQGý HOHFWURQVýZLOOý QRWý EHý LQý DQ
HTXLOLEULXPýVWDWHïý$ýFRQVLGHUDWLRQýRIýWKHýWRWDOLW\ýRIýSRVLWLYHýDQGýQHJDWLYHýERXQGýFKDUJHVýLQýDýODWWLFHýZDVýILUVW
XQGHUWDNHQýIUXLWIXOO\ýE\ý0DGHOXQJñýDQGýVRýWKHýSRWHQWLDOýUHVXOWLQJýIURPýDOOýRIýWKHý&RXORPEýIRUFHVñýRIýERWK
VLJQVñý HYHU\ZKHUHý LQý WKHý ODWWLFHñý LVý FDOOHGý Dý &RXORPEð0DGHOXQJý SRWHQWLDOý 90ïý 7KLVý SRWHQWLDOý FDQý EH
UHSUHVHQWHGýLQýWHUPVýRIýNQRZQñýDOPRVWðGLYHUJHQWýEXWýWDEXODWHGýVHULHVýFDOOHGý'LJDPPDý)XQFWLRQVýõZKHUHLQ
WKHýGLYHUJHQWýKDUPRQLFýVHULHVý LVýDV\PSWRWLFDOO\ýûVXPPHGûýE\ýXVLQJý(XOHUöVý IDPRXVýFRQVWDQWôïý%\ýXVLQJ
NQRZQý GLJDPPDðLGHQWLWLHVñý 'Uïý 'DYLGý 3DUNý KDVý NLQGO\ý LQGHSHQGHQWO\ý YHULILHGý P\ý QHZý LQILQLWHý VHULHV
H[SUHVVLRQýIRUý90ýõSUHVHQWHGýWRý,&&)éôýZKLFKýFRQYHUJHVýVRýUDSLGO\ýWKDWýLWýFDQýEHýWUXQFDWHGýDIWHUýééýWHUPV
DQGýWKHýUHPDLQGHUýULJRURXVO\ýERXQGHGýE\ýDýVLPSOHýDOJHEUDLFýIRUPXODýZKLFKýVKRZVýWKDWýWKHýUHPDLQLQJýWHUPVñ
LIýWKH\ýKDGýEHHQýDGGHGýXSñýZRXOGýQRWýFKDQJHýWKHýQXPHULFDOýYDOXHýRIýWKHýDQVZHUýXQWLOýSDVWýWKHýìæWKýGHFLPDO
SODFHïý

7KHýWKLUGýVLJQLILFDQWýPRGLILFDWLRQýLVýWRýQRWLFHýWKDWýP\ýQHZý&RXORPEð0DGHOXQJýSRWHQWLDOý90õUôýLV
QRZýDýSHULRGLFýIXQFWLRQýRIýGLVWDQFHýUýIURPýWKHýRULJLQâýLQýIDFW

90õUýòýë/ôý2ý90ýõUôý2ý90õðUôýñýýõð7ýáýUýáýò7ôï

7KHýILUVWýWZRýPRGLILFDWLRQVýLQFUHDVHýWKHýZHOOðGHSWKýE\ýVRPHýéíøïý7KLVýFDQýEHýVHHQýLQý)LJïýéñýZKHUH
WKHýERWWRPýRIýWKHýZHOOýLVýYLVLEO\ýGHHSHUýWKDQýZKHQýRQO\ýWKHýQHDUHVWýWZRýGHXWHURQVýDUHýFRQVLGHUHGïý7KLVýLVýD
WDQJLEOHýLOOXVWUDWLRQýRIýDýSRLQWýZKLFKý6FKZLQJHUýPDGHýYHU\ýHDUO\ýLQýWKHýKLVWRU\ýRIý)3ý(IIHFWýDQDO\VHVñýQDPHO\
WKDWýWKHýFULWLFVýZHUHýLJQRULQJýWKHýDWWUDFWLYHýIRUFHVýIURPýWKHýHQWLUHW\ýRIýWKHýODWWLFHïý,QGHHGñýLIýRQHýFRPSXWHVýWKH
WXQQHOLQJýSUREDELOLW\ýXVLQJýRQO\ýDýVLQJOHýLVRODWHGýõDSHULRGLFôý&RXORPEð0DGHOXQJýSRWHQWLDOýZHOOñýDVýLIýWKHUH
ZHUHýQRýDGMDFHQWýZHOOVñýWKHQýWKHýWXQQHOLQJýSUREDELOLW\ýLVýLPSURYHGýE\ýDýIDFWRUýRIýìíèæñýRUñýDVýSK\VLFLVWVýZRXOG
VD\ñýLVýHQKDQFHGýE\ýûèæýRUGHUVýRIýPDJQLWXGHüûïý1HYHUWKHOHVVñýWKHýWXQQHOLQJýSUREDELOLW\ýLVýVWLOOýVRýVPDOOýWKDW
QRWýHYHQýWKLVýJLJDQWLFýHQKDQFHPHQWýFDQýDIIHFWýWKHýSHVVLPLVWLFýDVVHVVPHQWýRIý2EMHFWLRQýëïýõ+RZHYHUñýWKHýQHZ
ERWWRPýéíøýRIýWKHýZHOOýDGGHGýE\ýLQFOXGLQJýDOOýRIýWKHý0DGHOXQJýIRUFHVýLVýZKDWýHQDEOHVýORZýHQHUJ\ý&)ñýDVýZLOO
EHýVKRZQýEHORZñýZKLFKýFRPSOHWHO\ýMXVWLILHVýWKHýFRPSOLFDWLRQýRIýDGGLQJýWKHý0DGHOXQJýIRUFHVýWRýWKHý&RXORPE
IRUFHVýZKLFKýZHUHýWKHýVROHýIRUFHVýFRQVLGHUHGýE\ýWKHý



56

SHVVLPLVWLFýVFKRODUVýTXRWHGýDERYHïô

0RUHRYHUñýWKHýUHDGHUýLVýQRZýLQýDýSRVLWLRQýWRýXQGHUVWDQGýWKHýHQRUPRXVýFRQFHSWXDOýHUURUýZKLFKýZDV
FRPPLWWHGýLQýWKHýIRUPXODWLRQýRIý2EMHFWLRQýëï

7KLVýLVýWRýQRWHýWKDWýWKHýZHOOVýQRZýIRUPýDQýHQGOHVVýSHULRGLFýDUUD\ýRIýWKHýIRUPýEDUULHUðZHOOðEDUULHUýïïï
)XUWKHUPRUHñýLQýWKHýPLFURSK\VLFDOýGRPDLQýRIýTXDQWXPýZHLUGQHVVñýSDUWLFOHVýKDYHýVRPHýDVSHFWVýRIýZDYHV
ZKLFKýFDQQRWýEHýGLVSHQVHGýZLWKïý,QýSDUWLFXODUñýWKHýPRPHQWXPýRIýDýSDUWLFOHýFDQýEHýDQDO\]HGýDVýLIýLWýZHUHýD
SODQHýZDYHñýWUDYHOOLQJýIURPýOHIWýWRýULJKWñýRUýYLFHýYHUVDï

7KHý UHDGHUý ZKRý KDVý KDGý KLJKðVFKRROý SK\VLFVý GRXEWOHVVý NQRZVý DERXWý WKHý GLVWLQFWLRQý EHWZHHQ
JHRPHWULFDOýRSWLFVýõUD\ðRSWLFVôýDQGýSK\VLFDOýRSWLFVýõFRQFHUQLQJýLQWHUIHUHQFHýSKHQRPHQDñýVXFKýDVýGLIIUDFWLRQ
DQGýUHIUDFWLRQñýDQGýYDULDWLRQVýLQýOLJKWýLQWHQVLW\ýZKLFKýZRXOGýQRWýEHýSUHGLFWHGýLIýOLJKWýFRQVLVWHGýVWULFWO\ýRIýOLWWOH
HQHUJ\ðEXOOHWVñýRUýSKRWRQVñýZKLFKýEHKDYHGýOLNHýFODVVLFDOýEXOOHWVôâýWKHUHIRUHýOLJKWýXQTXHVWLRQDEO\ýKDVýVRPH
WUXHýZDYHýDVSHFWVï

+RZHYHUñýDIWHUý(LQVWHLQýH[SODLQHGýWKHýSKRWRHOHFWULFýHIIHFWýE\ýPDNLQJýWKHýFRQWUDU\ýDVVXPSWLRQýWKDW
OLJKWýZDYHVýRIýIUHTXHQF\ýë%î7ýVRPHWLPHVýEHKDYHýOLNHýDýVWUHDPýRIýWLQ\ýEXOOHWVýRIýLQGLYLGXDOýHQHUJLHVý(ý ýKî7ñ
ZKHUHýWKHýYHU\ýVPDOOýQXPEHUýKý ýìíìèýH9ðVHFRQGVýLVý3ODQFNöVýFRQVWDQWñýLWýZDVýVXJJHVWHGýE\ýGHý%URJOLHýWKDW
HOHFWURQVýRIýPRPHQWXPýSýVKRXOGýFRUUHVSRQGLQJO\ýH[KLELWýVRPHýZDYHðOLNHýSURSHUWLHVñýDQGýZLWKýDýZDYHOHQJWK
åñý JLYHQý E\ý WKHý GHý %URJOLHý ZDYHOHQJWKýåý  ý KîSïý7KLVýZDVý VRRQý YHULILHGý E\ý WKHý GLVFRYHU\ý RIý HOHFWURQ
GLIIUDFWLRQý LQýFU\VWDOVñýDQGýXVHGýE\ý%RKUý WRýSUHGLFWý WKHý ORZHVWýHQHUJ\ý OHYHOýDQGýFRUUHVSRQGLQJýVPDOOHVW
DOORZHGýUDGLXVýRIýDQýHOHFWURQýRUELWLQJýDýSURWRQýWRýIRUPýDýK\GURJHQýDWRPñýE\ýDVVXPLQJýWKDWýRQO\ýDQýLQWHJUDO
QXPEHUýQýRIýGHý%URJOLHýZDYHVýFDQýILWýDURXQGýWKHýFLUFXPIHUHQFHýRIýVXFKýDQýRUELWïý7KLVýLVýWKHýû2OGûý4XDQWXP
7KHRU\ïý ,Qý WKHý û6HPLð&ODVVLFDOûý4XDQWXPý7KHRU\ý REWDLQDEOHý IURPý WKHý û:.%ýDSSUR[LPDWHý VROXWLRQý RI
6FKU|GLQJHUöVý(TXDWLRQûý>VHHýEHORZ@ñýWKHýDUELWUDU\ýSRVLWLYHýLQWHJHUýQýJHWVýLPSURYHGýWRýõQýòý>ìîë@ôñýLQýRUGHUýWR
DFFRXQWýIRUýWKHý=3)ýDWýQý ýíâýEXWýRIWHQýWKHýõìîëôýLVýIDFWRUHGýRXWñýOHDYLQJýDQýRGGýQXPEHUýõëQýòýìôñýZKLFK
DFFRXQWVýIRUýWKHý457ýRGGQHVVýWHVWýDERYHïý,IýP\ý457ýWHVWýEHýGHHPHGýYDOLGñýWKHQý&)ýLVýDýSUDFWLFDOýPHWKRGýRI
WDSSLQJýWKHý=3)ýHQHUJ\üüü

7KHýIDFWýWKDWýZDYHVýDQGýSDUWLFOHVýVRPHWLPHVýDUHýPHDVXUHGýWRýKDYHýSURSHUWLHVýWKDWýDUHýLQGLVSXWDEO\
WKRVHýRIýFODVVLFDOýSDUWLFOHVýDQGýZDYHVýKDVýOHGýVRPHýSRSXODUL]HUVýRIýTXDQWXPýZHLUGQHVVýWRýVD\ýWKDWýPDWWHUýLV
FRPSRVHGýRIý öZDYLFOHVöýZKLFKýDUHýQHLWKHUýSDUWLFOHVýQRUýZDYHVýEXWýDUHýPRUHýDEVWUDFWýDQGýQRQðDQDO\]DEOH
HQWLWLHVýZKLFKýH[KLELWýZDYHýSURSHUWLHVýRUýSDUWLFOHýSURSHUWLHVýGHSHQGLQJýXSRQýWKHýGHVLJQýRIýWKHýPHDVXUHPHQW
DSSDUDWXVýEHLQJýXVHGïý7KHýUHDGHUýZKRýKDVýKHDUGýRIýWKHýSDUDGR[ýRIý6FKU|GLQJHUöVýFDWýNQRZVýWKDWýWKHýVWDQGDUG
YHUVLRQýRIý4XDQWXPý0HFKDQLFVýõ40ôýLVýEDVHGýXSRQýDSSOLFDWLRQýRIý6FKU|GLQJHUöVýHTXDWLRQñýZKLFKýLVýDýZDYH
HTXDWLRQïý7KHýVTXDUHýRIýWKHýDPSOLWXGHýRIý6FKU|GLQJHUöVýZDYHðIXQFWLRQý5ýZDVýUHFRJQL]HGýDVýSURYLGLQJýWKH
SUREDELOLW\ðGHQVLW\ý UHTXLUHGý WRý FRPSXWHý WKHý SUREDELOLW\ý RIý PHDVXUHPHQWý RIý DQý öREVHUYDEOHöý TXDQWXPð
PHFKDQLFDOýYDULDEOHýLQýPLFURðSK\VLFVï

$OIUHGý/DQGpñýRQHýRIýWKHýSLRQHHUVýRIý40ñýKDVýSURSRVHGýWRýGHULYHý6FKU|GLQJHUöVýHTXDWLRQýIURPýWKUHH
SRVWXODWHVñýZKLFKýKHýDGYRFDWHVýDVýEDVHGýXSRQýH[SHULPHQWDOýGLVFRYHULHVïý2QHýLVýWKDWýLQýDýWHPSRUDOO\ýSHULRGLF
V\VWHPýRIýSHULRGý7ñýFKDQJHVýLQýHQHUJ\ýPXVWýEHýTXDQWL]HGýDVýLQWHJUDOýPXOWLSOHVýRIýKî7ïý$ýVHFRQGýõXVHGýE\
%RKUôñýLVýWKDWýLQýURWDWLRQDOO\ýSHULRGLFýV\VWHPVñýFKDUDFWHUL]HGýE\ýKDYLQJýDQJXODUýSHULRGLFLW\ýRIýSHULRGýë%ñ
FKDQJHVýLQýDQJXODUýPRPHQWXPýPXVWýEHýTXDQWL]HGýDVýLQWHJUDOýPXOWLSOHVýRIýKîõë%ôïý7KHýWKLUGýD[LRPñýZKLFK
/DQGpýIHOWýKDGýEHHQýXQMXVWO\ýLJQRUHGñýLVý'XDQHöVý5XOHñýWKDWýLQýDýVSDWLDOO\ýSHULRGLFýODWWLFHýRIýSHULRGðOHQJWKý/ñ
FKDQJHVýLQýOLQHDUýPRPHQWXPýPXVWýEHýTXDQWL]HGýLQýLQWHJUDOýPXOWLSOHVýRIýKî/ïý7KH
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ý RULJLQDOý YHUVLRQý RIý WKHý750ý LVý HVVHQWLDOO\ý Dý FRUROODU\ý RIý'XDQHöVý5XOHñýZKLFKý%XVKý LQWHUSUHWVý DVý WKH
FRQGLWLRQýIRUýDýIUHHýSDUWLFOHýWRýFROOLGHýLQHODVWLFDOO\ýZLWKýDýODWWLFHýLQýZKLFKýLWýLVýPRYLQJýOLQHDUO\ýõDVýZHOOýDVñ
SDUDGR[LFDOO\ñýSURYLGLQJýWKHýFRQGLWLRQýIRUýDýSDUWLFOHýWRýILQGýDQýDUUD\ýRIýODWWLFHýFHOOVýUHVRQDQWO\ýWUDQVSDUHQWñ
SULRUý WRý Dý FROOLVLRQôïý 7KLVý VXEMHFWý EHFRPHVý YHU\ý FRXQWHUðLQWXLWLYHñý VLQFHý Dý VXFFHVVIXOý WUHDWPHQWý RIý WKH
0|VVEDXHUý(IIHFWýUHTXLUHVýFRQVLGHUDWLRQýRIýûFRKHUHQWýVWDWHVûýDQGýSKRQRQVý>TXDQWDýRIýVRXQGýZDYHV@ñýLQýZKLFK
WKHUHýLVýDýILQLWHýõQRQð]HURôýSUREDELOLW\ýWKDWýWKHýUHFRLOýPRPHQWXPýRIýDýQXFOHXVýHPLWWLQJýDýJDPPDýUD\ýZLOOýEH
WDNHQýXSýE\ýHYHU\ýVLQJOHýDWRPýRIýWKHýODWWLFHýVLPXOWDQHRXVO\âýWKHýSKRQRQVýWUDYHOýDWýWKHýVSHHGýRIýVRXQGýLQýWKH
FU\VWDOñý EXWý DFFRUGLQJý WRý DFFHSWHGý TXDQWXPý PHFKDQLFVý WKH\ý DSSHDUý LQý DQý XQDQDO\]HGý öTXDQWXPý MXPSö
HYHU\ZKHUHýWKURXJKRXWýWKHýODWWLFHýDOOýDWýRQFHüýõ)H\QPDQýZDUQVãýWRýFODLPýWRýûXQGHUVWDQGûý40ýLVýWRýGHFHLYH
RQHVHOIüô

,QýKLVý1($/ýWKHRU\ñý6FKZLQJHUýSRVWXODWHVýWKDWýLIýWZRýGHXWHURQVýVRýFORVHýWRJHWKHUýWKDWýWKH\ýFDQýEH
UHJDUGHGýDVýDQýH[FLWHGýDOSKDýSDUWLFOHýõRUýKHOLXPðéýQXFOHXVôýVKHGýWKHýH[FHVVýHQHUJ\ýRIýëêïåèý0H9ýUHTXLUHG
LQýRUGHUýWRýEHFRPHýDýVWDEOHýé+HðQXFOHXVñýWKH\ýGRýLWýE\ýH[FLWLQJýWKHýGHXWHURQýODWWLFHýZLWKýëïéý[ýìíåýSKRQRQV
RIýHQHUJ\ýRIýVL]HýíïìíéýH9ýHDFKïý:LWKýDOOýGXHýUHVSHFWýWRý6FKZLQJHUñý,ýKDYHýPRGLILHGýKLVýK\SRWKHVLVýWRãýìý[
ìíäýSKRQRQVýõRIýHQHUJ\ýíïíëêæýHDFKôýJRýLQWRýWKHýKRVWýSDOODGLXPýODWWLFHýLQVWHDGñýIRUýWKHýIROORZLQJýUHDVRQVï
0\ýZRUNýVDWLVILHVýPHýWKDWýLIýHYHQýDýVPDOOýEXWýIL[HGýIUDFWLRQýRIýWKHýSKRQRQVýDOZD\VýJRýLQWRýWKHýGHXWHULXP
ODWWLFHýHPEHGGHGýLQýDýSDOODGLXPýODWWLFHñýWKHQýHYHQWXDOO\ýWKHUHýZLOOýEHýDýYHU\ýVORZýFKDLQðIXVLRQýUHDFWLRQñýZKLFK
ZLOOýJURZýWRZDUGýDýPHOWGRZQýXQOHVVýTXHQFKHGýE\ýLUUHJXODULWLHVýLQýWKHýODWWLFHýVWUXFWXUHýZKLFKýLQWHUUXSWýWKH
FRQQHFWHGýFKDLQýRIýODWWLFHýFHOOVïý%XWýLIýDOOýRIýWKHýSKRQRQVýDOZD\VýJRýLQWRýWKHýGHXWHULXPýODWWLFHñýWKHUHýZLOOýEH
DýPLQLDWXUHý IXVLRQðERPEýH[SORVLRQïý$FFRUGLQJO\ñý LWý LVý WKHýEUDQFKLQJý UDWLRýEHWZHHQý WKHVHý WZRýSRVVLEOH
UHDFWLRQVý ZKLFKý LVý WKHý FULWHULRQý EHWZHHQý Dý IL]]OHý DQGý DýPHOWGRZQïý$FFRUGLQJý WRý HQHUJ\ðPLQLPL]DWLRQ
DUJXPHQWVñýWKHýSKRQRQVýZLOOýJRýLQWRýWKHý3GýODWWLFHñýEHFDXVHýWKHQýWKHýPHDQýSRWHQWLDOýHQHUJ\ýRIýDý3GýRVFLOODWRU
LVýRQO\ýëëïåøýRIýWKDWýRIýDý'ýRVFLOODWRUï

6LQFHýLQFOXGLQJýWKHýSUHFHGLQJýSUHGLFWLRQVýLQýP\ý-XQHñýìääìýSDWHQWýDSSOLFDWLRQñý,ýZDVýJUDWLILHGýWRýOHDUQ
WKDWýLQýWKHýIDOOýRIýWKHýVDPHý\HDUý6FKZLQJHUýSUHVHQWHGýDý8&/$ýSURJUHVVýUHSRUWýLQýZKLFKýKHýVDLGãýûORDGLQJýGRHV
QRWýSURFHHGýZLWKýSHUIHFWýVSDWLDOýXQLIRUPLW\ïýïïï,WýPD\ýKDSSHQýWKDWýDýïïïýUHJLRQýRIýWKHýODWWLFHýDWWDLQVýïïïVXFK
XQLIRUPLW\ýWKDWýLWýFDQýIXQFWLRQýFROOHFWLYHO\ýLQýDEVRUELQJýWKHýH[FHVVýQXFOHDUýHQHUJ\ýUHOHDVHGýLQýDQýDFWýRIýIXVLRQï
$QGýWKDWýHQHUJ\ýPLJKWýLQLWLDWHýDýFKDLQýUHDFWLRQýDVýWKHýYLEUDWLRQVýRIýWKHýH[FLWHGýLRQVýEULQJýWKHPýLQWRýFORVHU
SUR[LPLW\ïý7KLVýEXUVWýRIýHQHUJ\ýZLOOýFRQWLQXHýXQWLOý WKHýLQFUHDVLQJýQXPEHUýRIýLUUHJXODULWLHVýLQýWKHýODWWLFH
SURGXFHýDýVKXWðGRZQïý7KHýVWDUWýXSýRIýDQRWKHUýEXUVWýLVýDQýLQGHSHQGHQWýDIIDLUïý,WýLVýMXVWýVXFKýLQWHUPLWWHQF\ýðð
RUýUDQGRPýWXUQLQJVýRQýDQGýRIIýððýWKDWýFKDUDFWHUL]HVýWKRVHýH[SHULPHQWVýWKDWýOHDGýRQHýWRýFODLPýWKHýUHDOLW\ýRI
&)ïû

$WýWKLVýSRLQWýLWýLVýGHVLUDEOHýWRýFRQVLGHUýDýEDVLFýUHVXOWýRIý40ýLQýSHULRGLFýODWWLFHVýZKLFKýLVýEDVHGýXSRQ
DQýDSSUR[LPDWHýVROXWLRQýRIý6FKU|GLQJHUöVýHTXDWLRQýFDOOHGýWKHý:.%ýõ:HQW]HOð.UDPHUVð%ULOORXLQôýPHWKRG
>WKRXJKýLWýZDVýSXEOLVKHGýHDUOLHUýE\ý+ïý-HIIUH\V@ïý,QýGHULYLQJýWKLVýUHVXOWñý WKHýZDYHðSLFWXUHýDVýZHOOýDVýWKH
SDUWLFOHðSLFWXUHýPXVWýEHýXVHGïý6LQFHýWKHýPRPHQWXPýSýRIýDýGHXWHURQýRIýPDVVýP'ýDQGýYHORFLW\ýYýLVýJLYHQñ
DFFRUGLQJýWRý1HZWRQñýE\ýSý ýP'YñýZKLFKýHQDEOHVýRQHýWRýUHðH[SUHVVýWKHýNLQHWLFýHQHUJ\ý.ýDVý.ý ýS

ëîõë#ýP'ôñ
WKHýWRWDOýHQHUJ\ý×ý2ý.ýòýH#ý9ýFDQýEHýUHðH[SUHVVHGýDVã
ý

×ý2ýSëîõë#ýP'ôýòýH#ý9õUôñ

ZKLFKýSURYLGHVýDQýDOWHUQDWLYHýYHUVLRQýRIý WKHý VXPýRIýNLQHWLFý DQGýSRWHQWLDOýHQHUJLHVïý ,Wý LVýDQRWKHUý WULYLDO
H[HUFLVHýLQýKLJKðVFKRROýDOJHEUDýWRýVROYHýWKLVýTXDGUDWLFýHTXDWLRQýIRUýSâýWKHQñýIRUýDýFODVVLFDOO\ýWUDSSHGýSDUWLFOHñ
WKHýOLQHDUýPRPHQWXPýKDVýWZRýSRVVLEOHýYDOXHVã
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8VLQJýWKLVýIRUPXODýIRUýSýDVýDýIXQFWLRQýRIýUñýZHýFDQýDYHUDJHýSýRYHUýRQHýFRPSOHWHýF\FOHýRIýWKHýRVFLOODWLRQ
EHWZHHQýWKHýWXUQLQJýSRLQWVýõðUWôýDQGýUWïýõ7KHýDYHUDJLQJýUHTXLUHVýHOHPHQWDU\ýLQWHJUDOýFDOFXOXVïôý7KHýUHVXOW
GHSHQGVýRQO\ýRQýWKHýJLYHQýHQHUJ\ýOHYHOý×ï

1RZý,ýVKDOOýTXRWHýWZRý7KHRUHPVýIURPýWKHý:.%ýRUýöVHPLðFODVVLFDOöýDSSUR[LPDWLRQýWRý40ñýZKRVH
SURRIVýFDQýEHýIRXQGýLQý%RKPöVýFODVVLFý4XDQWXPý7KHRU\ýDWýSDJHVýëåìðëåçãý

7KHRUHPýìïý$ýQHFHVVDU\ýDQGýVXIILFLHQWýFRQGLWLRQýIRUý×ý ý(QýWRýEHýDýSHUPLVVLEOH
HQHUJ\ýOHYHOýRIýDýERXQGýGHXWHURQýLQýDQýLVRODWHGýSRWHQWLDOýZHOOýGHILQHGýE\ýWKHýSRWHQWLDOý9õUôýLVýWKDWý(QýVKRXOG
VDWLVI\ýWKHýVHPLðFODVVLFDOýTXDQWL]DWLRQýFRQGLWLRQã

é#ýá-S-!ý ýõQòý>ìîë@ô#ýKî/ñýõýQý ý2ñýìñýëñýêñýïïïôñ

ZKHUHýE\ýGHILQLWLRQýWKHýDYHUDJHýOLQHDUýPRPHQWXPýá-S-!ýLVýJLYHQýE\ýWKHýGHILQLWHýLQWHJUDOý

á-S-!ý2ý
4
/ P

UW

3
-S+U,-GU 2

4
/ P

UW

3
- 5P' # >× ÷ H # 9+U,@-GU1

&RUROODU\ãý LIý ZHý GHILQHý WKHý PHDQý GHý %URJOLHý ZDYHOHQJWKý áå!ý RIý WKHý WUDSSHGý SDUWLFOHý DV
áå!ý2ýKîá-S-!ñýDQGýLIýZHýGHILQHýWKHýZHOOðZLGWKýDVý/Zý2ýë/ýõZKLFKýLVýDQýH[DJJHUDWHGýRYHUðHVWLPDWHýRIýWKH
DFWXDOýZHOOðZLGWKýëUWôñýWKHQýWKHýDERYHýTXDQWL]DWLRQýFRQGLWLRQýFDQýEHýUHIRUPXODWHGýDVýDýVLPSOHýUHVRQDQFH
FRQGLWLRQýEHWZHHQýWKHýZHOOðZLGWKýDQGýWKHýTXDUWHUðYDOXHýRIýWKHýWUDSSHGýSDUWLFOHöVýGHý%URJOLHýZDYHOHQJWKã

/:ý2ýë/ý2ýõëQýòýìô#ýõáå!îéôñ

QDPHO\ýWKHýUDWLRýRIýWKHVHýWZRýOHQJWKVýVKRXOGýEHýDQýRGGýLQWHJHUüý6HHý)LJïýê$ï

7KHýUHDGHUýIDPLOLDUýZLWKýHOHPHQWDU\ýLQWHJUDWLRQýFDQýFKHFNýWKHýYDOLGLW\ýRIýWKHýSUHFHGLQJýWKHRUHPýLQ
WKHýFDVHýRIýWKHýHQHUJ\ýOHYHOVýRIýWKHýTXDQWL]HGýKDUPRQLFýRVFLOODWRUýTXRWHGýDERYHïý>+LQWãý5HGHILQHý×ýDVýõ×ýò
H#ý90,1ôýDQGýUHSODFHýH#ý9õUôýLQýWKHýFRQVHUYDWLRQýRIýHQHUJ\ýDVýODVWýGLVSOD\HGýDERYHýE\ýH#ý90,1ýòýõìîëô#ý.#ýU

ë

EHIRUHýVROYLQJýIRUýWKHýWXUQLQJýSRLQWâýRUýVHHý$SSHQGL[ý(ï@ý,QýWKHýFDVHýRIýDýTXDQWL]HGýTXDUWLFýDQKDUPRQLF
RVFLOODWRUñýWKHý:.%ýDSSUR[LPDWLRQýPDNHVýDQýHUURUýLQýHQHUJ\ýOHYHOý(QýRIýìåøýLQýWKHýFDVHýQý ýíýLQýFRPSDULVRQ
WRýWKHýH[DFWý40ýVROXWLRQñýDQGýWKHQýPDNHVýHUURUVýRIýOHVVýWKDQýìïèøýIRUýDOOýRWKHUýYDOXHVýRIýQâýWKHýKLJKHUýWKH
YDOXHýRIýQñýWKHýPRUHýDFFXUDWHýLVýWKHýDSSUR[LPDWLRQýõVHHý'DYLGý3DUNñý,QWURGXFWLRQýWRýWKHý4XDQWXPý7KHRU\ñýêUG
(Gïñý0F*UDZð+LOOñýìääëñýSSïýììéðììèôïý)RUýSUHVHQWýSXUSRVHVñýZHýPD\ýUHJDUGýWKHý:.%ýPHWKRGýDVýVXIILFLHQWO\
DFFXUDWHýIRUýDOOýSRVLWLYHýLQWHJHUVýQï

,QýRUGHUýWRýH[SODLQýWKHýQH[WýUHVXOWñýZHýPXVWýFRQVLGHUýWKHýZDYHýSLFWXUHýLQVWHDGýRIýWKHýSDUWLFOHýSLFWXUHï
7KHýSK\VLFDOýVLWXDWLRQýLVýH[DFWO\ýWKHýVDPHýDVýWKDWýLQýWKHýSUHFHGLQJýWKHRUHPñýZLWKýRQHýLPSRUWDQWýH[FHSWLRQï
7KHýSRWHQWLDOýZHOOýLVý127ýLVRODWHGñýDVýLQý)LJïýêñýEXWýLVýSDUWýRIýDýSHULRGLFýFKDLQýRIýEDUULHUðZHOOðEDUULHUýFHOOVñ
DVý LQý )LJïý éïý 1RZý IDUý IURPý Dý UHVRQDQFHý RIý WKHý W\SHý MXVWý GHILQHGñý DQý LQFLGHQWý ZDYHðIXQFWLRQý5LQFý JHWV
GLPLQLVKHGýLQýDPSOLWXGHýDVýLWýSDVVHVýIURPýOHIWýWRýULJKWýWKURXJKýWKHýEDUULHUðZHOOðEDUULHUýFRQILJXUDWLRQýVKRZQ
LQý)LJïýèïý%XWýDWýDýUHVRQDQFHñýWKHýZDYHý
IXQFWLRQýLQVLGHýWKHýZHOOýLVýODUJHñýDQGýWKHýWUDQVPLWWHGýZDYHýKDVýWKHýVDPHýLQWHQVLW\ýDVý
WKHýLQFLGHQWýZDYHñýDVýVKRZQýLQý)LJïýçïý7RýTXRWHýIURPý%RKPãýûïïïDýYHU\ýLQWHQVHýZDYHýLVý
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WUDSSHGýLQýWKHýZHOOñýUHIOHFWLQJýEDFNýDQGýIRUWKýEHWZHHQýWKHýEDUULHUVýLQýVXFKýDýSKDVHýDVýWRýFRQWLQXDOO\ýUHLQIRUFH
LWVHOIñý DQGý OHDNLQJý RXWý YHU\ý VORZO\ý ïïïï7Rý Dý ILUVWý DSSUR[LPDWLRQñý WKHýZDYHý LQVLGHý WKHý EDUULHUý UHVHPEOHV

DýERXQGðVWDWHýZDYHýIXQFWLRQñýEHFDXVHýLWýLVýODUJHýLQýVXFKýDýUHVWULFWHGýUHJLRQýïïïï,QýIDFWñýWKHýPHWDVWDEOH
VWDWHVýRIýWKHýZHOOýZLWKýEDUULHUVýUHVHPEOHýERXQGýVWDWHVýPXFKýPRUHýFORVHO\ýWKDQýGRýWKRVHýRIýWKHýZHOOýZLWKRXW
EDUULHUVñýPDLQO\ýEHFDXVHýWKHLUýOLIHWLPHVýDUHýPXFKýORQJHUýDVýDýUHVXOWýRIýWKHýYHU\ýVPDOOýWUDQVPLVVLYLWLHVýRIýWKH
EDUULHUVïû

7KHRUHPýëïýõ7XUQHUð%XVKð%DVVôïý$ýQHFHVVDU\ýDQGýVXIILFLHQWýFRQGLWLRQýIRUý×ý ý(QýWRýEHýWKHýHQHUJ\
OHYHOý RIý Dý IUHHý GHXWHURQý HQFRXQWHULQJý UHVRQDQWý WUDQVSDUHQF\ý RIý Dý SHULRGLFý OLQHDUý DUUD\ý RIý FKDLQHG
EDUULHUðZHOOðEDUULHUýFHOOVýGHILQHGýE\ýDýVSDWLDOO\ýSHULRGLFýSRWHQWLDOýIXQFWLRQý9õUôý2ý9õUýòýë/ôýLVýWKDWý(QýVKRXOG
VDWLVI\ýWKHý7UDQVPLVVLRQý5HVRQDQFHý&RQGLWLRQýõ75&ôã

1RWHýWKDWýIURPýDýORFDOýUDWKHUýWKDQýDýFRUUHFWýJOREDOýYLHZSRLQWñýWKHýFRQGLWLRQýIRUýUHVRQDQWýWUDQVSDUHQF\
DSSHDUVýDWýILUVWýJODQFHýWRýEHýLGHQWLFDOýZLWKýWKHýFRQGLWLRQýIRUýDýSDUWLFOHýWRýEHýLQýDQýH[FLWHGýERXQGýVWDWHñýZKLFK
FDQýEHýVHHQýE\ýFRPSDULQJý)LJïýê%ýZLWKý)LJïýçï

7KLVý LVý WKHý VRXUFHýRIý WKHýPLVWDNHQýSHVVLPLVPýRIý WKHýHPLQHQWý VFKRODUVýTXRWHGýDERYHñýZKRýKDYH
PLVWDNHQO\ý FRPSXWHGýRQO\ý WKHý ORFDOý EDUULHUýSHQHWUDWLRQýSUREDELOLW\ýìñý UDWKHUý WKDQý WKHýJOREDOýUHVRQDQW
WUDQVPLVVLYLW\ý ïýýõ([SHUWVýVKRXOGýFRQVXOWý$SSHQGL[ý)ýEHORZïô

,QýP\ýSUHVHQWDWLRQýWRý,&&)éñý,ýDQQRXQFHGýWKHýFRPSXWDWLRQýRIýWKHýQXPHULFDOýYDOXHVýRIýçííý5HVRQDQW
7UDQVSDUHQF\ýHQHUJ\ýOHYHOVýEHWZHHQý(íý ýçïëçýH9ýDQGý(çííý ýìéíïäçýH9ñýZLWKýååýVXFKýOHYHOVýEHWZHHQý(íýDQG
(ååý ýìêïæéýH9ïý7KLVý:.%ðFRPSXWHGý5HVRQDQWý7UDQVSDUHQF\ý6SHFWUXPýLVýEHWZHHQýéïèýDQGýéïåýWLPHVýPRUH
ûGHQVHûýWKDQýWKHý750ýVSHFWUXPýHDUOLHUýFRPSXWHGýE\ý%XVKýXVLQJýDýFUXGHUýDSSUR[LPDWLRQýWHFKQLTXHýWKDQýWKH
:.%ýPHWKRGïý,QýDWWHPSWLQJýWRýFRUUHODWHý%XVKöVýHPSLULFDOýGDWDýVKRZLQJýçýRXWýRIýDQýDVFHQGLQJýVHTXHQFHýRI
ìçýWKHRUHWLFDOO\ðSUHGLFWHGýURXQGHGýSHDNVýDQGýFXVSHGýYDOOH\VýLQýUHODWLYHýH[FHVVýHQWKDOS\ýDVýDýIXQFWLRQýRIýFHOO
FXUUHQWñýZKLFKýVKRXOGýEHýDýSDUDPHWHUýWKDWýGHWHUPLQHVýIUHHýGHXWHURQýHQHUJ\ýLQýWKHýGHXWHURQýFXUUHQWýEHLQJ
GUDJJHGý SDVWý ERXQGý GHXWHURQVý E\ý EHLQJý GUDJJHGý WKURXJKý WKHý EHWDðSKDVHý õRUý ûIXOO\ý ORDGHGûô
SDOODGLXPðGHXWHULXPýODWWLFHñý,ýFDPHýWRýWKHýSUHOLPLQDU\ñýWHQWDWLYHýFRQFOXVLRQýWKDWýWRýFRUUHODWHý%XVKöVýTXDQWXP
QXPEHUVý ZLWKýP\ýRZQñý,ýVKRXOGýXVHý 2ýìýòýNýxýìýòýõëæîêìô#ýNñýIRUýNý ýçñýæñýïïïñýììýLQýWKHý%XVKý750ýDQG Q  Q
DVVXPHýKLVýTXDQWXPýQXPEHUVý UHIHUýWRýP\ýRZQýVSHFWUXPýQý ýêìýòýëæ#ýõNýðýçôýIRUýWKHýVDPHýYDOXHVýRIýNã Q

%86+ãý ý ýõæñýåñýäñýìíñýììñýìëôý=<ý%$66ãýQý ýõêìñýèåñýåèñýììëñýìêäñýìççôï Q

$FFRUGLQJO\ñýWKHýVWXQQLQJý%XVKýKLOOðYDOOH\ý750ýH[SHULPHQWDOýGDWDýFDQýEHýFLWHGýDVýDGGLWLRQDOýHYLGHQFHýLQ
IDYRUýRIýWKHýSUHVHQWýPRUHýUHILQHGý:.%ýFDOFXODWLRQVï>FIý$SSVïý'ñ*@

$QýLPSURYHPHQWýLQýFRPSXWDWLRQDOýDFFXUDF\ýZRXOGýEHýWRýUHSODFHýWKHý:.%ýZRUNýLQýP\ý,&&)éýSDSHU
E\ýZRUNýEDVHGýRQýH[DFWýQXPHULFDOýVROXWLRQVýRIý6FKU|GLQJHUöVýHTXDWLRQñýLQýDýPDWKHPDWLFDOýDSSURDFKýDGYRFDWHG
DWý,&&)éýE\ý'UVïý<HRQJý.LPýDQGý-LQð+HHý<RRQýRIý3XUGXHýLQýDýMRLQWýSDSHUýZLWKý'Uïý$OH[DQGHUý=XEDUHYýRI
+HEUHZý8QLYHUVLW\ñý,VUDHOýDQGý'Uïý0DULRý5DELQRZLW]ýRIý(35,âýKRZHYHUñý,ýSUHGLFWýWKDWýXQOHVVýWKH\ýXVHýP\
0DGHOXQJý SRWHQWLDOý 90õUôý >UDWKHUý WKDQý WDEXODWHGý&RXORPEý:DYHý )XQFWLRQV@ñý DQGý XQOHVVý WKH\ý LQFOXGH
SHULRGLFLW\ýRIýWKHýSRWHQWLDOýLQýWKHLUýDSSURDFKñýWKH\ýZLOOýQHYHUýILQGýWKHýORZðHQHUJ\ýEUDQFKýRIýWKH
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ý5HVRQDQWý7UDQVSDUHQF\ýHQHUJ\ðOHYHOýVSHFWUXPýZKLFKý,ýGLVFORVHGýDWý,&&)éïý)XUWKHUýLPSURYHPHQWVýFDQýEH
REWDLQHGýE\ýJHQHUDOL]DWLRQý IURPýDýRQHðGLPHQVLRQDOý ODWWLFHý WRý WKUHHý GLPHQVLRQVñý DQGýE\ýFRQVLGHULQJý WKH
VFUHHQLQJýHIIHFWVýRIýFRQGXFWLRQýHOHFWURQVýIURPýWKHýKRVWýSDOODGLXPýODWWLFHñýXVLQJýHïJïýWKHý7KRPDVð)HUPLð0RWW
HTXDWLRQýDVýGRQHýE\ý5ï+ïý3DUPHQWHUý÷ý:ï(ïý/DPEñý-Uïýõ3URFïý1DWïý$FDGïý6FLïñýYROïýåæýõìääíôñýSSïýåçèëðåçèéôï

$IWHUýUHFHLYLQJýDQýHDUOLHUýGUDIWñýRQHýRIýWKHýZRUOGöVýPRVWýNQRZOHGJHDEOHýH[SHUWVýRQý&)ýZURWHýPHýRQ
0D\ýìñýìääéãýû7KHýREVHUYDWLRQVýRIý'Uïý%XVKýZKLFKýVKRZýDý>ILQH@ýVWUXFWXUHýLQýWKHýFXUUHQWý>YV@ýH[FHVVðKHDW
UHODWLRQVKLSñýDOWKRXJKýLPSUHVVLYHñýKDYHýQRWýEHHQýFRQILUPHGýE\ýDQ\RQHýHOVHïý)DLOXUHýRIýRWKHUýFDUHIXOýDQG
GHWDLOHGýVWXGLHVý WRý VHHý WKLVýEHKDYLRUýFUHDWHVýJUHDWýGRXEWýDERXWý WKHýH[LVWHQFHýRIýKLVýSURSRVHGý UHVRQDQFH
EHKDYLRUïý:RXOGý\RXUýDSSURDFKýVXIIHUýIURPýWKHýVDPHýSUREOHP"ûý:LWKýDOOýGXHýUHVSHFWñý,ýFDQQRWýDJUHHýWKDWýDQ\
SXEOLVKHGý VWXGLHVý NQRZQý WRý PHý ZHUHý FRQGXFWHGý LQý Dý VXIILFLHQWO\ý VKRUWý H[SHULPHQWDOý GXUDWLRQñý RYHUý D
VXIILFLHQWO\ý ODUJHýFXUUHQWýUDQJHñýZLWKýVXIILFLHQWO\ý ILQHý LQFUHPHQWDOýFKDQJHVýLQýFXUUHQWñýZLWKýFDORULPHWU\
V\VWHPVýKDYLQJýDýVXIILFLHQWO\ýVKRUWýVHWWOLQJýWLPHñýDWýVLPLODUýPDFURSK\VLFDOýFRQGLWLRQVýõWHPSHUDWXUHñýSUHVVXUHñ
HWFïôýIRUýPHýWRýFRQFOXGHýWKDWýWKHUHýLVýûJUHDWýGRXEWûýDERXWýWKHýREMHFWLYHýUHDOLW\ýRIýWKHý750ðIRUHFDVWýILQH
VWUXFWXUHïý)LUVWO\ñýP\ýRZQýH[SHULHQFHýDVýDýSUDFWLWLRQHUýRIý3DWHQWý/DZýDPSO\ýFRQILUPVýWKHýMXGLFLDOýGLFWD
GLVWLOOHGýIURPýëííý\HDUVýRIýLQWHOOHFWXDOðSURSHUW\ýFDVHýODZýWKDWýûQHJDWLYHýUHVXOWVýE\ýFRPSHWLWRUVýDUHýWRýEHýJLYHQ
QRýFUHGHQFHïûý6HFRQGO\ñýLIýRQHýUHðSURFHVVHVýWKHý,05$ý-$3$1ýGDWDýRIý.XQLPDWVXýHWýDOýõ,&&)êôýVRýDVýWR
GLVSOD\ñýLQVWHDGýRIýDýYHUWLFDOýVFDWWHUðEOXUñýDQýDYHUDJHýYDOXHýSOXVýDQýHUURUýEDUýGHOLPLWLQJýWKHýVFDWWHUðUDQJHñýRQ
DýOLQHDUýUDWKHUýWKDQýDýORJýSORWñýWKHUHýHPHUJHVýZKDWýVHHPVýWRýP\ýH\HVýWRýEHýDýFXVSHGýYDOOH\ýUHPLQLVFHQWýRIýRQH
VXFKýORFDOðPLQLPXPýUHJLRQýRIýWKHýçýGLVWLQFWýFXVSHGðYDOOH\VýRIýWKHý750ý)LQHý6WUXFWXUHýW\SHïý7KLUGO\ñýWKHýIDFW
WKDWýRWKHUVýFDQýKDYHýXQLQWHQWLRQDOO\ýYLRODWHGýDQ\ýRQHýRIýWKHýPDQ\ýFULWHULDýUHTXLUHGýLQýRUGHUýWRýREVHUYHýõRUýWR
GHILQLWLYHO\ýUXOHýRXWôýWKHý750ýSUHGLFWLRQVýFDQýEHýH[SODLQHGýHDVLO\ýLIýRQHýLVýDZDUHýRIýWKHýPDQ\ýVXEWOHýSLWIDOOV
VNHWFKHGýLQý$SSHQGL[ý*ýEHORZïý$FFRUGLQJO\ý,ýMXGJHýWKHýDOOHJHGýûSUREOHPûýWRýEHýLOOXVRU\ñýDQGýP\ýWKHRU\ýGRHV
QRWýûVXIIHUûýIURPýLWñýEXWýKDVýLWVýYDOLGLW\ýHQKDQFHGýE\ýFLWDWLRQýRIý%XVKöVý750ýGDWDýDVýFRQILUPDWRU\ýRIýWKHý457
SULQFLSOHü

7KXVý7KHRUHPýëýDQGýWKHýSUHFHGLQJýQXPHULFDOO\ýFRPSXWHGýDQGýH[SHULPHQWDOO\ýFRQILUPHGý5HVRQDQW
7UDQVSDUHQF\ý6SHFWUXPýFRPSOHWHO\ýUHIXWHý2EMHFWLRQýëñýDVýSURPLVHGï

,QýDýìääëý)XVLRQý7HFKQRORJ\ýSDSHUñý'Uïý0ïý-lQGHOýKDVýSRLQWHGýRXWýDQýDSSDUHQWO\ýIDWDOýIODZýLQýWKH
5HVRQDQFHý7UDQVSDUHQF\ýDUJXPHQWVñýPHQWLRQHGýDERYHýDVý2EMHFWLRQýêïý7RýXQGHUVWDQGýWKLVýREMHFWLRQñýLQýD
VLPSOLILHGýEXWýQRWýPLVOHDGLQJýIRUPñýWKHýUHDGHUýQHHGVýWRýUHFDOOýIURPýWKHýGRPDLQýRIýTXDQWXPýZHLUGQHVVýWKH
IDPRXVý+HLVHQEHUJý8QFHUWDLQW\ý3ULQFLSOHñýZKLFKýVWDWHVýWKDWýWKHýSURGXFWýRIýWKHýUPVýHUURUVýLQýWKHýPHDQýYDOXHV
RIýFHUWDLQýVSHFLILDEO\ýûFDQRQLFDOO\ýFRQMXJDWHûýSDLUVýRIýSK\VLFDOýYDULDEOHVýFDQýQHYHUýEHýVPDOOHUýWKDQýKîõé%ôï
7KHýPRVWýIDPRXVýVXFKýSDLUVýDUHýSRVLWLRQý÷ýPRPHQWXPâýKRZHYHUñýRIýHTXDOýLPSRUWDQFHýLVýWKHýSDLUýFRQVLVWLQJ
RIýHQHUJ\ý÷ýWLPHïý/HWWLQJý6ý2ýKîõë%ôñýWKHý8QFHUWDLQW\ý3ULQFLSOHýIRUýPHDVXUHPHQWVýRIýHQHUJ\ý(ýDQGýWLPHýW
DVVHUWVý WKDWý LIý ô(ý LVý WKHý H[SHFWHGý URRWðPHDQðVTXDUHý õUPVôý HUURUý LQý (ñý DQGý LIý ôWý LVý WKHý H[SHFWHG
URRWðPHDQðVTXDUHýõUPVôýHUURUýLQýWñýWKHQýWKHLUýSURGXFW

ô(#ôWý'ý6îëï

,IýZHýFRPSXWHýWKHýVHQVLWLYLW\ýRIýWKHýWUDQVPLVVLRQýUHVRQDQFHýFRQGLWLRQýWRýYDULDWLRQVýLQýWKHýYDOXHýRIýWKHýHQHUJ\
(ýQHDUý(QñýDWýZKLFKý>$SSHQGL[ý)@ýWKHý WUDQVPLVVLYLW\ý ý ýìñýDQGýUHGXFHýWKHýUHTXLUHPHQWýRQý ý WRýPHUHO\
UHTXLULQJý ý!ýíïèñýWKHQýLWýZLOOýEHýIRXQGýWKDWý(ýFDQQRWýGLIIHUýIURPýWKHýH[DFWýYDOXHýRIý(QýE\ýPRUHýWKDQýDýYHU\
WLQ\ýQXPEHUñýVPDOOHUýWKDQýìíðëííýH9ïý7KHQýE\ý+HLVHQEHUJöVý3ULQFLSOHñ

ôWý'ý6îõëô(ôý ýõìîëôýìíðìèýH9ðVHFý[ýìíëííýõH9ôðìý ýèý[ýìíìåéýVHFï
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7KHUHIRUHý WKHýXQFHUWDLQW\ý LQý WKHý WLPHýDWýZKLFKý WKHý UHVRQDQWðWUDQVSDUHQF\ý WXQQHOLQJýKDVý WDNHQýSODFHñý LQ
FRPSDULVRQýWRýìèý[ýìíäý\HDUVýxýèý[ýìíìæýVHFñýLVýJUHDWHUýWKDQýWKHýFXUUHQWO\ýDFFHSWHGýDJHýRIýWKHýXQLYHUVHü

7KLVýREMHFWLRQýVHHPVýWRýEHýVRýSRWHQWýWKDWýPDQ\ýRIýWKHýVWDXQFKHVWýIROORZHUVýRIýWKHý%XVKý750ýZRUN
KDYHýJLYHQýXSýRQýLWñýDQGýVRXJKWýIRUýDQýDOWHUQDWLYHýDSSURDFKýWRýHOXGLQJýWKHý&RXORPEýEDUULHUïý7KLVýLQFOXGHV
%XVKýKLPVHOIñýZLWKýKLVýûFDVLPLUðODWWLFHûýDSSURDFKýDWý,&&)éñýWKRXJKý,ýWUXVWýKLVýVHHPLQJýUHFDQWDWLRQýXQGHUýILUH
ZDVýRQO\ýWHPSRUDU\ï

+DSSLO\ñýWKHUHýLVýDQýHDV\ýUHIXWDWLRQýRIý2EMHFWLRQýêñýZKLFKýGHSHQGVýXSRQýWKHýIDFWý
WKDWýWKHýSRVLWLRQVýRIýWKHýERXQGýGHXWHURQVýWRýWKHýOHIWýDQGýULJKWýRIýWKHýIUHHýGHXWHURQý
DUHýQRWýDFWXDOO\ýDWýH[DFWO\ýUý ýð/ýDQGýUý ý/ñýEHFDXVHýWKHUHýLVýDQýLUUHGXFLEOHýTXDQWXPý
ZHLUGQHVVýXQFHUWDLQW\ýLQýWKHVHýSRVLWLRQVñýRIýH[SHFWHGýUPVýDPSOLWXGHýôý�ý�ý/ïý,QýKLVýWKHRU\ýRIý1($/î9&),ñ
6FKZLQJHUýKDVýSURYLGHGýWXQQHOLQJýFDOFXODWLRQVýõûDOEHLWýFUXGHûôýZKLFKýLQGLFDWHýWKDWýDOOýWKHýIRUFHVýDWýZRUNýLQ
WKHýODWWLFHýFDQýEHýVXPPHGýXSýLQýWKHýUDWLRý)ý ý/îæýxýëåñýZKLFKý,ýKDYHýFDOOHGýWKHý6FKZLQJHUý5DWLRýLQýKLVýKRQRUï
$OVRý,ýKDYHýWHVWHGýWKHýYDOLGLW\ýRIýP\ý&RXORPEð0DGHOXQJýSRWHQWLDOýE\ýXVLQJýLWýWRýSUHGLFWýWKHý6FKZLQJHUý5DWLRñ
DQGýõFRQVLGHULQJýWKDWýRQHýLVýWU\LQJýWRýDSSUR[LPDWHýDýKDUPRQLFýRVFLOODWRUýE\ýMXVWýWZRýWHUPVýIURPýééýWHUPV
GHILQLQJýWKHýSRWHQWLDOýRIýDQýLQWULQVLFDOO\ýDQKDUPRQLFýRVFLOODWRUôýREWDLQHGýWKHýVXUSULVLQJO\ýûFORVHûýHVWLPDWH
WKDWý)ýxýëêïý1RZýLQýFRPSXWLQJýP\ý5HVRQDQWý7UDQVSDUHQF\ý6SHFWUXPñý,ýKDYHýXVHGýWKHýQXPHULFDOýYDOXHýRIý/
VWDWHGýDERYHïý%XWýXSRQýFDUHIXOýH[DPLQDWLRQñýWKHýDYHUDJHGýPRPHQWXPýLQýWKHýUHVRQDQFHýFRQGLWLRQýLVýQRWýD
IXQFWLRQýRIý(ýRQO\âýWKHý&RXORPEð0DGHOXQJýSRWHQWLDOñýDQGýVRýWKHýLQWHJUDOýXVHGýWRýDYHUDJHýWKHýPRPHQWXPñýLV
DOVRýDýIXQFWLRQýRIý/ñýZKRVHýVHQVLWLYLW\ýWRýYDULDWLRQVýLQý/ýPD\ýEHýIRXQGýE\ýQXPHULFDOýGLIIHUHQWLDWLRQýZLWK
UHVSHFWýWRý/ýDQGýPXOWLSOLFDWLRQýRIýWKHýUHVXOWýE\ýWKHýXQFHUWDLQW\ýLQý/ñýQDPHO\ýó/ýxýæý ý/î)ý ý/îëåïý7KLV
SURYLGHVýDQýDGGLWLRQDOýXQFHUWDLQW\ýLQý(ýQRWýFRQVLGHUHGýE\ý-lQGHOñýDQGýDWýQý ýååñýWKLVýDGGLWLRQDOýXQFHUWDLQW\
ó(ýDXJPHQWVýWKHýSUHFHGLQJýLQILQLWHVLPDOýYDOXHýRIýô(ýE\ýDýVLJQLILFDQWýDPRXQWãýó(ååý ýíïíåýH9ïý$FFRUGLQJO\
WKHýXQFHUWDLQW\ýLQýWKHýWXQQHOLQJýWLPHýLVýUHGXFHGýWRýDýPHUH

ôWý'ý6îõëó(ôý ýìíðìèýH9ðVHFý[ýõìííîåôýõH9ôðìý ýçïëèý[ýìíðìèýVHFï
7KXVý2EMHFWLRQýêýKDVýDOVRýEHHQýUHIXWHGñýDVýSURPLVHGï

&21&/86,216

7KHý H[SHUWVý ZKRý KDYHý SXEOLVKHGý öSURRIVöý WKDWý DFFRUGLQJý WRý HVWDEOLVKHGý 40ý WKHý )3ý (IIHFWý LV
YDQLVKLQJO\ýLPSUREDEOHýKDYHýFRPPLWWHGýêýLGHQWLILDEOHýHUURUVýLQýWKHLUýFDOFXODWLRQVã

ìïý,JQRULQJýSHULRGLFLW\ñýWKH\ýKDYHýWUHDWHGýDVýPDWKHPDWLFDOO\ýORFDOýDýSUREOHPýLQý40ýZKLFKýLVýLQWULQVLFDOO\ýDQG
LQKHUHQWO\ýJOREDOï

ëïý7KH\ýKDYHýRYHUORRNHGýWKHýZHOOðGHYHORSHGýJOREDOýWKHRU\ýRIý5HVRQDQWý7UDQVSDUHQF\ýRIýPXOWLSOHý&RXORPE
EDUULHUVýLQýDýEDUULHUðZHOOðEDUULHUýFKDLQïý

êïý7KH\ýKDYHýRYHUORRNHGýXQDYRLGDEO\ðSUHVHQWýVRXUFHVýRIýUHVRQDQWðOLQHýEURDGHQLQJñýVXFKýDVýWKHýHYHUðSUHVHQW
=3)ïý

$OOýWKUHHýHUURUVýDUHýDýFRQVHTXHQFHýRIýLJQRULQJýWKHýNQRZQýIRXQGDWLRQVýRIýVROLGýVWDWHýSK\VLFVñýLQFOXGLQJ
%ORFKöVý7KHRUHPïý$FFRUGLQJýWRý15/ýVROLGðVWDWHýWKHRULVWý'Uïý6FRWWý&KXEEñýZKRýWRJHWKHUýZLWKýKLVýXQFOHý'Uï
7DOERWý&KXEEýKDVýSXEOLVKHGýDýFRPSOHWHO\ýZDYHðPHFKDQLFDOýDSSURDFKýWRýWKHý)3ý(IIHFWýZKLFKýWKH\ýFDOOý/DWWLFH
,QGXFHGý1XFOHDUý&KHPLVWU\ýõ/,1&ôñýLQýDýSHULRGLFýODWWLFHý%ORFKöVý7KHRUHPýLPSOLHVýWKDW
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ýQRýVROXWLRQýRIý6FKU|GLQJHUöVýHTXDWLRQýLVýUHOHYDQWýXQOHVVýLWVýORJDULWKPLFýGHULYDWLYHýLVýSHULRGLFýRIýWKHýVDPH
SHULRGïý 7KHý &KXEEVöý WKHRU\ý LVý VRPHZKDWý WRRý VRSKLVWLFDWHGý IRUýPHý WRý XVHñý EXWý LWý FRQWDLQVý LQWHUý DOLDý D
FRPSOHWHO\ýWKUHHðGLPHQVLRQDOýYHUVLRQýRIý'XDQHöVý5XOHñýZKRVHýHOHPHQWDU\ýRQHðGLPHQVLRQDOýDSSOLFDWLRQýLVýWKH
EDVLFýWRROýXVHGýDERYHñýDQGýLWýLQFRUSRUDWHVýSKRQRQðPHGLDWHGýWUDQVIHUýRIýPRPHQWXPýIURPýDýQXFOHXVýWRýDQýHQWLUH
ODWWLFHñýDVýLQýWKHýDPD]LQJýEXWýZHOOðHVWDEOLVKHGý0|VVEDXHUý(IIHFWï

,QýWKHýILQDOýDQDO\VLVñý WKHýVNHSWLFVýRIý WKHýUHDOLW\ýRIýWKHý)3ý(IIHFWýIDLOHGýEHFDXVHýWKH\ýWUHDWHGýWKH
SUREOHPýDVýLIýLWýZHUHýRQHýUHJDUGLQJýWKHýUDQGRPýêð'ýFROOLVLRQýRIýLVRODWHGýURWDWLQJýSDUWLFOHVýLQýDýYDFXXPñýUDWKHU
WKDQýRQHýRIýV\PPHWU\ýDQGýRUGHUýLQýDýVROLGðVWDWHýSHULRGLFýODWWLFHýHQYLURQPHQWï

7KRVHýZKRýNQRZý%REý%XVKýSHUVRQDOO\ýKDYHýREVHUYHGýWKDWýKLVýIODPER\DQWýSHUVRQDOLW\ýDQGýVWURQJ
VHQVHýRIýKXPRUýDUHýSURSRUWLRQDOýWRýKLVýFUHDWLYLW\ïý:KHQý+DOý)R[ýDQGý,ýILUVWýKHDUGý%REý%XVKýVSHDNýRQý&)ñýLQ
'HFHPEHUýìäåäýDWýWKHý6DQý)UDQFLVFRý$60(ýVHVVLRQýRQýLWñýKHýFRQFOXGHGýKLVýSUHVFLHQWýUHPDUNVýDERXWýWKH
5HVRQDQWý7UDQVSDUHQF\ýRIýWKHýDOOHJHGýö&RXORPEýEDUULHUöýE\ýQRWLQJýWKDWýû&)ýLVýMXVWýRQHýPRUHýVWDUWOLQJýHYLGHQFH
RIýWKHýZDYHðQDWXUHýRIýPDWWHUûñýDQGýLQýSDUWLQJýTXLSSHGýWKDWýûWKHýFULWLFVýZKRýVD\ýWKDWý&)ýLVýöDOOýVPRNHý÷ýPLUURUVö
DUHýULJKWýDERXWýWKHýPLUURUVüû

$&.12:/('*(0(176

:KLOHýDOOýRSLQLRQVýDQGýDQ\ýUHPDLQLQJýHUURUVýDUHýVROHO\ýP\ýRZQñýLWýLVýDýSOHDVXUHýWRýWKDQNý'Uïý'RQý$ï
%DNHUñý'Uïý*RUGRQý%D\Pñý0Uïý&KDUOHVý%HFNHUñý'Uïý5RJHUý(ïý%LOOLQJVñý'Uïý-RKQý2ö0ïý%RFNULVñý'Uïý5REHUWý7ï
%XVKñý'Uïý*HRUJHý&KDPEHUVñý'Uïý6FRWWý5ïý&KXEEñý'Uïý%ïý*DOHý'LFNñý'Uïý5REHUWý7ïý(DJOHWRQñý'Uïý0DUWLQ
)OHLVFKPDQQñý0Uïý5RQDOGý1ïý)ORUHVñý'Uïý+DOý)R[ñý'Uïý3HWHUý+DJHOVWHLQñý'Uïý%ïý.HQWý+DUULVRQñý'Uïý1DWKDQ
+RIIPDQñý0Uïý-RVHSKý1ïý,JQDWñý0Uïý)UHGHULFNý*ïý-DHJHUñý'Uïý&DURLOý'ïý-RKQVRQñý'Uïý6WHYHQý(ïý-RQHVñý'Uï
%ULDQý'ïý-RVHSKVRQñý'Uïý6WHYHQý(ïý.RRQLQñý'Uïý<DQý.XFKHURYñý'Uïý%RUý<ïý/LDZñý'Uïý(XJHQHý)ïý0DOORYHñý'Uï
0LFKDHOý&ï+ïý0F.XEUHñý'Uïý*HRUJHý0LOH\ñý'Uïý'DYLGý-ïý1DJHOñý'Uïý'DYLGý3DUNñý'Uïý5REHUWý+ïý3DUPHQWHUñ
0Vïý(YHO\Qý*ïý3ODFLGRñý'Uïý%ïý6WDQOH\ý3RQVñý'Uïý0DULRý5DELQRZLW]ñý'Uïý-XOLDQý6FKZLQJHUñý0Uïý*HQHý6FRWWñ
'Uïý(GPXQGý6WRUPVñý'Uïý/HDIý7XUQHUñý'Uïý*DOHý7KRUQHñý'Uïý9LFWRUý9XUSLOODWñýDQGý'Uïý3KLOLSý5ïý:DOODFHñýIRU
YDOXDEOHýLQIRUPDWLRQñýFRUUHVSRQGHQFHñýDVVLVWDQFHñýDQGîRUýVXJJHVWLRQVýDQGýFULWLFLVPVï

$SSHQGLFHVý$ýWKURXJKý*ýZLOOýEHýPDGHýDYDLODEOHýLQýWKHýVHFRQGýHGLWLRQýRIýWKLVý6RXUFHý%RRNïýý7KH\ýPD\
DOVRýEHýKDGýE\ýZULWLQJýWRýWKHý)XVLRQý,QIRUPDWLRQý&HQWHUñý3ï2ïý%R[ýèåçêäñý6DOWý/DNHý&LW\ñý8WDKñýåéìèåð
íçêäï
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/,7+,80ý),66,21ý72ý)86(ý'(87(5,80"

%LOOLQJVý%URZQý
6DOWý/DNHý&LW\ñý87ýåéìíä

$%675$&7

7KHýH[FHVVýHQWKDOS\ýJHQHUDWHGýLQýVRPHý3Gî/L2'î'ë2ýHOHFWURFKHPLFDOýFHOOVýFDQýEHýH[SODLQHGýE\ýLQYRNLQJ
ILVVLRQýRIýWKHýç/LýIROORZHGýE\ý7õ'ñQôûýLQýDýFKDLQýUHDFWLRQïý,QLWLDWLRQýRFFXUVýKDSKD]DUGO\ýE\ýDýFRVPLFýUD\ï
,QLWLDWLRQýRQýGHPDQGýPLJKWýEHýDFFRPSOLVKHGýE\ýXVHýRIýDýFRPPHUFLDOýQHXWURQýVRXUFHïý7ULWLXPýDQGýQHXWURQV
IRUPHGýDUHýODUJHO\ýXWLOL]HGýLQýPDLQWDLQLQJýWKHýFKDLQï

,1752'8&7,21

7KHýH[FHVVýHQWKDOS\ýJHQHUDWHGýE\ýVRPHýõEXWýQRWýDOOôý3Gî/L2'ýûFROGýIXVLRQûýH[SHULPHQWVýKDVýEHHQýDWWULEXWHG
WRýFODVVLFDOýGHXWHULXPýIXVLRQã

ý 5+ ø 5+9 7+õ
B 6+ øQ
C 6+ ø 4+

2IWHQýLQYRNHGýLVýWKHýDVVLVWDQFHýRIýPXRQVñýKHDY\ýHOHFWURQVñýLRQýSODVPDñýFKDQQHOLQJñýFU\VWDOýIUDFWXUHñýRUýRWKHU
H[RWLFýSK\VLFVïýý7KLVýûIURQWDOýIXVLRQýDVVDXOWûýKDVýQRWýJHQHUDWHGýDQ\ýSUDFWLFDOýVROXWLRQVï

6FLHQFHýKDVýEHFRPHýVSOLQWHUHGýDQGýFRPSDUWPHQWDOL]HGýVLQFHý3ODWRïý ý ,Qý WKHýSXUVXLWýRIý(ý ýPFëýZHýKDYH
FKHPLVWU\ýYHUVXVýSK\VLFVñýKRWýIXVLRQýYVïýFROGñýILVVLRQýYVïýIXVLRQñýFODVVLFDOýSK\VLFVýYVïýH[RWLFïýý/LNHýWKHýWKUHH
EOLQGýPHQýGHVFULELQJýDQýHOHSKDQWñýHDFKýWKHRULVWýZLWKýKLVýRUýKHUýRZQýQDUURZýWUDLQLQJýDQGýH[SHULHQFHýYLHZV
WKHýSUREOHPýXQLTXHO\ïýý3HUKDSVýDýPRUHýJOREDOñýLQWHUGLVFLSOLQDU\ýDSSURDFKýLVýQHHGHGïýý:KDWýIROORZVýFRPELQHV
HOHFWURFKHPLVWU\ñýKHWHURJHQHRXVýFDWDO\VLVñýIXVLRQýDQGýILVVLRQýWHFKQRORJ\ýDQGýRUJDQLFýFKHPLVWU\ýõIRUýWKH
FRQFHSWýRIýFKDLQýUHDFWLRQVôï

,WýLVý/LWKLXPý)LVVLRQ

0DQ\ýRIýWKHýUHSRUWHGýH[SHULPHQWDOýUHVXOWVýLQýWKHý3Gî/L2'ýV\VWHPýFDQýEHýH[SODLQHGýE\ýSRVWXODWLQJýOLWKLXPðç
ILVVLRQýIROORZHGýE\ýGHXWHULXPðWULWLXPýIXVLRQïýý7KLVýLVýDýFKDLQýUHDFWLRQýVHWýõìñëôã

ç/LýòýQý9ýê+ýòýé+Hýòýéïæäý0H9 õìô

IROORZHGýE\

ê+ýòýë+ý9ýQýõìéïíèý0H9ôýòýé+Hýõêïèéý0H9ô õëô

5HDFWLRQýõìôýLVýXQLTXHýLQý\LHOGLQJýQRýJDPPDVý>ê@ïýý/LWWOHýWULWLXPýIURPýUHDFWLRQýõìôýLVýREVHUYHGýEHFDXVHýLWýLV
XVHGýXSýLQýUHDFWLRQýõëôïýý)HZýQHXWURQVýIURPýUHDFWLRQýõëôýDUHýREVHUYHGýEHFDXVHýWKH\ýDUHýXVHGýXSýLQýUHDFWLRQ
õìôïýý7KHýGHDGO\ýUDGLDWLRQýKD]DUGýSUHGLFWHGýE\ýVRPHý3RQVýGHWUDFWRUVýLVýPXFKýUHGXFHGï

7KHýFKDQJHýLQýWKHýç/Lîæ/LýUDWLRýZRXOGýEHýVRýVOLJKWýDVýWRýHVFDSHýPHDVXUHPHQWïýý0XUSK\ý>é@ýGHWHFWHGýQRý



69

FKDQJHýLQýç/LýRUýæ/Lïýý%XVKý>è@ýKRZHYHUýFLWHVý7KRPSVRQýDVýGHWHFWLQJýç/LýGHSOHWLRQï

7KHýWKHUPDOýFURVVýVHFWLRQýIRUýUHDFWLRQýõìôýLVýäéèýEDUQVý>ì@ýIDOOLQJýWRýëïæèýEDUQVýDWýíïëèåý0H9ýDQGýWRýíïçýEDUQ
DWýçý0H9ïý ý7KHUPDOL]LQJýRIý WHKýQHXWURQVý LVýQRýSUREOHPý LQý WKHý'ë2ýVROYHQWïý ý0XFKýHQWKDOS\ýZRXOGýEH
WUDQVIHUUHGýWRýWKHýVROYHQWýLQýWKLVýSURFHVVï

7KHýUHDFWLRQýFURVVýVHFWLRQýIRUýUHDFWLRQýõëôýLVýèýEDUQVýDWýíïìý0H9ý>ì@ñýIDOOLQJýWRýìýPLOOLEDUýDWýíïíìý0H9ï

7KXVýUHDFWLRQVýõìôýDQGýõëôýDUHýERWKýSUREDEOHýFRQVLGHULQJýWKHýHQHUJ\ýUHOHDVHGýLQýHDFKï

&KDLQý,QLWLDWLRQ

,WýLVýSURSRVHGýWKDWýHDFKýRIý3RQVöýH[SHULPHQWVý>ìé@ýZDVýLQLWLDWHGýE\ýDýUDQGRPýFRVPLFýUD\ýõRUýDýEUHPVWUDKOXQJôã
õýõëïëý0H9ôýòýë+ý9ýì+ýòýQ õêô

*DLý>ç@ýPHDVXUHGýìïåý�ýíïéýJDPPDýFRXQWVýKUðìýLQýKLVýIXVLRQýH[SHULPHQWVñýRUýRQHýSHUýìíêýVï

7KLVýVXJJHVWLRQýFRXOGýEHýUHDGLO\ýWHVWHGýE\ýHPSOR\LQJýDýFRPPHUFLDOO\ýDYDLODEOHýQHXWURQýVRXUFHýõIURPýWKH
ILVVLRQýLQGXVWU\ôýWRýLQLWLDWHýUHDFWLRQýõìôïý6XFKýVRXUFHVýLQFOXGHýëèë&Iýõëý0HYôñý3Xðä%Hõéý0H9ôñý3Rðä%HýDQG
ëéì$PýõDYDLODEOHýIURPýDýKRPHýVPRNHýDODUP"ôï

,QFXEDWLRQý3HULRG

3RQVý>ìé@ýFODLPHGýëýWRýêýZHHNVýõìíçVôýWRýûFKDUJHûýRUýûORDGûýKLVýéýPPýGLDPHWHUý3GýURGVýZLWKýGHXWHULXPý>æ@ï
/HZLVý>å@ýUHDFKHGýûFKDUJHûýLQýíïOëëýPPýURGVýLQýëíýPLQXWHVýõëý[ýOíêVôïýý7KHVHýGLIIHUHQWýWLPHVýDUHýFRQVLVWHQW
ZLWKýDýGLIIXVLRQýPHFKDQLVPï

3RQVýZDLWHGýìíçVýIRUýDýUHDFWLRQýWRýRFFXUïýý1RQHýRIýKLVýGHWUDFWRUVýH[KLELWHGýVRýPXFKýSDWLHQFHïýý7KHLUýWRXWHG
QHJDWLYHýUHVXOWVýDUHýPHDQLQJOHVVï

1HXWURQý6LQNV

1HXWURQVýDUHýQHHGHGýWRýPDLQWDLQýWKHýFKDLQýUHDFWLRQïýý%XWýHYHU\ERG\öVýDSSDUDWXVýFRQWDLQVýQHXWURQýVLQNVýDQG
OHDNVïýý5ROLVRQý>ìì@ýXVHGý6,06ýWRýSUREHýWKHýLVRWRSLFýFRPSRVLWLRQýRIý3Gïýý6KHýVKRXOGýKDYHýORRNHGýDOVRýIRUý$J
DFFRUGLQJýWRý

ìíå3GýòýQý9ýìíä$JýõìëýEDUQVýWKHUPDOô

'H$QJHOLVý>ìë@ýKDVýVXJJHVWHGýDQRWKHUýURXWHýWRýVLOYHUý

ìíå3Gýòýë+ý9ýìíä3Gýòýì+ý

ìíä3Gý9ýìíä$JýòýíHð

$Q\ýQHXWURQVýOHDYLQJýWKHýFHOOýZRXOGýHQFRXQWHUýILUVWñý WKHýERURQý LQý WKHý3\UH[ýFHOOýZDOOýõæèíýEDUQVôñý WKHQ
VHFRQGñýWKHýEDWKýZDWHUýZKHUHýWKHýUHYHUVHýRIýUHDFWLRQýõêôýRFFXUV
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ì+ýòýQýý9ýë+ýòýõýõëïëý0H9ñýíïêêýEDUQô õéô

3HUKDSVýUHDFWLRQýõéôýLVýWKHýVRXUFHýRIýWKHýGLVSXWHGýJDPPDýVSHFWUXPï

,IýQHXWURQVýPXVWýEHýFRQVHUYHGýWRýVXSSO\ýUHDFWLRQýõìôñýPD\EHýDýQHXWURQýUHIOHFWRUýZRXOGýEHýXVHIXOï

%URZQý>ìê@ýFDOFXODWHGýWKHýQHXWURQýPHDQýIUHHýSDWKýDQGýOHDNDJHýIURPý3RQVöýDSSDUDWXVïýý/HDNDJHýIURPýWKH
íïíìëëýFPýGLDPHWHUýZLUHVýXVHGýE\ý/HZLVý>å@ýDQGýRWKHUVýZRXOGýKDYHýEHHQýäæýSHUFHQWñýDQGýQRýVXVWDLQHG
UHDFWLRQýZRXOGýKDYHýEHHQýH[SHFWHGïýý/HDNDJHýIURPýWKHýíïëýWRýíïçýFPýGLDPHWHUý3GýURGVýXVHGýE\ý3RQVý>ìé@ñý*DL
>ç@ýDQGý:HLVPDQQý>ìí@ýZRXOGýKDYHýEHHQýêíýWRýèíýSHUFHQWïýý%URZQöVýDQDO\VLVýFRUUHODWHVý3RQVöýGDWDýDWýDýFHOO
FXUUHQWýGHQVLW\ýRIýåýP$ýFPðëýýYHU\ýZHOOïýý7KHýGDWDýDWýçéýP$ýFPðëýDQGýèìëýP$ýFPðëýIDUHýOHVVýZHOOï

6XUIDFHýRUý9ROXPH"

,Iýç/LýLVýDýUHDFWDQWñýFDQý/LýGLIIXVHýLQWRýWKHý3GñýRUýGRHVýLWýQHHGýWR"ýý/LWKLXPýGRHVýGLIIXVHýLQWRýDOXPLQXP
FRPPHUFLDOO\ïýý7KHýGLIIXVLYLW\ýRIýOLWKLXPýLQýPHWDOVýLVýìíðéýWKDWýRIýGHXWHULXPï

%XWýQRWýHYHQý3RQVýLVýFHUWDLQýWKDWýWKHýQXFOHDUýUHDFWLRQõVôýDUHýLQWHUQDOýWRýWKHý3Gïýý1RERG\ýKDVýPHDVXUHGýWKH
LQWHUQDOýõ%(7îSRURVLW\ôýDUHDýRIýWKHý3GýHOHFWURGHVï

3RQVý>ìé@ýVKRZVýDýSORWýRIýH[FHVVýHQWKDOS\ýSHUýYROXPHýõZýFPðêôýYVýFXUUHQWýGHQVLW\ïýý%XWýDýVLPLODUýSORWýRI
HQWKDOS\ýHOHFWURGHýDUHDýõZýFPðëôýYVýFXUUHQWýGHQVLW\ýFRUUHODWHVýKLVýGDWDýMXVWýDVýZHOOïýý)XUWKHUñýWKHýILVVLRQîIXVLRQ
PLJKWýEHýRFFXUULQJýLQýWKHý%UXQHUð1HUQVWýVROYHQWýOD\HUýZKLFKýLVýDOVRýXQGHUýH[WUHPHýJDOYDQRVWDWLFýSUHVVXUHýDW
WKHýWHVWýRYHUSRWHQWLDOVýXVHGý>å@ï

5()(5(1&(6

>ì@ý'ï%ïý+RLVLQJWRQñý1XFOHRQLFVý)XQGDPHQWDOVñý0F*UDZð+LOOýõìäèäôñýSýêíëï

>ë@ý6ïý*ODVVWRQHñý3ULQFLSOHVýRIý1XFOHDUý5HDFWRUý(QJLQHHULQJñýYDQý1RVWUDQGýõìäèèôñýSýåç

>ê@ý5ïý6WHSKHQVRQñý,QWURGXFWLRQýWRý1XFOHDUý(QJLQHHULQJñýëQGýHGïñý0F*UDZð+LOOýõìäèåôñýSSýëìåñýëêíï

>é@ý-ïý0XUSK\ñý&KHPïý÷ý(QJïý1HZVñýìçý$SUýìääíñýSýëäï

>è@ý5ýï7ïý%XVKñý)XVLRQý)DFWVñý0DUýìääéñýSýçï

>ç@ý0ïý*DLýHWýDOïñý1DWXUHñýçý-XO\ýìäåäñýSýëäï

>æ@ý6FLHQFHñýæý$SULOýìäåäñýSýëæï

>å@ý)ï$ïý/HZLVýHWýDOïñý6XUIDFHý7HFKQRORJ\ñýYROýéñýìäæçñýSýåäï

>ä@ý1ï$ïý/HZLVýHWýDOïñý6FLHQFHñýìíý1RYýìäåäñýSýæäêï

>ìí@ý+ï:ïý:LHVPDQQñý)XVLRQý7HFKQRORJ\ñýYROýìæñý0DUýìääíñýSýêèíïý

>ìì@ý'ïý5ROLVRQñý&KHPïý÷ý(QJïý1HZVñýìçý$SULOýìääíñýSýêíï
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>ìë@ý$ïý'Hý$QJHOLVñý&KHPïý÷ý(QJïý1HZVñýìèý0D\ýìäåäñýSýêï

>ì@ïý%ï$ïý%URZQñýSULYDWHýFRPPXQLFDWLRQýWRý3RQVñýëý-XQHýìäåäï

>ìé@ý6ïý3RQVýHWýDOïñý-ïý(OHFWURDQDO\WLFDOý&KHPïñýõìääíôýSýëäêï

$''(1'80

7KHý1HUQVWýHTXDWLRQý>ì@

õìô( ö
57
Q)

OQ
34

35

ZKHUHý(ýLVýWKHýRSHQýFLUFXLWýFHOOýYROWDJHñý5ýLVýWKHýJDVýFRQVWDQWñý7ýLVýWKHýDEVROXWHýWHPSHUDWXUHñý)ýLVý)DUDGD\öV
FRQVWDQWñý3ìýDQGý3ëýDUHýUHODWHGýWRýWKHýWKHUPRG\QDPLFýLRQýDFWLYLW\ýDQGýQýUHODWHVýWRýWKHýQXPEHUýRIýHOHFWURQV
WUDQVIHUUHGïýý,WýLVýWKHýEDVLVýIRUýHOHFWURFKHPLVWU\ïýý7KLVýHTXDWLRQýUHODWHVýPHFKDQLFDOýSUHVVXUHýWRýHOHFWULFDO
SUHVVXUHýRUýHOHFWULFLW\ýWRýFKHPLVWU\ï

,ýFDQQRWýILQGýLQý3RQVöýSXEOLFDWLRQVýZKHUHLQýKHýKDVýWHVWHGýKLVýGDWDýDFFRUGLQJýWRýWKHý1HUQVWýHTXDWLRQñýDOWKRXJK
KHýGLGýGLVFXVVýLWVýDSSOLFDWLRQý>ë@ï

7KHý3ORW ý

3RQVöý GDWDý IRUý /L2'ý ZLWKý íïéý FP
GLDPHWHUý 3Gý FDWKRGHVý DUHý VKRZQ
SODWWHGý DFFRUGLQJý WRý WKHý 1HUQVW
HTXDWLRQýLQýWKHýDWWDFKHGý)LJïýìïýý7KH
WDFLWý DVVXPSWLRQý LVý PDGHý WKDWý WKH
H[FHVVýVSHFLILFýHQWKDOS\ýJHQHUDWLRQýLV
SURSRUWLRQDOý WRý WKHý JDOYDQRVWDWLF
SUHVVXUHïý ý 'DWDý IRUý RWKHUý GLDPHWHU
FDWKRGHVý DQGîRUý VXOIDWHý DQLRQý DUH
PRUHý VFDWWHUHGý EXWý IROORZý Dý VLPLODU
WUHQGïý ý 7KHý \ðD[LVý RIý WKHý SORWý LV
VSHFLILFýH[FHVVýSRZHUý%$6('ý21ý3G
(/(&752'(ý 685)$&(ý $5($
FRPSXWHGýLQýZýFPðëïýý7KHý[ðD[LVýLVýWKH
DSSOLHGýYROWDJHýWRýWKHýFHOOï

7ZRýFRQFOXVLRQVýFDQýEHýGUDZQýIURP
WKHýILJXUHã
#ýý3RQVöýGDWDýDUHýFRUUHODWHGýDQGýVXSSRUWHGýE\ýWKHýFODVVLFDOý1HUQVWýHTXDWLRQñýDQG
#ýý(OHFWURGHýVXUIDFHýDUHDýõQRWýYROXPHôýLVýLPSRUWDQWï

,QýDGGLWLRQñýWKHýDVVXPSWLRQýRIý4û3ýDSSHDUVýYDOLGï
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'LVFXVVLRQ

,IýWKHýK\SRWKHWLFDOýIXVLRQýUHDFWLRQýõRUýLWVýSUR[LHVô

ë'ýòýë'ý9ýé+H õëô

LVýWRýEHýDFKLHYHGñýWKHýFRPSHWLQJýFKHPLFDOýUHDFWLRQ

'ýòý'ý9ý'ëýõJDVô õêô

PXVWýEHýPLQLPL]HGï

+RZýPLJKWýWKLVýUHGXFWLRQýPHýDFFRPSOLVKHG"ýý5HDFWLRQýõêôýLVýFDWDO\]HGýE\ýWKHýFKHPLFDOO\ýDFWLYHýõKLJKýHQHUJ\ô
VLWHVýRQýWKHý3GýVXUIDFHïýý,WýLVýZHOOýNQRZQýVLQFHýìäíèý>é@ýWKDWýSRLVRQLQJýWKHý3GýVXUIDFHýZLOOýUHGXFHýRUýHOLPLQDWH
WKHýFDWDO\VLVï

3RQVýKDVýQHYHUýUHYHDOHGýKLVýûVSHFLDOýWULFNûý>è@ýIRUýDFKLHYLQJýQXFOHDUýIXVLRQýõRUýILVVLRQôïýý%DVHGýRQýKLVýGDWD
DQGýKLQWVñýKLVýWULFNýPXVWýEHýFDWKRGHýSUHðWUHDWPHQWýõ3GýSRLVRQLQJôïýý$ýJROGýFRDWLQJýZRXOGý\LHOGýWKHýíïåýYROW
RYHUSRWHQWLDOýUHSRUWHGýE\ý3RQVý>ë@ïýý+RZHYHUñýKLVýGDWDý>ê@ýUHIOHFWýDQýDFKLHYHGýRYHUSRWHQWLDOýRIýìïëýYROWVï

$Qý RYHUSRWHQWLDOý RIý íïåý YROWý LQý WKHý 1HUQVWý HTXDWLRQý LVý HTXLYDOHQWý WRý Dý JDOYDQRVWDWLFý SUHVVXUHý RIý ìíìé

DWPRVSKHUHVïýý,Iý3RQVýFDQýDFKLHYHýKLVýSUHGLFWHGýëïíýYROWVñýWKHýHOHFWURGHýSUHVVXUHýZRXOGýEHýìíêéýDWPï

2QHýVLJQLILFDQWýHIIHFWýRIýWKHVHýSUHVVXUHVýLVýWRýVXSSUHVVýUHDFWLRQý>ê@ïýý%XWýZKDWýLVýWKHýHIIHFWýRIýVXFKýKLJK
FRQILQHPHQWýSUHVVXUHVýRQýQXFOHDUýUHDFWLRQV"ýý'RHVýDQ\ERG\ýNQRZ"

5()(5(1&(6

>ì@ýý&ï)ïý3UXWWRQñý6ï+ïý0DURQñý)XQGDPHQWDOý3ULQFLSOHVýRIý3K\VLFDOý&KHPLVWU\ñý0DF0LOODQýõìäééôñýSSýèëëñ
èéåï

>ë@ýý6ïý3RQVñý0ïý)OHLVFKPDQQñý-ïý(OHFWURDQDOïý&KHPïñý$SULOýçñýìäåäï

>ê@ýý0ïý)OHLVFKPDQQýHWýDOïñý-ïý(OHFWURDQDOïý&KHPïñýYROýëåæñýìääíñýSýëäêï

>é@ýý7DIHOñý=ïý3K\VLNý&KHPïñýYROýèíñýìäíèñýSýçéìï

>è@ýý'HVHUHWý1HZVñý-DQïýåñýìääìï
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$1ý,17(535(7$7,21ý2)ý7+(ý3,$17(//,ý())(&7ý%$6('ý8321
7+(ý/$17ý+<327+(6,6ý$1'ý(&)0ý02'(/ý)25ý&2/'ý)86,21

5REHUWý7ïý%XVK
3K\VLFVý'HSDUWPHQWñý&DOLIRUQLDý6WDWHý3RO\WHFKQLFý8QLYHUVLW\ó

õ3RPRQDô
DQG

(1(&2ýóó
3URWHXVý3URFHVVHVýDQGý7HFKQRORJ\ñý,QFïóóó

$%675$&7

7KHý UHFHQWO\ý DQQRXQFHGý õ-DQXDU\ñý ìääéôý 3LDQWHOOLý HIIHFWý >ì@ý RIý DQRPDORXVý KHDWý SURGXFWLRQý LQý D
K\GURJHQðORDGHGý URGý ORFDWHGý LQý Dý K\GURJHQðSUHVVXUL]HGý FKDPEHUý SURYLGHVý DQý LPSRUWDQWý FKDOOHQJHý IRU
K\SRWKHVHVýDQGýPRGHOVýRQýûFROGýIXVLRQïûýý7KHýSUHVHQWýDXWKRUöVýK\SRWKHWLFDOý/$17ý+\SRWKHVLý>è@ýõû/DWWLFH
$VVLVWHGý1XFOHDUý7UDQVPXWDWLRQûôñýDýJHQHUDOL]DWLRQýRIýKLVýHDUOLHUý&$)ý0RGHOý>é@ýõû&ROGý$ONDOLý)XVLRQûôýDQG
DQýDWWHPSWñýOLNHýWKHýODWWHUñýWRýXQLI\ýWKHýKHDY\ýZDWHUîH[FHVVýKHDWýHIIHFWýõ)OHLVFKPDQQî3RQVý>ë@ôýDQGýWKHýOLJKW
ZDWHUýH[FHVVýKHDWýHIIHFWýõ0LOOý>ê@ôñýLVýDSSOLHGýWRýWKHý3LDQWHOOLý(IIHFWý>ì@ýK\SRWKHVL]HGýWRýEHýDQýH[DPSOHýRIýOLJKW
ZDWHUýûFROGýIXVLRQïûýý)RUýWKHý3LDQWHOOLý(IIHFWñý/$17ýSUHGLFWVýZKLFKýPHWDOVýVKRXOGýEHýPRVWýHIIHFWLYHïý$
WKHRUHWLFDOýEDVLVýIRUý/$17ýLVýK\SRWKHVL]HGýWRýEHýWKHýDXWKRUöVý(&)0ý>çñæñå@ýõû(OHFWURQý&DWDO\]HGý)XVLRQ
0RGHOûôï

,1752'8&7,21

5HFHQWO\ñý LQý Dý EULHIý QRWHý LQý WKHý -DQXDU\ñý ìääéý LVVXHý RIý ,Oý 1XRYRý&LPHQWRñý HQWLWOHGý û$QRPDORXVý+HDW
SURGXFWLRQýLQý1Lð+ý6\VWHPVûñý)ïý3LDQWHOOLýRIýWKHý8QLYHUVLW\ýRIý6LHQDýDQGýKLVýFROODERUDWRUVñý6ïý)RFDUGLýDQGý5ï
+DEHOý >ì@ý õ+HUHDIWHUãý )î+î3ôý DQQRXQFHGý HYLGHQFHý IRUý WKHý H[FHVVý KHDWý SURGXFWLRQý RIý XSý WRý èí:ý LQý D
K\GURJHQðORDGHGýQLFNHOýURGï

&RQWUROOHGýH[SHULPHQWVýGHYLVHGýWRýLQYHVWLJDWHýWKHýHIIHFWñýGLVFRYHUHGýE\ý3LDQWHOOLýDWýWKHýHQGýRIýìäåäñýZHUH
EHJXQýDURXQGýWKHýHQGýRIýìääëýDWýWKHý8QLYHUVLW\ýRIý6LHQDïý%ULHIO\ñýDýQLFNHOýURGýLQýWKHýIRUPýRIýDýVROLGýF\OLQGHU
RIýèýPPýGLDPHWHUñýDQGýäíýPPýOHQJWKýLVýKHDWHGýE\ýDýSODWLQXPýKHDWHUýFRLOýLQVLGHýDýVWDLQOHVVýVWHHOýUHDFWLRQ
FKDPEHUýSUHVVXUL]HGýZLWKýK\GURJHQýJDVïý+\GURJHQýZDVý LQLWLDOO\ýH[SHFWHGý WRýEHý UHODWLYHO\ýQHXWUDOñýZLWK
GHXWHULXPýJDVýDQWLFLSDWHGýWRýSURGXFHýWKHýHIIHFWïý6XUSULVLQJO\ýWRý)î+î3ýLWýZDVýIRXQGýWKDWýRUGLQDU\ýK\GURJHQ
JDVýSURGXFHVý WKHýKHDWýDQRPDO\ïý ý$ýVWDLQOHVVý VWHHOý URGýRIý WKHý VDPHýVL]Hý VHUYHVýDVýDQýH[FHVVýKHDWýEODQNï
7HPSHUDWXUHVýDVýKLJKýDVýDERXWýéèíý&ýZHUHýHPSOR\HGýZLWKýW\SLFDOýK\GURJHQýJDVýSUHVVXUHVýDURXQGýèííýPEDUï
,WýZLOOý EHý K\SRWKHVL]HGý WKDWý WKHý3LDQWHOOLý(IIHFWý LVý FORVHO\ý UHODWHGý WRý WKHý OLJKWýZDWHUý H[FHVVý KHDWý HIIHFW
RULJLQDOO\ýDFKLHYHGýE\ý0LOOVý>ê@ýZLWKýDQýHOHFWURO\WLFýFHOOýHPSOR\LQJýDýQLFNHOýFDWKRGHýDQGýDýOLJKWýZDWHUýEDVHG
SRWDVVLXPýFDUERQDWHýHOHFWURO\WHïý0RUHRYHUñýLWýVKRXOGýEHýSRLQWHGýRXWýWKDWñýDSSDUHQWO\ýXQNQRZQýWRý)î+î3ñýWKH
DXWKRUýDQGýKLVýFROOHDJXHý5ïý(DJOHWRQýDWý&DOý3RO\ýõ3RPRQDôýKDYHýDFKLHYHGýHVVHQWLDOO\ýìííøýUHSURGXFLELOLW\
IRUýWKHýOLJKWýZDWHUýH[FHVVýKHDWýHIIHFWýZLWKýJDLQVýRIýêíøýRUýPRUHýZLWKýFORVHGýHOHFWURO\WLFýFHOOVýõSODWLQXPýEODFN
UHFRPELQHUýXWLOL]HGôýHPSOR\LQJýQLFNHOýPHVKýFDWKRGHVýDQGýOLJKWýZDWHUýEDVHGýHOHFWURO\WHVýRIýFDUERQDWHVýDQG
K\GUR[LGHVýRIýSRWDVVLXPñýVRGLXPñýUXELGLXPñýDQGýFHVLXPý>äñìíñììñìê@ï

7+(ý/$17ý+<327+(6,6

7KHýDXWKRUöVý/$17ý+\SRWKHVLVý>è@ýõû/DWWLFHý$VVLVWHGý1XFOHDUý7UDQVPXWDWLRQûôýLVýDýJHQHUDOL]DWLRQýRIýWKH
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ýDXWKRUöVýSUHYLRXVý&$)ý+\SRWKHVLVý>é@ýõû&ROGý$ONDOLý)XVLRQûôýVHHNVýWRýXQLI\ýWKHýKHDY\ýZDWHUýDQGýOLJKWýZDWHU
H[FHVVýKHDWýHIIHFWVïýý$FFRUGLQJýWRý&$)ýWKHýH[FHVVýKHDWýIRUýDQýHOHFWURO\WLFýFHOOýZLWKýDýQLFNHOýFDWKRGHýDQGýOLJKW
ZDWHUý EDVHGý HOHFWURO\WHý RIý DQý DONDOLý DWRPý VDOWý RIý OLWKLXPñý VRGLXPñý SRWDVVLXPñý UXELGLXPñý RUý FHVLXPñý LV
HVVHQWLDOO\ýWKHýSRVLWLYHý4ýYDOXHýIRUýWKHýFROGýQXFOHDUýUHDFWLRQýLQýZKLFKýDýQXFOHXVýIRUýRQHýRIýWKHýDERYHýDONDOL
DWRPVýVRPHKRZýDGGVýDýSURWRQýWRýEHFRPHýDýQXFOHXVñýUHVSHFWLYHO\ñýRIýKHOLXPñýPDJQHVLXPñýFDOFLXPñýVWURQWLXPñ
RUýEDULXPïý6WURQJýSUHOLPLQDU\ýHYLGHQFHýKDVýEHHQýIRXQGýIRUýWKHýSURGXFWLRQýRIýERWKýFDOFLXPýLQýWKHýFDVHýRI
SRWDVVLXPýFHOOVýDQGýVWURQWLXPýLQýWKHýFDVHýRIýUXELGLXPýFHOOVý>ìì@ï

&$)ýLVýXQLI\LQJýLQýWKDWýLWýFRQVLGHUVýLVRWRSLFýK\GURJHQýDVýVSHFLDOýFDVHVýRIýDONDOLýDWRPVïý6RñýLWýHQFRPSDVVHV
WKHý'ð'ýUHDFWLRQýWRýJLYHý+HðéýDQGýWKHýK\SRWKHWLFDOýFROGýQXFOHDUýUHDFWLRQVýRIýSURWRQVñýGHXWHURQVñýDQGýWULWRQV
ZLWKýRWKHUýDONDOLýDWRPýQXFOHLïý7KHý/$17ý+\SRWKHVLVýJHQHUDOL]HVý&$)ýLQýUHFRJQL]LQJýWKDWýWKHýWZRýUHDFWDQWV
FRXOGýEHýRWKHUýWKDQýDQýDONDOLýDWRPýQXFOHXVýDQGýDýQXFOHXVýRIýLVRWRSLFýK\GURJHQñýDQGýWKDWýWKHUHýFRXOGýHYHQýEH
PRUHýWKDQýWZRýUHDFWDQWVïý$VýLQýWKHýFDVHýRIý&$)ýWKHý/DZVýRIý3K\VLFVýPD\ýQRWýEHýEURNHQñýDQGýWKHýH[FHVVýKHDW
LVýDVVXPHGýWRýEHýHVVHQWLDOO\ýWKHýSRVLWLYHý4ýYDOXHýJLYHQýE\ýWKHýGLIIHUHQFHýLQýWKHýVXPýRIýWKHýUHVWðPDVVýHQHUJLHV
RIýWKHýUHDFWDQWVýDQGýWKDWýRIýWKHýSURGXFWVï

$ý/$17ý+<327+(6,6ý(;3/$1$7,21ý2)ý7+(ý3,$17(//,ý())(&7

,QýZKDWýIROORZVñýWKUHHýYHUVLRQVýDUHýSUHVHQWHGñýDOOýKLJKO\ýK\SRWKHWLFDOïý9HUVLRQý$ýLVýWKHýVLPSOHUýRIýWKHýWKUHH
DWWHPSWLQJýWRýH[SODLQýHIIHFWVýLQýWHUPVýRIýFROGýQXFOHDUýUHDFWLRQVýWKDWýEHJLQýZLWKýVWDEOHýQXFOLGHVýDQGýHQGýZLWK
VWDEOHýQXFOLGHVïý1RýDWWHPSWýLVýPDGHýZLWKýUHJDUGýWRýWKHýFURVVðVHFWLRQVýRIýWKHýUHDFWLRQVïý9HUVLRQý%ýLVýPRUH
FRPSOH[ýLQýEULQJLQJýLQýK\SRWKHWLFDOýQXFOHDUýFURVVðVHFWLRQVýDQGýWUHDWLQJýDOOýQXFOLGHVýSUHVHQWýDVýSRWHQWLDO
UHDFWDQWVïý/LNHý%ñý9HUVLRQý&ýWUHDWVýDOOýQXFOLGHVýSUHVHQWýDVýSRWHQWLDOýUHDFWDQWVïý+RZHYHUñýOLNHý$ýLWýLVýVLPSOHU
WKDQý9HUVLRQý%ýLQýOHDYLQJýRXWýQXFOHDUýFURVVðVHFWLRQýFRQVLGHUDWLRQVïý$OOýWKUHHýYHUVLRQVýPDNHýSUHGLFWLRQVýRI
UHDFWLYLWLHVýRIýPDWHULDOVýZLWKýRUGLQDU\ýQLFNHOýWDNHQýDVýWKHýVWDQGDUGï

9HUVLRQý$

/$17ñýLQýWKHýDEVHQFHýRIýDQýDONDOLýDWRPýVSHFLHVýVXFKýDVýUXELGLXPñýLPSOLFDWHVýWKHýQLFNHOýPDWHULDOýRIýWKH
F\OLQGULFDOýURGýDVýDýFDQGLGDWHýUHDFWDQWïý+RZHYHUñýWKHýSULPHýFDQGLGDWHýUHDFWLRQýLVý

Sýòý1Lçëý9ý&Xçêý>çïìëý0H9@

7KLVýLVýDýFROGýQXFOHDUýUHDFWLRQýLQýZKLFKýDý1LðçëýQXFOHXVýDGGVýDýSURWRQýLQýDýODWWLFHðDVVLVWHGýFROGýQXFOHDU
UHDFWLRQýWRýEHFRPHýDýQXFOHXVýRIý&Xðçêïý7KHý4ýYDOXHýRIýçïìëý0H9ýLVýDVVXPHGýWRýHQGýXSýHVVHQWLDOO\ýDVýH[FHVV
KHDWýLQýWKHýQLFNHOýODWWLFHïý1RWHýWKDWý1LðçéýFRXOGýQRWýVXEVWLWXWHýIRUý1LðçëýLQýWKHýUHDFWLRQýVLQFHýWKHý4ýYDOXHýLV
QHJDWLYHïý7KHýQDWXUDOýDEXQGDQFHýRIý1LðçëýLVýêïççøï

6WDLQOHVVý VWHHOý EODQNý FRPSDULVRQãý )RUý WKHý LURQý FRQVWLWXHQWñý WKHý RQO\ý FDQGLGDWHý LVý )HðèåñýZLWKý Dý QDWXUDO
DEXQGDQFHýRIýíïêêøïý7KHýUHDFWLRQýDGGLQJýWKHýSURWRQýLVýWKHQýZULWWHQýLQýDQDORJ\ýWRýWKHýHDUOLHUýQLFNHOýUHDFWLRQ
DVý)HèåýòýSý9ý&Rèäý>æïêæý0H9@ïý,IýLURQýZHUHýWKHýRQO\ýFRQVWLWXHQWýRIýVWDLQOHVVýVWHHOñýLWýVKRXOGýEHýDQýH[FHOOHQW
KHDWýEODQNýZLWKýDýUDWLRýRIýH[FHVVýSRZHUýWRýWKHýQLFNHOýF\OLQGHUýRIýWKHýVDPHýVL]HýRIýDERXWýRQHýWHQWKýDVýVHHQýE\
WKHýIROORZLQJã

õæïêæý0H9îçïìë0H9ôõíïêêøýîýêïççøôý ý2ïìì

+RZHYHUñýLURQýLVýQRWýWKHýRQO\ýFRPSRQHQWýRIýVWDLQOHVVýVWHHOïý2IIðWKHðVKHOIýVWDLQOHVVýVWHHOýYDULHVýZLGHO\ýLQýWKH
FRQVWLWXHQWVýDOOR\HGýZLWKýLURQïý+RZHYHUñýWKHýNH\ýFRQVWLWXHQWýIRUýH[FHVVýKHDWýFRQVLGHUDWLRQVýEDVHGýXSRQ
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ý/$17ýLVýPDQJDQHVHïý2QO\ý0QðèèýLVýVWDEOHýõìííøýDEXQGDQWôýDQGýWKHýUHOHYDQWýUHDFWLRQýLVý0QýèèýòýSý9
)Hèç>çïíê0H9@ïýý$QRWKHUýFRQVWLWXHQWýLVýFKURPLXPýZLWKýWKHýUHOHYDQWýUHDFWLRQý&UèéýòýSý9ý0Qèèý>åïííý0H9@ï
7KHýVWDLQOHVVýVWHHOýGHVLJQDWHGýóóéíêýõ7KHýGRXEOHýDVWHULVNVýDUHýSDUWýRIýWKHýGHVLJQDWLRQýJLYHQýLQýWKHý+DQGERRN
RIý3K\VLFVýDQGý&KHPLVWU\ý>ìë@ñýZKLFKýFRQWDLQVãýýåçøýLURQñýìêøýFKURPLXPñýDQGýìøýPDQJDQHVHãý0XOWLSO\LQJ
WKHýIUDFWLRQDOýFRQVWLWXHQF\ýE\ýWKHýQDWXUDOýDEXQGDQFHýIUDFWLRQýDQGýWKHQýE\ýWKHýH[FHVVýHQHUJ\ýõLïHïñý4ýYDOXHô
LQý0H9ýDQGýDGGLQJýWKHVHýSURGXFWVýIRUýLURQñýFKURPLXPñýDQGýPDQJDQHVHñý\LHOGVýDýû/$17ýLQGH[ûýIRUýVWDLQOHVV
VWHHOýóóéíêýRIýíïíçã

õíïåçôõíïííêêôõæïêæôýòýõíïìêôõíïíëêåôõåïííôýòýõíïíìôõìïííôõçïíêô ýíïíçï

7KLVýLVýWRýEHýFRPSDUHGýIRUýWKHý/$17ýLQGH[ýIRUýWKHýQLFNHOýF\OLQGHUã

õìïííôõíïíêççôõçïìëôý ýíïëë

7KHýUDWLRýLVýLQýIDYRUýRIýWKHýQLFNHOïý,IýRQýWKHýRWKHUýKDQGñýRQHýXVHVýðëíëýVWDLQOHVVýVWHHOýõZKLFKýLVýDWýWKHýKLJKýHQG
RIýPDQJDQHVHýFRQWHQWýWKHýVLWXDWLRQýFKDQJHVýGUDVWLFDOO\ãýçèøýLURQñýìäøýFKURPLXPñýçøýQLFNHOñýDQGýìíø
PDQJDQHVHôïý1RZñýWKHý/$17ýLQGH[ýEHFRPHV

õíïçèôõíïííêêôõæïêæôýòýõíïìäôõíïíëêåôõåïííôýòýõíïíçôõíïíêççôõçïìëôò

íïìíôõìïííôõçïíêôý ýíïççï

:KLFKýLVýDERXWýêýWLPHVýWKHýQLFNHOýLQGH[ïýý6RýWKDWýQRZýWKHýðëíëýVWDLQOHVVýVWHHOýVDPSOHýZRXOGýJLYHýWKUHHýWLPHV
WKHýH[FHVVýSRZHUýJLYHQýE\ýWKHýQLFNHOýF\OLQGHUïý7KXVñýLIý9HUVLRQý$ýRIý/$17ýLVýFRUUHFWñýWKHýH[FHVVýKHDWý\LHOG
IRUýVWDLQOHVVýVWHHOýF\OLQGHUVýRIýWKHýVDPHýVL]HýVKRXOGýGHSHQGýFULWLFDOO\ýXSRQýWKHýPDQJDQHVHýFRQWHQWïý$QGñ
PDQJDQHVHýE\ýLWVHOIýZRXOGýGRýEHVWýRIýDOOï

/$17ýLQGH[ýFDOFXODWLRQVýIRUýVRPHýRWKHUýPHWDOVýZLWKýQLFNHOýWDNHQýDVýõìïíôýDUHýDVýIROORZVãý0Qãýõéçïêôñý5Kã
õêäïèôñý&Xãýõêçïìôñý6Qãýõììïåôñý3Eãýõìçïçôñý*Hãýõììïêôñý3Wãýõçïçôñý=QãýõèïèôñýVWDLQOHVVýVWHHOýõðëíëôãýõêïíôñý7Lãýõìïäôñ
1LãýõìïíôñýVWDLQOHVVýVWHHOýõóóéíêôãýõíïëæôñýDQGý)Hãýõíïìôï

3RVVLEOHýHYLGHQFHýLQýIDYRUýRIý/$17ñýDQGý9HUVLRQý$ýLQýSDUWLFXODUñýLQYROYHVýWKHýKLJKýUHODWLYHý/$17ýLQGH[ýRI
&XýõêçïìôñýDQGýWKHýORZýUHODWLYHýLQGH[ýRIý)Hýõíïìôïý7KXVñý%XVKý>ä@ýUHFHQWO\ýK\SRWKHVL]HGýWKDWýWKHýDGGLWLRQýRI
&Xý WRý WKHý QLFNHOý ILEUH[ý FDWKRGHýZRXOGý LPSURYHý WKHý H[FHVVý KHDWý \LHOGý IRUý OLJKWýZDWHUý FHOOVýZLWKý QLFNHO
FDWKRGHVñýDQGý%XVKýDQGý(DJOHWRQý>ä@ýKDYHýGHPRQVWUDWHGýWKLVýIRUýWKHýFDVHVýRIýSRWDVVLXPñýUXELGLXPñýDQG
FHVLXPïý&RUURERUDWLRQýIRUýWKHýFDVHýRIýSRWDVVLXPýKDVýFRPHýIURPýWKHý6ULQLYDVDQýHWýDOý>ìè@ýRIý%$5&ýõ%RPED\ñ
,QGLDôïýý,QýDGGLWLRQñý6ULQLYDVDQýHWýDOïý>ìè@ýKDYHýH[SHULPHQWDOýHYLGHQFHýWKDWýWKHýDGGLWLRQýRIý)HýWRýWKHýOLJKWýZDWHU
FHOOýZLWKýQLFNHOýFDWKRGHýWHQGVýWRýVXSSUHVVýWKHýH[FHVVýSRZHUý\LHOGñýZKLFKýZRXOGýEHýFRQVLVWHQWýZLWKýWKHýORZ
UHODWLYHýLQGH[ýYDOXHýõíïìôýRIýLURQï

9HUVLRQý%

,QýWKLVýPRUHýFRPSOH[ýYHUVLRQýDQýDWWHPSWýLVýPDGHýWRýDOORZýSURWRQýDGGLWLRQýLQýDýFROGýQXFOHDUýUHDFWLRQñýLïHï
ODWWLFHðDVVLVWHGñýWRýDOOýVWDEOHýLVRWRSHVýZKHWKHUýRUýQRWýWKHýUHDFWLRQýOHDGVýGLUHFWO\ýWRýDQRWKHUýVWDEOHýLVRWRSHýRU
QRWïý$QýDWWHPSWýLVýDOVRýPDGHýWRýSXWýLQýDýUHODWLYHýUHDFWLRQýFURVVðVHFWLRQýDVýDýIDFWRUýLQýDýPRGLILHGý/$17ýLQGH[ï
6LQFHýLWýLVýWKHýDXWKRUöVýRSLQLRQñýDQGýEDVHGýXSRQýKLVý(&)0ñýWKDWýûFROGýIXVLRQûýLVýJHQXLQHýFROGýIXVLRQýFDWDO\]HG
E\ýDýFROODSVHýRIýWKHýHOHFWURQýWRýDýJURXQGýVWDWHýRUELWýYHU\ýQHDUýWKHýQXFOHXVñýLWýZDVýGHFLGHGýWRýHPSOR\ýWKH
FURVVðVHFWLRQýIRUýWKHýDEVRUSWLRQýRIýDýWKHUPDOýQHXWURQýDVýDýUHODWLYHýFURVVðVHFWLRQýIDFWRUýZLWKýWKH
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ýLGHDýWKDWýWKHýFROODSVHGýSURWRQýHOHFWURQýV\VWHPýZRXOGýYHU\ýPXFKýUHVHPEOHýDýQHXWURQýRQýWKHýVFDOHýHPSOR\HGï
õ$OOýRIýWKHý4ýYDOXHVñýDEXQGDQFHVñýDQGýWKHUPDOýQHXWURQýDEVRUSWLRQýFURVVðVHFWLRQVýDUHýIURPý5HIïý>ìç@ïô

&DOFXODWLRQýRIýWKLVýPRGLILHGý/$17ýLQGH[ýZLWKýWKHýWKHUPDOýQHXWURQýFURVVðVHFWLRQVýLQýEDUQVýSURGXFHGýWKH
IROORZLQJýUHVXOWVãýQLFNHOãýõêëïåôñýVWDLQOHVVýVWHHOýóóéíêãýõìçïäôñýVWDLQOHVVýVWHHOýðëíëãýõëåïíôïý7KXVñýZHýVHHýWKDW
WKHUHý LVýVWLOOýDýFRQVLGHUDEOHýGLIIHUHQFHýEHWZHHQý WKHý WZRýH[WUHPHVý LQýPDQJDQHVHýFRQWHQWýRIýRIIðWKHðVKHOI
VWDLQOHVVýVWHHOýLQýWHUPVýRIýUHODWLYHýH[FHVVýKHDWVïý+RZHYHUñýóóéíêñýZKLFKýVKRXOGýDIIRUGýWKHýEHVWýKHDWýEODQNýRI
WKHýRIIðWKHðVKHOIýVWDLQOHVVýVWHHOVýEDVHGýXSRQýWKHýPDQJDQHVHýFRQWHQWñýZRXOGýJLYHýRQHýKDOIýWKHýKHDWýRIýWKHýQLFNHO
VDPSOHïý7KLVýVHHPVýWRRýODUJHýIRUýWKHýKHDWýEODQNýDQGýVXJJHVWVýDQýDGYDQWDJHýRIý/$17ý9HUVLRQý$ýRYHUý9HUVLRQ
%ï

)RUýRWKHUýUHSUHVHQWDWLYHýPHWDOVýUHODWLYHýWRýQLFNHOýDVýìï2ñý9HUVLRQý%ýSUHGLFWVýWKHýIROORZLQJýPRGLILHGýUHODWLYH
/$17ý,QGLFHVý5Kãýõêåïìôñý$Xãýõëìïéôñý0Qãýõéïìôñý3Wãýõìïäôñý1Lãýõìïíôñý&XãýõíïåçôñýVWDLQOHVVýVWHHOýõðëíëôãýõíïåèôñ
VWDLQOHVVýVWHHOýõóóéíêôãýõíïèëôñý)Hãýõíïèìôñý3EãýõíïíëôñýDQGý6Qãýõíïííåôïý6RñýZKLOHýWKHýWZRý9HUVLRQVýVKRZýVRPH
VLPLODULWLHVñýWKHUHýDUHýHQRXJKýGLIIHUHQFHVýWRýPDNHýDýWHVWDEOHýGLVWLQFWLRQïý7KXVñýZKLOHý)HýõíïèìôýLVýVWLOOýORZ
UHODWLYHýWRýQLFNHOýLQý9HUVLRQý%ñýLWýLVýPXFKýORZHUýLQý9HUVLRQý$ý>)Hýõ2ïìô@ýVXJJHVWLQJýDýVXSHULRUýH[FHVVýKHDW
VXSSUHVVDQWýLQýWKHýFDVHýRIý$ïý,QýDGGLWLRQñý&XýõíïåçôýLVýORZHUýWKDQýQLFNHOýRQýWKHýEDVLVýRIý%ñýDQGýPXFKýKLJKHU
RQý$ý>&Xõêçïìô@ýVKRZLQJýWKDWý$ýVXSSRUWVý&XýDVýDýSURPRWLQJýDJHQWýIRUýH[FHVVýSRZHUñýZKLOHý%ýLQGLFDWHVýWKDW
&XýLVýVOLJKWO\ýVXSSUHVVLYHïý,WýLVýLPSRUWDQWýWRýEHDUýLQýPLQGýIRUýSXUSRVHVýRIýFRPSDULVRQýWKDWýIDFWRUVýDVýUHODWLYH
QXPEHUýRIýLQWHUVWLWLDOýVLWHVýDQGýUHODWLYHýDIILQLW\ýRIýWKHýVXUIDFHýIRUýK\GURJHQýFRXOGýDOVRýEHýVLJQLILFDQWï

9HUVLRQý&

9HUVLRQý&ýLVýOLNHý%ýH[FHSWýWKDWýWKHýWKHUPDOýQHXWURQýFURVVðVHFWLRQVýDUHýOHIWýRXWýRIýWKHýPRGLILHGýUHODWLYHý/$17
LQGLFHVïý1LýFRUUHVSRQGVýLQýWKLVýVFKHPHýWRýDQýDEVROXWHýYDOXHýRIýåïéäïý+RZHYHUñýWDNLQJý1LýDVýKDYLQJýDýUHODWLYH
LQGH[ýRIýìïíñýRQHýREWDLQVýWKHýIROORZLQJýYDOXHVýIRUýVRPHýUHSUHVHQWDWLYHýPHWDOVãý0Qãýõìïëíôñý5Kãýõìïíëôñý1Lã
õìïííôñý3WãýõíïäêôñýVWDLQOHVVýVWHHOýõðëíëôãýõíïäêôñýVWDLQOHVVýVWHHOýõóóéíêôãýõíïåæôñý&Xãýõíïåéôñý$Xãýõíïåéôñý)Hã
õíïæéôñý6Qãýõíïééôïý$VýZDVýWKHýFDVHýIRUý9HUVLRQý%ñý9HUVLRQý&ýVXIIHUVýLQýFRPSDULVRQýZLWKýWKHý/$17ý9HUVLRQ
$ýEDVHGýXSRQýWKHýFRQVLGHUDWLRQýRIýWKHýVWDLQOHVVýVWHHOýEODQNñý&XýDVýDQýH[FHVVýKHDWýSURPRWHUñýDQGý)HýDVýD
VLJQLILFDQWýVXSSUHVVRUï

&21&/86,216ãý683(5,25,7<ý2)ý/$17ý9(56,21ý$

,WýLVýLQWHUHVWLQJýWKDWýDOOýWKUHHýYHUVLRQVýVXJJHVWýWKHýVXSHULRULW\ýRIýPDQJDQHVHýõ0QôýZLWKýUHVSHFWLYHýUHODWLYH
LQGLFHVýRIýõéçïêôñýõéïìôñýDQGýõìïëíôïýõ1LýWDNHQýDVýìïííïôýý)LQDOO\ñýWKHUHýLVýVRPHýSUHOLPLQDU\ýH[SHULPHQWDO
HYLGHQFHýIURPýWKHý&DOý3RO\ýUHVHDUFKýVXJJHVWLQJýWKHýHIILFDF\ýRIýWLQýõ6QôýDVýDýSURPRWHUýRIýWKHýOLJKWýZDWHU
H[FHVVýKHDWýHIIHFWïý:LWKýWKHýUHVSHFWLYHý/$17ýLQGH[ýYDOXHVýIRUý6QýRIýõììïåôñýõíïííåôñýDQGýõíïééôñýLWýLVýFOHDU
WKDWýRQO\ý/$17ý9HUVLRQý$ýVXJJHVWVýWLQýDVýDýSURPRWHUïý:HýFDQýFRQFOXGHñýWKHQñýWKDWýWKHýEXONýRIýWKHýHYLGHQFH
SUHVHQWO\ý DYDLODEOHý IDYRUVý9HUVLRQý$ý RIý WKHý DXWKRUöVý /$17ý+\SRWKHVLVïý 7Rý VXPPDUL]Hý WKHý VXSSRUWLQJ
HYLGHQFHýLQýIDYRUýRIý/$17ý9HUVLRQý$ýRYHUý%ýDQGý&ãý7KXVñý9HUVLRQý$ãý^O`ý6XJJHVWVýDýVWDLQOHVVýVWHHOýYDULHW\
WKDWýZRXOGýVHUYHýDVýDQýHIIHFWLYHýEODQNýõíïëæôñýZKHUHDVýQHLWKHUý%ýõíïèëôýQRUý&ýõíïåæôýGRïý̂ ë`ý3UHGLFWVýWKDWý&X
õêçïìôñýDýGHPRQVWUDWHGýH[FHVVýKHDWýSURPRWHUñýLVýDQýH[FHVVýKHDWýSURPRWHUñýZKHUHDVý%ýõíïåçôýDQGý&ýõíïåéô
SUHGLFWý&XýDVýDQýH[FHVVýKHDWýVXSSUHVVRUïýý^ê`ý3UHGLFWVýWKDWý)HýõíïìôñýDýGHPRQVWUDWHGýH[FHOOHQWýH[FHVVýKHDW
VXSSUHVVRUñýLVýDýVXSSUHVVRUñýZKHUHDVý%ýõíïèìôýDQGý&ýõíïæéôýSUHGLFWýRQO\ýVOLJKWO\ýVXSSUHVVDQWýSURSHUWLHVýIRU
)Hïý̂ é`ý3UHGLFWVýWKDWý6QýõììïåôñýIRUýZKLFKýWKHUHýLVýSUHOLPLQDU\ýHYLGHQFHýRIýEHLQJýDýSURPRWHUñýLVýRQHñýZKHUHDV
%ýõíïííåôýDQGý&ýõíïééôýVXJJHVWýVXSSUHVVDQWýSURSHUWLHVïý^è`ý%\ýOHDGLQJýIURPýDýVWDEOHýUHDFWDQWýWRýDýVWDEOH
SURGXFWýSUHGLFWVýPLQLPDOýUDGLDWLRQñýZKLFKýLVýZHOOðNQRZQýIRUýûFROGýIXVLRQñûýDQG
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ýPHDVXUHGýIRUýWKHý3LDQWHOOLý(IIHFWý>ì@ïý7KXVñý9HUVLRQý$ýLVýSUHIHUUHGï

'2(6ý7+(ý=(52ð32,17ý(/(&7520$*1(7,&ý),(/'ý(;3/$,1ý&2/'ý)86,21"ãý7+(ý(&)0
õû(/(&7521ý&$7$/<=('ý)86,21ý02'(/ûôý72ý(;3/$,1ý/$17ï

7KHý/$17ý+\SRWKHVLVýLVýPHDQLQJIXOýRQO\ýLIýWKHUHýLVýDýZD\ýRIýJHWWLQJýWKURXJKýWKHý&RXORPEýEDUULHUñýZKLFK
LVý REYLRXVO\ýPRUHý VHYHUHý WKHý JUHDWHUý WKHý SRVLWLYHý FKDUJHVý RIý WKHý UHDFWDQWVïý ,Qý WKHý DXWKRUöVý RSLQLRQý WKH
WXQQHOLQJýUDWHýLVýVLJQLILFDQWO\ýHQKDQFHGýLQýWKHýFRQGHQVHGýPDWWHUýHQYLURQPHQWýE\ýYLUWXHýRIýDýUHGXFHGýZLGWK
RIýWKHý&RXORPEýEDUULHUýDFKLHYHGýLQýRQHýRIýWZRýZD\Vãýõìôý6ðHOHFWURQVýVSHQGLQJýSDUWýRIýWKHLUýWLPHýLQVLGHýD
SURWRQýRUýGHXWHURQïý7KHýGHORFDOL]DWLRQýRIýHOHFWURQVýLQýWKHýODWWLFHýDOORZVýWKHPýWRýEHýPXFKýPRUHýHIIHFWLYHýLQ
WKLVýUROHýWKDQýLQýWKHýFDVHýRIýDýJDVïýõëôý(OHFWURQýFROODSVHýLQWRýJURXQGýVWDWHýRUELWVýRIýVPDOOýHQRXJKýUDGLXVïý7KH
DXWKRUöVý(&)0ý>çñæñå@ý õû(OHFWURQý&DWDO\]HGý)XVLRQý0RGHOûôýDFKLHYHVý WKLVýE\ýHPSOR\LQJý WKHý]HURðSRLQW
HOHFWURPDJQHWLFýILHOGïýõ1RWHýWKDWýWKHýûQRYHOýFKHPLVWU\ûýH[SODQDWLRQýE\ý0LOOVýý>ê@ýWRýSURYLGHýQXFOHDUýHIIHFWV
FDQQRWý H[SODLQý WKHý 3LDQWHOOLý (IIHFWñý VLQFHý0LOOVý UHTXLUHVý SRWDVVLXPý FDUERQDWHý õDEVHQWý IURPý WKHý )î+î3
H[SHULPHQWôýLQýKLVýH[SODQDWLRQïý+RZHYHUñýWKLVýSUREOHPýGRHVýQRWýDIIOLFWýWKHýDXWKRUöVý(&)0ý>çñæñå@ýLQýWKDW
SURWRQVýQHDUýWKHýQLFNHOýVXUIDFHýFDQýSURYLGHýWKHýû&DVLPLUýUHIOHFWRUVûýUHTXLUHGýIRUýWKHý(&)0öVýPRUHýVXEVWDQWLDO
HOHFWURQLFýRUELWDOýFROODSVHýUHVXOWLQJýLQýQXFOHDUýHIIHFWVïô

$&.12:/('*(0(176

+ïý)R[ýLVýWKDQNHGýIRUýKLVýHQFRXUDJHPHQWïý)ïý-DHJHUñý3UHVLGHQWýRIý(1(&2ýõ6DOWý/DNHý&LW\ñý87ôýDQGý*ï
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1RZDGD\VýFROGýIXVLRQýQRWýRQO\ýKDVýEHHQýFRQILUPHGýE\ýPRUHýDQGýPRUHýH[SHULPHQWVñýEXWýDOVRýZHýEHOLHYHýWKDW
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,Qý WKHý GLIIHUHQWý SURFHVVHVý WKHUHý DUHý GLIIHUHQWý IRUPVý RIý FULWHULRQý IRUý WKHý SK\VLFDOðFKHPLFDOý DQGý QXFOHDU
PXOWLVWDJHýUHDFWLRQýPHFKDQLVPïýý,QýWKHýILUVWýVWDJHñýVXSSRVHýWKDWýWKHýQXFOHDUýUHDFWLRQýPD\ýEHýQHJOHFWHGñýWKH
FDWKRGHýSODVPDýLVýEHLQJýKHDWHGýE\ýWKHýSK\VLFDOðFKHPLFDOýUHDFWLRQñýVRýHTVïýõéôýDQGýõçôýEHFRPHýWKHýILUVWýLJQLWLRQ
FRQGLWLRQ

3F-1ý'ý'8Wl 
-1 + 3ni kTi + Ei + El , (7)

and íPc-1/ ('Utl -1 + 3ni kTi + Ei + El) ' 1-í. (8)

In the second stage, the physical-chemical reaction energy is also input for the condition under which the
nuclear reaction can be kept, so we obtain the second ignition condition.  We assume that the
physical-chemical energy heats plasma on the cathode continuously, and finally, the critical temperature
To of nuclear reaction is reached.  In this case, the input energy is 'Utl -1 + 3ni kTi + Ei + El  from (7), while
according to the Lawson condition of thermonuclear fusion, the input energy should be 3nkTo+Pb-.
Therefore, suppose that the input electric energy transforms into the physical-chemical energy, which heats
the plasma, let the transformation efficiency be í, furthermore, Ei, El and Pb- are neglected, so

3nkTo = í('Utl -1 + 3ni kTi),

i.e. kTo =  ('Utl -1 + 3ni kTi). (9)
í
6Q

It is namely an approximate formula of the second ignition condition.

According to the present theory, kTo should be a limited value, so we may obtain the general conclusion:
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 the favorable conditions for cold fusion are larger electric current density ', higher voltage U, longer time,
smaller l and n.  It is consistent with our prediction based on the quantum theory [1].  But, because PR = RER,
and

RDD = 2.3 X 10-14nDD
2 (kT)E exp[-18.8/(kT)D], (10) 

which is directly proportional to n2 for the D+D reaction, the density n cannot be too small.

By using the D-Pd system as an example, a concrete threshold value may be estimated.  Since at present the
conditions under which cold fusion can happen are [3]: nD/nPd ' O.9, nD = O.9nPd = 6.03 x 1022 cm-3; the
keeping time of electric current t = 300h = 1.08 x 10ós; ' 200 mA cm-2 and U = 220 V, kTo = 1.64(í/l )keV
+ í(ni/n)kTi.  If the second term is neglected, let í = ½ and l = 1mm, so kTo = 8.2keV.  Therefore, the
nuclear fusion may be produced under above the conditions from this criterion.  We can infer that cold fusion
may happen, so long as above threshold values may be reached when the experiments fulfill various
conditions.  Further, combining new experiments and theories, the criterion condition can be corrected and
developed.
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It is not a difficult task to understand why cold fusion takes place. One needs only to think of it more in terms
of the way transistors work than vacuum tubes work. We find it easy to visualize the operations of a vacuum
tube, in which pointlike electrons are boiled off a hot filament to form a cloud of colliding objects that drift
down an electric field onto a plate collector. This flow can be controlled by varying the potential on a
negatively charged grid placed between the filament and the plate. But the physics of atoms, molecules,
metals, and semiconductors cannot be described realistically with this type of thinking. In a transistor the
electrons that are responsible for conductivity more closely resemble stationary waves than moving point
particles. The energy of the electrons depends on the direction and amplitude of their wave vectors. The
electrons occupy an energy band rather than a single energy state. Moreover, because of the Pauli exclusion
principle, the set of electrons can completely fill an allowed band, in which case a semiconductor resembles
an insulator. When the band is not quite filled, one has a p-type semiconductor, and when it is overfilled so
that a few electrons have been forced to enter an otherwise empty band state, one has an n-type
semiconductor. It is this interplay between periodic order, which allows electrons to be wave-like, and
periodicity disruption (e.g. trapping sites), which allows electrons to be more particle-like, that controls the
flow of current in transistors. Without this interplay and the ability to control electrons in this manner, there
would be no modern day computers or solid state electronics.

The physics of Fleischmann and Pons (F and P) type cold fusion1 differs from the physics of electrons in a
solid because it deals with D+ ions (deuterons), which do not obey the Pauli exclusion principle. These
particles, like electrons, can occupy band states, as shown by Casella2 and a number of other workers3-5. The
important point is not the fact that band states can be occupied, but that D+ ions occupying band states
resemble stationary waves rather than point particles. Transistor type thinking applies. As in the physics of
transistors, it should be possible to control cold fusion by controlling the behavior of the stationary waves
that are responsible for the phenomena.

Quantum mechanics provides the means for describing the behavior of particles subject to different
environments. The allowed behavior is embedded in the particle system wave function. The type of wave
function that describes the behavior of a particle occupying a band state in a periodic solid is called a Bloch
function, named after Felix Bloch. Bloch functions have the same spatial distribution in each unit cell of a
crystal, with only the wave phase changing with position within the crystal.  The active ingredient in F and
P type cold fusion is Bloch function D+, designated D+Bloch. Deuterium in D+

Bloch form is as different from the
interstitial D atoms normally encountered in metal deuterides as ozone O3 is from molecular oxygen O2.

An important aspect of cold fusion is that very little D+
Bloch is required to release heat at the power levels

observed by F and P, and others6.  Reaction rate calculations7 show that only about 10-7 D+
Bloch per Pd atom

may be required to give 600 W/cc. This reaction rate was calculated using the ordinary rules of quantum
mechanics and using a nuclear potential V that is zero whenever the reacting D+

Bloch don't occupy the same
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 volume of space and whenever they don't have antiparallel nuclear spins.  When overlap occurs with proper
spin cancellation V = -23.8 MeV for the 2 D+ 9 4He++ reaction. Like the D+, the 4He++ must be in an
overlapping band state. Nuclear physics allows no interaction at a distance, i.e. requires non-zero wave
function overlap. Reaction rates are calculated by the Fermi Golden Rule of time-dependent perturbation
theory8.  The requirement for D+-D+ overlap is the property that forces free particle fusion to occur only at
high temperatures. This requirement for overlap also prevents D+-D+ fusion in D2 molecules, and makes futile
all attempts to achieve fusion by squeezing D atoms together inside a solid.

So why does D+Bloch fuse whereas the D2 molecule is highly stable?  The answer to this question goes back
to the guiding rules of quantum mechanics as applied to bound state physical systems, i.e. the wave function
must minimize energy. Physics says that the correct ground state wave function is the one that minimizes
system (kinetic plus potential) energy. If the lowest energy is achieved with wave functions that keep the D+

separated from each other, there will be no fusion, but if it occurs with the D+ having overlapping wave
functions (finite amplitude when separation distance r12=0), then fusion is allowed.  To keep the particles
separated, the many-particle wave function has to decrease to zero at each 2-particle zero-separation
distance. The deviations in the wave function that are required to do this cause increases in kinetic energy.
As a result, in some systems, minimum energy is achieved without full particle avoidance. For example, as
shown in Fig. 1, the two electrons of the helium atom have more than 70% overlap9 (most of the time), hence
would undergo fusion if they had the nuclear properties of deuterons. But when the mass of the particle is
larger, the kinetic energy increase associated with the same amount of wave function curvature is reduced.
Because of the heavier deuteron mass, the D2 molecule, which has the same order of size as the helium atom,
has minimum energy with zero D+-D+ overlap.

Fig. 1  Amplitude squared of the helium ground state 2-electron wave function on the surfaces of 2
spheres of constant radius (=s/2). Values have been normalized with respect to the peak values, which
occur when the 2 electrons are on opposite sides of the nucleus (ë=1801). Nature uses a cusp (a
pointed dimple) when separation r12 = 0 to compensate for the infinite electrostatic potential existing
at this condition. The amplitude squared at ë=01 measures the degree of electron-electron overlap.
The electrons spend most of their time at s<0.5 Bohr radius. If the electrons had the nuclear properties
of deuterons, they would fuse.

But what about a metal containing D+
Bloch? Here the answer depends on host crystal size, i.e. the volume Vxtal

over which the stationary wave description is valid10.  When the crystal is very microscopic, the system
resembles the D2 molecule. There is no overlap and no fusion. But when the crystal is of the order


no figure in origional.
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 of 0.4 micron in size, the overlap is essentially complete and the behavior resembles that of the electrons
in the helium atom. This change in overlap in the ground state wave function is a result of the different
behavior of the kinetic energy relative to the potential energy when the many-body wave function amplitude
goes to a minimum at zero D+-D+ separation. The potential energy decrease varies as 1/Vxtal

2 whereas the
kinetic energy increase varies as 1/Vxtal for the case where the ion charge is shielded by a neutralizing
electron cloud within the volume of one unit cell. For crystals larger than about 0.4 micron, kinetic energy
dominates over potential energy and the situation resembles that of the 2 electrons in the helium atom rather
than that of the 2 D+ in the D2 molecule, i.e. there is D+-D+ overlap, hence fusion. The details of electron
screening do not affect this general result.

The other big question is: Why is cold fusion radiationless? Here the answer is found in Fermi's Golden Rule
of time-dependent perturbation theory8.

w = 2%/62 |<k|V|s>|2 '£(Ek
(O))   , 

where w is the reaction rate (transition probability per unit time), <k| and |s> are the final and initial state
wave functions of the total system, V is the perturbing potential, (in our case the nuclear potential), and
'£(Ek

(o)) is the density of final states of the unperturbed system Hamiltonian when final state energy Ek
(0)=

initial state energy Es
(o). The states <k| and |s> include not only the D+ and 4He++ Bloch functions, but also

the lattice and its excitation spectrum. The nuclear reaction makes available in each unit cell 23.8/Ncell MeV
energy, which is available for lattice excitation. Ncell is the number of unit cells in the crystal, which is
typically > 109 for a 0.4 micron crystal. The large number of lattice excitation modes available to this energy
makes the transition irreversible and prevents the energy from becoming concentrated into a single unit cell,
as required for energetic particle emission.

With this background we can identify some of the research requirements for cold fusion. The experimental
problem for F and P type cold fusion is: How do you create and contain a D+ Bloch population within a metal
or metal hydride? Fundamental to the ion band state picture is that energy be minimized in an environment
in which there is sufficient periodic order. Just as in the case of electrons in transistors, it is the interplay
between periodic order and disorder that dictates whether or not a D+ Bloch population will exist. Previous
theory7 shows that a fully loaded PdD crystallite containing 108 unit cells should support cold fusion in which
the energy is released in the form of long-wavelength phonons and never becomes concentrated so as to
release energetic particles, and in which the product wave-like 4He++ is released at the crystallite surface. The
work of Storms11 suggests that occupations of the band state increases with temperature, indicating that
thermal excitation played a role in state occupation in his experiment. In the work of McKubre et al.12 and
Hasegawa et al.13 the bulk D/Pd ratio serves both as a measure of the surface chemical potential achieved
in their electrolysis operations and of the chemical uniformity produced in their cathodes. Their D/Pd ratios
exceed those of equilibrium chemistry, suggesting that an D+ ion transmitting polarized layer on their cathode
surfaces created a potential barrier against ion escape for the Pd surface. This condition leads to a higher
chemical potential within the bulk than would otherwise exist.

A competing approach to cold fusion uses ion implantation. With ion implantation there seems to be a need
for full encapsulation of the reactor within a barrier layer that blocks passage of D+Bloch. The D+Bloch can be
expected to have vastly different transmission properties than possessed by interstitial hydrogen. A very thick
barrier layer, or one that destroys all periodic order, may be required. Ion implantation through this layer
would be needed to create and maintain the D+Bloch required for fusion.
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COLD FUSION - A LOGICAL NETWORK APPROACH

Peter Glück
Institute of Isotopic and Molecular Technology

PO Box 700 
3400 Cluj-Napoca, ROMANIA

The great obstacles in the way of general acceptance and rapid development of cold fusion are: the
difficult-to-comprehend diversity of systems, phenomena and results; the difficult-to-recognize  difference
from plasma hot fusion; and the most difficult-to-accept difficulty of both experiment and theory.  A
strategy, based on the author's surfdyn concept, on a breadth-first approach and on  cooperation, is presented.
The aim is to stimulate discussions on the subject `strategy' at the Symposium.

INTRODUCTION

During the time elapsed since its discovery, cold fusion has demonstrated three big `D's as follows:
a. DIVERSITY of the systems, phenomena, results - a first source of confusion.
b. DIFFERENCE from the `classical' hot plasma fusion: actually it is an entirely different class

of nuclear phenomena,
c. DIFFICULTY both in reproduction of experiments and in finding a theoretical explanation, and

further, an almost fatal source of confusion and disappointment. 

These D's had a strong divisive effect on the scientific community.  However, both the adepts and the
adversaries of cold fusion resisted the assimilation of these unexpected facts and ideas.  Actually, all these
problems are unavoidable pains of birth characteristic for a new science which is much more extensive and
novel than it was initially imagined.

Obviously, difficulty is the most difficult to accept and is the greatest drawback for a healthy, dynamic
development of the field.  To tackle hyperfine, hypercomplex, hypersensitive  processes is a strategic task.[l]
Therefore, only a synthesis, a prospective view, a breadth-first approach can solve the long range problems,
i.e. to find correlation and unity in diversity, reason and vision in difference, explanation and cure for
difficulty.

In this paper the author intends to present his offer for a strategy.  Full objectivity cannot be warranted given
the author's thinking is hypothesis-driven [2], however methodology is more important than any results.  This
Minsk Congress is (or has to be) an excellent opportunity to discuss seriously cold fusion strategy/alternative
strategies and to line out the new paradigm. 

It is worth mentioning that J. Dufour [3] has worked out an exemplary strategy for his important system and
theory.

UNDERSTANDING DIVERSITY

If we include here the Siena University breakthrough [4] and Reifenschweiler's `ancient' experiment [5],
there are at least ten different systems/devices which produced positive results of a kind or another.
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For reasons of editorial economy, these won't be listed here, however we want to emphasize the following:

a) both devices with liquid/gas/solid and with gas/solid interfaces have been worked out; 
b) all the hydrogen isotopes are active, cold fusion is not a privilege of deuterium.

For reasons of conceptual economy (Occam's razor) we have to admit that one and the same chemical
environment opens the `windows of opportunity' for these nuclear reactions.  The author, based on his
hypothesis regarding the catalytic nature of these phenomena, and using the quasi-entirety of the published
data, has arrived at the following conclusion: "The triggering factor in all cases is the contact of a hydrogen
isotope with a surface having active sites with high concentration, very high localization, and ultra high
mobility of the hydrogen isotopes.  To attain this with a high global hydrogen/metal ratio (as e.g. in the
Fleischmann-Pons or McKubre et al. cells) is a straightforward solution.  However, to attain this without a
high global H/Me ratio as in the light water/Ni cells, in the gas discharge, ozonizer-type, protonic
conductors-based or sonofusion devices is a creative solution (at least from the point of view of the
engineering)."

According to the size, density and activity of these catalytic centers, in a similar manner as for the
heterogeneous catalysis, see e.g. [6], a great variety of reactions can be triggered. Understanding, prediction,
and control of these processes is only fragmentary and partial yet.  However, it is essential  to classify them
in precursors, primary, secondary, chain reactions.  Recent trials to integrate these  reactions with a logical
taxonomy have been performed by Dufour [3] and Moon [7].

EMPHASIZING DIFFERENCE

The misunderstanding of cold fusion is, for the most part, due to the consequent but apparently useless trials
to adapt the new data to the old paradigm of ̀ classical' plasma hot fusion by  diverse depth-first approaches.
The result: weakness for the adepts, a weapon for the adversaries of cold fusion.  Actually, the accumulating
data show more and more convincing that the topology, nature, mechanism(s) of the two different categories
of nuclear phenomena have little in common.  In such circumstances,  cold fusion produced excess of heat
sometimes, excess of theories all the time (with Moon's words: "the mental barrier was even higher than the
Coulomb barrier").  In the case of hot fusion, the latter barrier is violently penetrated, while in the case of
cold fusion it is shrewdly (and humanly) bypassed.  The mechanisms of these new nuclear reactions are still
unknown, however this logical network approach tends to favor neutral-particles-mediated few-body
interactions.

EXPLAINING DIFFICULTY

It is difficult to decide what is more damaging for the development of the field: lack of a theory or the
difficult-to-reproduce behavior of the experiments. As a US-Russian team of eminent scientists has stated:
"The problem of an adequate theoretical model of cold fusion has turned out to be no simpler than the
problem of its unambiguous experimental proof" [8].  Is this a symptom of the pathological character  of cold
fusion?  Surprisingly enough, the reverse is true.  Our `foraging in neighboring areas'-type actions [1]
performed with the aim of gathering inspiring information, have concluded that all the  breakthrough fields
of solid-state science scarcely have theoretical underpinnings.  We refer here to: high-temperature super
conductivity, conductive polymers, porous silicon, and heterogeneous  catalysis, this last issue being
considered by the author as directly bound to cold fusion.  (An essay on this theme  is generously distributed
by ENECO at the Maui conference).
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In the author's opinion, difficult reproducibility is inherent to the cold fusion systems in their  pre-engineered
form and catalysis (with its high sensitivity toward poisons) seems to be the only logical explanation for such
a behavior.  Catalysis seems to be the unique possibility to realize that positive and negative results are
complementary and not contradictory. 

In the systems where the three essential conditions (concentration, localization, mobility) are accomplished
in a natural way, reproducibility is high.  An example: the proton conductor devices, whose prototype was
made at Ekaterinburg [9], with their crystalline capillary channels are  based on smart nanostructured
materials with maximal internal surface  of the highest reactivity: these create an  unique environment where
the functions of the surface are enhanced to an unprecedented level. Therefore such forced-contact devices
work well.  If we accept the catalytic nature of cold fusion, the problem will become a part of the solution.

EXPLAINING CATALYSIS

The author is well aware that a theory or a hypothesis considering cold fusion as a form of catalysis is not
welcomed by either those working in the new science or by the specialists in catalysis.  For the  former, the
surface topology is usually unacceptable (despite the experimental data supporting a surface mechanism!),
for the latter, the generation of MeV scaled effects by eV scaled causes seems to be impossible.

The root of the problem is the limited understanding of catalysis and the trend to restrict it only to chemical
catalysis.  Actually, catalysis is an essential phenomenon in nature and has diverse forms such as:  nuclear,
physical, chemical, biochemical, biological, intellectual, managerial, social catalysis.  Important processes
such as life, evolution, thinking, are based on catalysis.

Much beyond its primitive etymology (catalysis means dissolution), it is a cooperative dynamic action with
two levels of organization of matter which makes impossible things possible. A recent example  [10] shows
how the coherent nuclear motions in a membrane protein explain the mechanism of photosynthesis, which
is hence a nuclear-biochemical joint business. The `ancient' Philips  experiment [5], is perhaps one of the
first examples of a cooperative interaction of this type: here electrons and nuclei can work together due to
the very small dimensions of the Ti particles  which create a catalytic  environment.

Catalysis and surface are issues of extreme complexity, therefore catalysis is more an art than a science [11],
or in other words, for this discipline, which is over 170 years old, there is "a repeated phase shift of 20-40
years with technology  starting first, followed by the evolution of scientific research" [12]. It seems that
something analogous will happen to the 5-year old cold fusion. If this really is a catalytic process intimately
(and  causally) bound to the dynamical properties of the surface and near surface atoms, direct "in situ" and
"in tempore" studies of the very mechanisms will be possible only by use of advanced methods as are
just-now emerging electrochemical microscopy [13,14].  On the macabre side, any  type of post-mortem
(ex-situ) analysis will give limited information, given that the dynamic activity is lost.

CONCLUSION

Due to the immense theoretical and experimental problems, the future development of the new science  and
technology of cold fusion will be based mainly on know-how data and working hypotheses (as our
SURFDYN).  However, some fundamental theoretical issues as the nature of the reactions have to be
explained in the near future.  The keyword for this action just as for the essence of catalysis is 
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 cooperation: both international cooperation and cooperation of the theories which have to be considered
complementary and not contradictory. For example, the SURFDYN model has a lot in common with
Filimonov's synergetic activation model (self-organization) [15] as well as with the catalysis by trapped
neutrons of Mizuno [16] and so on...  An efficient strategy has to rely on cooperation, in all the three
meanings of this word used in this paper.
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Editor's Comments:  This paper carefully explores a possible source of excess heat in certain types of
electrochemical cells.  As this effect is chemical, not nuclear, the occurence of excess heat together with
"nuclear byproduct" would be a confirmation of the occurence of nuclear reactions.  The cold fusion
experimenter should be aware of the effect that the latent heat of water can have on his/her experiments.
Because many papers have reported both excess heat and nuclear byproducts, this paper is not the full
explanation of excess heat generation, but it is certainly an excellent contribution to the understanding of the
complex phenomena that we have labeled "cold fusion."

JAHN-TELLER SYMMETRY BREAKING 
AND HYDROGEN ENERGY IN õõ-PdD "COLD FUSION" 

AS STORAGE OF THE LATENT HEAT OF WATER

K.H. Johnson
Massachusetts Institute of Technology 

Cambridge, MA 02139

ABSTRACT

In 1989, we proposed a common quantum-chemical basis for superconductivity and anomalous
electrochemical properties of palladium loaded with hydrogen and deuterium, derived from H-H/D-D
bonding molecular orbitals at the Fermi energy between tetrahedral interstices  ("õ-phase" PdD).
Symmetry-breaking anharmonic vibrations of the protons/deuterons, induced by the dynamic Jahn-Teller
effect, promote superconductivity in PdH/PdD at Tc = 9/10(K, while the large vibronic anharmonicity
explains the inverse H/D isotope shift of Tc.  The calculated deuteron vibronic amplitude of 0.46Å implies
a closest D-D approach of 0.76Å between neighboring tetrahedral sites and fusion rate of only ~10-24 per
deuteron pair per second in õ-PdD at ambient temperature, much too small to explain reported excess heats.
Ab initio quantum-chemical computations for õ-PdD further indicate that the "channels" connecting
tetrahedral sites provide, via the Jahn-Teller effect, an "orbital pathway" for bulk catalytic recombination
of atomic deuterium to rapidly diffusing dideuterium, 4D 9 2D2, the recombination heat equaling 9.4eV per
Pd atom per unit diffusion cycle time, equivalent to the storage and release of latent vaporization heat of 2.5
moles of D2O.  While the diffusion cycle time depends on cell conditions, for cycles between 1 and 100
minutes, this process could generate 17 to 1700 watts/cm3 of stored latent heat in õ-PdD.  The inverse isotope
effect implies a slower hydrogen reaction, 4H 9 2H2, and diffusion  in  õ-PdH, leading to negligible latent
heat power from Pd-based light-water cells.  However, this mechanism could explain reported heat
generation in light-water cells using nickel cathodes, where 2H 9 H2 catalysis is a rapid (110) surface or
near-surface phenomenon.

The Dynamic Jahn-Teller Effect, Superconductivity, and D-D Fusion

An abstract theorem proposed in 1936 by Jahn and Teller[1] laid the foundation for a theory of the static  and
dynamic coupling of nuclear motions to electronic structure.  In a 1983 paper[2] on a "real-space"
molecular-orbital basis for superconductivity, we first suggested that Cooper pairing and the inverse isotope
shift, Tc = 9/10(K, in PdH/PdD are associated with dynamic Jahn-Teller-induced anharmonic  vibrations of
the protons/deuterons inside Pd.  The amplitudes of these vibrations are determined from the formula [2]:

ó = (m/M)ßd (1)
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where M is the atomic mass, m is the conduction electron mass, d is the interatomic distance, and 0 < ß & 1/2
is the anharmonicity.  In the "harmonic limit, ß = 1/2, the dynamic Jahn-Teller-induced vibrations reduce
to the "virtual phonons" of the BCS theory of superconductivity.   In Ref. 2 it was shown how ß follows
directly from the bond overlap of degenerate molecular orbitals at the Fermi energy (EF).  This theory has
since been successfully applied to high-Tc oxide and fullerene superconductors.[3,4]

In more recent work,[5] we have confirmed, from density-functional molecular-orbital and ab-initio
Hartree-Fock calculations, that for high H/D loading in palladium, the sole occupation of octahedral
interstices is Jahn-Teller unstable toward  migration of H/D's to the tetrahedral interstices, forming the
so-called "õ-phase" of PdH/PdD.  Spatially extended, degenerate H-H/D-D bonding molecular orbitals at
EF between the tetrahedral sites in õ-PdH/PdD are found to be a precursor to Cooper pairing,
superconductivity at Tc = 9/10(K, and the inverse isotope effect on Tc.  The hydrogen molecular orbitals at
and just above Ef are s)-bonding along and s)-antibonding in "channels" of opposite phase 5 +, 5-
connecting tetrahedral interstices, as shown schematically for õ-PdD in Fig. 1  and computationally in Fig.
2 as a contour map through a (110) plane.  D-D s)-bond overlap is enhanced  by the "compression" effect
of significant Pd(4d)-D(ls) antibonding at EF (Fig. 2).  Indeed Pd(4d)-D(ls) antibonding at EF substantially
weakens the effect of Pd(4d)-D(Is) bonding states below the Pd d-band, explaining the small heats of
formation of PdD, while promoting delocalized D-D s)-bonding molecular orbitals at EF.  Evidence for
hydrogen atoms "banding" together on nickel (110) surfaces, with electron  density similar to that shown in
Fig. 1, has recently been reported.[6]

In the dynamic Jahn-Teller coupling between interstitial D-D s)-bonding electrons at EF and anharmonically
vibrating deuterons required for Cooper pairing and superconductivity in PdD for  Tc  & l0(K, there is
continual symmetry-breaking dynamical interconversion between  alternate  D-D  s)-bond deformations,
ó, along the three crystallographical equivalent directions of the "bonding channels" 5+ and 5- shown in
Fig. 1 and Fig. 2.  These rapid oscillations of the deuterons are equivalent  to "anharmonic local optical
phonons" of amplitude ó given in Equation (1).  For the calculated D-D bond overlap between tetrahedral
sites in õ-PdD (Fig. 2), ó = 0.46Å.

Under the influence of the Jahn-Teller effect, the D-D nuclear fusion rate can be calculated from the
formula:[5]

R = (2)+6)20ó6 G 7,H[S ÷+526,+G÷5ó, 50+9÷65250ó5,

where ) is the fusion cross-section extrapolated to ambient temperature and V is the Coulomb potential
barrier between the õ-PdD tetrahedral sites ("T-sites") and the "S-sites" half way between neighboring T-sites
along the D-D bond direction (Fig. 2).  Combining formulas (1) and (2) and using the relationship between
anharmonicity ,ß and bond overlap,[2,5] R can be plotted as a function of D-D bond overlap, leading to the
graph of Fig. 3.  For the 20% D-D overlap characteristic of õ-PdD (Fig. 2), this graph gives a value of R =
R0 x 10-24 fusion per deuteron pair per second, resulting from the Jahn-Teller effect.  This value is of the
same order of magnitude as that determined from neutron counts in electrochemical experiments on
deuterated electrodes by Jones et al.[7]   Clearly, this very low level of fusion, while fifty orders of magnitude
larger than that expected for an isolated D2 molecule, is not large enough to produce significant amounts of
heat under electrochemical conditions in PdD.

It is theoretically possible to enhance the effective D-D bond overlap in õ-PdD to almost 33% via alloying
(see below), increasing the D-D fusion rate to a maximum of R x 10-21 according to Fig. 3, but still too
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 small for significant heat production.

Symmetry Breaking, D-D Recombination, and Hydrogen Energy in PdD

The D-D potential energy surface in õ-PdD, calculated from ab initio Hartree-Fock theory, resembles the
"Mexican hat" shown in Fig. 4.  The high-symmetry (Td) coordination of a Pd atom by four D atoms in four
of the eight surrounding face-centered-cubic Pd tetrahedral interstitial sites is Jahn-Teller  unstable, leading
to a central energy minimum of distorted tetrahedral (C3v) symmetry at the "crown of the hat" and a square
coplanar (D2h) "broken-symmetry" energy minimum at the "brim of the hat," 9.4eV below Td symmetry, for
an equilibrium D-D distance of 0.76Å.  The latter is practically equal to the equilibrium bond distance of a
free D2 molecule.  The 9.4eV energy per Pd atom released in the Jahn-Teller distortion of each PdD4

molecular unit in õ-PdD from Td to D2h symmetry is likewise remarkably close to the sum of the chemical
bond energies of two free D2 molecules.

Thus, the D-D "bonding channels" connecting tetrahedral sites in  õ-PdD provide, via the symmetry-breaking
Jahn-Teller effect, an "orbital pathway" for the bulk catalytic recombination, 4D 9 2D2, of rapidly diffusing
atomic deuterium to rapidly diffusing dideuterium, the large exothermic  chemical heat of recombination
equaling 9.4eV per Pd atom.  Once a steady state of high electrochemical loading is achieved, this process
is likely to be rapid and continuous, facilitated by the  Jahn-Teller displacement of diffusing atomic
deuterium from octahedral to tetrahedral interstices,  forming the "õ-phase," then rapidly diffusing as
dideuterium through the õ-PdD "bonding channels" connecting the tetrahedral sites to the cathode surface,
where the dideuterium escapes as D2 gas.

It is impractical to calculate a precise cycle time for this process, because the diffusion depends on the input
electrical current, the ambient temperature and pressure, the structural integrity of the Pd lattice,  and the
surface condition of the Pd cathode.  However, if the cycle time for recombination, 4D 9 2D2, is somewhere
between 1 and 100 minutes, at 9.4eV per Pd atom per unit time, this process could generate heat at a rate of
17 to 1700 watts/cm3 palladium.  For this power range, the total heat released over ten minutes would be
between 10KJ and 1MJ.  This is consistent with the wide range of "excess" powers reported in laboratories
around the world.

"Cold Fusion" Heat as Chemical "Latent Heat"; "Heat after Death"

This dynamical Jahn-Teller-induced catalytic mechanism is, of course, a chemical process, although  an
unusual one in that it corresponds to an internal phase change of the deuterium within õ-PdD.  Since the
energy release is effectively due to an internal cyclic  õ-phase change of atomic deuterium to dideuterium,
the heat produced may be viewed as "latent heat" produced by repeated formation of the "interstitial
sublattice" of D-D bonds between the tetrahedral interstices in õ-PdD, as atomic deuterium diffuses into
palladium and dideuterium diffuses out.  "Latent heat" of 9.4eV per Pd atom for 6.8 x 1022 Pd atoms/cm3

adds up to 102KJ/cm3 palladium.  Since the latent heat of vaporization of D2O is 41.5KJ/mole at 100(C, the
"latent heat" of 102KJ produced in one cm3 of õ-PdD per unit diffusion cycle time is equal to the latent
vaporization heat of 2.5 moles of D2O.  In other words, the heat of "cold  fusion" appears to be the storage
and release of the latent vaporization heat of heavy  water.  Indeed,  if the electric power input is turned off
a fully loaded cell, this stored latent heat is sufficient to boil away 2.5 moles of D2O, the so-called "heat after
death" of Pons and Fleischmann.[8]
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Equivalence of "Excess" Heat to the Latent Vaporization Heat of Water

Why then is this heat interpreted as "excess heat"?  To answer this question, one must first understand  the
nature of the bonding between H2O/D2O molecules in water.  It is commonly thought that the breaking of
electrostatic or weakly covalent O-H  or O-D "hydrogen bonds" between neighboring water  molecules
accounts for all the latent heat required to take water from the liquid to vapor phase.  However, a recent
experimental study of the interatomic structure of water at supercritical temperatures, reported in Nature,[9]

has revealed that breaking of nearest-neighbor O-H and O-D bond correlations in the liquid accounts for only
a fraction of the latent vaporization heat.  Fig.  1 of Ref. 9 reveals that second- third- and even
fourth-neighbor hydrogen-hydrogen (or D-D) bond correlations persist after  the  nearest-neighbor O-H/O-D
and H-H/D-D bonds are broken at supercritical temperatures.   These  longer range H-H/D-D bond
correlations account for the major part of the latent vaporization heat of water.

In the electrolysis of water, only the O-H/O-D bond correlations are broken as H/D penetrates the Pd cathode
and O2 is evolved at the anode.  For high loading and the formation of õ-PdD, the D-D bond correlations
accounting for a major part of the latent heat of the electrolyte are effectively "stored" cooperatively between
the tetrahedral sites of the õ-PdD lattice, as described above and in Fig. 2.  The release of the latent heat by
the Jahn-Teller-induced bulk catalytic process, 4D 9 2D2, per Pd atom, effectively a cooperative õ-phase
transition between interstitial atomic deuterium and dideuterium, thus is interpreted as "excess" heat.
Therefore, this mechanism of storage and release of the latent heat of heavy water by palladium is more
appropriately viewed as a "new hydrogen energy," the terminology commonly used in Japan instead of "cold
fusion."

Light Water Versus Heavy Water

Significant amounts of "excess" heat from Pd-based light-water cells are not observed, most likely  because
of substantially more sluggish hydrogen diffusion in õ-PdH, compared to deuterium in õ-PdD. Although the
mass of D is twice that of H, this inverse isotope effect, comparable to the one discussed above for the
superconducting Tc's of PdH and PdD, is probably due to the effectively larger diffusion cross sections of
H and H2 versus those of D and D2, resulting from the larger amplitude, ó, of dynamic 
Jahn-Teller-induced anharmonic vibrations for hydrogen versus deuterium, according to Eq. (1).  The larger
effective radii of H and H2 in õ-PdH markedly impede hydrogen diffusion and thus lengthen the full 4H 9
2H2 cycle time, as compared to the rapid D and D2 diffusion, leading to the much faster 4D 9 2D2 catalytic
process in õ-PdD.

Nevertheless, this mechanism may explain reported heat production from nickel cathodes in light water
cells, where catalytic hydrogen recombination, 2H 9 H2, is mainly a rapid (110) surface or near-surface
phenomenon.  Nickel (110) surfaces harbor the tetrahedral interstices of the bulk crystal.  While the
solubility of hydrogen in nickel is much lower than in palladium, the latent heat of H-H bond formation
between tetrahedral sites close to the (110) surface (the "surface õ-phase" of NiH) could yield substantial
heat for high-surface-area nickel, since the diffusion path to the surface is much shorter.

Supporting Experimental Evidence for 4H 99 2H2 Conversion

Experimental evidence for H2 molecular "excited states" in other transition-metal hydrides has recently been
reported by Baker et al.[10] from proton spin-lattice relaxation data.

A molecular analogue of the 4H 9 2H2 process has recently been reported by Wisniewski et al.[11] in the
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 form of an Ir(PR3)2ClH4 complex, in which the H ligands undergo a rapid dynamical dimerization to the
dihydrogen dihydride Ir(PR3)2ClH2H2, as shown in Fig. 5.

The Importance of Lattice Structural Integrity in Palladium

For the õ-PdD lattice to maintain an "interstitial network" of D-D bonds (Fig. 1 and Fig. 2), formed and
reformed between rapidly diffusing deuterium at high loading, the structural integrity of the  material is
crucial.  Crack tips and grain boundaries in transition metals can be sites of rapid catalytic hydrogen
recombination, which tend to cause metallic decohesion, intergranular embrittlement, and crack propagation.

Enhanced "Cold Fusion" and Superconductivity in õõ-Pd0.75Ag0.25D

Density-functional molecular-orbital calculations have been performed for a õ-Pd0.75Ag0.25D alloy.
Maximum hydrogen solubility near this composition has been reported by Lewis[12].  The pertinent
wavefunction contour map for this alloy, showing D-D bonding between the tetrahedral sites  at EF, is
displayed in Fig. 6 and may be compared with Fig. 2 for pure õ-PdD.  As a result of the increased
"compression" effect of Ag(4d)-D(1s) antibonding in õ-Pd0.75Ag0.25D at EF, the tetrahedral  D-D bond overlap
in Fig. 6 is enhanced to practically 33%, as compared with 20% in Fig. 2 for õ-PdD.  From Fig. 3, this would
suggest a possible increase of the D-D nuclear fusion rate from R x 10-24 in õ-PdD to R x 10-21 in
õ-Pd0.75Ag0.25D, which should be detectable by increased neutron emission, provided the Pd0.75Ag0.25 alloy
can be loaded with deuterium.  However, this predicted increase in fusion rate is still too small to generate
significant heat on its own.

Tracking this predicted increase in D-D fusion in the Pd-Ag alloy, is the experimental fact uncovered  by
Stritzker[13] that the superconducting transition temperature is raised from Tc = 9(K(10(K) in PdH(D) to Tc

= 15(K in Pd0.75Ag0.25H.  This is consistent with the dynamic Jahn-Teller anharmonic vibronic mechanism
for high-Tc superconductivity discussed above and in Refs. 2-5.

"Cold Fusion" in High- Tc Superconductors

In accord with the above thesis that a dynamic Jahn-Teller anharmonic vibronic  mechanism is  responsible
for both high-Tc superconductivity and "cold-fusion" manifestations is a recent report of  low-level neutron
production from deuterated high-Tc ceramic superconductor, YBa2Cu3O7, below the superconducting
transition temperature.[14]

CONCLUSION

Latent-Heat-of-Water Storage as Practical "New Hydrogen Energy"

Given the latent heat of vaporization content of a gallon of water, approximately 8MJ or 7,600BTU, its
electrochemical storage and release by the process described above could be a viable method of hydrogen
energy conversion.  Ten gallons of water contain approximately 80 MJ or 76,000BTU of  latent heat which,
if stored and released electrochemically over one hour, approaches the heating  capacity of a modest
commercial household furnace.  To convert this amount of latent heat from 10 gallons of water, would
require an electrochemical cell power output of 22KW.  Since one cm3 of Pd  (or the equivalent surface area
of Ni) is capable, under ideal conditions, of yielding upwards of 1.7KW of stored latent heat,
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 this would require approximately 13cm3 or 156g Pd, or the equivalent amount of much cheaper Ni.  A power
of 22KW corresponds to 30HP, suggesting the possibility of a "water engine" electrochemically generating
both heat and hydrogen for a fuel cell, which could be used to power or partially power an automobile.
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I. DEUTERIUM INTERACTION IN UNITARY QUANTUM THEORY  

Lev G. Sapogin
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ABSTRACT

A unitary quantum theory (UQT) with a new perspective on the problem of particle interaction was
developed in the author's papers [1-8].  According to this theory any elementary particle is a condensed
group of some unitary field traveling in a packet of partial waves.  Dispersion and nonlinear nature of the
process spreads the wave packet periodically across space and assembles it; the envelope of the process
happens to coincide with the de Broglie wave.  The formalism of the theory amounts to the relativistically
invariant system of 32 non-linear integral-differential equations from which relativistic quantum mechanics
in the form of Dirac's equation follows.  On the other hand Hamilton-Jacobi's relativistic mechanics follows
strictly mathematically from the theory.  We can solve this problem in a different way, though for this
purpose we must sacrifice part of the ideology of the UQT, (refraining from dividing particles or wave
packets).  As a matter of fact we can do this [accept this restriction] if the energies are low when the
interactions are elastic (though there are exceptions.)  This paper will show that  despite the roughness of
the approach the results may be outstanding.  Even when using this approximation the approach can provide
outstanding results.  The approximate solution of some of the UQT equations [7,8] gives the value of the
electric charge together with the value of a fine structure constant; the data being in very good agreement
with experimental results.  This achievement allows one to give a heuristic description of a moving particle
as a charge oscillation with the de Broglie wave frequency.  In other words, in all macro experiments the
effective value of a charge is measured, the oscillation being unnoticeable.

INTRODUCTION

Newton's equation for a moving mass point with an electric charge q and a modified equation for the electric
force acting on the electric charge oscillating at the de Broglie wave frequency in the field with intensity E
are suggested as the basic model equations: 

(1)) ÷P  U ö T( 5FRV5 +Q,/ Q ö
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where E = -grad V, V(r) is a potential. Such approach is a natural outcome of (8).  Further on only spherically
symmetrical potentials will be considered.  To simplify the non-linear equation given let us introduce scale
coefficients for coordinates, time, and velocity: r = Srrs, t = Stts and Sv = Sy/St, respectively.  

Assuming mSr
2  / hSt = 1, k = qmSr

3 / h2  we will obtain the following normalized equation (omitting "s"
indices): 
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which despite the apparent simplicity of the initial premises can drive any mathematician to deep despair.
As the first scale coefficients relation provided a simplified expression for the phase, the second relation
unambiguously describing S and S will be chosen proceeding from the simplified expression for the potential
examined.  Let us consider the main properties of equations (1) and (2).  For simplicity's sake it will be
assumed that the particle can move along the axis of r=(x,0,0) in the field of E(r)=(E(x),0,0). 

FIXED CHARGE

If x-0, then the electrostatic force is F = kE 2cos2 Q0 and  is classical electrostatic force.P
%

3
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Averaging a great number of charges results in a force equal to Fclas. 

UNIFORMLY ACCELERATED MOTION

If E(x)=E>0 is a uniform constant field where a = kE2cos2 Q0 and  is classical particleP
%

3
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acceleration aligned with the uniform constant field.  If the field acts in a D-size range, the accelerated

particle kinetic energy is equal to T=maD and  is classical kinetic energy. P
%

3

7G Q2% ö 7FODV

As v(Q0) =  = v(0) -cosQ0-, then at the uniform phase Q0 = 0 ... % probability density of velocity5V'
distribution after acceleration is equal to 2%[v(0)2 - v(Q0)

2 ]1/2. 

Motion studies at the constant phase of Q0 = const show that  =(x/t) ± [(x/t)2 - 2(Q-Q0)/t]
1/2 and the [

particular solutions will be x(t) 1 t2 (linearly accelerated) and x(t) 1  (diffusive). W

Within the force field the particle will move uniformly (due to inertia) at f~p/2 accelerating in all other cases.
Such nonuniform motion in respect to average values gives rise to relations similar to uncertainly quantum
relations.  

TUNNELING

If we take up the problem of particle/bell-shaped potential interaction, all known qualitative
quantum-mechanical implications will remain valid.  This results from the fact that in a potential step
considered above and an accelerating part which does not hinder motion.  But, unlike quantum mechanics,
there is no above barrier reflection in the model at velocities v over a certain threshold value.  As an
example, we will consider the way the particle passes a symmetrical potential barrier of the Gaussian type
V(x) = exp[-(x/6)2].  The particle motion should meet equation 

 , [ ö 5+[2ó5, H[S>÷ +[2ó,5 - 5FRV5 +  [ 5 W25÷  [ [ ø Q3 ,

with the initial conditions of x(0) = -4, (0) = v, Q0 = 0...%.   [
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Fig. 1 shows probability P(v) of particles passing through the potential barrier vs. velocity (energy) v and
uniform initial phase distribution = 0... p. 

Fig. 2 shows probabilities P(s) of a particle passing through potential barrier vs tunneling distance. It can be
seen that the curve has resonance peaks at small v0.  An increase in velocity v0 leads to a threshold effect
when all the particles pass through a sufficiently wide barrier without reflection.  The regularities observed
in passing through a potential barrier are similar to quantum-mechanical predictions.  But in quantum
mechanics particle passage probability is proportional to its squared wave function modules and is entirely
independent of the phase.  So one might ask why some particles reflect from the barrier while some others
pass through it.  Our model answers the question as follows: the probability of a particle passing through the
barrier is dependent of the particle phase.  If the phase is such that the charge is small, the particle will fly
through the barrier without "noticing" it. 

PARTICLE IN THE PARABOLIC WELL

Let V(x) = fx2, E(x) = -2fx.

We'll assume 2kf=1 and start examining particle behavior in such a potential well.  The initial equation is
,  the initial conditions are x(0) = 0, (0) = v, Q0 = 0...%.  [ ö ÷ [ 5FRV5 +  [ 5 W25÷  [ [ ø Q3 ,  [

The numerical analysis of the equation leads to four solution types: 

1) Unstable periodic solutions.  When velocity v goes down, oscillation  period approaches 2p
asymptotically, as is to be expected.  

2) Irregular dying particle oscillation in a potential well.  For some initial values the amplitude of particle
oscillations first goes down and then infinitely up. 

3) Irregular oscillations with an infinitely increasing amplitude. For some initial values the amplitude of
particle oscillations first goes down and then infinitely up. 

4) Diffusion at which the particle can be tunneling through the potential for an indefinitely long time is
similar to the particle behavior in the potential step problem.  With a limited depth parameter the particle
will leave it by all means, though it might spend sufficiently long time doing it.  Periodic and irregular
oscillation states can be defined as discrete and continuous (blurred) zones, respectively. 

ABOVE BARRIER REFLECTION FROM A POTENTIAL WELL

In considering particles flying through the potential well the following phenomena are observed.  Unlike
quantum mechanics there is a threshold velocity for flying particles, above which all the particles fly over
the potential well without reflection.  If the initial velocity v0 is under the threshold value, the particle will
get into a potential well and will either tunnel through the barrier or start oscillating in the well.  It can "jump
out" of the well and go on with its motion (reflection or flight through) or form a bound state similar to the
one discussed in the parabolic well problem. 
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DEUTERON INTERACTION

Let's consider two charged particles (deuterons) moving towards each other along an X axis. 

Let's choose a starting point on the reference frame in the center of one of the particles with a charge Q.  Let
the second particle with a charge q and velocity V0 move from a coordinate point X0.  If opposite beams
collide we can arrive at the above-state situation having introduced the normalized mass.  The particles are
expected to approach each other at a distance of Xclas where their velocity will drop down to zero and then
start to accelerate again.  In accordance with the classic Coulomb's law this distance can be calculated by
the expression: 
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If the charge q oscillates by the de Broglie wave frequency, the motion equation could be written using the
Gauss's system as 
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THE VALIDITY OF EQUATION

To clarify the physical situation, the digital computation of equation 5 was done by a computer with the
initial conditions being provided to make it quicker: with X0=10, different values were used for the initial
velocity and phase variations from 0 to p.  It was discovered that the laws of energy and momentum
conservation were partially observed.  In case of particle reflection at a distance of X0 its velocity ranged
about 20-30% higher or lower, respectively.  But if we sum up the incident and reflected particles throughout
all the phases, the entire energy value will be preserved.  As was expected, the effect of particle acceleration
occurred at the largest value of the charge.

On the other hand at the last stage of moderating (for a number of values of velocity and phase values) we
could observe a fantastic process: the velocity and charge being too small, the repulsive force is also small.
This phenomenon can continue for quite a long period of time and the particle has an additional opportunity
to penetrate the repulsive potential for an indefinite depth.  All that reminds very much of a furtive
clandestine penetration upon the enemy territory. This outstanding phenomenon occurs only within some
phase range close to p/2 and it can be conveniently called the "phase precipice" as is shown on Fig. 3. The
relative depth of the "phase precipice" equals Xmin/Xclas = 10-6 to 10-9 and is independent of the energy.
Under very small energies (0.01 to 1eV) the precipice exists but it is narrow (10-10 to 10-8) and not easily
traced in terms of digital computation.  For instance, the phase change in 10-10 may eliminate the precipice.
As a matter of fact energy and momentum conservation laws are not observed for an individual particle but
they are related by the relations of uncertainty type, though of a different origin. 
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 The regularities observed in passing through the potential barrier are similar to quantum-mechanical
predictions.  Now the quantum mechanics may be slightly kicked not withstanding its attractiveness.  I've
never understood why God has not used the phase in any way in his quantum Universe though he hasn't ever
been noticed making any surprises before.  At least now it is obvious that the phase might be used like that,
but nobody has ever guessed it. 
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II.  ON THE MECHANISM OF COLD NUCLEAR FUSION

Lev G. Sapogin
Dept. of Physics, Technical University (MADI)

Leningradsky Ave. 64, A-319, 125829 Moscow, Russia

Let us try to consider from the viewpoint of Jones's the epoch-making experiments of Fleischmann and Pons'
group and others.  The results of these works can be briefly summarized as follows:  the cold nuclear fusion
(CNF) phenomenon exists but nobody knows how to explain it.  In spite of the fact that the number of
fantastic theories explaining CNF mechanisms increases, only a few believe them.  Let us give some
estimation of these experiments.  The minimum classical distance Xclas, at which deuteron nuclei may
approach each other, equals Xclas = [unreadable]  = 14(a)/E(eV).  The deuteron nucleus size is about 4x10-12

cm, the nuclear force range is 4x10-13 cm (deuteron is very friable [sic]).  The solution of equation 5 from
(1) for these initial conditions X0 = 3A and [unreadable]  = 1.57079632 shows that nuclear reactions can
occur with the energy more than 1 eV.  If the phase approximates /2 (sic) the energy value may decrease by
hundreds of times.  Fig. 1 shows the dependence of Xmin on the energy value in some fixed phases.

One shouldn't think that the phase precipice phenomena causes the nuclear reaction in the wide range of the
precipice.  The Coulomb's repulsion at this moment may happen to be less than the attraction of the small
interaction, but nobody knows when it may happen, because the phase may similarly influence the value of
nuclear forces.  Besides, sometimes the particle arrives at the turning point Xmin having "thinned"
sufficiently.  Will it be able to take part in full-scale nuclear reaction or will it pass through rapidly as an
electron usually does when in an S-atom state?  But there exist very narrow ranges of the phase, where
particle charge increases rapidly and the particle accelerates after stopping.  The charge may amount to
maximum value in the nuclear force action range.  Apparently a narrow phase range is responsible for the
cold nuclear fusion.  These data are essential for the development of the new-generation nuclear reactors.
Interaction D-D takes place in three channels (energy in MeV):

D + D 9 T (1.01)    +  p (3.03)        (1 channel)
D + D 9 3He  (0.82)  +  n (2.45)        (2 channel)
D + D 9 4He          +  gamma (5.5)     (3 channel)

All of them are exothermic, have no threshold (now it is clear why) and may occur even at very small
relative energies.

For example in D molecule the balance distance between atoms 0.74 Å, in conventional theory the
interaction rate being very slow 10-64 per sec.  But at a distance of 0.1Å this value is sufficient for cold fusion
events according to the classical theory.

The rate of reaction ratio for tritium and neutron channels is close to a unity according to classical theory,
but in numerous cold fusion experiments [the tritium/neutron ratio is large].  Let us try to explain the cause
of the phenomenon.  At a small velocity in a phase precipice the nuclear forces of attraction act on neutrons
and the electrostatic forces of repulsion act on protons.  Two deuterons are turned with the neutron parts
facing each other under the influence of these forces.  The nuclear forces saturation occurs after the neutrons
approach each other.  So the proton connections grow weak and because of the
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 electrostatic repulsion one of them leaves the nuclear system.  It is like the Oppenheimer-Philips effect.  It
is easy to estimate that for E > 10 KeV deuterons have no time for turning, in this case the 2nd and 3rd
channel reactions may occur.

The increase of the neutron channel may be due to the secondary neutrons birth in the reaction T + D 9 3He
+ n (14.1 MeV).  In the environment rich with deuterons the majority of the emerged tritons are transformed
into neutrons by 5 barn cross-section reaction for E = 70 KeV.  According to the estimations (3) the number
of such secondary neutrons to the unit triton equals 7.9x10-12; 1.7x10-9; 2.7x10-6 for E = 10; 20 and 100 KeV
respectively.  So the predominance of T/n = 106 may only be expected in those reactions, where triton
emerges with the energy of E < 40 KeV.

It should be noted that there is still a possibility to explain one of the nuclear physics anomaly, the existence
of which nobody seems to notice.  For nucleon energy of 1 MeV, v = 109 cm/s, Rnuclear = 10-12 cm; t = R/y-10-
21 sec.; the time range of nuclear disintegration is anomalously large - 10-14 sec.  Apparently at strong nuclear
forces the phase precipice mechanism is working also, i.e. the nucleon is very slowly crawling into the
nuclear system.

All the programs for the controllable nuclear fusion are based on heating and squeezing of the reacting
material.  In spite of the progress achieved in this field Dr. Alan Gibson, the head of the research in England,
said that it would take at least 50 years to build the first demonstrative model of the reactor.  It should be
noted that such a reactor would be extremely sophisticated, expensive, and harmful to ecology.  No classic
approach to this problem has hitherto given any positive results, and this in spite of the billions of dollars
spent and the enormous number of research workers and other personnel employed (physicists, engineers,
managers, laboratory staff, etc.).  It is only natural that such a huge army of scientific workers should
potentially be antagonized by any other alternative project of nuclear fusion.  It has been noticed that the
"creativity" of any scientific theory stands in direct proportion to the number of researchers employed and
the money spent.  The reaction itself was experimentally confirmed in 1989 by M. Fleischmann and S. Pons
in the US, where the two researchers were met with a strong opposition.

All the programs for controlled thermonuclear fusion are defined by the adjective "controlled", though in
reality there is no control as such.  For this reason the provided quantity of reaction material is taken
extremely small.  For instance, a lithium deuteride ball is no more than 1-2 mm in diameter.  The direct
approach being used at the fusion process is absolutely natural, because there are no means to influence this
process in quantum mechanics.  UQT provided us with such an opportunity.  UQT equations show that the
minimum distance to which the deuterons may approach each other depends greatly on the wave function
phase.  The future of the really controllable nuclear fusion system is not in primitive squeezing and heating
of the material, but in collision of small energy nuclei with fine adjustment of wave function phase.

In principle, this can be achieved by applying the external controlling electromagnetic field upon the reacting
system that contains quasi-fixed-ordered deuterium atoms and free (unbound) deuterons.  The same
properties may be also manifested by the special geometry of atomic frames.  The diffractional scattering
of deuteron flow on such frames will result in deuteron automatic selection in accordance with their energy
and phasing.  In this case the energy of colliding nuclei may be less than 1 eV.

Analysis of experiments made so far in CNF produces an impression that the reaction is effective only in
cases of at least weak phasing, determined by either the inner structure of the environment or applied
variable external fields.  Apparently, in the course of their electrochemical experimentation M.
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  Fleischmann and S. Pons discovered this ordered system and observed occasional incomplete phasing that
explained the experimental results.

In future reactor models, in contrast with the existing ones, only a very small portion of all deuterons will
react simultaneously, their automatic selection being carried out by phase correlations.  This will result in
discharging small quantities of energy in a prolonged period of time until the reaching light nuclear source
is exhausted.  It is doubtful that such kind of nuclear fusion could be rightfully defined as "controllable".

Is it possible that the considered Vendee and Austerlitz of the eq. 3 will collide with Waterloo in Bohr-
Sommerfeld problem and other cases, moreover taking into consideration my reasonable ignoring of the
mass?  What happened with the mass under the changing of the wave function phase?  I can't give the precise
answer.  It has been assumed implicitly that the mass is either constant or a specific charge which depends
on the phase.  An application of the eq. 3, which was done for D-D interaction ad hoc doesn't result in failure
of Bohr-Sommerfeld and scattering models.  The states with l > 0 correspond to the electron trajectory
similar to some beautiful flowers of buttercup sort.  All results remind very much of the radial wave function,
divided by spheric harmonics and can be used for good amusement at the computer during long nights.

If to calculate the electric field intensity E(r) for the spatial charge in term of the equation resolution of the
UQT (1) and to observe the problem of the electron, passing through such a field (S-state), so there arise
typical pendulum orbits, passing through the nucleus.  Those orbits had been excluded in the classic Bohr-
Sommerfeld model as absurd.  As all of that doesn't contribute any new knowledge to atom physics, but has
only art interest; we shall not dwell on it.

Apparently in atomic physics there are some situations when all the above said will not work.  It doesn't
mean the UQT failure, but means the eq. 3 roughness solely.  Anyone can say: "if it is not the truth, it is a
good invention".  I would be very much surprised if God has ignored the beautiful chance of using the phase.
If all that was said above is true it means that the resolving of the nuclear fusion problem is to be dealt with
in a quite a different fusion already in 1983 (2) and all that is said above is the development of my old ideas.
But the problem of nuclear fusion is the theme for further investigations.

My thanks to Prof. Vladlen S. Barashenkov (Dubna Jinr, Russia), Franz Mair (Innsbruck, MAITRON GmbH,
Austria).
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NEW HYDROGEN (DEUTERIUM) BOHR ORBITS IN QUANTUM CHEMISTRY
AND COLD FUSION PROCESSES

Jean-Pierre Vigier
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4, place Jussieu, 75005 Paris

ABSTRACT

It is suggested that recent confirmation of the existence in dense matter of very small quantities of fusion
"ashes" both in electrolysis and glow-discharge experiments [1], can be heuristically interpreted (within the
frame of conventional Quantum Mechanics and Nuclear theory) if one combines screening (i.e. tunneling)
and the introduction of spin-spin and spin-orbit couplings with the usual effects of the Coulomb Potential
in atoms and molecules.

The new Quantum Chemistry associated with the corresponding new tight Bohr orbits in dense matter
explains [2] the observed excess heat [3] (above break even) and predicts the existence of fusion processes
which become dominant at high energy current input [4].

As we shall now see, the formation of a new stable tight phase  and  of  and  can be justified, + ø

5
 ' ø

5
 + ø

5 ' ø

5

within the frame of present quantum theory (i.e. quantum chemistry), as a consequence of the introduction
of spin-spin and spin-orbit forces (which always exist but cancel out in free-space due to random spin
orientations) when they resonate with the surrounding electron plasma oscillations.

The existence of such new "tight" states is now supported by two facts:  The exothermic formation [5] of the
corresponding states which could correspond to resonance phenomena within the cathode (such as
resonances within the electron clouds in internal regions suggested by Preparata).  Their de-exitation (also
corresponding to quantum jumps from one new Bohr orbit to another) leads to soft X-ray spectra... and X-
rays have been observed in such experiments [1].

The formation of the new "tight" states  and  is not necessarily tied to the existence of the input + ø

5
 ' ø

5

current.  Even when cut it can be supported by internal (ionization) currents or internal voltage differences
carried by the Pd or Nickel... so that one could explain in this way, the existence of the "heat after death"

phenomena discovered by Fleischmann and Pons [5].  The excess heat depends on the number of  and  + ø

5
 ' ø

5

(in light and heavy water) i.e. on the loading of the capillaries contained in the electrode.  It is created only
when they are formed, i.e. not necessarily immediately since individual capillary situations change with the
metal.  The corresponding binding energies have been shown [5] to be of the order of 150 kev instead of the

usual 15 ev of quantum chemistry.  The corresponding heat is 14 times as big for  as for . ' ø

5
 + ø

5
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As first basis for the new phenomena one can add (following a suggestion of Barut [6]) to the Coulomb
Potential (utilized in Hydrogen and Deuterium) spin-spin and spin-orbit interactions.  Usually neglected, they

manifest themselves when  are oriented (parallel) by internal electromagnetic interactions when3// 304/ 305

H and D are in various types of electrodes.  Indeed for two charged particles e1, e2 with magnetic moments 304

and the usual quantum Schrödinger Hamiltonian is given by 305

+ ö
4

5P4

334 ÷ H4
305  

+3U5 ÷ 3U4,
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ø
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where S12 is the usual dipole-dipole interaction tensor* and r their distance, i.e.
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This 2-body problem with magnetic forces is separable, like the 2-body Coulomb problem.  With
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still utilizing Barut's rotations [13] we obtain after some calculation
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In the center of mass frame ( ) we have 33 ö 3

Hrelative = (5)
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Using ÷ 3S # +3D  3U,ö 3S # +3U  3D,ö +3S  3U, # 3D ö ÷ 3D # +3U  3S,ö ÷ 3D

we see that the second term corresponds to a charge-dipole potential, and the last term to a dipole-dipole
potential.
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In the special case m2 >> m1 , M1 = 0  hence   we have the simpler3D ö
H4

P4
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We now try to solve exactly the eigenvalue problem H4 = E4 with H given in equation (6).  For simplicity
we take the spin of the particle 2 to be 1/2.

As we shall see, following de Broglie [7], they are given by the relation

(7)
0 5 65

P4 U
6
ø

ó9 +U,
óU

ö 3

where r denotes their radius and M an integer quantum number, multiplied by r5 yields the relation:

(8)
P 5 65
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ø% U 5 ö $ U 6 ø& U ø'

which can be written in the form  r3 + a2 r
2 + a1 r + a0 = 0  (9)

Introducing  Q = (1/3) a1 + (1/g) a2
2 and R = (1/6) (a1 a2 - 3 a0) - (1/27) 02

3  we see that
-- with Q2 + R2 > 0 there is one real root and a pair of complex conjugate roots
-- with Q2 + R2 = 0 all roots are real and at least two are equal
-- with Q2 + R2 < 0 all roots are real.

Of course each real root denotes an infinite set (with m=1,2,...) of Bohr orbits.  Introducing the two auxiliary
quantities S1 = [ R + (Q3 + R2)½ ]D  and  S2 = [ R - (Q3 + R2)½ ]D  one gets for these roots (which define three
sets of Bohr orbits) the expressions

= U4 ö +64 ø 65 ,÷
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which satisfy three constraints, i.e.:

= r1 + r2 + r3 = -a2> r1 r2 + r1 r3 + r2 r3 = a1     (11)
? r1 r2 r3 = -a0
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According to the distance r one sees immediately
-- that when A/r > (½) # B/r2 + (D) # C/r3 + (¼) # D/r4  i.e.  Ar3 > Br2 + Cr + D
one has a set of radii which varies like m2 i.e. which corresponds to Bohrs initial orbits when ë = %/2.

-- that when C/3r3 > A/r + (½) # B/r2  i.e.  Cr > Ar3 + D  then r w C m1 / m
2 62 .

This set varies like 1/m2 and corresponds to a set of "tight" orbits never discussed by Bohr.
-- that when (¼) # D/r4 > (D) # C/r3 + (½) # B/r2 + A/r
then   r w (D m1 /m

2 62)½ = (D m1)
½/m6  a set which also yields a new set of "tight" Bohr orbits unknown in

the literature.

Since a detailed analysis of the corresponding new Bohr energy levels is in preparation (and will shortly be
published) we will now limit ourselves to the following remarks.  The existence of these new "deep" Bohr
levels depend, of course, on the relative spin (and spin-orbit) orientations, i.e. they can only be excited in
special physical situations where they are determined by their surroundings.  This appears now to be the case
when Hydrogen-Deuterium, etc. are imbedded in dense media.

When one utilizes D2 or other types of fusion material, the creation of excess heat by the tight  states is ' ø

5

generally accompanied by some real fusion processes:  since an electron (when located by ions) behaves
(within the deeper potential due to spin-spin and spin-orbit forces) as if it had acquired a heavier "effective"
mass [4].  Indeed smaller Bohr orbits facilitate tunneling through the Coulomb barrier.  Moreover, "heavier"
electrons also explain some types of observed regular collective motions (i.e. cluster formations) which can
contain triangular, tetrahedral, cubic ... configurations which move collectively and have been observed to
have strongly enhanced cross sections (by many orders of magnitude) with individual particles.  This
configuration naturally arises when the Ampère force cuts the current into beads in a capillary since the
situation of the ions then resembles what happens to fast going cars which crash successively into each other
during a slowdown (accident) on a modern highway.

This situation is very different from the usual quantum mechanical interpretation of chemical phenomena,

i.e. of the normal states of  and  which are assumed (according to the Born-Oppenheimer+ ø

5 ' ø

5

approximation) to correspond to the rapid motion of the electron in the field of two almost fixed nuclei.  If
one first neglects the spin and considers two masses M (with charges z) rotating at a distance r from a mass
(charge z) i.e.

Fig. 1 z                                       z
M r m r M

this gives the Hamiltonian (12)+ ö
53 5

50
ø û 5=E

U
ø

= 5

5U

which yield when quantized by the usual Bohr-Sommerfeld method (,pdq = n6)
with ( 6 = C = 1 ); Energy levels En = - (¼) {M û2/n2} Z 2 (2z + Z/2)2 i.e.

-- For the He atom this yields E0 = 6,12 Ryd close to the observed value 1 5,69 Ryd.


Fig. 1 has a line and letters.
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-- For  and  the Bohr energy levels are approached by En = -(9/16) (M û2/n2) + ø

5
 ' ø

5

which correspond to ground states of 28.1 KeV for  and .  The first stage of this model, i.e. the + ø

5
 ' ø

5

existence of excess heat in H or H2O experiment (in the author's opinion) can be considered as already
proven by a growing set of experiments [1,3].  These experiments show the existence of a non-fusion origin
for presently observed excess heat and seems to exclude its interpretation in terms of virtual neutron
exchange.

The second stage, i.e. the existence of new "tight" molecules such as  or , is in fact already suggested +5
 '5

by the experiments of Mills et al. [6] which have detected by cryometry and mass spectrometry the existence
of new tight states of H2.

To quote the authors "an exothermic reaction is reported wherein the electrons of hydrogen atoms and
deuterium atoms are stimulated to relax to quantized potential energy levels below that of the ground state
via electrochemical reactants K+ and K+; Pd2+ and Li+, or Pd and O2 of redox energy resonant with the energy
hole which stimulates this transition.  Calorimetry of pulsed current and continuous electrolysis of aqueous
potassium carbonate (K+/K+ electrocatalytic couple) at a nickel cathode was performed.  The excess power
out of 41 watts exceeded the total input power given by the product of the electrolysis voltage and current
by a factor greater than 8.  The "ash" of the exothermic reaction is atoms having electrons of energy below
the ground state which are predicted to form molecules.  The predicted molecules were identified by lack
of reactivity with oxygen by separation from molecular deuterium by cryofiltration, and by mass
spectroscopic analysis [8].

The third stage, i.e. the prediction of  or  to explain excess heat at low energy input can also be +5
 '5

considered as supported by the experiments of Miles, Bush et al. [10] which report 4He (which they did not

attempt to distinguish from ) and by the experiment of Yamaguchi and Nishioka [10] who have detected '5

by mass spectroscopy (along with fusion "ashes" 3He with an energy of 4-5-6 Mev and protons with an

energy of 3Mev) 4He accompanied (as it should in our model) by a heavier  peak.  Their input being '5

dominant at low input.  Further search for soft X-rays and also for the existence of  in H or H2O + ø

5

experiments would help to prove (or disprove) the proposed model.

Proof of the last stage, i.e. the possibility to add to the excess heat (generated by the new Bohr orbits) fusion
energy generated by high energy input pulses is still in infancy [4] due to reluctance to accept the existence
of the new phenomena.
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INTERNAL CONVERSION MECHANISM IN COLD FUSION
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ABSTRACT

By using the internal conversion mechanism inside the nucleus, a possible solution for cold fusion is
discussed.  When a target nucleus reacts with the pellet nucleus (P+, D+, or T+, etc.), an internal conversion
electron emitted from the target nucleus is absorbed by the pellet nucleus, which becomes a neutral nucleus,
so the Coulomb barrier of the target nucleus can be passed through easily, then a nuclear reaction happens.
Since the internal conversion coefficient û ( Z3.  It will be favorable to those heavy nuclei.  The mechanism
can solve the difficulty of the barrier penetration and a part of the fusion energy is transformed to the
electromagnetic radiation.  Further, some results may be detected by the experiments.

The analysis of numerous experiments [1,2] and the calorimetric studies of the Pd-D2O and Pd-D systems
[3,4] at ICCF4 have proved that nuclear reactions exist in cold fusion.  But the physical mechanism of cold
fusion waits still for further research.  When n(D)/n(Pd) > 0.83, cold fusion may happen in a Pd-D system.
The Hamiltonian function of the system is approximately

H = H1 + H2 + Hint (1)

Hint =  , (2)M
L
=H 5 2 - UL ÷5 -

where H1 and H2 are the Hamiltonian function of a target nucleus, whose charge is Z, and a pellet nucleus
(P+, D+ or T+), respectively.

The reaction between both nuclei is mainly the Coulomb force.  It produces many photon transitions from
infrared ray to X-ray.  But, even if we have introduced the multistage nuclear reaction mechanism, the
penetration factor at very low energy is small [5].

This paper is analogue with the internal conversion theory of nuclear physics, a possible mechanism of cold
fusion is discussed. The transition probability formula of internal conversion electron is

  , (3):I , ö 5% P -?) -+LQW - , !-5 'GY

where I and F are the wave functions on initial and final states, ' is the density of energy levels of an initial
state.  It may be estimated by a formula

 , (4)' +(,ö 42'+(,ö&H 5 D(

Where E is excited energy, D is an interval of energy levels, C and a are two parameters.  The equation
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It is called the finite nucleus effect, which is important for heavy nucleus, whose Z is larger.  The internal
conversion electron is a mechanism which compete with the photon transition, therefore the integral inside
nucleus contributes and the internal conversion electron is emitted from the nucleus, when the photon
transition is forbidden and the integral outside nucleus is zero.  Through the simplification from equation
(5)

(9):I , ö $M
/
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can be obtained, where K is wave function of the internal conversion electron, A is a total constant,
 is reduced, transition probability of the photon transition, so the internal conversion coefficient( -4/0 -5

is
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which is directly proportional to Z3, so it increases rapidly for the heavy nuclei.  For example, the energy
level density D(E) of Pd nuclei is larger, D(E) 1 1 - 100ev for A 1 100.  A series of the photon transitions
from infrared ray to X-ray may happen for the D-Pd system, Er ~ 1-100ev.  In this case, both nuclei are
resisted by the Coulomb barrier, the nuclear reaction is difficult.  But if the photon energy reaches a
threshold value, for instance, E w 130 KeV, which had been found by Jiang Tang He and Peter Hagelstein
et al., an internal conversion electron is emitted from the Pd nucleus, and is combined with a deuteron to
become a dineuteron n2 [6], so there is no obstacle of Coulomb barrier to the target nucleus, the nuclear
reaction may produce
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PdA + D+ 9 AgA + e- + D+ 9 AgA + n2 9 Ag(A+2)* , (11)

so various nuclear reactions in the References [1,2] can happen. An excited nucleus Ag(A+2)* produces a
symmetric bifission, e.g., V and Cr, etc., the fission release energy Ef ~ 36 - 43MeV, which is larger than the
fission barrier, so the fission should happen instantaneously.  If it is Pd102 9 2V51 + 20 MeV, the fission
release energy is smaller than the fission barrier, the probability of the spontaneous fission is very small.

Since the fission release energy is very high, an excited energy per fragment is 15 - 20Mev, which can
evaporate neutron or can release a pair electron e+ e- or electron e- of internal conversion, these phenomena
will compete with the photon transition.  Moreover, the neutron n may raise another fission.  The electrons
at high energy may produce bremsstrahlung, so a part of the energy will transform to an electromagnetic
radiation.  If e+e- happens, the annihilation effect should appear for a process of the slowing-down of the
positrons, then a characteristic radiation Er = 511 KeV will be able to be detected by the experiment.

A D-D system is a boson.  The multiple D-D systems possess the Bose-Einstein condensation.  When two
deuterons are very close to each other, the photon transition will appear.  Further, if both nuclei combine,
the binding energy of 23.8 MeV will be released, then the system will transit to a stable state.  When the D-D
system forms a compound nucleus, an internal conversion electron will be produced,

D+ + D+ 9 D+ + e- + He2 9 n2 + He2 9 He4* (12)

The spin-parity of n2 may be 0+ or 1+, one of He2 is 0+ or 1+, so one of He4* should be 0+, 1+ or 2+.  The
binding energy emmited from an excited nucleus He4* to ground state is ôE = 23.8 MeV.  The spin-parity
for the ground state He4 is 0+.  Because the photon transition cannot happen for 0+ 9 0+ and 2+ 9 0+, it is
necessary that He4* releases energy mainly through a competition between the internal conversion electrons
e+e- (or e-) and multistage photon transitions.  The electrons at high energy may produce bremsstrahlung,
whose energy is lower than X-ray, so the greatest part of the energy will transform to electromagnetic
radiation.  Therefore, it should be much less for D+D 9 He3 + n(2.45 Mev) and D+D 9 T+P(3.03 MeV), and
which is consistent with the present experiments.
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INTRODUCTION TO COLD FUSION TUTORIAL PAPERS

This Cold Fusion Source Book is meant to be used by many persons who are not cold fusion experts.
Therefore, we have invited some papers which are designed to acquaint the reader with some of the
important features of electrochemistry.  We have also included in this section a paper by Dr. Li describing
five years of cold nuclear fusion research in China.

For those who desire to perform their own experiments, we strongly advise your careful consideration of
other papers.  For example, the paper by Dennis Cravens (Proceedings of the Fourth International Conference
on Cold Fusion, Hawaii, Dec, 1993).  In addition, the new publication "Cold Fusion"  is expected to be a
source of practical experimental information.

The staff at the Fusion Information Center (publishers of this book) can also be of help to cite appropriate
sources of information.  An extensive bibliography on computer diskette is designed to go with purchased
copies of this volume.  Also, serious researchers should subscribe to the monthly newsletter, Fusion Facts
for a continuing source of latest information on developments in cold fusion.
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ELECTROCHEMISTRY, TRITIUM AND TRANSMUTATION

J. O'M. Bockris and R. Sundaresan 
Department of Chemistry
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INTRODUCTION

It is known that nuclear phenomena can be brought about in the cold, e.g., in cells containing D2O in contact
with a palladium electrode, in molten salt cells which contain lithium hydride, in light water cells in contact
with nickel electrodes, in cells involving arcs in hydrogen and deuterium, in cells involving high potential
differences across a series of palladium electrodes separated by membranes and those involving nickel
electrodes under the influence of high frequency radiations.

However, most of these nuclear reactions at low temperatures have been carried out under electrochemical
confinement and for this reason a brief outline of these cells is given as a background here.

Two other topics are briefly reviewed: the first published synthesis of tritium from deuterium in the cold,
and some aspects of transmutation under conditions which have temperatures in the region of 1000 degrees.

RELEVANT ASPECTS OF ELECTROCHEMISTRY

The Electrochemical Cell

The typical electrochemical cell is shown in Fig. 1.  It is filled with, say lithium hydroxide dissolved in heavy
water.  There are three elements: One is the working electrode (WE) at the interface of which with respect
to the solution the electrochemical events occur.  Of lesser importance is the counter electrode (CE) which
serves to complete the circuit between the working electrode, the power source, and the solution.  There is
also a reference electrode (RE) as shown in Fig. 1.  The potential of the working electrode is measured with
respect to that of the reference electrode by means of a high resistance voltmeter.

Most people think that when we refer to the "electrode potential", we are referring to the potential difference
between the working electrode and the solution.  In fact, "electrode potential" has a complex meaning [1].

The reference electrode is generally the thermodynamically reversible hydrogen electrode.  In practice, one
sets up a piece of platinum covered with an active form of electrodeposited platinum ("platinum black") at
which the reaction 2H+ + 2e : H2 occurs and is at equilibrium.

Thus, the so-called electrode potential consists of three potential differences. The first is the one which we
would like to know, - and the one which controls the phenomena at the boundary of the working electrode
and the solution.  But, there is another potential, seldom mentioned, which occurs at the join between the
working electrode (consisting, say, of silver) and the reference electrode where the material
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 is platinum.  Here, a contact potential difference develops and contributes to the overall potential which
comes into what we call the potential on the hydrogen scale.  There is, of course, the third potential which
occurs at the interface between the reference electrode and the surrounding solution.  Of these three
potentials, however, the one at the boundary of the working electrode and the solution is the most important.

Equilibrium and the Exchange Current Density

When the working electrode is in equilibrium (at the equilibrium potential, E(), the rate of electrons leaving
the electrode for the solution is equal and opposite to that of electrons leaving the solution for the electrode.
Thus there is a dynamic equilibrium.  There is no net reaction and the net current is zero.  The rate of this
equilibrium reaction, in one direction, stated in terms of amps per square centimeter, is the "exchange current
density" and it is represented by a symbol, i0.

Overpotential

In order that a net electrode reaction takes place, the working electrode potential is to be displaced from the
equilibrium value, E0, (using an external power supply) either in the negative or in the positive direction.
This displacement is called the "overpotential", í.  When the potential is displaced in the negative direction,
for example, the net reaction is one in which electrons leave the electrode for the solution and a ̀ net' cathodic
current flows.  The relationship between this current and the overpotential is given by

i = i 0 e
-ùíF/RT

Here the symbol F means the number of coulombs which reside upon gram ion of univalent ions, R is the
gas constant and T is the absolute temperature.  The symbol ù refers to the "symmetry factor" [2] and the
value to use for rough calculations is 0.5.

Suppose we have a negative overpotential of 0.5 V, and an exchange current density of 10-6 amps cm-2, the
current density is c. 10-2 amp cm-2.  If one changes the overpotential by about 0.1 volt, the current density
or rate of reaction changes by about 10 times.

Fugacity

In discussions in the theory of cold fusion, one sometimes hears the term "fugacity."

Considering the pressure-volume relationship of a gas at high pressures, one of the relations which is often
given is the equation due to Van der Waals [3]. It runs as follows:

+3 ø
D
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The term V in the equation is the total volume available to the gas and the term n allows for the volume of
the gas molecules themselves.  Here the pressure P is what one actually measures.  But, the reason for the

term  is to allow for the fact that the measured pressure is less than the pressure which occurs inside the
D

9 5

gas.  When gas molecules strike a sensor, they experience non-isotropic forces, i.e., they are pulled back
towards the gas and consequently the pressure registered is less than the pressure within the
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 fugacity.  Fugacity enters electrochemistry and cold fusion in an important way.

Thus, the fugacity of deuterium gas inside a cavity within a palladium electrode is given by the equation [4]
I+5

ö H ÷3í)257

The factor x varies according to the mechanism of the hydrogen evolution reaction.  It can be as high as two
or as low as one half.

Thus, the fugacity inside a cavity for í = -1.0 V and x = ½ is 108 Atm, a very high value, while the measured
pressure will be ~ 104 Atm.

TRITIUM

The first formation of tritium to be described in a refereed publication was carried out by a graduate student,
Nigel Packham, in the Department of Chemistry at Texas A&M University.  In those days (April-May 1989),
there was enormous excitement in the Electrochemistry Laboratory and the entire group of about eighteen
people were working in shifts of about twelve hours each through the night and seven days per week.

We did not know the conditions for bringing about the nuclear reactions reported by Fleischmann and Pons,
so we took the attitude that it would be better to try all kinds of different conditions. Thus, we used
electrodes which were untreated, annealed, worked and fused.  We cleaned the surface in various ways in
addition to leaving it untreated.

We had as many as 18 cells working at the same time.  Only a few of these cells were properly controlled
electrochemical cells with reference electrode, etc.  Many of them were simple test tube cells with a
palladium wire cathode and a platinum or nickel anode wrapped around it.

We were trying to find the abnormal heat produced by the cells.  However, we looked in addition for the
formation of tritium because, obviously, if one has deuterium inside a cell under high fugacity, and a nuclear
reaction occurs, one would expect to find tritium in the electrode and eventually in the solution.

Electrolyte samples were analyzed in the Department of Nuclear Engineering for tritium.  We were at first
disappointed, for, the readings showed only an increase which corresponded to that expected by the classical
theory of electrolytic enrichment (for the separation factor of 2 between deuterium and tritium, this comes
to an increase of about two times).  One day, however, still in April, there was a sudden large increase in
tritium counts.  At the beginning of the experiment these were of the order of 100 but increased to between
104 and 105, 102 - 103 times above background!

During the next few months, Nigel Packham himself and then, latterly, Ramesh Kainthla and Omo Velev
were able to find tritium in a total of 15 cells during 60 runs[5,6]. These experiments were made largely with
palladium in D2O solutions of LiOH 0.1 mole.  However, there were some findings of tritium in titanium
electrodes.

We often allowed the experiments to run for a very long time, up to eight weeks in some cases.  Tritium was
seldom found at less than 100 hours and the average time after which we found tritium was around
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 500 hours.  One can easily see that most persons would have judged the experiment a failure long before
this time.

The occurrence of tritium was sporadic.  It occurred in bursts.  These bursts would last for several hours and
on one occasion about one month.  [Thus, in a recent paper by Will and Cedzynska[7], so-called
"reproducible" measurements of palladium are reported.  However, it is made clear in this paper that the
reproducibility obtained was by four measurements on exactly the same kind of palladium and when this
palladium was changed to palladium of another origin (perhaps with a different surface structure) no tritium
was obtained.]

We tried at first to associate the heat with the tritium and indeed in one run (cf. Fig. 2) it seemed there was
some parallelism [6].  However, simple calculation showed that the amount of nuclear heat which would be
associated with the tritium would only explain about 0.1% of it.  This was the first hint that the tritium
formation was a side show in the major heat producing reaction.  It had importance historically because the
finding of other nuclear debris (helium and transmuted metals) is more difficult to discover from the
experimental point of view, that the existence of tritium at this early time and its confirmed finding later in
many laboratories was the foundation belief in the existence of nuclear reactions under solid state
confinement.

Work on tritium went on and, later, in 1992, Chien and Hodko [8] found both tritium and helium in the same
electrode (cf. Fig. 3).  Chien also found He4 in his electrode.  [Determination made by Nate Hoffman and
Brian Oliver, at Rockwell International. This finding corresponded to that of Melvin Miles at China Lake
who made the more difficult experiment of finding helium in the gas phase. It had importance in confirming
that the tritium which had been produced was not from spot contamination of the palladium with tritium, for
the helium formed under these conditions would have been 3He and not 4He.]

Hodko also found later [9], using a technique first originated by Szpak and Boss, that the tritium could be
brought up to ~ 66% reproducible by using gold electrodes on which deuterium and palladium were
simultaneously plated out. However, the amount of tritium then found was a few times above the electrolytic
enrichment factor.

TRANSMUTATION

It is possible to regard the reactions which form tritium as D+-D+ collisions but the distance apart of the D's
and in the Pd lattice is greater than that in D2.  It may be possible to interpret them better from a reaction of
D with Li6 or Pd.

To test the possibility of transmutation reactions with elements of higher atomic weight, several experiments
have been tried out in our group.  The first was due to the suggestion of J. Champion, who claimed that he
had found in 1986 that the imposition of radio frequencies caused the emission of an anomalous heat.  Such
a phenomenon was witnessed by Kainthla and Velev in 1989 [10].  [This work is similar to independent work
carried out by D. Letts [16, 17] and also D. Cravens [18]. They describe a procedure in which a palladium
cathode, sufficiently charged with deuterium (D/Pd ~ 0.9), was subjected to RF fields of moderate (30 - 100
mW) power or magnetic fields of about 200 Gauss; excess heat was observed in a very short time.]

Champion suggested that, by manipulating the frequencies to match the magnetic moments of individual
isotopes, he could provoke a nuclear change in ions dissolved in solution.  Experiments of this kind were
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 tried in Texas A&M laboratories in 1992 (under the sponsorship of W. Telander in a project known as the
Philadelphia Project) but failed.  Champion also suggested heat pulsing and provided a technique of applying
a rapid heat pulse to mixtures of mercurous or lead chloride with KNO3 and carbon. Radioactivity was
observed  (-½ w 20 hrs) and in some runs up to 300 ppm of precious metals were found.  However, the results
were not reproducible.

One of the claims to have provoked a nuclear transmutation reaction concerns conversion of carbon to iron
and was recently tried out in my laboratory.  The technique was simple.  Two spectroscopically pure iron
rods with sharpened points were immersed in super-pure water and an arc was struck between them.  The
carbon detritus which fell to the bottom of the cell was analyzed and was found to contain an amount of iron
higher than that had been present initially (as impurity) in the carbon rods.

Table 1 gives the results of this work by Sundaresan and Bockris [11].  Similar results have been reported
by others, too [12, 13].

A mechanism suggested by Sundaresan and Bockris is as follows.
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Transmutation reactions under solid state confinement have been reported by K. Wolf [14].  It was found
that a palladium electrode which had become saturated with deuterium by means of electrolysis contained
a large number (more than one dozen) of new nuclei.  Kucherov [15] observed that, following a glow
discharge between palladium electrodes in D2 atmosphere, many elements were formed in the palladium
electrode, some amounting to as much as 0.1 atomic percent.

During 1992-1993, a host of other reports became available which referred to experiments in which the
formation of new nuclei under circumstances similar to those described have surfaced.  A table comprising
some of these reports is given here (Table 2).
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ABSTRACT

This paper presents a detailed description of the construction and operation of the two types of electrolytic
cells employed in the experimental light water cold fusion research of R. Bush and R. Eagleton at California
State Polytechnic University - Pomona.

INTRODUCTION

Electrolytic cells of the Fleischmann and Pons[1] type using light water with nickel cathodes and alkali
carbonates were first employed at Cal. Poly - Pomona in August of 1991 following the announcement of
excess heat production in light water by Mills and Kneizys[2].  Cell design and protocol was partially driven
by considerations based upon the theoretical work of R. Bush[3].  Since that time a total of 27 light water cells
have been run with alkali carbonate and alkali hydroxide electrolytes using two different cell and calorimeter
configurations.  These configurations and other details are described in this paper.  The experimental results
obtained with these cells are not discussed in this paper but are presented elsewhere[4,5,6,7,8].

CELL AND CALORIMETER DESIGN

The two types of cells used in our light water work are actually third and fourth generation cell designs
which evolved from earlier work with heavy water.  Consequently these cell types are designated as C and
D respectively.  They are illustrated in figures 1 and 2.  Cells of type C were first used with heavy water in
July of 1990 and continued to be used until January 1993.  During that period 17 light water cells and 36
heavy water cells were run.  Type D cells were phased in commencing February of 1993 and used for all
cells constructed from that time until the present.  To date ten light water cells have been operated using the
type D configuration.  Table I gives a summary of the light water cells that have been run to date.

The principal features which are common to both cell designs are as follows:

(1) They are all closed cells.  This is achieved by use of a platinum black recombiner which is enclosed in
the air space above the electrolyte.  The recombiner is fabricated by bonding platinum black to a nickel
screen mesh and coating one side of the mesh with a non-wetting agent (Teflon).  The recombiner for all
cells of type D and some of type C were enclosed within a nickel foil baffle that had extensions on either
sides which served to return the recombination heat back into the electrolyte.  This baffle also served to
protect the recombiner from becoming contaminated with electrolyte residue.  The recombiner for type C
cells that was not placed in the baffle arrangement was instead affixed to the bottom side of the stopper and
was unshielded.  The cell is vented to the atmosphere via an oil bubbler which serves two purposes: (a) to
maintain near ambient pressures, and (b) to isolate the cell from the external environment.  A
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 balloon attached to the open end of the bubbler is used to monitor a cell for recombiner malfunctions.  Of
the light water cells run to date no recombiner malfunctions have been experienced.  (2) Magnetic stirring
is used to permit more uniform electrolyte temperatures.  Tests have shown that these stirrers have no
measurable effect on the electrolyte temperatures.  (3) All surfaces except for electrodes and the nickel heat
sinks are coated with Teflon.  The neoprene stoppers are covered with form fitting Teflon tape and the cells
were either pyrex coated with Teflon (type C) or made of Teflon bottles (type D).  A special bonding agent
is required to prevent the Teflon from becoming unbonded from the pyrex upon repeated thermal cycling.
It is anticipated that the nickel heat sinks exposed to the electrolyte should pose no problems since they are
shielded electrolytically by the nickel cathodes.  (4) The electrodes are as follows: Platinum (AESAR
99.95%) wire anodes were 1 mm diameter and lengths of about 18 cm folded into five equal segments, nickel
fibrex cathodes were formed into open ended cylinders having the platinum anode located along their central
axis.  Figures 3 and 4 are electron micrographs of a typical piece of 80/20 nickel fibrex mesh. Shown in these
micrographs are nickel powder (20%) bonded to nickel fibers (80%) where the fibers are about 20 microns
in diameter (Fig. 4).  Also it should be noted that the nickel fibers are not fabricated from drawn nickel wires
but are made from sintered nickel powder.  These fibers are formed by extruding a slurry of nickel powder
mixed in a plasticizer through a small orifice.  After the plasticizer sets, the fibers are sintered in a hydrogen
environment so that only porous nickel remains after the heat treatment.  (5) Electrolytes were made of
chemicals obtained from AESAR/Johnson Matthey and nanopure water (17 Mohm-cm) from a Barnstead
filtering system.  All electrolytes were 0.57 molar solutions.  (6) A port for extracting electrolyte samples
consists of a capped 1 mm diameter Teflon tube which passes through the neoprene stopper and into the
electrolyte.  (7) The electrolyte temperature is monitored by use of two 26 gauge type-K thermocouples.
These are threaded into opposite ends of a 1 mm diameter Teflon tube that loops through the neoprene
stopper to just below the cathode and above the magnetic stirrer.  This tube is filled with mineral oil to
permit more efficient thermal contact of thermocouples with the electrolyte.  As shown in figures 1 and 2
these thermocouples are placed at different depths in the electrolyte.  We find that these thermocouples read
very nearly the same temperature provided the magnetic stirrer is operative.  However, in the event of a
stirrer malfunction the thermocouple readings may differ by as much as two or three degrees Celsius.

Features that differ for the two cells types are as follows:

Cell Type C - As illustrated in Figure 1, this is a double wall pyrex vessel which provides for a water jacket
enclosing the electrolytic cell except for the top which is capped with a Teflon covered neoprene stopper.
The inlet and outlet coolant temperatures were monitored with type K thermocouples.  The pyrex cell was
completely enclosed with a one inch thick layer of styrofoam.

Calibration for these cells was performed in one of two ways: (1) Either a nichrome reference heater was
used or (2) the cell was calibrated by running anodically.  When a nichrome reference heater was used it was
placed in a close fitting Teflon tube that looped down into the electrolyte.  The nichrome heating element
was attached to electrical leads so as to have it completely immersed within the electrolyte.  The cell
calibration procedure is as follows: (1) The temperature of the coolant flowing through the water jacket was
regulated so as to maintain the cell contents at a constant temperature.  A typical value for the cell operation
temperature was about 39(C.  At this temperature the cells could be calibrated from 0 to 20 watts while using
the laboratory as the heat sink for the cell bath.  Table II gives typical calibration data for this type of cell.
Note that the standard deviation in the calibration temperatures is less than 0.1(C.  The cell calibration data
points are obtained by plotting the steady state thermal power output (Pout) from the cell as a function of the
average temperature decrease (0T) across the cell walls.  This temperature decrease is found by taking the
difference between the average of the two cell thermocouples
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 readings and the average of the inlet and outlet thermocouple readings.  (For steady state calibration
conditions the electrical power input to the cell is equal to the thermal power output.)  This plot of Pout versus
0T was fit by either a linear or a third order polynomial.  Figure 5 shows a typical calibration curve that was
obtained for cell 62.  The excess power (Pex) was determined by subtracting the electrical power delivered
to the cell from the steady state thermal power coming out of the cell as calculated from the fit that yielded
the smallest value for Pex.

Cell Type D - Cells of this type are illustrated in Figure 2.  They are constructed from Teflon bottles and are
designed to be immersed directly within the coolant water bath.  The bath water was temperature regulated
as well as stirred.  The calibration procedure for these cells are essentially the same as that for type C cells
with the exception that the temperature decrease across the cell walls were obtained by subtracting the bath
temperature from the average of the two cell thermocouple readings.  Table III gives a typical set of
calibration data for this type of cell.

Data Acquisition System

All temperatures, currents, and voltages were monitored and logged using a Macintosh IIx computer
equipped with National Instrument's LabView software.  For type C cells four type K thermocouples were
used: one at the bath inlet port, one at the bath outlet port, and two within the electrolyte.  In the case of type
D cells there was one type K thermocouple within the bath and two within the electrolyte.  The thermocouple
sampling rate is 1000/minute with the temperature averaged each minute.  The thermocouple voltages were
converted to temperature readings ((C) by use of AD595AQ/9217 integrated circuit chips.  This system
permitted steady state temperature measurements with standard deviations of about 0.05(C.  Corrections for
thermocouple temperature offsets were made within the software.  Cell currents and voltages were logged
from Fluke 45 dual display multimeters equipped with IEEE interface.  Figure 6 shows a front panel view
of the virtual instrument used for cell monitoring and control of data logging.  Since our cells are calibrated
for only steady state operation at a specified temperature, we make use of this virtual strip chart recorder to
determine when the requisite conditions are achieved before logging data.  Table IV gives a typical spread
sheet of data logged for a cell which produced excess heat.  Not shown but recorded with this spread sheet
were the following: room temperature, multiplexer reference junction temperature, time mark and date mark.
The data acquisition rate for both Table IV and Figure 5 was for one minute intervals.  In Table IV it should
be noted that the fractional uncertainty in Pex about 2% for the 23 minute time interval shown there.
However, all values of Pex which we report are corrected for any differences found after recalibration.
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ABSTRACT

The "cold fusion" research in China is reviewed for the past five years. Emphasis is focused on the attempt
to set up the Chinese-based reproducible experiments and the study on the key parameter which is supposed
to control the reproducibility. Theoretical effort in understanding these phenomena is described as well.

INTRODUCTION

The situation of "cold fusion" in China is similar to that in Russia. Since communication was somehow
delayed, we started the "cold fusion" research based on our own understanding and the resources available
to us[1-14].

After 5 years of studies on "cold fusion", more people in China think that there must be something behind
it, and it is worthwhile to seek the truth for the fundamental physics, and for the possible future energy.

Research in China has been conducted in both theory and experiments with more emphasis on experiments.
The experiments are in two categories: (1) Attempt to set up a Chinese-based experiment; (2) Study the key
parameters which might control the reproducibility of the experiments.

We have three efforts to set up the Chinese-based experiments: (1) The electrical discharge in deuterium gas
with palladium electrode; (2) Gas loading experiments with detectors to search the precursor and the energy
carrier for the anomalous phenomena in D/Pd systems; (3) Excess heat measurements in D/Pd and D/Ti
systems.

Based on international academic exchange, the loading ratio of deuterium in palladium was selected as a key
parameter to study. We designed several systems to study the various treatments which might affect the
terminal loading ratio and the loading speed. Some factors have been identified which may enhance the
loading ratio to pass the resistance peak, and over the threshold (i.e. D/Pd~0.84).

Theory is important, although it is still in an immature stage. Wherever the experiments continued in these
5 hard years, there must be a plausible "theory" to stimulate the investigators. The penetration of the
Coulomb barrier has been a persistent subject over 5 years. Bohm's theory has been developed in three
aspects: (1) The direction of WKB connection formula, which has been a controversy for more than twenty
years; (2) A simplified formalism for WKB method which is particularly useful for a chain of potential
barriers and wells; (3) A new explanation of the penetration of potential barrier in quantum mechanics. The
recent calculation shows that the split of the Coulomb barrier may be necessary, and some experiments have
been suggested to test this idea.
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We have started three new sets of experiments:
(1) The electrolysis of pressurized heavy water to study the "excess heat" in high temperature condition,
based on our experience with pressurized light water fission reactors. (2) The enhancement of spontaneous
fission in uranium due to hydrogen loading. (3) The positron annihilation studies of the surface layer of the
palladium sheet during the hydrogen loading.

Electrical Discharge in Deuterium Gas

Five years ago, when the fax copies from the US were disseminated in China, a lot of experiments were tried
to reproduce the electrolysis or the gas-loading results. Some of the Chinese scientists decided to do
something else.[1-4]  The electrical discharge in a deuterium gas tube was one of these pioneer works. Xiong[1]

et al. at the Southwestern Institute of Nuclear Physics and Chemistry reported the first observation of neutron
bursts in an electrical discharge tube with a palladium cathode and a tungsten anode. The neutron yield was
-106 per burst. It was too high to convince enough people to continue this experiment in that Lab. However,
an elder scientist (Long, H.Q.[3,4]) at the Sichuan Institute of Material Technology continued this electrical
discharge experiment under difficult conditions. After three years of silent research, it was found that the
"anomalous neutron emission" was reproducible as long as three prerequisites were satisfied i.e. (1) a thin
film of palladium was formed on the surface of discharge bulb; (2) the deuterium gas was flowing through
the discharge bulb at a low pressure(5~17 Pa.); (3) the A.C. voltage between two electrodes was in certain
range (6000~17000 V.). 

The neutron emission was reproducible and verified by an activation method which was free of
electromagnetic disturbance, and there was no neutron emission in the control run with hydrogen or helium
gas. The neutron emission was considered "anomalous" because an unexpected peak was observed in the
neutron energy spectrum. The ordinary D-D neutrons were supposed to peak at 2.45 MeV; however, a high
energy component appeared with energy greater than 5 MeV. A careful study on this anomalous neutron
emission revealed that this "neutron peak" was indeed caused by the overlap of intensive X-ray radiation.[5,6]

However, it is still a puzzle why the low energy radiation is so intensive at this discharge condition.
Scientists at the Institute of High Energy Physics [7] were stimulated by this puzzle to redo their early
experiment. In 1989, they detected an anomalous low energy radiation with no neutron emission. They
stopped their experiment, because four years ago the overwhelming point of view was that neutron emission
was the necessary feature of anomalous phenomena. Now more people believe that the neutron is not
necessary, but the energy carrier must exist somehow to explain the excess heat. So they returned to their
early data again. They have found that in fact there were several peaks in the low energy radiation (< 900
keV). These peaks corresponded to the characteristic lines of spectrum for electrodes: a peak at 425+40 keV
which corresponds to the nuclear de-excitation process: 108Pd* 9 108Pd + õ (Eõ = 425 keV), and a peak at
870±50 keV which corresponds to 56Fe* 9 56Fe + õ (Eõ = 854 keV). 

The electrical voltage between the electrodes of the discharge tube was 10 kV, which was too low to excite
the nuclides for õ-ray emission. There should be some energetic charged particles with several MeV. So this
was an indication of nuclear reaction products. The A.C. voltage was in a pulse shape, and the instruments
for detection of neutron and õ-ray were set to work only in the intermission period when the pulse was over;
hence, it was supposed that there was no electromagnetic disturbance. One might suspect that some induced
high voltage could accelerate the deuterons to produce the ordinary D-D fusion reactions, but the neutron
detector did not register any neutrons above the background level. Hence it is 
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suggested that there were two stages of reactions: the first stage was the anomalous D+D reaction which
produced only proton (3MeV) and tritium without the neutron branches; the second stage was the Coulomb
excitation induced by 3 MeV protons. Then the de-excitation gave the characteristic gamma ray. 

Calculations show that the gamma yield is about 10-6 per 3 MeV proton absorbed in palladium, and this result
can be probably explained by the decay of excited Pd* and Fe*. Since tungsten electrode was used also, there
should be a de-excitation process: 184W* 9 184W + õ (Eõ=110 keV). If the low energy spectrum could get
rid of the noise, one should have seen the 110 keV gamma-ray as well. Recently an unexpected peak has
been seen around 130 keV, which could not be attributed to any Coulomb excitation process. Fortunately,
Professor Hagelstein is just looking for a peak around 129.5 keV to explain his neutron transfer reaction.

Gas Loading Experiment

Another early experiment in China was to identify the precursor and the energy carrier for the anomalous
nuclear phenomena[8,9]. We proposed that the necessary product of any nuclear process is the energetic
charged particle; the neutron is not a necessary product for any nuclear process. The CR-39 plastic track
detector was used in a "freeze and thaw cycle" or D/Pd system to detect the energetic charged particles. The
CR-39 detector is particularly suitable for this process, because it can be sealed in a high pressure container
with direct contact to the palladium surface and is free of any electronic noise. It has the highest sensitivity
among all the detectors available to us. It is possible to avoid any cosmic interference by the pre-etching
method, and the air-borne radiation background can be deduced by control run with hydrogen. We saw the
energetic charged particle in the early experiments with the Russian palladium imported in the early 60's.
However, the signal was greatly reduced in the later experiments using other palladium samples or the
titanium samples.

In order to reproduce the early experiments, a systematic study[10,11] on the loading ratio (D/Pd) in gas loading
experiments was started in 1991 after a visit to Stanford Research Institute. It is clear that the reproducibility
depends on the loading process. The annealing in the vacuum, and the multiple-step loading have been
identified as two important factors which may affect the terminal loading ratio. Table 1 and Table 2 in Ref.
11 summarize the gas-loading experiments with palladium in hydrogen and in deuterium. It is possible to
reach the loading ratio of D/Pd >0.84 by annealing in the vacuum, and multiple-step loading under 30 atm.

Excess Heat Experiments

Calorimetric experimentation is difficult and requires more funds and time, so it is done in only a few
laboratories in China. The Institute of Chemistry, Academy of Science, keeps a small group using
microcalorimetry[12]; and the Institute of Atomic and Molecular Science at High Temperature and High
Pressure, Chengdu University of Science and Technology keeps doing electrolysis of heavy water with
titanium cathode and platinum anode[13]. They measured the temperature inside the Ti-rod, and observed
the extraordinary ascent of temperature five times among seven experiments. Although the explanation
of extraordinary ascent of temperature is unclear yet, they found that if a mixture of H2O and D2O was
used as the electrolyte, then no extraordinary ascent of temperature was observed. The extraordinary
ascent of temperature was about 1.5~24(C dependent on the size of the Ti-rod. The SIMS (secondary ion
mass spectrum) analysis showed strangely that the Ti-rod sample above the water level absorbed much
more hydrogen than deuterium if there was some H2O in the electrolyte. However, the Ti-rod sample
beneath the water level absorbed both deuterium and hydrogen. The
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 hardness and the metallurgical structure of the Ti-rod were monitored before and after electrolysis.

Theory -- Precursor and Energy Carrier

It is too early to extract any definite theoretical model from these experiments. However, it is essential to
have some kind of "plausible" theory to stimulate the effort in experiments. Five years ago when the
neutron was taken as the characteristic symbol of the anomaly in D/Pd systems, we proposed that the
energetic charged particles might be the necessary signal for any anomalous nuclear reaction. This idea
led to a series of studies using CR-39 (plastic track detector). When the sporadic bursts made the
experiment unpredictable, we suggested that there had to be some precursors before the anomaly
appeared. This idea led to careful studies about the electromagnetic radiation using thermal luminescence
detectors.[8,9]  When international academic exchange revealed that the excess heat might not be
accompanied with nuclear signals, or the amount of excess heat might not be compatible with the weak
nuclear signal, we considered that a two-step model[14] might be necessary to reconcile the two facts: (1)
More experiments confirmed that there was some excess heat in the closed system[15], and in the open
system[16]; (2) The nuclear signals (helium-4[17] or tritium[18]) seemed always very weak, and were
compatible only with low level energy release. The two-step model requires a strong electron screening
effect to reduce the Coulomb barrier and release enough energy to explain the experiments. Although it
is still premature to imagine some theoretical model for this kind of screening, it is possible to deduce
some corollaries from this two-step model, which can be tested by experiment. For example, the
screening means a region of high electron density which may be detected by positron annihilation
technique; the penetration of the Coulomb barrier by resonance tunneling must help both the fusion and
fission, which might affect the spontaneous fission of the fissile elements. Both of these experiments are
currently under way in China. We have to identify what are the precursors, and what are the energy
carriers in this D/Pd system.

The other aspect of theoretical work is just to develop the theory itself to make it compatible with the
need to explain the experiments. For example, the WKB method is commonly used in quantum
mechanics for calculating barrier penetration. However, the resonance tunneling needs special attention
to the direction of the arrow of the WKB connection formula. Even in Bohm's discussion of resonance
tunneling, the problem of the direction of the arrow is barely mentioned. The famous Russian theoretical
physicist L.D.Landau said quite differently in the 1960's and 1980's[19]. This is still controversial in the
textbooks on quantum mechanics today. We investigate this problem, and find that the existing WKB
connection formula can be used only in one direction. In order to use the WKB connection formula in
resonance tunneling, it should be modified to include some additional parameters. However, the
conclusion is that the resonance tunneling is still possible with a little correction. On the other hand, the
physical explanation of resonance tunneling is still an open question. Usually, it is explained by a steady
state calculation; however, it is essentially a non-steady state phenomenon. A careful study is necessary
through both theory and experiments[20].

Another example is the uncertainty principle. If the electron cloud shrinks to form a strong screening
effect, an energy level lower than usual ground level is always assumed. The Mills model[21] or the
solutions of the relativistic Schrodinger equation and Dirac equation[22] are invoked to find this energy
level, but the uncertainty principle is not compatible with it. A multiple body problem in the crystal
lattice should be investigated.
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CONCLUDING REMARKS

After five years of searching with high expectations, we are still working very hard. As long as the
experiments are getting stronger in confirmation, we will keep searching for the truth.

ACKNOWLEDGMENTS

This work is supported by the State Commission of Science and Technology and the Natural Science
Foundation in China. The author would like to thank the Hawaii Natural Energy Institute at the
University of Hawaii - Manoa for partial support of his sabbatical.

REFERENCES

[1]  R.H. Xiong et al., "Anomalous Neutron Emission from the Discharge Tube with Palladium Electrode
and Deuterium Gas," presented at the Symposium on Cold Fusion in China, Beijing, China, (May, 1990).

[2]  S.Y. Duan et al., "Fusion Neutron Emission Induced by Injection of Deuterium into Titanium Target
in a Mirror Plasma," in The Science of Cold Fusion, edited by T. Bressani et al., Italian Physical Society,
Bologna, pp 139-143 (1991).

[3]  H.Q. Long et al., "The Anomalous Nuclear Effects Inducing by the Dynamic Pressure Gas Discharge
in a Deuterium/Palladium System," in Frontiers of Cold Fusion, edited by H. Ikegami, Universal
Academy Press, Tokyo, 1993, pp 455-459.

[4]  H.Q. Long et al., "Anomalous Effects in Deuterium/Metal Systems." in Frontiers of Cold Fusion,
edited by H. Ikegami, Universal Academy Press, Tokyo, 1993, pp 447-454.

[5]  H.Q. Long et al., "New Experiment Results of Anomalous Nuclear Effects in Deuterium/Metal
Systems," presented at ICCF4 at Maui, Dec. 6-9, 1993. 

[6]  Z.Q. Ma, X.Z. Li et al., "The Analysis of the Neutron Emission from the Glow Discharge in
Deuterium Gas Tube," presented at ICCF4 at Maui, Dec. 6-9, 1993.

[7]  J.T. He et al., "A Study on Anomalous Nuclear Fusion Reaction by Using HV Pulse Discharge,"
presented at ICCF4 at Maui, Dec. 6-9, 1993. 

[8]  X.Z. Li et al., "The Precursor of 'Cold Fusion' Phenomenon in Deuterium/Solid Systems," in
Anomalous Nuclear Effects in Deuterium/Solid Systems, AlP Conference Proceedings 228, edited by
S.E. Jones, 1991, pp 419-429.

[9]  S.Y. Dong, X.Z. Li et al., "Precursors to 'Cold Fusion' Phenomenon and the Detection of Energetic
Charged Particles in Deuterium/Solid System," Fusion Technology, vol 20, p 330 (1991).

[10]  D.W. Mo, X.Z. Li et al., "Real Time Measurements of the Energetic Charged Particles and the
Loading Ratio (D/Pd)," in Frontiers of Cold Fusion, edited by H. Ikegami, Universal Academy Press,
Tokyo, 1993, pp 535-538.



154

[11]  G.S. Huang, X.Z. Li et al., "The Measurements and the Control of the Loading Ratio of Deuterium
in Palladium," presented at ICCF4 at Maui, Dec. 6-9, 1993.

[12]  Z.L. Zhang et al., "Calorimetric Measurements of the Electrolysis of Heavy Water at Palladium
Cathode," presented at ICCF4 at Maui, Dec. 6-9, 1993.

[13]  Q.F.Zhang et al., "The Excess Heat Experiments on Cold Fusion in Titanium Lattice," presented at
ICCF4 at Maui, Dec. 6-9, 1993.

[14]  X.Z. Li et al., "The 3-Dimensional Resonance Tunneling in Chemically Assisted Nuclear Fission
and Fusion Reactions," presented at ICCF4 at Maui, Dec. 6-9, 1993.

[15]  M.C.H. McKubre et al., "Excess Power Observations in Electrochemical Studies of the D/Pd
System; the Influence of Loading," in Frontiers of Cold Fusion, edited by H. Ikegami, Universal
Academy Press, Tokyo, 1993, pp 5-19.

[16]  M. Fleischmann and S. Pons, "Calorimetry of the Pd-D2O System: from Simplicity via
Complications to Simplicity," Physics Letters A, vol 176, p 118 (1993).

[17]  M.H. Miles and B.F. Bush, "Heat and Helium Measurements in Deuterated Palladium," presented
at ICCF4 at Maui, Dec. 6-9, 1993.

[18]  F.G. Will, K. Cedzynska et al., "Tritium Generation in Palladium Cathodes with High Deuterium
Loading during Heavy Water Electrolysis," presented at ICCF4 at Maui, Dec. 6-9, 1993.

[19]  L.D. Landau and E.M. Lifshitz, Quantum Mechanics, 2nd edition, Pergamon, Oxford,
Addison-Wesley, 1965, pp 15-17.

[20]  D.K. Roy, Quantum Mechanical Tunnelling and Its Applications, Singapore, World Scientific,
1986, pp 1-79.

[21]  R.L. Mills et al., "DiHydrino Molecule Identification," private communication (1993).

[22]  J.A. Maly et al., "Electron Transitions on Deep Dirac Levels I," Fusion Technology, vol 24, p 307
(1993).



155

A BRIEF SURVEY OF USEFUL INFORMATION ABOUT HYDROGEN IN METALS

R.A. Oriani
Department of Chemical Engineering and Materials Science

University of Minnesota
Minneapolis, MN  55455  USA

INTRODUCTION

Because cold fusion phenomena are notoriously erratic, and the parameters necessary to obtain
reproducible and consistent results are poorly understood, it is important to be aware of what is known
about the state of hydrogen in metals and of the dynamics of its entry into and release from a metal. This
short paper cannot do more than indicate some of the important areas; the interested reader can obtain
more information by reading the references [1-3].

EQUILIBRIUM ASPECTS

Hydrogen dissolved in metals at low concentrations exhibits a linear relation between the concentration
and the half power of the pressure, p, of the molecular gas.  This is proof that hydrogen dissociates when
it enters the metal.  Much experimental information and theoretical considerations demonstrate that in
transition metals the electron accompanying the proton of the dissociated hydrogen enters the s and
d-bands of the host metal changing the density of states at the Fermi surface and causing shifts of the
energy bands.  The Fermi electrons concentrate about the proton, closely screening the positive charge
and producing what is effectively a neutral atom [4].  These electronic reactions produce both
short-range and long-range interactions between the dissolved hydrogen species.

Hydrogen occupies interstitial sites in the metal lattice, as shown by neutron diffraction in many cases. 
In so doing the hydrogen "atom" forces the nearest-neighbor metal atoms farther apart from each other,
causing an increase of volume of the nearest-neighbor shell of atoms.  The free surface of the metal
specimen sweeps out to produce a larger volume increase than the volume increase of the inner shell of
nearest-neighbor atoms.  This is the physical reason for the increase of the lattice parameter of the metal
upon absorption of hydrogen.  At equilibrium a uniform distribution of dissolved hydrogen in a metal
causes zero hydrostatic stress in the lattice, although each hydrogen atom is individually under a
hydrostatic stress.  There is no force or pressure tending to push the hydrogen atoms together into one
interstitial site.

In palladium the interstitial sites having octahedral symmetry, of which there is one site per Pd atom, are
the lower-energy sites so that these are preferentially occupied by hydrogen.  Unlike the case with
substitutional solid solutions, adding an interstitial solute atom to a metal does not increase the number
of lattice sites for that solute species.  The consequence is that interstitial solutes obey Fermi-Dirac
statistics, and it follows that an infinitely large thermodynamic activity would result from a complete
filling of all octahedral sites in a lattice.  Therefore, as the molecular gas fugacity is increased in an
attempt to fill all octahedral sites in palladium with hydrogen, a "spill-over" necessarily occurs into the
higher-energy class of interstitial sites, namely, those of tetrahedral symmetry. 

Because hydrogen changes the local and the global electronic structure of the host metal, one may expect
that hydrogen changes the cohesive forces between metal atoms.  Several theoretical
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 investigations [5] show that the cohesive interactions are in fact decreased in many transition metals
including palladium.  The consequence is that the effort required to cause brittle cracking of a metal is
decreased by hydrogen [6].  In general, the mechanical response to applied stresses is variously affected
by hydrogen in complex ways.

Dissolved hydrogen interacts attractively or repulsively with chemical and with structural singularities in
the lattice.  The interactions with the former, i.e., impurity atoms, are best treated from an electronic
point of view.  The same is true for structural imperfections when the hydrogen is exactly at the
imperfection.  However, at distances such that linear elasticity theory can be applied, and the stress field
produced by the imperfection can be calculated, the thermodynamics of stressed bodies [7] can be used. 
For example, a dislocation, whether of edge, screw, or mixed type, has a stress field, as does a particle of
a second phase within a matrix.  The thermodynamics shows that a stress field that has a positive (i.e.,
tensile) hydrostatic component of stress, )h, decreases the chemical potential of an interstitial solute,
whereas a negative hydrostatic component of stress increases the chemical potential of the solute. 
Therefore, at equilibrium, i.e., uniform chemical potential everywhere, dissolved hydrogen exhibits a
higher concentration on the tensile side of an edge dislocation and a lower concentration on the
compressive side.  In cases where )h is zero, squared terms in the stress become significant and cause an
increase in the chemical potential.  Shear stresses also affect the chemical potential so that the shear
stress field about a pure screw dislocation lowers the chemical potential of dissolved hydrogen.  The
relations between solute chemical potential and mechanical stress are valid whether the stress is
internally generated, as by dislocations, second phase particles, grain boundaries, stacking faults, etc., or
by externally imposed mechanical forces upon the solid body.

The appearance of one solid phase within another solid phase usually involves a change of density, and
therefore stress fields are generated in the two phases which change the equilibrium compositions of the
co-existing phases from those characteristic of stress-free phases.  Thus, as hydrogen increases in
concentration in palladium and the high-concentration phase, termed the ß-phase, is generated, the larger
specific volume of the growing ß-phase causes compressive stresses upon it and a complex state of stress
in the environing û-phase.  Because at room temperature the Pd atoms do not diffuse and only the
hydrogen atoms can move, a coherence between the û and ß lattices is maintained across the interface
when the ß-particle is small.  The coherent equilibrium involves equilibrium concentrations different
from those obtained when the coherency is destroyed by the nuclear ion of interfacial dislocations. 
Thereby arises the difference between coherent and incoherent metal-hydrogen phase diagrams, and also
the kinetic phenomena of hysteresis in hydrogen absorption and evolution into and from palladium.

KINETIC CONSIDERATIONS

Hydrogen has a very large mobility in transition metals especially in Pd, û-Fe, V and Nb.  Its diffusivity
is proportional to the product of the mobility and a thermodynamic parameter, d ln a/d ln x, where a is
the thermodynamic activity and x the concentration of the hydrogen.  This term can become significant
at high concentrations, and in the neighborhood of the critical concentration and temperature of a
miscibility gap system (of which Pd-H is an example) the thermodynamic term becomes very small.

Another reason for a decrease of the diffusivity of hydrogen in metals is the attractive interaction with
chemical and structural defects.  This is the so-called trapping phenomenon [8,9] which is very important
at low hydrogen concentrations.  Thus, dislocations in a metal will slow down the diffusion
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 of hydrogen when the dislocations are static.  However, if the dislocations are caused to move by
applied, or by internally generated shear stresses, hydrogen can be transported with the moving
dislocations by virtue of the attractive interaction discussed above.

Diffusive fluxes of hydrogen are proportional to the gradient of the chemical potential of the dissolved
hydrogen.  Since mechanical stress affects the chemical potential, it is clear that gradients of state of
stress can produce diffusive fluxes even in the absence of concentration gradients, and stress gradients
can be as important, or more so, than concentration gradients for inducing diffusion of hydrogen. 
Temperature gradients and gradients of electrical potential can also produce fluxes of hydrogen.  Lack of
space prohibits discussion of these phenomena, except to assert that deductions about the state of ionicity
of the dissolved hydrogen cannot be drawn from measurements of the motion of dissolved hydrogen in
an electric field because of the existence of momentum transfer between electrons and electron holes and
the dissolved hydrogen [10, 11].

The absorption of hydrogen into the lattice of a metal from the molecular gas must be preceded by
adsorption of the molecule upon the surface, dissociation into adsorbed atoms, surface diffusion of the
adsorbed atoms, and jumping of these atoms into the sub-surface region.  Each of these steps is strongly
affected by the atomic-scale topography of the surface and by the quantity and distribution of impurity
species and any one of these steps may be kinetically controlling.  If hydrogen is presented to the metal
surface by electrochemical deposition or by means of a partially dissociated and/or ionized hydrogen gas,
the dissociation step is avoided.  In all cases the adsorbed species may encounter each other, recombine
and return to the cell electrolyte as hydrogen molecules.  Hence the transition of adsorbed atoms into the
lattice is limited by the kinetics of the recombination reaction.  To mitigate this limitation, recombination
inhibitors ("poisons") may be added to the environing phase; the exact mechanisms by which these
agents act are complex and not fully understood.

Further penetration from the sub-surface plane of the lattice is controlled by diffusion whose boundary
condition is the sub-surface concentration, co, of hydrogen.  This kinetically controlled concentration
may be conceptually related to the input fugacity, fi, of the source of the hydrogen: fi equals the fugacity,
fe of molecular hydrogen gas, that at equilibrium would produce co in a metal at the given temperature. 
Sieverts law, co = c = s fe

½ relates f and the hydrogen concentration, c, in the metal at equilibrium.  For a
gas of molecular hydrogen, there is a correlation between fe and the gas pressure, p.  However, fi is a
kinetically determined quantity without any relation to environing pressure.  It is incorrect to believe that
a hydrogen-charging system characterized by large fi (because large co values are produced) subjects that
metal lattice to a hydrostatic pressure given by the relation between p and fe.

The input of hydrogen into the sub-surface layer expands that layer, as discussed in a previous section. 
Since that layer is coherent with the underlying metal which at the moment does not contain hydrogen
and is therefore not expanded, a very large compressive stress is produced below the input surface; its
magnitude decreases with increasing distance into the metal, and the stress becomes tensile further in. 
The distribution of both of the normal and the shear stresses is a function of the time of diffusion, but the
largest values occur just below the input surface when the value co is generated there [12,13].

Because the shear stresses produced are in general very large, dislocations are generated.  Some of these
dislocations form entangled arrays near the input surface which increase the hardness of the metal and
decrease the in-diffusion of hydrogen by trapping the atoms.  Other dislocations are caused to glide, by
the shear stresses, deeper into the specimen, carrying trapped hydrogen with them and 
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forming pile-ups at grain boundaries or being annihilated at grain and interphase boundaries.  The
merging of dislocations into grain boundaries causes the grain boundary to change its atomic
configuration and rotation of the grains to occur with respect to each other [13].  Rotation of grains at the
specimen surface can produce localized surface elevations and depressions, and emergence of edge
dislocations can produce slip lines and serrations on the surface.  Because of the dependence of fi upon
the atomic topography of the input surface, different metal grains achieve different co values and because
dislocation dynamics are complicated functions of grain boundary configuration and of the orientation of
the grain lattice with respect to the stress field, adjoining grains achieve different hydrogen contents at
any one instant of time [13].  This phenomenon produces additional mechanical stresses between grains. 
This, as well as dislocation pile-ups at grain boundaries can produce microcavities the growth of which
can produce linkage of the cavities and ultimately separation between grains [14].  Such separations, or
cracks, fill with molecular gas at a pressure consistent with Sieverts law for the local hydrogen
concentration.  If the cracks communicate with the external surface of the specimen they provide
channels for the loss of hydrogen from that region of the specimen [15].
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METHODS REQUIRED FOR THE PRODUCTION OF EXCESS ENERGY
USING THE ELECTROLYSIS OF PALLADIUM IN D 2O BASED ELECTROLYTE

by
Edmund Storms

Member ENECO Science Advisory Board

INTRODUCTION

As first proposed by Drs. Pons and Fleischmann [1], excess energy can be created by electrolyzing
palladium as the cathode in D2O using an electrolyte containing 0.1-1.0 M LiOD.  Reproducibility of this
amazing result can now be greatly improved by following procedures described in this paper.  A variety
of other environments and materials have been found to produce the effect but these will not be
discussed here.

Nuclear reactions can be initiated in a special condition of matter (SCM) that is formed from ù-PdD
having a sufficiently high deuterium content combined with several other factors.  These factors include
the presence of still unknown impurities in the palladium and the application of various forms of energy.
Apparently, an activation energy exists for the formation of the SCM and this energy is lowered by a
suitable deuterium and impurity concentration.  This barrier is overcomeýE\ýWKHýDSSOLFDWLRQýRIýVRPH
H[WHUQDOO\ýJHQHUDWHGýHQHUJ\ïýý7KHýFORVHUýWKHýFKHPLFDOýFRQGLWLRQVýDUHýWRýWKHýLGHDOýFRQGLWLRQñýWKHýOHVV
H[WHUQDOýHQHUJ\ýLVýUHTXLUHGýWRýLQLWLDWHý6&0ýIRUPDWLRQïýý2QFHýWKHý6&0ýIRUPVñýLWýLVýPRUHýVWDEOHýWKDQýLV
�ð3G'ýWKHUHE\ýVXJJHVWLQJýWKHýH[LVWHQFHýRIýDQýDFWLYDWLRQýHQHUJ\ýIRUýGHFRPSRVLWLRQýDVýZHOOï

+HDWýSURGXFWLRQýLVýQRWýFRQVLVWHQWO\ýDVVRFLDWHGýZLWKýõðUD\ñý;ðUD\ñýQHXWURQýRUýUDGLRDFWLYHýLVRWRSH
SURGXFWLRQïýý+RZHYHUñýDOOýRIýWKHVHýSURGXFWVýRIýQXFOHDUýUHDFWLRQVýKDYHýEHHQýVHHQýPDQ\ýWLPHVýERWKýZLWK
DQGýZLWKRXWýVLJQLILFDQWýKHDWýSURGXFWLRQýZKLOHýXVLQJýWKHýHOHFWURO\WLFýWHFKQLTXHïýý:KLOHýWKHVHýHDVLO\
GHWHFWHGýSURGXFWVýGRýQRWýSURYHýWKDWýWKHýH[FHVVýHQHUJ\ýLVýEHLQJýSURGXFHGýE\ýDýQXFOHDUýSURFHVVñýWKH\ýGR
GHPRQVWUDWHýWKDWýYDULRXVýXQH[SHFWHGýQXFOHDUýUHDFWLRQVýFDQýEHýPDGHýWRýRFFXUýLQýWKLVýHQYLURQPHQWïýý7KH
PRVWýOLNHO\ýVRXUFHýRIýVLJQLILFDQWýKHDWýSURGXFWLRQýDSSHDUVýWRýEHýWKHýIRUPDWLRQýRIýé+Hý>ëñêñé@ï

&5,7,&$/ý'(87(5,80ý&217(17

7KHýILUVWýUHTXLUHPHQWýLVýWRýDFKLHYHýWKHýQHFHVVDU\ýGHXWHULXPýFRQWHQWýDWýWKHýVXUIDFHýRIýWKHýSDOODGLXPïýý$Q
DYHUDJHýFRQWHQWýJUHDWHUýWKDQý3G'íïåéýLVýUHTXLUHGýWRýVXSSRUWýWKHýODUJHUýYDOXHýDWýWKHýVXUIDFHïýý7KHýDYHUDJH
FRQFHQWUDWLRQýLVýFUHDWHGýE\ýFRPSHWLWLRQýEHWZHHQýJDLQýDWýWKHýVXUIDFHýSURGXFHGýIURPýHOHFWURO\VLVýDQGýORVV
RIýGHXWHULXPýDVýJDVýIURPýPLFURFUDFNVýZLWKLQýWKHýSDOODGLXPïýý*DLQýRIýGHXWHULXPýLVýLPSURYHGýE\ýXVLQJýD
VXIILFLHQWO\ýKLJKýHOHFWURO\WLFýFXUUHQWýGHQVLW\ýDQGýWKLQýOD\HUVýRIýFHUWDLQýLPSXULWLHVýRQýWKHýVXUIDFHïýý7KHýORVV
UDWHýLVýUHGXFHGýE\ýXVLQJýFUDFNðIUHHñýKLJKðVWUHQJWKýSDOODGLXPïýý6XFKýSDOODGLXPýLVýUDUHýDQGýGLIILFXOWýWR
REWDLQýZLWKýFRQVLVWHQWýSURSHUWLHVï

ìïýý8SWDNHý5DWH

7KHýUDWHýRIýGHXWHULXPýXSWDNHýLVýGHWHUPLQHGýE\ýWKHýFXUUHQWýGHQVLW\ýDQGýFKHPLFDOýFRQGLWLRQVýDWýWKHýVXUIDFHïý
$ýPLQLPXPýFXUUHQWýGHQVLW\ýRIýìèíýP$îFPëýDSSHDUVýWRýEHýUHTXLUHGý>èñçñæñåñäñìí@ïýý+RZHYHUñýPXFKýKLJKHU
FXUUHQWýGHQVLWLHVýDUHýRFFDVLRQDOO\ýIRXQGýQHFHVVDU\ýWRýLQLWLDWHýKHDWýSURGXFWLRQïýý7KLVýFXUUHQWýVKRXOGýEH
XQLIRUPO\ýGLVWULEXWHGýRYHUýWKHýHQWLUHýVXUIDFHýRIýWKHýVDPSOHïýý2QFHýH[FHVVýKHDWýSURGXFWLRQýVWDUWVñýWKH
KLJKHUýWKHýDSSOLHGýFXUUHQWýGHQVLW\ýDERYHýWKHýRQVHWýYDOXHñýWKHýJUHDWHUýWKHýH[FHVVýSRZHUýZLWKýDýQHDUO\ýOLQHDU
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ýUHODWLRQVKLSýEHWZHHQýWKHýWZRýTXDQWLWLHVïýý$ý'î3GýUDWLRýDERYHý1ýíïåéýIRUýWKHýDYHUDJHýGHXWHULXPýFRQWHQWýLV
IUHTXHQWO\ýREVHUYHGýZKHQýH[FHVVýSRZHUýSURGXFWLRQýILUVWýVWDUWVý>æñçñììñìë@ïýý9DOXHVýDERYHý3G'ìïíýDUH
RFFDVLRQDOO\ýDFKLHYHGïýý7KHýDFWXDOýGHXWHULXPýFRQWHQWýRIýWKHý6&0ýLVýVWLOOýXQNQRZQï

,QýDGGLWLRQýWRýDýVXIILFLHQWO\ýKLJKýFXUUHQWýGHQVLW\ñýWKHýSUHVHQFHýRIýFHUWDLQýLPSXULWLHVýRQýWKHýSDOODGLXP
VXUIDFHýLVýLPSRUWDQWýWRýLPSURYHýGHXWHULXPýUHWHQWLRQïýý7KHVHýLPSXULWLHVýFDQýFRPHýIURPýWKHýDQRGHñýWKH
HOHFWURO\WHñýRUýWKHýFRQWDLQHUïýý6HYHUDOýRIýWKHVHýEHQHILFLDOýLPSXULWLHVýLQFOXGHýDOXPLQXPýDQGýVLOLFRQý>ç@ñ
ZKLFKýUHVXOWýLIý3\UH[ýJODVVýLVýXVHGýDVýWKHýFRQWDLQHUïýý$OXPLQXPýõëðëíýSSPôýDGGHGýDIWHUýWKHýSDOODGLXPýKDV
DFKLHYHGýLWVýPD[LPXPýGHXWHULXPýFRQWHQWýLVýVRPHWLPHVýIRXQGýXVHIXOýLQýLQLWLDWLQJýH[FHVVýKHDWýSURGXFWLRQ
>çñìí@ïýý7KLRXUHDýKDVýDOVRýEHHQýXVHGýZLWKýVXFFHVVý>ìê@ïýý$EVHQFHýRIýFHUWDLQýVXUIDFHýLPSXULWLHVýVXFKýDV
FRSSHUñýOHDGñýRUýVLOYHUýõIURPýVROGHUôýLVýDOVRýLPSRUWDQWïýý+RZHYHUñýWKLQýILOPVýRIýJROGýõ1ýæíííýcôýRQýWKH
SDOODGLXPýVXUIDFHýKDYHýEHHQýIRXQGýWRýLQFUHDVHýWKHýOLPLWLQJý'î3GýUDWLRý>ìé@ïýý7KHýEHQHILWýRIýOLWKLXPýDQG
SODWLQXPñýWZRýLPSXULWLHVýQRUPDOO\ýREVHUYHGýRQýDQGýZLWKLQýWKHýVXUIDFHýUHJLRQñýLVýVWLOOýXQNQRZQïýý%HFDXVH
RIýHOHFWURGHSRVLWLRQýIURPýWKHýHOHFWURO\WHýDQGýHOHFWURPLJUDWLRQýZLWKLQýWKHýSDOODGLXPñýWKHýFKHPLFDO
FRPSRVLWLRQýRIýWKHýVXUIDFHýLVýDýFRPSOH[ýIXQFWLRQýRIýWLPHñýLQWHJUDWHGýFXUUHQWñýWHPSHUDWXUHñýDQGýSXULW\ýRI
WKHýSDOODGLXPïýý7KHUHIRUHñýWKHýFKHPLFDOýFRPSRVLWLRQýRIýWKHý6&0ýLVýXQNQRZQýDQGýLVýSUREDEO\
VLJQLILFDQWO\ýGLIIHUHQWýIURPýWKHýEXONýPDWHULDOï

+HDY\ðZDWHUýVRPHWLPHVýFRQWDLQVýLPSXULWLHVýWKDWýZLOOýLQKLELWýWKHýHIIHFWïýý7KHUHIRUHñýWKHý'ë2ýVKRXOGýEH
GLVWLOOHGýRUýSXULILHGýEHIRUHýXVHïýý,QýDGGLWLRQñýKHDY\ðZDWHUýHDVLO\ýSLFNVýXSýQRUPDOýZDWHUýIURPýWKH
DWPRVSKHUHïýý([FHVVýKHDWýSURGXFWLRQýLVýVLJQLILFDQWO\ýUHGXFHGýZKHQýWKHýQRUPDOýZDWHUýFRQWHQWýLVýRQO\
VOLJKWO\ýLQFUHDVHGï

ëïýý1HFHVVDU\ý&KDUDFWHULVWLFýRIý3DOODGLXP

7KHýQDWXUHýRIýWKHýSDOODGLXPýLVýWKHýVHFRQGýSDUWýRIýWKHýUHTXLUHPHQWïýý0RVWýSDOODGLXPýIRUPVýPLFURFUDFNV
DQGýGLVORFDWLRQVýZKHQýLWýLVýFRQYHUWHGýWRýWKHýK\GULGHý>ìèñìç@ïýý2QO\ýYHU\ýXQXVXDOýSDOODGLXPýLVýIRXQGýWRýEH
UHODWLYHO\ýFUDFNðIUHHýDIWHUýK\GULGLQJïýý$ýTXDQWLWDWLYHýPHDVXUHPHQWýRIýWKHýYROXPHýUHVXOWLQJýIURPýFUDFN
IRUPDWLRQýFDQýEHýXVHGýWRýHYDOXDWHýSDUWLFXODUýEDWFKHVýRIýSDOODGLXPýSULRUýWRýKHDWýPHDVXUHPHQWVý>ìæ@ïý&UDFN
YROXPHýLQýH[FHVVýRIýëøýRIýWKHýWRWDOýYROXPHýDIWHUýIRUPLQJý�ð3G'ýIUHTXHQWO\ýPDNHVýWKHýPDWHULDOýLQDFWLYH
>ìå@ýZKLOHýDýVPDOOHUýH[FHVVýYROXPHýFDQýUHVXOWýLQýDýKLJKHUýVXFFHVVýUDWHïýý,QýDGGLWLRQñýVXFFHVVIXOýSDOODGLXP
FDQýEHýVHHQýWRýDEVRUEýDOPRVWýìííøýRIýWKHýGHXWHULXPýGHOLYHUHGýWRýWKHýVXUIDFHýXQWLOýWKHýFRPSRVLWLRQ
UHDFKHVýDERXWý3G'íïçïýý'XULQJýWKLVýVWDJHñýYHU\ýIHZýEXEEOHVýDUHýIRUPHGýRQýWKHýVXUIDFHïý)XUWKHUýHOHFWURO\VLV
RIýDýSRWHQWLDOO\ýDFWLYHýFDWKRGHýUHVXOWVýLQýDýVWDEOHýDYHUDJHýFRPSRVLWLRQýDERYHý3G'íïåèïýý,IýH[FHVVýHQHUJ\ýLV
WRýEHýSURGXFHGýE\ýWKHýVDPSOHñýLWýZLOOýDSSHDUýDIWHUýVHYHUDOýKXQGUHGýDGGLWLRQDOýKRXUVýRIýHOHFWURO\VLVýDW
FXUUHQWVýDERYHýWKHýRQVHWýFXUUHQWýGHQVLW\ïýý'XULQJýWKLVýWLPHñýXQLIRUPýEXEEOHýIRUPDWLRQýVKRXOGýEHýREVHUYHG
DFURVVýWKHýHQWLUHýVXUIDFHïýý$ýVXFFHVVIXOýFDWKRGHýDOVRýVKRZVýKLJKHUýRYHUYROWDJHýWKDQýGRHVýEDGýPDWHULDO
>ìäñëí@ïýý&UDFNýIRUPDWLRQýFDQýEHýUHGXFHGýLIýWKHýLQLWLDOýORDGLQJýUDWHýDQGýWHPSHUDWXUHýDUHýNHSWýORZïýý,QLWLDO
FXUUHQWýGHQVLWLHVýEHORZýëíýP$îFPëýDUHýVXJJHVWHGïýý2QFHýDýFRPSRVLWLRQýDERYHý3G'íïæýLVýDFKLHYHGñýWKH
FXUUHQWýGHQVLW\ýDQGýWHPSHUDWXUHýPD\ýEHýLQFUHDVHGï

,PSURYHGýVXFFHVVýKDVýEHHQýFODLPHGýZKHQýWKHýSDOODGLXPýKDVýEHHQýSROLVKHGý>ëì@ýRUýZKHQýLWýKDVýEHHQ
FROGðZRUNHGýWRýDFKLHYHýDQýXQXVXDOO\ýODUJHýKDUGQHVVý>ëëñýëê@ïýý$QQHDOLQJýLQýYDFXXPýVHHPVýWRýKDYHýQR
VLJQLILFDQWýHIIHFWýZKLOHýVXFFHVVýPD\ýEHýLPSURYHGýDIWHUýR[LGL]LQJýLQýDLUýEHWZHHQýýèíí(ýDQGýåíí(&ïýý7KLQ
ILOPVýõèðëíý�PôýRIýSDOODGLXPýIRUPHGýRQýDýVLOYHUýVXEVWUDWHýE\ýHOHFWURGHSRVLWLRQýRUýDQýDOOR\ýRIýíïäý3GýDQG
íïìý$JýKDYHýDOVRýEHHQýIRXQGýWRýJLYHýKLJKHUýVXFFHVVýUDWHVï

6XFFHVVIXOýSDOODGLXPýKDVýEHHQýIRXQGýWRýSURGXFHýH[FHVVýHQHUJ\ýHYHQýDIWHUýLWýKDVýEHHQýGHORDGHGýDQG
UHORDGHGñýDIWHUýLWýKDVýEHHQýNHSWýLQýOLTXLGýQLWURJHQýEHIRUHýEHLQJýUHHOHFWURO\]HGñýDQGýZKHQýKHDWHGýDVýKRWýýDV
ìíí(&ý>ëéñëèñëì@ýGXULQJýHOHFWURO\VLVïýý%DGýSDOODGLXPýPD\ýRFFDVLRQDOO\ýZRUNýIRUýEULHIýSHULRGVýDWýORZ
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ýSRZHUýSURGXFWLRQýOHYHOVñýEXWýLWýFDQýQRWýEHýUHOLHGýRQýWRýSURGXFHýVLJQLILFDQWýUHVXOWVýUHJDUGOHVVýRIýWUHDWPHQWï

,1,7,$7,1*ý&21',7,216

$SSOLFDWLRQýRIýQRQHTXLOLEULXPýFRQGLWLRQVýFDQýLQLWLDWHýWKHýûH[FHVVýKHDWûýHIIHFWïýý9HU\ýVXFFHVVIXOýUHVXOWV
KDYHýEHHQýUHSRUWHGýDIWHUýXVLQJýSXOVHGýõìý�VHFôýKLJKýYROWDJHVýZLWKýDýUHVXOWLQJýKLJKýFXUUHQWýõXSýWRýìííý$ô
>ëë@ñýFXUUHQWýVZLWFKHGýEHWZHHQýWZRýH[WUHPHýYDOXHVý>ìåñëìñëç@ñýDQGý0+]ýIUHTXHQFLHVýRIýSDUWLFXODUýYDOXHV
DWýWKHýP:ýOHYHOý>ëæñìä@ï

([FHVVýKHDWýSURGXFWLRQýDOVRýLQFUHDVHVýDVýWKHýWHPSHUDWXUHýLVýLQFUHDVHGý>ìí@ïýý,QGHHGñýVLJQLILFDQWýKHDWýKDV
EHHQýSURGXFHGýDWýìíí(&ýDIWHUýHOHFWURO\VLVýVWRSSHGýZKHQýWKHýHOHFWURO\WHýERLOHGýRIIý>ëé@ïýý7KHUHIRUHñ
LQFUHDVLQJýWKHýWHPSHUDWXUHýDIWHUýH[FHVVýKHDWýKDVýEHHQýSURGXFHGýFDQýLQFUHDVHýWKHýPDJQLWXGHýRIýWKHýHIIHFWïý
(YHQýLQýWKHýDEVHQFHýRIýH[WHUQDOO\ýDSSOLHGýHQHUJ\ñýEXEEOHýIRUPDWLRQýFUHDWHVýPLFURýUHJLRQVýRIýFXUUHQWýDQG
YROWDJHýYDULDWLRQVýWKDWýPD\ýSURGXFHýWKHýUHTXLUHGýIUHTXHQFLHVýDQGýORFDOýKHDWLQJïýý7KLVýHQHUJ\ýVRXUFHýDORQH
DSSHDUVýWRýLQLWLDWHýWKHýHIIHFWýRQFHýRWKHUýQHFHVVDU\ýFRQGLWLRQVýKDYHýEHHQýDFKLHYHGýZLWKLQýWKHýSDOODGLXPïý
+RZHYHUñýEHFDXVHýWKHýEHVWýFRQGLWLRQVýDUHýVHOGRPýDFKLHYHGýRYHUýWKHýHQWLUHýVXUIDFHñýWKHýDSSOLFDWLRQýRI
DGGLWLRQDOýHQHUJ\ýLVýEHQHILFLDOï

&21&/86,21

7KUHHýPDMRUýIDFWRUVýDUHýLPSRUWDQWýWRýDFKLHYLQJýH[FHVVýSRZHUýXVLQJýSDOODGLXPýSOXVýGHXWHULXPïýý7KHVHýDUHãý
DQýDYHUDJHý'î3GýUDWLRýDERYHýíïåéñýWKHýSUHVHQFHýRIýFHUWDLQýXQNQRZQýLPSXULWLHVýLQýWKHýVXUIDFHýUHJLRQýRIýWKH
SDOODGLXPýFDWKRGHñýDQGýWKHýDSSOLFDWLRQýRIýH[WHUQDOO\ýJHQHUDWHGýHQHUJ\ïýý:KHQýDýSURSHUýPL[WXUHýRIýWKHVH
LQGHSHQGHQWýIDFWRUVýLVýDFKLHYHGñýDýWUDQVIRUPDWLRQýWDNHVýSODFHýLQýWKHýSDOODGLXPýGHXWHULGHïýý9DULRXVýQXFOHDU
UHDFWLRQVýFDQýEHýLQLWLDWHGýLQýWKHýUHVXOWLQJý6&0ýGHSHQGLQJýRQýVHYHUDOýXQNQRZQýYDULDEOHVïýý7KLVý6&0ýLV
PRUHýVWDEOHýDWýKLJKýWHPSHUDWXUHVýWKDQýLVýQRUPDOý�ð3G'ïýý,WýLVýXQOLNHO\ýWKDWýWKHý6&0ýLVýVLPSO\ýDQRWKHU
SKDVHýLQýWKHý3Gð'ýV\VWHPï

5()(5(1&(6

>ì@ý0ïý)OHLVFKPDQQýDQGý6ïý3RQVñýû(OHFWURFKHPLFDOO\ý,QGXFHGý1XFOHDUý)XVLRQýRIý'HXWHULXPñûý-ï
(OHFWURDQDOïý&KHPïñýYROýëçìñýõìäåäôýSýêíìï

>ë@ý0ï+ïý0LOHVýDQGý%ï)ïý%XVKñýû+HDWýDQGý+HOLXPý0HDVXUHPHQWVýLQý'HXWHUDWHGý3DOODGLXPñûý)RXUWK
,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý0DXLñý'HFïýçðäñýìääêïý6HHýDOVRãý0ï+ïý0LOHVýHWýDOïñý-ï
(OHFWURDQDOïý&KHPïñýYROýêéçýõìääêôýSýääñýDQGý0ï+ïý0LOHVýDQGý%ï)ïý%XVKñýLQý)URQWLHUVýRIý&ROGý)XVLRQ
õ+ïý,NHJDPLñýHGôñý8QLYHUVDOý$FDGHP\ý3UHVVñý7RN\RñýìääêñýSýìåäï

>ê@ý'ïý*R]]Lñý*ïý%DOGXFFLñý5ïý&DSXWRñý3ï/ïý&LJQLQLñý*ïý*LJOLñý0ïý7RPHOOLQLñýû+HOLXPðéý4XDQWLWDWLYH
0HDVXUHPHQWVýLQýWKHý*DVý3KDVHýRIý&ROGý)XVLRQý(OHFWURFKHPLFDOý&HOOVñûý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFH
RQý&ROGý)XVLRQñý/DKDLQDñý0DXLñý'HFïýçðäñýìääêï

>é@ý5ï6ïý6WULQJKDPñýû&DYLWDWLRQý,QGXFHGý0LFURð)XVLRQñûý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñ
/DKDLQDñý0DXLñý'HFïýçðäñýìääêï

>è@ý5ï*ïý.DLQWKODýHWýDOïñýû6SRUDGLFý2EVHUYDWLRQýRIýWKHý)OHLVFKPDQQð3RQVý(IIHFWñûý(OHFWURFKLPïý$FWDïñýYRO
êéñýìäåäñýSýìêìèï
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>ç@ý0ï&ï+ïý0F.XEUHñý6ïý&URXFKð%DNHUñý$ï0ïý5LOH\ñý6ï/ý6PHGOH\ýDQGý)ï/ïý7DQ]HOODñýû([FHVVý3RZHU
2EVHUYDWLRQVýLQý(OHFWURFKHPLFDOý6WXGLHVýRIýWKHý'î3Gý6\VWHPâýWKHý,QIOXHQFHýRIý/RDGLQJñûýý3URFHHGLQJVýRI
WKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý2FWREHUýëìðëèñýìääëñý1DJR\Dñý-DSDQñý)URQWLHUVýRI
&ROGý)XVLRQýõ+ïý,NHJDPLñýHGôñý8QLYHUVDOý$FDGHP\ý3UHVVý,QFïñý7RN\Rñý-DSDQñýSýèï

>æ@ý.ïý.XQLPDWVXñý1ïý+DVHJDZDñý$ïý.XERWDñý1ïý,PDLñý0ïý,VKLNDZDñý.ïý$NLWDýDQGý<ïý7VXFKLGDñ
û'HXWHULXPý/RDGLQJý5DWLRýDQGý([FHVVý+HDWý*HQHUDWLRQýGXULQJý(OHFWURO\VLVýRIý+HDY\ý:DWHUýE\ýD
3DOODGLXPý&DWKRGHýLQýDý&ORVHGý&HOOý8VLQJýDý3DUWLDOO\ý,PPHUVHGý)XHOý&HOOý$QRGHñûý3URFHHGLQJVýRIýWKH
7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý2FWREHUýëìðëèñýìääëñý1DJR\Dñý-DSDQñý)URQWLHUVýRIý&ROG
)XVLRQýõ+ïý,NHJDPLñýHGôñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñý7RN\Rñý-DSDQñýSýêìï

>å@ý6ïý+DVHJDZDñý.ïý.XQLPDWVXñý7ïý2KLñýDQGý7ïý7HUDVDZDñýû2EVHUYDWLRQýRIý([FHVVý+HDWýGXULQJ
(OHFWURO\VLVýRIýì0ý/L2'ýLQýDý)XHOý&HOOý7\SHý&ORVHGý&HOOñûý3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDO
&RQIHUHQFHýRQý&ROGý)XVLRQñý2FWREHUýëìðëèýñýìääëñý1DJR\Dñý-DSDQñý)URQWLHUVýRIý&ROGý)XVLRQýõ+ïý,NHJDPLñ
HGôñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñý7RN\Rñý-DSDQñýSýêææï

>ä@ý7ïý0L]XQRñý7ïý$NLPRWRñýDQGý.ïý$]XPLñýû&ROGý)XVLRQý5HDFWLRQý3URGXFWVýDQGý%HKDYLRUýRIý'HXWHULXP
$EVRUSWLRQýLQý3Gý(OHFWURGHñûý3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý2FWREHU
ëìðëèñýìääëïý1DJR\Dñý-DSDQñý)URQWLHUVýRIý&ROGý)XVLRQýõ.ïý,NHJDPLñýHGôñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñ
7RN\Rñý-DSDQñýSýêæêï

>ìí@ý(ïý6WRUPVñýû6RPHý&KDUDFWHULVWLFVýRIý+HDWý3URGXFWLRQý8VLQJýWKHýC&ROGý)XVLRQöý(IIHFWñûý)RXUWK
,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý0DXLñý'HFïýçðäñýìääêï

>ìì@ý1ïý+DVHJDZDñý.ïý.XQLPDWVXñý7ïý2KLñýDQGý7ïý7HUDVDZDñýû2EVHUYDWLRQýRIý([FHVVý+HDWýGXULQJ
(OHFWURO\VLVýRIýì0ý/L2'ýLQýDý)XHOý&HOOý7\SHý&ORVHGý&HOOñûý3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDO
&RQIHUHQFHýRQý&ROGý)XVLRQñý2FWREHUýëìðëèñýìääëñý1DJR\Dñý-DSDQñý)URQWLHUVýRIý&ROGý)XVLRQýõ+ïý,NHJDPLñ
HGôñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñý7RN\Rñý-DSDQñýSýêææï

>ìë@ý7ïý0L]XQRñý7ïý$NLPRWRñýDQGý.ïý$]XPLñýû&ROGý)XVLRQý5HDFWLRQý3URGXFWVýDQGý%HKDYLRUýRIý'HXWHULXP
$EVRUSWLRQýLQý3Gý(OHFWURGHñûý3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý2FWREHU
ëìðëèñýìääëñý1DJR\Dñý-DSDQñý)URQWLHUVýRIý&ROGý)XVLRQýõ+ïý,NHJDPLñýHGôñý8QLYHUVDOý$FDGHP\ý3UHVVïý,QFïñ
7RN\Rñý-DSDQñýSýêæêï

>ìê@ý1ïý+DVHJDZDñý1ïý+D\DNDZDñý<ïý<DPDPRWRñýDQGý.ïý.XQLPDWVXñýû2EVHUYDWLRQýRIý([FHVVý+HDWý'XULQJ
(OHFWURO\VLVýRIýì0ý/L2'ýLQýDý)XHOý&HOOý7\SHý&ORVHGý&HOOñûý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROG
)XVLRQñý/DKDLQDñý0DXLñý'HFïýèðäñýìääêï

>ìé@ý$ïý.XERWDñý.ïý.DURñýDQGý.ïý.XQLPDWVXñýû(OHFWURO\WLFý'HXWHULXPý$EVRUSWLRQýE\ý3Gý&DWKRGHýZLWK
6SXWWHUHGý*ROGý)LHOGñûý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý0DXLñý'HFïýçðäñýìääêï

>ìè@ý5REHUWý+XJJLQVñýû6RPHý0DWHULDOVý$VSHFWVýRIýWKHý(OHFWURFKHPLFDOý,QVHUWLRQýRIý+\GURJHQýDQG
'HXWHULXPýLQWRý0HWDOVñûý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý0DXLñý'HFïýçðäñýìääêï

>ìç@ý5ï$ïý2ULDQLñýû3K\VLFDOýDQGý0HWDOOXUJLFDOý$VSHFWVýRIý(QWU\ýRIý+\GURJHQýLQWRý0HWDOVñûý)RXUWK
,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý0DXLñý'HFïýçðäñýìääêï

>ìæ@ý(ïý6WRUPVýDQGý&ïý7DOFRWWð6WRUPVñýû7KHý(IIHFWýRIý+\GULGLQJýRQýWKHý3K\VLFDOý6WUXFWXUHýRIý3DOODGLXP
DQGýRQýWKHý5HOHDVHýRIý&RQWDLQHGý7ULWLXPñûý)XVLRQý7HFKïñýYROýëíýõìääìôñýSýëéçï
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>ìå@ý(ïý6WRUPVñýû0HDVXUHPHQWýRIý([FHVVý+HDWýIURPýDý3RQVð)OHLVFKPDQQý7\SHý(OHFWURO\WLFý&HOOñû
3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý2FWREHUýëìðëèñýìääëñý1DJR\Dñý-DSDQñ
)URQWLHUVýRIý&ROGý)XVLRQýõ+ïý,NHJDPLñýHGôñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñý7RN\Rñý-DSDQñýSýëìï

>ìä@ý-ï2ö0ïý%RFNULVñý5ïý6XQGDUHVDQñý'ïý/HWWVýDQGý=ï6ïý0LQHYVNLñýû7ULJJHULQJýDQGý6WUXFWXUDOý&KDQJHVýLQ
&ROGý)XVLRQý(OHFWURGHVñûý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý0DXLñý'HFïýçðäñ
ìääêï

>ëí@ý0ïý2NDPRWRñý<ïý<RVKLQJDýDQGý7ïý.XVXQRNLñýû([FHVVý+HDWý*HQHUDWLRQñýWKHý2YHUý9ROWDJHý'HYLDWLRQ
DQGýWKHý1HXWURQý(PLVVLRQýLQý'ë2ð/L2'ð3Gý6\VWHPVñûý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñ
/DKDLQDñý0DXLñý'HFïýèðäñýìääêï

>ëì@ý'ïý&UDYHQVñýû)DFWRUVý(IIHFWLQJýWKHý6XFFHVVý5DWHýRIý+HDWý*HQHUDWLRQýLQý&)ý&HOOVñûý)RXUWK
,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý0DXLñý'HFïýçðäñýìääêï
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7KHýTXDVLðRQHðGLPHQVLRQDOýõ4ì'ôýPRGHOý>ì@ýRIýLVRWRSLFýIXHOýORDGLQJñýLQFOXGLQJýWKHýFRXSOLQJýWRýDýPDWHULDO
>ë@ñýKDVýRIIHUHGýLQVLJKWVýLQWRýHOHFWURGHVýDQGýPDWHULDOVýILOOHGýE\ýDQýLVRWRSLFýIXHOïýý3DVWýH[DPLQDWLRQVý>ìñëñê@
KDYHýGLVFXVVHGýERWKýFRPSHWLWLYHýJDVðHYROYLQJýUHDFWLRQVýDWýWKHýVXUIDFHVýRIýWKHýHOHFWURGHñýWKHýLPSDFWýRIýWKH
UDWLRýRIýWKHýDSSOLHGýHOHFWULFýILHOGýHQHUJ\ýWRýWKHUPDOýHQHUJ\ý>N%ó7@ñýDQGýRWKHUýIDFWRUVýZKLFKýDSSHDUýGHFLVLYH
LQýFRQWUROOLQJýWKHýORDGLQJïýýý)ROORZLQJýWKHýGHPRQVWUDWLRQýRIýVRQLFðLQGXFHGýORDGLQJñýDQGýFROGýIXVLRQýUHDFWLRQV
>é@ýDQGýFRPSOH[LWLHVýDWý WKHýPHWDOðGRXEOHýOD\HUýMXQFWLRQý>è@ýWKHýGHULYHGýIXVLRQýIOX[ýHTXDWLRQýOLQNLQJýWKH
GHXWHURQýORDGLQJýIOX[ýIURPýWKHýUHJLRQýH[WHUQDOýWRýWKHýPDWHULDOýWRýSRWHQWLDOýUHDFWLRQVýDWýWKDWýVLWHýPXVWýEH
H[WHQGHGýWRýLQFOXGHýDQ\ýRUGHULQJýIRUFHýLQFOXGLQJýWKRVHýGHULYHGýIURPýVRQLFýILHOGVï

7KHUHýPD\ýEHýLPSOLFDWLRQVýXSRQýFDOFXODWLRQVýRIýWKHýDFWLYLWLHVýDQGýIXJDFLWLHVý>çñæ@ýIROORZLQJýDTXHRXVýORDGLQJV
>å@ýDQGýGHULYDWLRQVýRIýGLVWULEXWLRQVýRIýGHXWHULXPýLQýWKHýSDOODGLXPý>ä@ýDQGýWKHýVROXWLRQý>ìñìí@ïýý2XUýSUHVHQW
FDOFXODWLRQVýDWWHPSWýWRýDFFRXQWýIRUýLQGXFHGýGULIWýE\ýWKHýDSSOLHGýHOHFWULFýILHOGý>ìì@ñýHOHFWULFýILHOGýGLVWULEXWLRQV
DOWHUHGý ZLWKý FRPSOH[ý FRQGXFWLRQý DQGý SRODUL]DWLRQý SKHQRPHQDý >ìëñìêñìé@ñý VHFRQGDU\ý VSDFHý FKDUJH
SRODUL]DWLRQñýSURSDJDWLRQýRIýVROYDWHGýGHXWHURQVñýGHXWHURQVýLQýFODWKUDWHVñýDQGý/ðñ'ðGHXWHURQýGHIHFWVýZLWKýWKHLU
IHUURHOHFWULFýLQVFULSWLRQýLQýWKHýKHDY\ýZDWHUý>ììñìê@ñýDQGýWKHýIRUPDWLRQýRIýORZýGLHOHFWULFýFRQVWDQWýEXEEOHVý>ìé@ï
7KHýGRXEOHýOD\HUýEHWZHHQýWKHýVROXWLRQýDQGýWKHýPHWDOýLVýFUHDWHGýERWKýE\ýWKHýFDWKRGHýIDOOýRIýLRQVýDQGýRWKHU
SRODUL]DWLRQýUHDFWLRQVý>çñæñìì@ýDQGýLVýVLJQLILFDQWïýý$WýWKLVýGRXEOHðOD\HUýERXQGDU\ýLQWHUPROHFXODUýGHXWHURQ
WUDQVIHUýIURPýWKHýVROXWLRQýWRýRFWDKHGUDOýVLWHVýZLWKLQýWKHýSDOODGLXPýPD\ýFRQWUROýWKHýORDGLQJý>ìì@ïýý:LWKLQýWKH
PHWDOñýWKHýGHXWHURQýGLIIXVLRQý>ìñêñä@ýLQYROYHVýRSWLFDOýDQGýDFRXVWLFýSKRQRQýVSHFWUDý>ê@ñýPDWHULDOýGHIHFWVñýJUDLQ
ERXQGDU\ýGLVORFDWLRQVñýû]HROLWHûðOLNHýGLIIXVLRQý>ä@ýDQGýILVVXUHVïýý
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&ODVVLFDOýFDOFXODWLRQVýRIýWKHýDFWLYLWLHVýRIýDQýLRQLFýHOHFWURO\WHý>ìñë@ýDGMDFHQWýWRýDýPHWDOýHOHFWURGHýKDYHýEHHQ
DSSOLHGýWRýFROGýIXVLRQýUHDFWLRQVýIROORZLQJýORDGLQJýRIýLVRWRSLFýIXHOýLQWRýDýPHWDOý>ê@ñýDQGýKDYHýEHHQýXVHGýWR
GHULYHýWKHýGLVWULEXWLRQVýRIýGHXWHULXPýLQýWKHýSDOODGLXPý>é@ýDQGýLQýWKHýVROXWLRQý>èñç@ïýý+RZHYHUñýRQHýSUHPLVH
LVýWKDWýWKHýV\VWHPVýDUHýDWýHTXLOLEULXPýZKLFKýPD\ýQRWýEHýWUXHý>æ@ïýý7KHUHIRUHñýDýTXDVLðRQHðGLPHQVLRQDOýõ4ì'ô
PRGHOýIRUýDQýHOHFWURGHýILOOHGýE\ýWKHýLVRWRSLFýIXHOýZDVýIRUPXODWHGý>è@ïýý7KHý4ì'ýPRGHOýRIIHUVýLQVLJKWýLQWRýWKH
SURFHVVHVýEHFDXVHýLWýLQGLFDWHVýKRZýERWKýFRPSHWLWLYHýJDVýHYROYLQJýUHDFWLRQVýDWýWKHýPHWDOýHOHFWURGHýVXUIDFHýDQG
WKHýUDWLRýRIýWKHýDSSOLHGýHOHFWULFýILHOGýHQHUJ\ýWRýWKHUPDOýHQHUJ\ý>N%ó7@ýDUHýGHFLVLYHýLQýFRQWUROOLQJýWKHýORDGLQJ
RIýWKHýPHWDOýE\ýWKHýGHXWHULXPý>è@ïýý:HýQRZýH[WHQGýWKDWýPRGHOýDQGýFRUUHFWýWKHýGHULYHGýIXVLRQýHTXDWLRQý>å@
ZKLFKýOLQNVýWKHýGHXWHURQýORDGLQJýIOX[ýIURPýWKHýVROXWLRQýLQWRýWKHýPHWDOýIRUýSRWHQWLDOýUHDFWLRQVýDWýWKDWýVLWHï
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)LJïýìýVKRZVýWKHýIRXUýUHJLRQVýRIýWKHýHOHFWURFKHPLFDOýFROGýIXVLRQýFHOOïýý:LWKLQýWKHýKHDY\ýZDWHUýVROXWLRQñýPRVW
GHXWHURQVýDUHýWLJKWO\ýERXQGýWRýR[\JHQýDWRPVïýý7KHýSRZHUýVRXUFHýJHQHUDWHVýWKHýDSSOLHGýHOHFWULFýILHOGýLQWHQVLW\ï
7KHýLQGXFHGýGULIWýE\ýWKHýDSSOLHGýHOHFWULFýILHOGýLVýVKRZQýVFKHPDWLFDOO\ýLQýWKHýILJXUHâýZKLFKýGRHVýQRWýPHDQýWKDW
WKHýGHXWHURQVýDFWXDOO\ýDUHýIUHHýWRýWUDYHOýLQýVXFKýDýVLPSOHýIDVKLRQý>ä@ïýý7KHýHOHFWULFýILHOG
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ýGLVWULEXWLRQýLVýDOWHUHGýDVýWKHýVROXWLRQýDQGýV\VWHPýHDFKýUHVSRQGýZLWKýFRPSOH[ýFRQGXFWLRQýDQGýSRODUL]DWLRQ
SKHQRPHQDý>ìíñììñìë@ïýý,RQLFýGULIWñýVHFRQGDU\ýVSDFHýFKDUJHýSRODUL]DWLRQñýSURSDJDWLRQýRIýVROYDWHGýGHXWHURQVñ
GHXWHURQVýLQýFODWKUDWHVñýDQGý/ðñ'ðGHXWHURQýGHIHFWVýZLWKýWKHLUýIHUURHOHFWULFýLQVFULSWLRQýLQýWKHýKHDY\ýZDWHU
>äñìì@ñýDQGýWKHýIRUPDWLRQýORZýGLHOHFWULFýFRQVWDQWýEXEEOHVýDEXWWLQJýWKHýFDWKRGHýDUHýWKHýPLQLPXPýH[SHFWHG
>ìë@ïýý7KHýGRXEOHýOD\HUýEHWZHHQýWKHýVROXWLRQýDQGýWKHýPHWDOýLVýFUHDWHGýERWKýE\ýWKHýFDWKRGHýIDOOýRIýLRQVýDQG
RWKHUýSRODUL]DWLRQýUHDFWLRQVý>ìñëñä@ï

,QýWKHýDEVHQFHýRIýVLJQLILFDQWýFRQYHFWLRQñýWKHýIOX[ýõ-LôýRIýDQ\ýLWKýVSHFLHVýõKHUHýGHXWHURQVôýUHVXOWVýIURPýERWK
GLIIXVLRQýGRZQýFRQFHQWUDWLRQýJUDGLHQWVýDQGýHOHFWURSKRUHWLFýGULIWý>èñæñìí@ï
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VHFRQGDU\ýWRýJDVýHYROXWLRQýõ-Jôïýý7KHýWKLUGýIOX[ýFRPSRQHQWýLVýFDXVHGýE\ýWKRVHýGHXWHURQVýORVWýWRýDQ\ýSXWDWLYH
IXVLRQýUHDFWLRQVñýDQGýLVýUHSUHVHQWHGýDVý-IXVïýý-IXVýLVýDVVXPHGýWRýEHýíýLQýWKHýEXONýVROXWLRQïýý7KHýPDWKHPDWLFDO
VROXWLRQýIRUýWKHýWLPHýUDWHýRIýFKDQJHýRIýWKHýGHXWHULXPýLQýDQ\ýJLYHQýYROXPHýLVýGHWHUPLQHGýE\ýWKHVHýIOX[HVýDQG
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LQWHUIDFHïýý$WýWKLVýERXQGDU\ýLQWHUPROHFXODUýGHXWHURQýWUDQVIHUýIURPýWKHýVROXWLRQýWRýRFWDKHGUDOýVLWHVýZLWKLQýWKH
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GLVORFDWLRQVñýû]HROLWHûðOLNHýGLIIXVLRQý>é@ýDQGýILVVXUHVñýDOOýPD\ýLQIOXHQFHýWKHýGHHSHUýORDGLQJýRIýWKHýPHWDOï
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7KHýPDWKHPDWLFDOýVROXWLRQýRIýHTXDWLRQýëýLVýGHWHUPLQHGýERWKýE\ýWKHýERXQGDU\ýFRQGLWLRQVýDQGýE\ýFRQVHUYDWLRQ
RIýPDVVïýý7KHUHýLVýDVVXPHGýFRQVHUYDWLRQýRIýGHXWHURQVýZLWKýWKHýH[FHSWLRQýRIýDýORVVýõ-IXVôýWRýDOOýSXWDWLYHýIXVLRQ
UHDFWLRQVñýH[WUHPHO\ýVPDOOýFRPSDUHGýWRýHLWKHUýPRVWýORDGLQJýUDWHVýRUýJDVýHYROYLQJýUHDFWLRQVèïýý$VýGLVFXVVHG
SUHYLRXVO\ý>è@ñýH[DPLQDWLRQýRIýWKHýVROXWLRQýLQGLFDWHVýWKDWýWKHýGHXWHURQýORDGLQJýUDWHýLQWRýWKHýHOHFWURGHýLV
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ý7KLVýORDGLQJýUDWHýHTXDWLRQýUHODWHVýGHXWHURQýDYDLODELOLW\ýõVHFRQGDU\ýWRýWKHýDSSOLHGýHOHFWULFýILHOGôýWRýWKHýORVVHV
RIýGHXWHURQVýWRýERWKýJDVýHYROXWLRQýDQGýWKHýIXVLRQýUHDFWLRQVïýý2QHýVLPSOHýEXWýLPSRUWDQWýFRUROODU\
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ýLVýWKDWýWKHýHYROXWLRQýRIý'ëýJDVýDQGýGHXWHURQýORDGLQJýWRýWKHýSDOODGLXPýFDWKRGHýDUHýPXWXDOO\ýH[FOXVLYHýIRUýDQ\
JLYHQýDSSOLHGýHOHFWULFýILHOGï
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HQHUJ\ýZKLFKýDUHýRUJDQL]LQJýWKHýGHXWHURQVýWRýWKHýHQHUJ\ýFDXVLQJýWKHLUýUDQGRPýWKHUPDOýGLVRUJDQL]DWLRQïýý7KH
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7KLVýUHODWLRQVKLSýLVýGHPRQVWUDWHGýLQý)LJïýëýDQGý)LJïýêýZKLFKýVKRZýWKHýLPSDFWïýý,QýILJXUHýëñýIRUýVLPSOLFLW\ñý-IXV
LVýDVVXPHGýWRýEHýíïýý7KHýORDGLQJýIOX[ýRIýGHXWHURQVýLQWRýWKHýSDOODGLXPýDWýWKHýFDWKRGHýVXUIDFHýõ-HôýLVýVKRZQýDV
DýIXQFWLRQýRIýWKHýHOHFWULFýILHOGýLQWHQVLW\ñýIRUýYDULRXVýUDWHVýRIýJDVý>'ë@ýHYROXWLRQýUDWHVýõ-Jôïýý7KHýVHULHVýRI
SDUDPHWULFýFXUYHVýLQGLFDWHVýKRZýWKHýORDGLQJýUDWHVýDUHýVHQVLWLYHO\ýGHSHQGHQWýERWKýXSRQýWKHýHOHFWULFýILHOG
HQHUJ\ýDVýZHOOýDVýWKHýFRPSHWLQJýJDVýHYROYLQJýUHDFWLRQVïýý([DPLQDWLRQýRIýHTXDWLRQýæýLQGLFDWHVýWKDW
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ýDOWKRXJKýæ3Gñ'ýKDVýPDMRUýHIIHFWVýIRUýHYHU\ýïñýKRZHYHUñýWKDWýLPSRUWDQFHýUHTXLUHVýDýOHYHOýRIýæ3Gñ'ýDSSUR[ïý!ýì
WRýSODWHDXýLWVýLPSRUWDQFHýDVýLVýVKRZQýLQý)LJïýêï

7KHýFULWLFDOýWHUPýSUHYLRXVO\ýGLGýUHIOHFWýWKHýDSSOLHGýHOHFWULFýILHOGýLQWHQVLW\ýDQGýN%7ýDQGýDUHýGRPLQDWHGýE\ýWKH
UDWLRý RIý WKHý DSSOLHGý HOHFWULFDOý HQHUJ\ý õRUý JHQHUDOO\ñý RWKHUý RUJDQL]LQJý HQHUJ\ôýZKLFKý DUHý RUJDQL]LQJý WKH
GHXWHURQVýWRýWKHýHQHUJ\ýFDXVLQJýWKHLUýUDQGRPýWKHUPDOýGLVRUJDQL]DWLRQïýý7KHýILQDOýWHUPýLVýWKHýIUDFWLRQýRI
GHXWHURQVýZKLFKýDFWXDOO\ýSDUWDNHýLQýDQ\ýSRWHQWLDOýIXVLRQýSURFHVVõHVôïýý:HýQRZýH[SDQGýWKHýDQDO\VLVýZLWKý!
ZKLFKýLVýWKHýJHQHUDOL]HGýRUGHUîWKHUPDOýGLVRUGHUýUDWLRïýýìýLVýWKHýWHUPýLQWHUUHODWLQJýWKHýEXLOGýXSýRIýWKHýLVRWRSLF
IXHOýWRýWKHýGHVLUHGýILQDOýSDWKZD\Vï

-IXV ö
>% õ?'L!@

>/F õ >4ø +5æ3G/',
÷4@@

õ
>! @5

>4÷H[S>÷!@@
õ4IXV õ ì

4IXVýLVýWKHýIUDFWLRQDOýDPRXQWýRIýLQWUDSDOODGLDOýGHXWHURQVýZKLFKýDFWXDOO\ýFRQWULEXWHýWRýWKHýGHVLUHGýUHDFWLRQVï
æ3Gñ'ýWKHýORDGLQJýIOX[ýUDWLRïý

6XPPDU\ý

7KHý TXDVLðRQHðGLPHQVLRQDOý õ4ì'ôý PRGHOý RIý LVRWRSLFý IXHOý ORDGLQJý KDVý EHHQý PRGLILHGý XVLQJý WKUHH
QRQðGLPHQVLRQDOýIDFWRUVñýæ3Gñ'ýWKHýORDGLQJýIOX[ýUDWLRñý4IXVýWKHýIUDFWLRQDOýDPRXQWýRIýLQWUDSDOODGLDOýGHXWHURQV
ZKLFKýDFWXDOO\ýFRQWULEXWHýWRýWKHýGHVLUHGýUHDFWLRQVñýDQGý!ýWKHýJHQHUDOL]HGýRUGHUîWKHUPDOýGLVRUGHUýUDWLRï

$FNQRZOHGJHPHQWV

7KHýDXWKRUýWKDQNVý3URIVïý3ïý+DJHOVWHLQñý0ïý=DKQñýDQGý'UVïý6ïý%DHUýDQGý5RJHUý6WULQJKDPñý*D\OHý9HUQHUýDQG
HVSHFLDOO\ý+DOý)R[ýIRUýWKHLUýKHOSIXOýFRPPHQWVñýVXJJHVWLRQVñýDQGýVXSSRUWýZLWKýWKHýGHYHORSPHQWýRIýWKLVýPRGHO
IRUýWKLVýWH[Wïýýý

7$%/(ý2)ý9$5,$%/(6
%' GLIIXVLYLW\ýRIýGHXWHURQVý>FPëîVHF@ T HOHFWULFýFKDUJH
>'ò@ GHXWHURQýFRQFHQWUDWLRQ 7 DEVROXWHýWHPSHUDWXUHýõ.HOYLQô
á'L! LQLWLDOýGHXWHURQýFRQFHQWUDWLRQý>W í@ 9 YROWDJHý ýðý0ýýWKHýSRWHQWLDO
( HOHFWULFýILHOGýLQWHQVLW\ çI ILUVWýRUGHUýGHXWHURQýIXVLRQýUDWH
) WKHý)DUDGD\ çJ GHXWHURQýJDVýHYROXWLRQýUDWH
, HOHFWULFDOýFXUUHQW çH ILUVWýRUGHUýGHXWHURQýHQWU\ýUDWH
-H IOX[ýRIýGHXWHURQVýHQWHULQJý3GýFDWKRGH æ3Gñ' IOX[ýORDGLQJîJDVýHYROXWLRQýUDWLR
-J IOX[ýRIýGHXWHURQVýHYROYLQJýWRýJDV �' HOHFWURSKRUHWLFýPRELOLW\
-I IOX[ýRIýGHXWHURQVýLQýIXVLRQýUHDFWLRQõVô í' HOHFWULFDOýWUDQVIHUHQFHýUDWLR
N% %ROW]PDQQýFRQVWDQW 4IXV IUDFWLRQýRIýGHXWHURQVýLQYROYHG
/ OHQJWK ï HOHFWULFýRUGHUîWKHUPDOýUDWLR

5()(5(1&(6

>ì@ý ý0ïý5ïý6ZDUW]ñýû4XDVLð2QHð'LPHQVLRQDOý0RGHOýRIý(OHFWURFKHPLFDOý/RDGLQJýRIý,VRWRSLFý)XHOýLQWRýD
0HWDOûñý)XVLRQý7HFKQRORJ\ñýYROýëëñýQRýëñý6HSWïýìääëñýSSýëäçðêííï
>ë@ýý0ïý6ZDUW]ñýû,VRWRSLFý)XHOý/RDGLQJýDQGý2WKHUý5HDFWLRQVýZLWKLQýDQý(OHFWURGHûñý,&&)ðéýõìääêôïýý
>ê@ýý0ïý5ïý6ZDUW]ñýû&DWDVWURSKLFý$FWLYHý0HGLXPý+\SRWKHVLVýRIý&ROGý)XVLRQûñý,&&)ðéýõìääêôï
>é@ýý5ïý6WULQJKDPýû&DYLWDWLRQý,QGXFHGý0LFURð)XVLRQûñý,&&)ðéýõìääêôï
>è@ýý5ïý2ULDQLñýû3K\VLFDOýDQGý0HWDOOXUJLFDOý$VSHFWVýRIýWKHý(QWU\ýRIý+\GURJHQýLQWRý0HWDOVûñý,&&)ðéýõìääêôï
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>ç@ýý-ïý2ö0ý%RFNULVñý$ïý.ïý1ïý5HGG\ñý0RGHUQý(OHFWURFKHPLVWU\ñý3OHQXPý3UHVVýõìäæíôï
>æ@ýý+ïý+ïý8KOLJñý&RUURVLRQýDQGý&RUURVLRQý&RQWUROñý:LOH\ýõìäæìôï
>å@ýý0ïý)OHLVFKPDQQñý6ïý3RQVñýû(OHFWURFKHPLFDOO\ý,QGXFHGý1XFOHDUý)XVLRQýRIý'HXWHULXPûñý-ïý(OHFWURDQDOï
&KHPïñýYROýëçìñýSýêíìýõìäåäôï
>ä@ýý6ïý6]SDNñý&ï-ïý*DEULHOñý-ï-ïý6PLWKñý5ï-ïý1RZDNñýû(OHFWURFKHPLFDOý&KDUJLQJýRIý3Gý5RGVñûý-ïý(OHFWURDQDOï
&KHPïñýYROýêíäñýõìääìôýSSýëæêðëäëï
>ìí@ýý0ïý9LLWDQHQñýû$ý0DWKHPDWLFDOý0RGHOýIRUý0HWDOý+\GULGHý(OHFWURGHVñûý-ïý(OHFWURFKHPïý6RFïñýYROýìéíñ
QRýéýõìääêôñýSSýäêçðäéëï
>ìì@ýý0ïý5ïý6ZDUW]ñýû'RXEOHý/D\HUý7UDQVIHUýRIý'HXWHURQVýLQWRý0HWDOVûñýLQýSUHSDUDWLRQï
>ìë@ýý-ïý5ïý0HOFKHUñý&RQWLQXXPý(OHFWURPHFKDQLFVñý0,7ý3UHVVñý&DPEULGJHýõìäåìôï
>ìê@ýý$ïý9RQý+LSSHOñý'ï%ïý.QROOñý:ï%ïý:HVWSKDOñýû7UDQVIHUýRIý3URWRQVý7KURXJKýö3XUHöý,FHý,Ký6LQJOHý&U\VWDOVñû
-ïý&KHPïý3K\VïñýYROýèéñýSýìêéýõDOVRýSýìéèôñýõìäæìôï
>ìé@ýý$ïý9RQý+LSSHOñýHGïñý'LHOHFWULFý0DWHULDOVýDQGý$SSOLFDWLRQVñý0,7ý3UHVVýõìäèéôï
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),*85(ýìýðýýýý7+(ý4ì'ýý02'(/ý2)ý,62723,&ý)8(/ý/2$',1*

7KHýDSSOLHGýHOHFWULFýILHOGýLQIOXHQFHVýWKHýVSDWLDOýGLVWULEXWLRQýRIýGHXWHURQVýLQýDTXHRXVýVROXWLRQïýý7KHUHýDUHýIRXU
FRPSDUWPHQWVýFRQVLGHUHGýRXWVLGHýRIýWKHýPDWHULDOýõSDOODGLXPýHOHFWURGHýLQýWKLVýFDVHôýWRýEHýORDGHGýZLWKýWKH
LVRWRSLFýIXHOïýý7KHýILUVWýLVýWKHýDQRGHïýý7KHýLQGXFHGýGULIWýLQýWKHýVHFRQGýFRPSDUWPHQWýõKHDY\ýZDWHUôýE\ýWKH
LQLWLDOýDSSOLHGýHOHFWULFýILHOGýLVýVFKHPDWLFDOO\ýVKRZQïýýý7KHUHýLVýDýGRXEOHýOD\HUýUHJLRQñýWKHýûZLGWKûýRIýZKLFK
LVýJUHDWO\ýH[DJJHUDWHGýLQýWKHýILJXUHïýý7KHýODVWýFRPSDUWPHQWýLVýWKHýJDVýYROXPHýRXWVLGHýRIýWKHýPDWHULDOïý
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),*85(ýëýýðýý/2$',1*ý5$7(ý2)ý3$//$',80
7KHý UHODWLYHý YDOXHVý IRUý WKHý ORDGLQJý IOX[ý õ-Hôý LVý VKRZQý DVý Dý IXQFWLRQý RIý WKHý HOHFWULFý ILHOGý LQWHQVLW\ñ
SDUDPHWULFDOO\ýIRUýYDULRXVýUDWHVýRIýJDVý>'ë@ýHYROXWLRQýUDWHVýDWý WKHýFDWKRGHýõFKDUDFWHUL]HGýDVý-Jôïý ý,QýWKLV
H[DPSOHñý-IXVýLVý]HURïýý7KHýFXUYHýLVýVKRZQýDVýDýIXQFWLRQýRIýïñýWKHýHOHFWULFýRUGHUîWKHUPDOýGLVRUGHUýUDWLRï

)LJXUHýêýðý3DUDPHWULFý([DPLQDWLRQýRIý4ì'ý)XVLRQý)OX[
7KLVýêð'ýSDUDPHWULFýJUDSKýUHSUHVHQWVýDQýH[DPLQDWLRQýRIýWKHýIXVLRQýIOX[ýHTXDWLRQýEDVHGýXSRQýïýDQGýæ3Gñ'ýõVHH
HTïýæôï
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(;3(5,0(17$/ý(9,'(1&(ý)25ýû&2/'ý)86,21û

2YHUýêííýSDSHUVýKDYHýEHHQýSXEOLVKHGýRUýSUHVHQWHGýDWýFRQIHUHQFHVýWKDWýSURYLGHýH[SHULPHQWDOýGDWDýLQýVXSSRUW
RIýWKHýRULJLQDOýDQQRXQFHPHQWýE\ý3RQVýDQGý)OHLVFKPDQQïýý,QýDGGLWLRQñýPDQ\ýRWKHUýSDSHUVýKDYHýEHHQýZULWWHQ
WRý UHSRUWý RQý QHZý ûFROGý IXVLRQûý SKHQRPHQDñý VRPHý RIý ZKLFKý KDYHý JUHDWO\ý VXUSULVHGý HYHQý 3RQVý DQG
)OHLVFKPDQQï

6RPHýRIýWKHVHýSDSHUVýUHSRUWýRQýûWUDQVPXWDWLRQïûýý)RUýVRPHýVFLHQWLVWVñýWKHýXVHýRIýWKHýWHUPýWUDQVPXWDWLRQýLV
XQDFFHSWDEOHïý ý7KHýORJLFýEHKLQGýWKLVýUHMHFWLRQýRIýWKHýWHUPýLVýXQFOHDUïý ý0RVWýQXFOHDUýUHDFWLRQVýLQYROYH
FKDQJHýIURPýRQHýHOHPHQWýWRýDQRWKHUïýý1XFOHDUýUHDFWLRQVýLQYROYHýFKDQJHVýWRýWKHýQXFOHLýHLWKHUýE\ýIXVLRQ
RUýE\ýILVVLRQïýý([SHULPHQWDOýFROGýQXFOHDUýIXVLRQýLVýDýUHFRUGýRIýHOHPHQWDOýFKDQJHVï

,IýRQHýFDUHIXOO\ýH[DPLQHVýDOOýRIý WKHýSRVVLEOHýQXFOHDUý UHDFWLRQVý WKDWýDUHýDOORZHGýE\ý WKHý&RQVHUYDWLRQýRI
&KDUJHñýDOORZHGýEHWDýSURFHVVHVñý&RQVHUYDWLRQýRIý%DU\RQý1XPEHUñýHWFïñýWKHUHýDUHýêêåýVXFKýSRVVLEOHýQXFOHDU
UHDFWLRQVýZKLFKý'2ý127ýHPLWýQHXWURQVï
7KHUHýDUHýYHU\ýIHZýSRVVLEOHýõDOORZHGôýQXFOHDUýUHDFWLRQVýWKDWýHPLWýQHXWURQVïýý2QHýRIýWKHýZHOOðNQRZQýEUDQFKLQJ
UDWLRVýRIýGýòýGýIXVLRQýLVýWKDWýXQGHUýJDVýSODVPDýFRQGLWLRQVñýDERXWýèíøýRIýWKHýWLPHýQHXWURQVýDUHýSURGXFHGï
7KHýH[SHULPHQWDOýIDFWýWKDWýIHZýQHXWURQVýDUHýSURGXFHGýLQýWKHýYDULHW\ýRIýFROGýQXFOHDUýIXVLRQýH[SHULPHQWVýKDV
EHHQýXVHGýE\ýWKHýSDWKRORJLFDOýVNHSWLFVýDVýHYLGHQFHýWKDWýFROGýIXVLRQýLVýQRWýUHDOïýý,QýIDFWñýWKLVýLVýDERXWýWKHýRQO\
EDVLVýWKH\ýKDYHýIRUýWKHLUýVXVWDLQHGýDYRLGDQFHýRIýWKHýPDQ\ýSRVLWLYHýLQGLFDWLRQVýRIýQXFOHDUýUHDFWLRQVï

7KHýIROORZLQJýSDSHUVýSURYLGHýDQýDUUD\ýRIýH[SHULPHQWDOýHYLGHQFHýWKDWýVXSSRUWVýWKHýFODLPVýIRUýDýYDULHW\ýRI
QXFOHDUýUHDFWLRQVýWKDWýDSSHDUýWRýRFFXUýLQýPDQ\ýFROGýIXVLRQýH[SHULPHQWVïýý+RZHYHUñýKHDOWK\ýVNHSWLFLVPýVKRXOG
EHýH[HUFLVHGïýý7KHUHýPD\ýEHýQHZýSKHQRPHQDýLQYROYHGýLQýWKHVHýH[SHULPHQWVýWKDWýSURGXFHýH[FHVVýKHDWýZLWKRXW
SURGXFLQJý QXFOHDUý UHDFWLRQVïý ý 6SHFLILFDOO\ñý WZRýQHZýSKHQRPHQDýFRXOGý H[SODLQý VRPHýRIý WKHý REVHUYHG
H[SHULPHQWDOýILQGLQJVãýýWKHVHýDUHýõìôýWKHýSRVVLELOLW\ýRIýDýFROODSVHýRIýWKHýK\GURJHQýDWRPýEHORZýLWVýJURXQG
VWDWHýõDVýILUVWýSURSRVHGýE\ý0LOOVñýDQGýGLVFXVVHGýLQýWKLVýYROXPHýE\ý9LJLHUôñýDQGýõëôýWKHýDELOLW\ýRIýKLJKðGHQVLW\
FKDUJHýFOXVWHUVýWRýSURGXFHýH[FHVVýHQHUJ\ýDVýWDXJKWýE\ý.HQý6KRXOGHUVýõ8ï6ïýSDWHQWýèñíìåñìåíôýDQGý+DUROGý(ï
3XWKRIIïý ý+LJKýGHQVLW\ýFKDUJHýFOXVWHUVýFDQýEHýSURGXFHGýXQGHUýDSSURSULDWHýFRQGLWLRQVýZKHQHYHUýHOHFWULF
GLVFKDUJHVñýDUFLQJñýRUýVSDUNLQJýRFFXUï
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21ý7+(ý3266,%,/,7<ý2)ý'ð'ý)86,21ý67,08/$7,21
%<ý$ý+,*+ð&855(17ý$5&ý',6&+$5*(ý,1ý*$6ð),//('ý0(7$/

9ï3ïý$IDQDVH\HYñý*ï$ïý'\X]KHYñý$ï$ïý/RJDWFKHYñý%ï,ïý7VLUNHOöñý6ï0ïý6KNROQLNï
$ï)ïý,RIIHý3K\VLFDOð7HFKQLFDOý,QVWLWXWHñý5$6

3RO\WHFKQLFKHVND\Dýëçñý6Wïý3HWHUVEXUJñýìäéíëìñý5XVVLDï

1ï0ïý.D]DULQRYñý/ï0ïý6ROLQï
9ï*ïý.KORSLQý5DGLXPý,QVWLWXWH

6KYHUQLNý$YHQXHýëåñý6Wïý3HWHUVEXUJñýìäéíëìñý5XVVLDï

,1752'8&7,21

%HJLQQLQJýLQýìäåäýWKHUHýDSSHDUHGýPDQ\ýSXEOLFDWLRQVýRQýWKHýVWXG\ýRIýWKHýVRðFDOOHGýûFROGýQXFOHDUýIXVLRQû
õ&1)ôïýý6RPHýRIýWKHýUHSRUWHGýUHVXOWVýDIILUPýWKHýH[LVWHQFHýRIýWKHý&1)ýSKHQRPHQDñýZKLOHýRWKHUVýGHQ\ýLWï
'LVWLQFWLYHýSHFXOLDULWLHVýRIýWKHýH[SHULPHQWVýZKHUHýWKHý&1)ýKDVýEHHQýREVHUYHGýLQFOXGHýSRRUýUHSURGXFLELOLW\ñ
Dý VSRUDGLFý FKDUDFWHUý RIý WKHý FRUUHVSRQGLQJý VLJQDOVý DQGý WKHý REVHUYDWLRQý RQO\ý XQGHUý WKHý QRQðHTXLOLEULXP
FRQGLWLRQVýLQýWKHýPHWDOðGHXWHULXPýV\VWHPïýý$ýJHQHUDOO\ýDFFHSWHGýYLHZýRQýWKHý&1)ýPHFKDQLVPýXSýWRýWKH
SUHVHQWý LVýDEVHQWïý ý2QHýZLGHVSUHDGýK\SRWKHVLVý LVý WKHýDVVXPSWLRQýRIýDQý ûDFFHOHUDWLQJûýRUý ûDFFHOHUDWLQJð
IUDFWXUHûýPHFKDQLVPñýZKLFKýDFWXDOO\ýVXJJHVWVýQRWýDýûFROGûýõDVýLQý�ðFDWDO\VLVôýEXWýDýûPLFURVFRSLFDOO\ýKRWû
IXVLRQý>ìñë@ïýý2IýLQWHUHVWýLVýWKHýTXHVWýIRUýWKHýZD\VýLQýZKLFKý&1)ýLQLWLDWLRQýFDQýEHýUHSURGXFHGýWRýREVHUYHýWKH
VDPHýUHDFWLRQVýSURFHHGLQJýXQGHUýGHILQLWHýFRQGLWLRQVïýý,Qý>ê@ýWKHýLQLWLDWLRQýRIýWKHýQXFOHDUýUHDFWLRQýZDVýFDUULHG
RXWýE\ýLPSDFWýGHVWUXFWLRQýRIýDýPRQRFU\VWDOý/L'ïýý,QýWKHýSUHVHQWýVWXG\ýZHýWULHGýWRýLQLWLDWHýWKHý&1)ýE\ýPHDQV
RIýDýKLJKðFXUUHQWýORZðYROWDJHýSXOVHýDUFýGLVFKDUJHýLQýDýYDFXXPýZLWKýSDOODGLXPýRUýWLWDQLXPýFDWKRGHVýORDGHG
ZLWKýGHXWHULXPï

7KHýYDFXXPýDUFýLVýDýORZðYROWDJHýõ8ý ýëíðêíýYROWVôýGLVFKDUJHýLQýHOHFWURGHýPDWHULDOýYDSRUVïýý7KHýVRðFDOOHG
FDWKRGHýVSRWVýõ&6ôýDUHýIRUPHGýRQýWKHýFDWKRGHýRIýWKHýYDFXXPýDUFïýýý&6ýDUHýEULJKWýOXPLQHVFHQWýUHJLRQVýRIýVPDOO
GLPHQVLRQVñýWKURXJKýZKLFKýWKHUHýRFFXUVýDýVKRUWLQJýRIýWKHýFXUUHQWýEHWZHHQýWKHýLQWHJUDOO\ýFROGýPHWDOýDQG
SODVPDïý&6ýRQýWKHýGHðJDVVHGýFOHDQýPHWDOýHOHFWURGHVýDUHýVWXGLHGýLQýGHWDLOý>é@ïýý7KHýVSRWýVL]HýLVýWHQVýRIýPLFURQVñ
WKHýFXUUHQWýGHQVLW\ýMý1ýìíæý$îFPëïýý7KHýPHWDOýVXUIDFHýWHPSHUDWXUHýLQýWKHýVSRWýLVýHVWLPDWHGýWRýEHýVHYHUDO
WKRXVDQGVýRIýGHJUHHVïýý$ý&6ýH[LVWVýRQýWKHýHOHFWURGHýGXULQJý1ýìíðçýVñýG\LQJýDZD\ýDIWHUZDUGVïýý7KHýFXUUHQWñ
JRLQJýWKURXJKýRQHýVSRWýLVý,Uý&ýìí

ëý$ïýý7KXVýLQýDýGLVFKDUJHýZLWKýDýFXUUHQWý,ý'ýìíêý$ýVHYHUDOýWHQVýRIýVSRWVýDUH
IXQFWLRQLQJýVLPXOWDQHRXVO\ýRQýWKHýFDWKRGHýVXUIDFHâýGXULQJýWKHýSXOVHýWLPHýZLWKýDýGXUDWLRQýRIýHïJïý-ý1ýìíðêýV
WKHýFDWKRGHýVSRWVýPXVWýGLHýDZD\ýVHYHUDOýKXQGUHGýWLPHVýDQGýIRUPýDJDLQýRQýRWKHUýSDUWVýRIýWKHýVXUIDFHïýý7KHý&6
DUHýVRXUFHVýRIýK\SHUVRQLFýMHWVýRIýWKHýKLJKO\ýLRQL]HGýSODVPDï

$QýDUFýGLVFKDUJHýLVýDOVRýUHDOL]HGýRQýWKHýJDVðILOOHGýFDWKRGHVñýLWVýLQWHJUDOýFKDUDFWHULVWLFVýDUHýVRPHZKDWýGLIIHUHQW
IURPýWKRVHýRIýWKHýGLVFKDUJHýRQýDýGHJDVVHGýFOHDQýPHWDOý>è@ïýý7KHýFDWKRGHýSURFHVVHVýLQýWKHýGLVFKDUJHVýZLWKýJDVð
ILOOHGýHOHFWURGHVýDUHýDWýSUHVHQWýSRRUO\ýVWXGLHGñýEXWýWKHUHýLVýHYLGHQFHýWRýFRQVLGHUýWKDWýWKHýVSRWýSURSHUWLHVñýZKLFK
DUHýWKHýPRVWýVLJQLILFDQWýIRUýXVñýDUHýSUHVHUYHGïýý7KHVHýSURSHUWLHVýLQFOXGHýDýKLJKýFXUUHQWýGHQVLW\ñýVKRUWýOLIHðWLPHñ
DQGýDýKLJKýWHPSHUDWXUHýRIýWKHýVXUIDFHï

7KHýDERYHýGHVFULEHGý&6ýSURSHUWLHVýUHQGHUýSURPLVLQJýWKHýDWWHPSWVýWRýLQLWLDWHýWKHý&1)ýE\ýPHDQVýRIýDQýDUF
GLVFKDUJHýZLWKýGHXWHULXPðILOOHGýHOHFWURGHVïýý,QýIDFWñýGXULQJýWKHýEXUQLQJýRIýWKHýDUFýGLVFKDUJHýWHQVýRIýORFDOL]HG
WKHUPDOýVRXUFHVýZLWKýDýKLJKý1ýìíåý:îFPëýHQHUJ\ýIOX[ýGHQVLW\ýWRýWKHýHOHFWURGHýõYROWðHTXLYDOHQWýRIýWKHýFDWKRGH
&ýìíý9ôñýDVýLIýZDQGHULQJýRYHUýWKHýFDWKRGHñýFDXVHýDýUDSLGýORFDOýKHDWLQJýRIýQHDUðVXUIDFHýPHWDOýUHJLRQVýõZKLFK
KDYHýDýFKDUDFWHULVWLFýVL]HýRIýOý1ýUVý1ýìíðêýFPôýWLOOýWKHýWHPSHUDWXUHýQHDUVýWKHýPHOWLQJýSRLQW
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ý õWKHý FXUUHQWý VSUHDGLQJý UHJLRQý LVý LPSOLHGôïý ý 7KHý WHPSHUDWXUHý JUDGLHQWý RQý WKHý PHWDOý WXUQVý RXWý WRý EH
FRUUHVSRQGLQJO\ý!ýìíçý.îFPïýý,QýWKHýPHWDOðGHXWHULXPýV\VWHPýDýVWURQJýORFDOýQRQðHTXLOLEULXPýLVýFUHDWHGïýý7KH
KLJKýFXUUHQWýGHQVLW\ýOHDGVýWRýDQýDSSHDUDQFHýRIýDýVWURQJýIULFWLRQýIRUFHGýEHWZHHQýWKHýLPSODQWHGýGHXWHULXP
QXFOHLý DQGý WKHý HOHFWURQý IOX[ïý ý ,Qý WKHý VSRWý IRUPDWLRQý VWDJHý õ-ý&ý ìíðåVôý WKHý HOHFWURQý FXUUHQWý GHQVLW\ý DQG
FRQVHTXHQWO\ýWKHýHQHUJ\ýIOX[ýGHQVLW\ýLVýìýWRýëýRUGHUVýRIýPDJQLWXGHýKLJKHUïýý,QýDGGLWLRQñýRQýWKHýFDWKRGHýVXUIDFH
LQýWKHýUHJLRQýGLUHFWO\ýDGMRLQLQJýWKHýVSRWñýWKHUHýIORZVýDýFXUUHQWýRIýPHWDOýDQGýGHXWHULXPýLRQVñýZKRVHýGHQVLW\
PD\ýUHDFKýMLNý1ýìí

èý$îFPëñýDQGýWKHýLRQýHQHUJ\ý(LNý1ýìíH9ïýý7KHýGHXWHULXPýLRQVñýKDYLQJýVXFKýHQHUJ\ñýPD\
HIIHFWLYHO\ýLPSODQWýWKHPVHOYHVýLQýWKHýQHDUýVXUIDFHýPHWDOýOD\HUïýý$WýWKHýDQRGHýVXUIDFHýWKHýLRQýFXUUHQWýIORZV
HVVHQWLDOO\ýPRUHýXQLIRUPO\ñýLWVýGHQVLW\ýLVýVLJQLILFDQWO\ýORZHUýMLDý1ýìí

ëý$îFPëñýEXWýWKHýLRQýHQHUJ\ýLVý(LQý1ýìí
ëH9ï

7KHýDEVHQFHýRIýJHQHUDOO\ýDFFHSWHGýWKHRU\ýRQýWKHý&1)ðPHFKDQLVPýGRHVýQRWýDOORZýWKHýLGHQWLILFDWLRQýRIýWKH
HQXPHUDWHGýIDFWRUVýZKLFKýPD\ýWXUQýRXWýWRýEHýHVVHQWLDOýIRUýWKHý&1)ýLQLWLDWLRQïýý,WýPD\ýEHýSUHVXPHGýHïJïýWKDW
WKHýORFDOýRYHUKHDWLQJýRIýWKHýVXUIDFHñýFDXVHGýE\ýWKHýSXOVHGýYROWDJHñýZLOOýSURGXFHýDýIRUPDWLRQýRIýPLFURIUDFWXUHV
DQGýWKHUHE\ýLQGXFHýIXVLRQý>ì@ïýý,WýPD\ýEHýWKRXJKWýWKDWýWKHýDUFýHIIHFWýRQýWKHýGHXWHULXPðILOOHGýPHWDOýZLOOýORFDOO\
LQFUHDVHýWKHýSRVVLELOLW\ýRIýH[FLWLQJýWZRýGHXWHULXPýQXFOHLýLQýRQHýRFWDKHGUDOýFDYLW\ñýZKLFKýPD\ýOHDGýõDFFRUGLQJ
WRýWKHýSUHVXPSWLRQýH[SUHVVHGýLQý>ç@ôýWRýFDXVHýDýIXVLRQýUHDFWLRQï

(;3(5,0(17$/ý6(7ð83ý$1'ý7(&+1,48(

,QýWKHýH[SHULPHQWýDQýDWWHPSWýZDVýPDGHýWRýUHFRUGýWKHýQHXWURQVñýHPLWWHGýIURPýDýJDVðILOOHGýHOHFWURGHñýLIýWKH
UHDFWLRQý'ýòý'ý9ý ê+HòQýLVýSURGXFHGïý ý7KHýH[SHULPHQWDOýVHWðXSýLVýVKRZQýLQý)LJïýìïý ý7KHýGLVFKDUJHýZDV
LQLWLDWHGýLQýDýYDFXXPýFKDPEHUýFRQVWUXFWHGýRIýVWDLQOHVVýVWHHOýõìííýPPýGLDPHWHUñýìåíýPPýORQJôïýý7KHýDQRGH
ZDVýDý&XýF\OLQGHUýëíýPPýGLDPHWHUýõLQýWKLVýH[SHULPHQWýWKHýJDVðILOOHGýDQRGHýZDVýQRWýXVHGôïýý7KHýFRQWDFWýJDS
Gý åýWRýìíýPPïýý7KHýFDWKRGHVýZHUHýRIýWZRýW\SHVã

ìï $ý&XýF\OLQGHUýëíýPPýGLDPHWHUñýZLWKýRQHýHQGýFRDWHGýZLWKýèæïéýPJý7LýOD\HUýõKý1ýèí)ôñýFRQWDLQLQJ
HLWKHUýëëïåýFPêýRIýGHXWHULXPýDWýQRUPDOýFRQGLWLRQVýõZKLFKýFRUUHVSRQGVýDSSUR[LPDWHO\ýWRýDERXWýìýDWRP
RIý'ýSHUýDWRPýRIý7LôñýRUýëïåýPJý7LýõKý1ýëïè)ôñýFRQWDLQLQJýíïäëýFPêýRIýGHXWHULXPï

ýëï $ýF\OLQGHUýRIýVWDLQOHVVýVWHHOýZLWKýDýWKLQý3GýGLVNýZHOGHGýRQýLWñýOý ýíïèýPPýWKLFNïýý'LUHFWO\ýEHIRUHýWKH
PHDVXUHPHQWýEHJDQñýWKHý3GýZDVýILOOHGýZLWKý'ýGXULQJýWKHýHOHFWURO\VLVý'ë2ýZLWKýDQýDGPL[WXUHýRIýD
ZDWHUðIUHHýVDOWý.ë&2êñýRUýDQýDONDOLý&V2'ýLQýDQýRSHQýGLWFKýZLWKýDýFXUUHQWý,ý1ýìííðêííýP$ïýý7KH
HOHFWURO\VLVýGXUDWLRQýZDVýHLWKHUýìïèýWRýëýKRXUVýRUýëëðëéýKRXUVï

7KHýGLVFKDUJHýZDVýWULJJHUHGýE\ýDýFXUUHQWýEUHDNýLQýWKHýDX[LOLDU\ýFLUFXLWïýý)RUýFUHDWLQJýWKHýGLVFKDUJHýDýVTXDUHð
ZDYHýYROWDJHýSXOVHýJHQHUDWRUýZDVýXVHGñý9 äíý9ñýGXUDWLRQý-ý1ýíðèýPVïýý7KHýYROWDJHýJHQHUDWRUýSURYLGHGýD
VWDEOHýRXWSXWýòýëøýDWýDýFXUUHQWý,ý&ýëN$ïýý7KHýFXUUHQWýZDVýFRQWUROOHGýE\ýDýEDOODVWýUHVLVWRUïýý,QýWKHýSUHVHQWýVWXG\
FXUUHQWýSXOVHVýõ,ý1ýìýN$ñý-ý1ýìýPVôýZHUHýXVHGïýý7KHýGHWDLOVýRIýWKLVýSDUWýRIýWKHýH[SHULPHQWýDUHýGHVFULEHGýLQý>æ@ï
)RUýWKHýSXUSRVHýRIýGLPLQLVKLQJýHOHFWULFDOýLQWHUIHUHQFHVñýWKHýKLJKðFXUUHQWýFLUFXLWýZDVýPDGHýFRD[LDOO\ñýLQFOXGLQJ
WKHýLQVLGHýRIýWKHýYDFXXPýFKDPEHUýõ)LJïýìôïýý,QýRUGHUýWRýPHDVXUHýWKHýGLVFKDUJHýUDGLDWLRQýLQýWKHýDQRGHýF\OLQGHU
DORQJýWKHýD[LVñýDýìïèýPPýGLDPHWHUýKROHýZDVýGULOOHGñýDQGýDQýRSWLFDOýILEHUýZDVýLQWURGXFHGýõDýTXDUW]ýPRQRILEHU
RIýíïåýPPýGLDPHWHUôñýZLWKýWKHýHQGýVHDOHGýLQWRýWKHýDQRGHýWRýDYRLGýWKHýILEHUýEHLQJýFRDWHGýE\ýFDWKRGHýHURVLRQ
SURGXFWVý>å@ïýý7KHýPHDVXUHPHQWVýZHUHýFDUULHGýRXWýLQýWKHýVLQJOHýSXOVHýUHJLPHïýý$ýVWURQJýJDVðUHOHDVHýGXULQJ
WKHýSXOVHýPDGHýLWýQHFHVVDU\ýWRýSURYLGHýFRQWLQXRXVýPHFKDQLFDOýSXPSLQJýõSý1ýìíðëý7RUUôï

7KHýYDFXXPýFKDPEHUýZDVýLQVHUWHGýLQWRýDQýDOOðZDYHýé%ýQHXWURQýFRXQWHUïýý7KHýFRXQWHUýZDVýFDOLEUDWHGýXVLQJ
DýVWDQGDUGýQHXWURQýVRXUFHýëéé&Pïýý7KHýHIILFLHQF\ýRIýQHXWURQýUHFRUGLQJýZLWKýDQýHQHUJ\ýRIý(ý1ýëïèý0H9ýZDV
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ýûý1ýììðìêøï

%HIRUHýVLQNLQJýWKHýYDFXXPýFKDPEHUýLQWRýWKHýFRXQWHUñýLWýLVýSODFHGýLQVLGHýDýVSHFLDOýFRSSHUýVFUHHQýVKDSHGýOLNH
DýERWWOHïýý7KHýQHFNýLVýXVHGýIRUýLJQLWLRQýDQGýKLJKðFXUUHQWýVXSSO\ýFDEOHVýDVýZHOOýDVýYDFXXPýKRVHýWKURXJKýZKLFK
WKHýRSWLFDOýILEHUýLVýSODFHGïýý$ýVSHFLDOýSUHVVýSURYLGHGýUHOLDEOHýFRQWDFWýEHWZHHQýWKHýVFUHHQýQHFNýDQGýWKHýH[WHULRU
FRSSHUýVKHHWLQJýRIýWKHýFRXQWHUïýý,QýWKLVýZD\ýZHýVXFFHHGHGýLQýPDNLQJýDQýHIIHFWLYHýVFUHHQLQJýRIýWKHýUHFRUGLQJ
HTXLSPHQWýIURPýWKHýLQWHUIHUHQFHVñýDULVLQJýGXULQJýWKHýDUFLQJýSURFHVVïýý7KHýLQWHUIHUHQFHVýDWýWKHýDUFýLJQLWLRQýDQG
H[WLQFWLRQýZHUHýVRýVWURQJñýWKDWýWKH\ýZHUHýUHJLVWHUHGýDVýIDOVHýVLJQDOVïýý7KHUHIRUHñýDFWLYDWLRQýRIýWKHýUHFRUGLQJ
GHYLFHVýZDVýEHJXQýDERXWýìííý�VýDIWHUýWKHýDUFýLJQLWLRQñýDQGýWKHýVWURELQJýGXUDWLRQýZDVýVHOHFWHGýWRýFRPSOHWH
WKHýVWURELQJýSXOVHý1ìííý�VýEHIRUHýWKHýHQGýRIýWKHýGLVFKDUJHýSXOVHïýý1RWHýWKDWýWKHýWHFKQLTXHýXVHGýE\ýXVýõWKH
FRD[LDOý LQSXWñý WKHý VFUHHQñý Dý VSHFLDOý RUJDQL]DWLRQý RIý WKHý FKDLQVñý V\QFKURQL]LQJý WKHý UHFRUGLQJý IDFLOLWLHVô
SHUPLWWHGýWRýVXSSUHVVýWKHýLQWHUIHUHQFHVñýJHQHUDWHGýE\ýWKHýGLVFKDUJHýZKHQýXVLQJýWKHýJDVðILOOHGýFDWKRGHïýý7KH
YDFXXPýDUFýRQýWKHýGHðJDVVHGýPHWDOýLVýVXFKýDýVWURQJýLQWHUIHUHQFHýVRXUFHñýWKDWýWKHýPHDVXUHVýWDNHQýE\ýXVýõDVýZLOO
EHýVHHQýIXUWKHUýRQôýWXUQHGýRXWýWRýEHýQRWýVXIILFLHQWO\ýHIIHFWLYHï

'XULQJýWKHýH[SHULPHQWýZLWKýWKHýKHOSýRIýRVFLOORVFRSHý&äðåýWKHýFXUUHQWýDQGýWKHýDUFýGLVFKDUJHýYROWDJHýZHUH
FRQWUROOHGïý ý7KHý GLVFKDUJHý SODVPDý UDGLDWLRQý DQGý WKHýPHDVXUHPHQWVý IURPý WKHý FRXQWLQJý EORFNýZHUHý DOVR
UHFRUGHGïýý7KHýUDGLDWLRQýZDVýUHFRUGHGýE\ýDýPXOWLFKDQQHOýRSWLFDOýDQDO\]HUñýMRLQHGýWRýWKHýH[LWýVSOLWýRIýWKH
PRQRFKURPDWRUý0'5ðêñýWRýWKHýHQWUDQFHýVSOLWýRIýZKLFKýWKHýOLJKWýFRQGXFWRUýZDVýDWWDFKHGïýý%RWKýDýVSHFWUXP
SORWýéæçíý&å&ýéäçí$ñýLQYROYLQJýOLQHý'�ñýDVýZHOOýDVýWKHýVSHFWUXPýSORWVñýLQYROYLQJýWKHýPRVWýVHQVLWLYHýVSHFWUDO
OLQHVý7L,,ýDQGý3G,,ýZHUHýUHFRUGHGïýý$ýFDOLEUDWLRQýRIýWKHýRSWLFýDQDO\]HUýZDVýPDGHýXVLQJýDýVSHFWUDOýODPSýILOOHG
ZLWKýGHXWHULXPïýý7KHýPHDVXUHPHQWVýZHUHýFDUULHGýRXWýE\ýWKHýDOWHUQDWLRQýRIýWZRýNLQGVýRIýUHJLPHVãýDýûZRUNLQJû
RQHýõGXULQJýWKHýKLJKýYROWDJHýSXOVHôýDQGýýDQýûLGOHûýUHJLPHýõWKHýKLJKýYROWDJHýLVýWXUQHGýRIIôï

(;3(5,0(17$/ý5(68/76

7KHýH[SHULPHQWVýFDUULHGýRXWýE\ýXVýFDQýEHýDUUDQJHGýLQWRýêýVHULHVï

ìï ([SHULPHQWVýZLWKýDý7LðFDWKRGHï
ëï ([SHULPHQWVýZLWKýDý3GðFDWKRGHñýSUHOLPLQDU\ýH[SRVHGýWRýHOHFWURO\VLVýIRUýëëýWRýëéýKRXUVï
êï 7KHýVDPHýZLWKýWKHýHOHFWURO\VLVýGXUDWLRQýRIýìïèýWRýëýKRXUVï

8QOLNHýWKHýYDFXXPýDUFýZLWKýGHJDVVHGýHOHFWURGHñýZKHUHýWKHýDUFLQJýLVýIROORZHGýE\ýVWURQJýKLJKðIUHTXHQF\
YROWDJHýRVFLOODWLRQVñýLQýDOOýWKUHHýH[SHULPHQWDOýVHULHVýXVLQJýJDVðILOOHGýHOHFWURGHVýGXULQJýWKHýILUVWýWHQýSXOVHVýWKH
DUFýZDVýEXUQLQJýZLWKýDýORZýQRLVHýOHYHOïýý$FFRUGLQJO\ñýWKHýLQWHUIHUHQFHýOHYHOýZDVýNHSWýORZýõVPDOOýFRXQWV
GXULQJýWKHýLGOHýUHJLPHôïýý6RPHýSHFXOLDULWLHVýLQýWKHýLQWHQVLW\ýUDGLDWLRQýRIýWKHýVSHFWUDOýOLQHýRIýWKHýGLVFKDUJH
SODVPDý JDVý FRPSRQHQWVý ZHUHý REVHUYHGý LQý WKLVý LQLWLDOý PHDVXUHPHQWý SHULRGý XVLQJý ORZðQRLVHý DUFVïý ý 7KH
GHSHQGHQFHýRIýUDGLDWLRQýLQWHQVLW\ý-'ýRQýWKHýSXOVHýQXPEHUýZDVýQRQðOLQHDUâýLQýVRPHýH[SHULPHQWVýLWýKDGýDýFOHDUO\
SURQRXQFHGýPD[LPXPïýý%HJLQQLQJýIURPýWKHýSXOVHýQXPEHUVýëíðëèýWKHý-'ýZDVýPRQRWRQLFDOO\ýGURSSLQJñýDQG
LQýWKHýYROWDJHýRVFLOORJUDPVýWKHýQRLVHýOHYHOýZDVýLQFUHDVHGïýý$SSDUHQWO\ýWKHUHýZDVýDýGHFUHDVHýLQýWKHýFDWKRGH
JDVýVDWXUDWLRQï

7KHýFKDUDFWHULVWLFýUHVXOWVýIRUýWKHýILUVWýVHULHVýõWKHýWKLFNQHVVýRIýWKHý7LýOD\HUýLVýKý ýèí)ôýDUHýSUHVHQWHGýLQý)LJï
ëïýý1RWHýWKHýLQLWLDOýSORWýRIýWKHýFXUYHýõ1ý&ýëíôïýý:HýGLGýQRWýVXFFHHGýLQýILQGLQJýDýVDWLVIDFWRU\ýH[SODQDWLRQýRI
WKHýGHSHQGHQFHý -'ý ý -'õ1ôý LQý WKLVý VHFWLRQïý ý$Q\ý VLJQLILFDQWý GLIIHUHQFHVý LQý WKHý FRXQWHUý LQGLFDWLRQVý LQý D
ûZRUNLQJûýDQGýûLGOHûýUHJLPHýFRXOGýQRWýEHýIRXQGïýý$ýVLPLODUýUHVXOWýZDVýUHFHLYHGýDOVRýRQýWKHýFDWKRGHýZLWKýD
WKLQýõK ëïèý)ôý7LýOD\HUïýý7KHýUHFHLYHGýUHVXOWVýWDNLQJýLQWRýDFFRXQWýWKHýHIILFDF\ýRIýWKHýFRXQWHUýUHFRUGýLQGLFDWH
WKDWýWKHýQHXWURQýIOX[ýRXWýRIýWKHýH[DPLQHGýVDPSOHýDWýDQ\ýUDWHýGLGýQRWýH[FHHGýìíéýQHXWURQîVï
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$ýGLVFRXUDJLQJýUHVXOWýKDVýDOVRýEHHQýUHFHLYHGýLQýWKHýVHFRQGýVHULHVïýý+RZHYHUñýVXFKýDQýLVVXHýRIýWKHýH[SHULPHQW
LQýWKLVýFDVHýLVýSUREDEO\ýTXLWHýQDWXUDOïýý)URPý)LJïýêýõFXUYHýìôýLWýFDQýEHýVHHQýWKDWýWKHýVSHFWUDOýOLQHýREVHUYHGýE\
XVýQHDUýåý ýéåçíý$ýLVýQRWýV\PPHWULFDOýDQGýUHSUHVHQWVýDýVXSHUSRVLWLRQýRIý+ùýDQGý'ùïýý$SSDUHQWO\ýDIWHUýORQJð
GXUDWLRQýHOHFWURO\VLVýõQHDUýëíýKRXUVôýLQýDQýRSHQýFKDQQHOýWKHUHýRFFXUVýDýUHSODFHPHQWýRIýGHXWHULXPñýGLVVROYHG
LQý3GýGXULQJýWKHýLQLWLDOýHOHFWURO\VLVýVWDJHýE\ýWKHýK\GURJHQïýý,WýZRXOGýQRWýVHHPýWRýEHýVXUSULVLQJñýEHFDXVHýWKH
3GðK\GULGHVýUHYHDOýDQýLQYHUVHýLVRWRSLFýHIIHFWñýEXWýLWýLVýQRWýFOHDUýZKDWýWKHýVRXUFHýLVýIRUýWKHýODUJHýTXDQWLW\ýRI
K\GURJHQýWKDWýDSSHDUVýLQýWKHýVROXWLRQïýý,QýWKHýSUHVHQWýZRUNýZHýGLGýQRWýLQWHQGýWRýVWXG\ýWKLVýHIIHFWñýEXWýRQO\
UHGXFHGýWKHýGXUDWLRQýRIýWKHýHOHFWURO\VLVïýý7KHýHOHFWURO\VLVýGXUDWLRQýZDVýOLPLWHGýWRýìïèýðýëýKRXUVýZLWKýWKH
SXUSRVHýRIý WUDQVIHUULQJýDýTXDQWLW\ýRIý'ðLRQVý WRý WKHý FDWKRGHñýZKLFKýE\ýëðêý WLPHVýH[FHHGHGý WKHýPLQLPDO
QHFHVVDU\ýTXDQWLW\ýWRýILOOýWKHýFDWKRGHýZLWKýûRQHðWRðRQHûýUDWLRýRIýGHXWHULXPýWRýPHWDOýDWRPVï

7KHýUHVXOWVýUHFHLYHGýLQýRQHýRIýWKHýH[SHULPHQWVýLQýWKHýWKLUGýPHDVXUHPHQWýVHULHVñýREWDLQHGýZLWKýDýIUHVKýFDWKRGHñ
DUHýSUHVHQWHGýLQý)LJïýéïýý,QýWKLVýVHULHVýWKHýVSHFWUDOýOLQHýREVHUYHGýE\ýXVýLVýTXLWHýV\PPHWULFDOñýDQGýWKHýSRVLWLRQ
RIýLWVýPD[LPXPýFRUUHVSRQGVýWRýåý ýéåçíý$ýõ'ùñý)LJïýêñýFXUYHýëôïýý7KHýFKDUDFWHULVWLFýUHVXOWVýIRUýWKLVýVHULHVýLV
WKHýH[LVWHQFHýRIýWKHýPD[LPXPýLQýGHSHQGHQFHý-'ý ý-'ýõ1ôñýDOWKRXJKýLWýZDVýQRWýPHDVXUHGýLQýDOOýH[SHULPHQWV
DVýFOHDUO\ýDVýLQýWKHýH[SHULPHQWýZKRVHýUHVXOWVýDUHýJLYHQýLQý)LJïýéïýý,QýWKLVýH[SHULPHQWýWKHýDYHUDJHýFRXQWýLQýWKH
ûZRUNLQJûýUHJLPHýH[FHHGVýWKHýFRXQWVýLQýWKHýûLGOHûýUHJLPHýõDYHUDJLQJýZDVýPDGHýDIWHUýILUVWýëìýSXOVHVýWLOOýWKH
DSSHDUDQFHýRIýQRLVHVýLQýWKHýGLVFKDUJHôï

',6&866,21

,WýPD\ýEHýWKRXJKWýWKDWýZHýVXFFHHGHGýLQýUHDOL]LQJýE\ýPHDQVýRIýDQýDUFýGLVFKDUJHýWKHýVWLPXODWLRQýRIýWKHý'ð'
IXVLRQýLQýWKHý3GýILOOHGýZLWKýWKHýGHXWHULXPïýý7KHýQHXWURQýIOX[ýRXWýRIýWKHýVDPSOHýPD\ýEHýHVWLPDWHGýDVýìíé

QHXWURQVýSHUýVHFRQGïýý$VVXPLQJýWKDWýWKHýUHDFWLRQýPD\ýEHýUHDOL]HGýLQýWKHýQHDUýVXUIDFHýOD\HUýOý1ýìíðêFPñýWKH
YROXPHWULFýGHQVLW\ýRIýWKHýQHXWURQýIOX[ýLVãýTý1ýìíæýQHXWURQîVîFPêïýý$VVXPLQJýWKDWýWKHýGHXWHULXPýFRQWHQWýLQýWKH
VDPSOHýFRUUHVSRQGVýWRýWKHýùðSKDVHýõFý1ýíïçôñýRQHýPD\ýHVWLPDWHýWKDWýæýðýWKHýFRXQWLQJýUDWHýUHODWHGýWRýDýSDLUýRI
GHXWHULXPýQXFOHLýLVãýæý1ýìíðìçVðìýSHUýGHXWHURQýSDLUñýZKLFKýH[FHHGVýWKHýVRðFDOOHGýû-RQHVýOHYHOûýE\ýæðåýRUGHUV
RIýPDJQLWXGHý>ìñä@ïýý6XSSRVLQJýWKDWýWKHýUHDFWLRQýFRXOGýSURFHHGýLQýWKHýZKROHýVDPSOHýYROXPHñýWKHQýæý1ýìíðìåVðì

SHUýGHXWHURQýSDLUï

7KHýH[SHULPHQWVýFDUULHGýRXWýE\ýXVýKDYHýVHYHUDOýGUDZEDFNVñýWKHýPRVWýVHULRXVýRIýZKLFKñýLQýRXUýRSLQLRQñýDUHýDV
IROORZVã

ìïýý:HýGLGýQRWýFRQWUROýWKHýGHXWHULXPýFRQWHQWýLQýWKHýVDPSOHïýý7KHýHOHFWURO\VLVýZDVýFDUULHGýRXWýEOLQGO\ï

ëïýý7KHý3GðSODWHñýRIýZKLFKýWKHýFDWKRGHýZDVýPDGHñýGLGýQRWýKDYHýDQ\ýFHUWLILFDWHýRIýSXULW\ïýý7KHýPHWDOORJUDSKLF
DQDO\VLVýZDVýQRWýPDGHýHLWKHUýEHIRUHýRUýDIWHUýWKHýH[SHULPHQWï

êïýý7KHýWZRý3GðFDWKRGHVýZHUHýXVHGýPRUHýWKDQýRQFHýõEHIRUHýWKHýVHFRQGýXVHýWKHýGHXWHULXPýILOOHGýFDWKRGHýZDV
DQQHDOHGý LQý WKHý DLUôý DOWKRXJKý DIWHUý WKHý ILUVWý XVHý WKHLUý VXUIDFHVý ZHUHý FRYHUHGý ZLWKý HURVLRQý WUDFHVý õ&6
DXWRJUDSKVôïýý7KHýVXUIDFHVýRIýWKHýFDWKRGHVýZHUHýUHPHOWHGýõWKHýUHVXOWVýSUHVHQWHGýLQý)LJïýéýEHORQJýWRýWKHýIUHVK
VDPSOHôï

éïýý1RýDWWHPSWVýZHUHýPDGHýWRýUHFRUGýWKHýIRUPDWLRQýRIýWULWLXPýLQýWKHýVDPSOHñýZKRVHýDSSHDUDQFHýLVýSRVVLEOH
IURPýWKHý&1)ýRFFXUULQJýLQýWKHý'ýòý'ý9ý7ýFKDQQHOï

èïýý$ýSXUHý&XñýEXWýQRWýJDVðILOOHGýHOHFWURGHñýZDVýXVHGýDVýDQRGHï

&21&/86,216
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7KHý DEVHQFHý RIý ILQDQFLDOý VXSSRUWý IRUFHGý XVý WRý EUHDNý RIIý WKLVý VWXG\ïý ý 7KHUHIRUHñý ZHý GLGý QRWý FKHFNý WKH
UHSURGXFLELOLW\ýRIýWKHýUHVXOWVïýý7KHýH[SHULPHQWVýZHUHýIXOILOOHGýLQýVSULQJýìääíñýDQGýZHýGLGýQRWýSXEOLVKýWKHP
EHFDXVHýZHýKRSSHGýWRýFRQWLQXHýWKLVýZRUNýDQGýWRýUHFHLYHýGHILQLWHýUHVXOWVïýý6LQFHýZHýFRQVLGHUýWKDWýWKHýUHVXOWV
UHFHLYHGýLQýWKLVýVWXG\ýVKRZýJRRGýSURVSHFWVýIRUý&1)ýSURGXFWLRQýE\ýXVLQJýRXUýPHWKRGýZHýGHFLGHGýWRýSXEOLVK
WKHýUHVXOWVýRIýRXUýZRUNïýý:HýKRSHýWKDWýZHýZLOOýEHýDEOHýWRýUHVXPHýWKHýVWXG\ïýý:HýKRSHýWKDWýE\ýLPSURYLQJýVRPH
RIý WKHýGUDZEDFNVýRIý WKLVýZRUNý IXWXUHýH[SHULPHQWHUVýZLOOýKDYHýDý WRROý IRUýDý UHOLDEOHý UHSOLFDWLRQýRIý&1)ñ
FRQVHTXHQWO\ýLWýZLOOýPDNHýWKHýVWXG\ýRIýWKHVHýSKHQRPHQDýHDVLHUï

5()(5(1&(6

>ì@ýýõ,Qý5XVVLDQô
>ë@ýýõ,Qý5XVVLDQô
>ê@ýýõ,Qý5XVVLDQô
>é@ýýõ,Qý5XVVLDQô
>è@ýýõ,Qý5XVVLDQô
>ç@ýýõ,Qý5XVVLDQô
>æ@ýý6ï0ïý6KNROQLNñýû7KHý3ODVPDý3DUDPHWHUVýLQýWKHý,QWHUHOHFWURGHý*DSýRIýWKHý9DFXXPý$UFñûý,(((ý7UDQVï
3ODVïý6FLïñýìäåèñýYROýSVðìêñýQRýèñýSSýêêçðêêåï
>å@ýý9ï3ïý$IDQDVH\HYñý$ï$ïý/RJDWFKHYñý1ï.ïý0LWURIDQRYñý6ï0ïý6KNROQLNñýû6SHFWURVFRS\ý0HDVXUHPHQWVýRI
+LJKý5HVROXWLRQýLQý+LJKðFXUUHQWý9DFXXPý$UFñûýý3URFïý;,9ý,6'(,9ñý6DQWDý)Hñý10ñý6HSWHPEHUýìääíñýSSýìåæð
ìäìï
>ä@ýý6ï(ïý-RQHVñý(ï3ïý3DOPHUñý-ï%ïý&]LUUýHWýDOïñýû2EVHUYDWLRQýRIý&ROGý1XFOHDUý)XVLRQýLQý&RQGHQVHGý0DWWHUñû
1DWXUHñýìäåäñýYROýêêåñýSSýæêæðæéíï

)LJïýìïýý([SHULPHQWDOýVHWðXSï

ìïýFDWKRGHâýëïýJDVðILOOHGýPHWDOâýêïýDQRGHýõ&XôâýéïýJODVVýLQVXODWRUâýèïýFXUUHQWýIHHGýF\OLQGHUýõ&XôâýçïýYDFXXP
FKDPEHUýõVWDLQOHVVýVWHHOôâýæïýLQQHUýVFUHHQýõ&XôâýåïýGHWHFWRUVâýäïýSRO\HWK\OHQHâýìíïýH[WHUQDOýVFUHHQýõ&Xôâýììï
TXDUW]ýILEHUâý3*ýðýSXOVHýJHQHUDWRUñý&äðåýðýGLJLWDOýVWRUHýRVFLOORVFRSHñý0'5ðêýðýPRQRFKURPDWRUñý30ýðýSKRWR
PXOWLSOLHUï
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)LJïýëïý

óýðýûZRUNLQJûýUHJLPH
RýðýûLGOHûýUHJLPH

)LJïýêï

'ùýVSHFWUDOýOLQHýSURILOH
ìïýHOHFWURO\VLVýëëýK
ëïýHOHFWURO\VLVýëýKý

)LJïýéï

óýðýûZRUNLQJûýUHJLPHï
RýðýûLGOHûýUHJLPHï
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(1(5*<ý$03/,),(5ý:,7+ý08/7,/$<(5
7+,1ý),/0ý(/(&752'(6

*ï+ïý0LOH\ñý(ï*ïý%DW\UEHNRYìïý+ïý+RUDëñý-ï8ïý3DWHOêñ
-ï:ïý7RPSNLQVéñý5ï.ïý=LFKè

)XVLRQý6WXGLHVý/DERUDWRU\
8QLYHUVLW\ýRIý,OOLQRLV

ìííý1(/ñýìíêý6RXWKý*RRGZLQý$YHQXH
8UEDQDñý,/ýçìåíìðëäåéý8ï6ï$ï

$%675$&7

7KHýDSSOLFDWLRQýRIýWKHýûVZLPPLQJýHOHFWURQýOD\HUûýWKHRU\ý>ìðé@ýWRýWKHýGHVLJQýRIýPXOWLOD\HUýWKLQýILOPýHOHFWURGHV
LVýGLVFXVVHGïý$ýNH\ýDGYDQWDJHýRIýWKLVýDSSURDFKýLVýWKDWýWKHýHQKDQFHGýUHDFWLRQýUDWHýDWýLQWHUIDFHVýEHWZHHQýVHOHFW
PHWDOVý LVý SUHGLFWHGý WRý SURGXFHý Dý KLJKý SRZHUý GHQVLW\ý WKURXJKRXWý WKHý YROXPHý RIý WKHýPXOWLOD\HUVïý ,QLWLDO
H[SHULPHQWDOý VWXGLHVý RIý KHDWý SURGXFWLRQý E\ý HOHFWURO\VLVñý XVLQJý DýPXOWLOD\HUý WKLQðILOPý FDWKRGHý VSHFLDOO\
GHVLJQHGýRQýWKHýEDVLVýRIýWKLVýWKHRU\ñýDUHýSUHVHQWHGï

,1752'8&7,21

7KHýH[FHVVýKHDWýGXULQJýKHDY\ýRUýOLJKWýZDWHUýHOHFWURO\VLVýXVLQJý3GýFDWKRGHýZLWKý/L2'ýõ/L2+ôýHOHFWURO\WHýKDV
EHHQýUHSRUWHGýE\ýVHYHUDOýJURXSVý>è@ïýý7RýGDWHñýKHDWýSURGXFWLRQýHTXDOýWRýDVýPXFKýDVýWHQýWLPHVýWKHýLQSXWýHQHUJ\
KDVýEHHQýUHSRUWHGýIURPýVRPHýRIýWKHVHýH[SHULPHQWVý>ç@ïýý0DQ\ýWKHRUHWLFDOýH[SODQDWLRQVýKDYHýEHHQýRIIHUHGýWR
H[SODLQý WKHVHý H[FLWLQJý H[SHULPHQWDOý UHVXOWVïý0RVWý RIý WKHVHý WKHRULHVý H[SODLQý WKHý UHDFWLRQý DVý Dý TXDQWXP
PHFKDQLFDOý WXQQHOLQJýHIIHFWý LQýWKHýSUHVHQFHýRIýDýVROLGýODWWLFHïý7KLVýGRHVýQRWñýKRZHYHUñýH[SODLQýWKHýKLJK
UHDFWLRQýUDWHVýREVHUYHGýLQýWKHýH[SHULPHQWVýZKLFKýDUHýWKRXJKWýWRýLQYROYHýVXUIDFHýRUýLQWHUVXUIDFHýHIIHFWVý>æ@ï
7KXVýWKHýûVZLPPLQJýHOHFWURQýOD\HUûýWKHRU\ýZDVýGHYHORSHGýWRýDGGUHVVýWKDWýLVVXHý>ìðë@ïýý7KLVýPRGHOýLVýEDVHG
RQýWKHýHIIHFWýRIýVXUIDFHýWHQVLRQýRQýDQýH[RWLFýSODVPDýDWýPHWDOOLFýLQWHUIDFHVñýUHVXOWLQJýLQýHQKDQFHGýUHDFWLRQ
UDWHVï

,QýWKHýSUHVHQWýUHVHDUFKñýZHýKDYHýFRQFHQWUDWHGýRQýWKHýH[SHULPHQWDOýLQYHVWLJDWLRQýRIýH[FHVVýKHDWýSURGXFWLRQ
SKHQRPHQDñý XVLQJý Dý XQLTXHýPXOWLOD\HUý HOHFWURGHý GHVLJQý WKDWý LVý SUHGLFWHGý WRý LQFUHDVHý UHDFWLRQý UDWHVý E\
LQFUHDVLQJýWKHýHOHFWURGHýLQWHUIDFHýDUHDýDQGýE\ýXVLQJýVHOHFWýPHWDOVýZLWKýODUJHý)HUPLðHQHUJ\ðOHYHOýGLIIHUHQFHVï
,QLWLDOýH[SHULPHQWDOýVWXGLHVýRIýKHDWýSURGXFWLRQýE\ýHOHFWURO\VLVñýXVLQJýDýPXOWLOD\HUýWKLQðILOPýFDWKRGHýVSHFLDOO\
GHVLJQHGýRQýWKHýEDVLVýRIýWKHýûVZLPPLQJýHOHFWURQýOD\HUûýWKHRU\ýLVýGHVFULEHGï

û6:,00,1*ý(/(&7521ý/$<(56ûý7+(25<

6HYHUDOýH[SHULPHQWVýUHSRUWHGýE\ýRWKHUýZRUNHUVýKDYHýLQGLFDWHGýWKDWýFROGýIXVLRQýLVýDýVXUIDFHðUHODWHGýH[RWKHUPLF
SKHQRPHQDïý7KHýûVZLPPLQJýHOHFWURQýOD\HUûýWKHRU\ýLVýFRQVLVWHQWýZLWKýWKLVýREVHUYDWLRQýDQGýVXJJHVWVýWKHýXVH
RIýPXOWLOD\HUýWKLQýIRLOVýLQýRUGHUýWRýLQGXFHýUHDFWLRQVýWKURXJKRXWýWKHýYROXPHýRIýDQýHOHFWURGHïý7KLVýDSSURDFK
ZRXOGýLQýWXUQýDOORZýGLUHFWýVFDOLQJýWRýKLJKýSRZHUýOHYHOVýLQýPLQLPXPýVL]HýFHOOVï

0XOWLOD\HUýHOHFWURGHVýVXJJHVWHGýE\ýWKLVýPRGHOýZLOOýKDYHýFORVHO\ýVSDFHGýLQWHUIDFHVýDWýZKLFKýFROGýIXVLRQýZRXOG
RFFXUýWRýSURYLGHýDýKLJKýSRZHUýRXWSXWïý5HODWHGýH[SHULPHQWVýXVLQJýFRDWHGýHOHFWURGHVýKDYHýEHHQýUHSRUWHGýE\
$UDWDýDQGý=KDQJý>æ@ñýZKHUHýDVýPXOWLSOHýODUJHýYROXPHý3Gî6LýOD\HUVýKDYHýEHHQýVWXGLHGýE\ý7ïý&OD\WRUý>å@ïýý%RWK
H[SHULPHQWVýZHUHýTXLWHýVXFFHVVIXOýDQGýWKXVýSURYLGHýHQFRXUDJHPHQWýIRUýWKHýPXOWLOD\HU
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ýILOPýFRQFHSWï

7KHýPHWDOýSDLUVýXVHGýLQýWKHýSUHVHQWýH[SHULPHQWVýIRUýIDEULFDWLQJýPXOWLOD\HUýHOHFWURGHVýDUHýVHOHFWHGýVRýWKDWýWKH
PHWDOVýGRýQRWýGLIIXVHýLQWRýHDFKýRWKHUñýPDLQWDLQLQJýZHOOðGHILQHGýLQWHUIDFHVïý'LIIHUHQFHVýLQý)HUPLýOHYHOVýDGMXVW
DWýWKHýLQWHUIDFHVýFUHDWLQJýDQýHOHFWURQýOD\HUýWKDWýLVýPRVWýHIIHFWLYHýLQýVKLHOGLQJýWKHýSRVLWLYHýFKDUJHVýRIýIXVLQJ
GHXWHURQVïý7KHýG\QDPLFýVKLHOGLQJýHIIHFWýRIýWKHýHOHFWURQýOD\HUýPD\ýIXUWKHUýEHýHQKDQFHGýLIýWKHýHOHFWURGHýLV
FRQQHFWHGý WRý WKHýQHJDWLYHý WHUPLQDOýRIý DýSRZHUý VRXUFHý WKDWý IORRGVý WKHý FRQGXFWLRQýEDQGVýRIýPHWDOVýZLWK
HOHFWURQVïý7KXVñýZKHQýRQHýXVHVýDQý$&ýSRZHUýVRXUFHýRUýUDPSVýWKHýFXUUHQWýIURPýDý'&ýVRXUFHýGXULQJýWKH
HOHFWURO\VLVñýDýG\QDPLFDOýQRQýHTXLOLEULXPýFRQGLWLRQýLVýFUHDWHGïý7KLVýHIIHFWýLVýUHODWHGýWRýWKHýHQKDQFHGýUHDFWLRQ
UDWHýREVHUYHGýE\ýRWKHUVýXVLQJýRVFLOODWLQJýRUýUDPSHGýYROWDJHVý>æñå@ï

7KHýEDVLVýSURFHVVýLVýYLHZHGýDVýLQYROYLQJýFROOLGLQJýWKHUPDOýGHXWHURQVýLQýDýGRXEOHýSRWHQWLDOýOD\HUýUHJLRQ
GHYHORSHGýDWýWKHýLQWHUQDOýLQWHUIDFHVýRIýWKHýPXOWLOD\HUýHOHFWURGHVïý$WýWKHýORZýVSHHGVýLQYROYHGñýWKHý'òýQXFOHL
ZLOOýEHýSRODUL]HGýõVHHý)LJXUHýìôïý7KHýVKLHOGLQJýRIýWKHýSRVLWLYHýFKDUJHýLQýWKLVýVWDWHýE\ýVZLPPLQJýHOHFWURQýOD\HU
DOORZVýDýYHU\ýFORVHýDSSURDFKñýZKHUHýWKHýQXFOHDUýIRUFHVýEHFRPHýHIIHFWLYHýWRýIRUPýDýFRPSRXQGýQXFOHXVýLQýDQ
H[FLWHGýVWDWHý>ì@ï

)LJXUHýìïýý&ROGýIXVLRQýRIý'òýVKLHOGHGýE\ýVZLPPLQJýHOHFWURQýOD\HUï

êïý(;3(5,0(17$/ý,19(67,*$7,21ï

7KHýH[SHULPHQWVýZHUHýFDUULHGýRXWýE\ýREVHUYLQJýWKHýWHPSHUDWXUHýLQFUHDVHýDQGýJDVýSURGXFWLRQýFRPSDUHGýWR
LQSXWýSRZHUïý7KHýH[SHULPHQWýHPSOR\HGýDýFDORULPHWHUýWHFKQLTXHñýZKLFKýXVHGýSDLUHGýLGHQWLFDOýHOHFWURO\WLF
FHOOVïý7KHVHýFHOOVýZHUHýLGHQWLFDOýH[FHSWýWKDWýRQHýXWLOL]HGýWKHýPXOWLOD\HUýFDWKRGHñýZKLOHýWKHýVHFRQGýXVHGýDýSODLQ
VWDLQOHVVýVWHHOýõFRSSHUôýSODWHýRIýWKHýVDPHýVL]Hïý7KHýPXOWLOD\HUýFDWKRGHýLVýPDGHýIURPýDýVWDLQOHVVýVWHHOýSODWH
õFRSSHUôñýëèýPPý[ýëèýPPý[ýêýPPýWKLFNñýFRDWHGýZLWKýDOWHUQDWLQJýOD\HUVýRIý7LýDQGý3GñýGHSRVLWHGýE\ýDýXQLTXH
HðEHDPýHYDSRUDWLRQýPHWKRGý VSHFLILFDOO\ý GHYHORSHGý IRUý WKLVý SXUSRVHïý7KHý FDWKRGHý KDVý VL[ý OD\HUVý RIý7Lñ
DOWHUQDWLQJýZLWKýILYHýOD\HUVýRIý3GýSHUýVLGHýõKDYLQJýDýWRWDOýWKLFNQHVVýRIýìííýcôýVDQGZLFKHGýDURXQGýWKHýVWDLQOHVV
VWHHOýFRUHï

7KHýHOHFWURO\WHýFHOOýGHVLJQýLVýVKRZQýLQý)LJXUHýëïý(DFKýFHOOýUHSUHVHQWVýëèíðPOýYDFXXPýMDFNHGýGHZDUVýFORVHG
E\ýèðFPýWKLFNýWDSHUHGýUXEEHUýVWRSSHUïý*ODVVýER[HVýõçí[éí[ëíýPPôýZLWKýDýV\VWHPýRIýHOHFWURGHVýDQGýíïìýðýíïèæ
PRODULW\ý/L2+ýHOHFWURO\WHýVROXWLRQýZHUHýSODFHGýLQWRýERWKýGHZDUVïý7KHýJODVVýER[ýLVýXVHGýIRUýGHFUHDVLQJýWKH
DPRXQWýRIýHOHFWURO\WHVýDQGýDVýDýUHVXOWýLQFUHDVLQJýWKHýWKHUPDOýVHQVLWLYLW\ýRIýWKLVýDSSDUDWXVïý7KHýVSDFHýEHWZHHQ
GHZDUöVýZDOOýDQGýWKHýJODVVýER[ýZDVýILOOHGýZLWKýGLVWLOOHGýZDWHUýWRýLQFUHDVHýWKHýKHDWýV\VWHPöVýFDSDFLW\ï

%RWKýFHOOVýZHUHýFRQQHFWHGýRQýSDUDOOHOý WRý WKHýVDPHýSRZHUýVXSSO\ñý LQýRUGHUý WRýSURYLGHýDýPDWFKHGýSRZHU
GHSRVLWLRQïý0LGZD\ýGXULQJýWKHýH[SHULPHQWDOýUXQñýDVýDQýDGGHGýFRQWUROñýWKHýHOHFWURGHVýZHUHýLQWHUFKDQJHG
EHWZHHQýWKHýFHOOVï
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)LJXUHýëïýý7KHýHOHFWURO\WHýFHOOýGHVLJQï

7KHýWHPSHUDWXUHýRIýWKHýPXOWLOD\HUðFDWKRGHýFHOOýZDVýFRQVLVWHQWO\ýìïèý�ýíïè(&ýKLJKHUýWKDQýWKDWýRIýUHIHUHQFH
FHOOñý EXWý IRUý VKRUWý SHULRGVý OLPLWHGý E\ý GDPDJHý IODNLQJý RIý WKHý WKLQý ILOPVý RQý WKHý HOHFWURGHý VXUIDFHïý 7KLV
FRUUHVSRQGVýWRýaëýN:îFPêýHQHUJ\ýSURGXFWLRQýLQýWKHýWKLQðILOPýLQWHUIDFHýUHJLRQñýDVVXPLQJýUHDFWLRQýRFFXUVñýDV
SUHGLFWHGñýRYHUýDýUHJLRQýH[WHQGLQJýDQýHOHFWURQð'HE\HýOHQJWKýIURPýWKHýLQWHUIDFHïý7KHýWRWDOýYROXPHýDYHUDJH
SRZHUñýLIýDSSOLFDEOHñýZRXOGýEHýVHYHUDOýRUGHUVýRIýPDJQLWXGHýORZHUýWKDQýWKHýLQWHUIDFHýYDOXHï

7KHVHýUHVXOWVýPXVWýEHýYLHZHGýDVýYHU\ýSUHOLPLQDU\ñýVLQFHýWKHýH[SHULPHQWDOýUXQVýKDYHýEHHQýOLPLWHGýE\ýHDUO\
IODNLQJýRIýWKLQýOD\HUVñýSUREDEO\ýGXHýWRýGLIIHUHQWLDOýH[SDQVLRQýRIýWKHýOD\HUVýGXULQJýLQWHQVHýKHDWLQJïý$OVRñýWKLV
SUHOLPLQDU\ýFDORULPHWHUýWHFKQLTXHýLQYROYHVýVRPHýDVVXPSWLRQVýWKDWýQHHGýIXUWKHUýVWXG\ïý6RPHýDGYDQWDJHVýDQG
GLVDGYDQWDJHVýRIýFRQYHQWLRQDOýFDORULPHWULFýPHWKRGVýKDYHýEHHQýHOLPLQDWHGýLQýWKLVýGHVLJQñýZKLFKýSURYLGHVýD
FORVHGýV\VWHPýDQGýDOORZVýVLPXOWDQHRXVýPHDVXUHPHQWýRIýERWKýJDVýDQGýKHDWýSURGXFWLRQï

$ýQHZýHOHFWURGHýGHVLJQñýZLWKýVHYHUDOýLPSURYHPHQWVýWRýLQFUHDVHýILOPýVWDELOLW\ñýKDVýEHHQýGHYHORSHGýIRUýIXWXUH
H[SHULPHQWVïý7KLVýGHVLJQýDQGýUHVXOWVýXVLQJýLWýZLOOýEHýSUHVHQWHGï

&21&/86,21

7KHýDSSURDFKýSURSRVHGýKHUHýLVýXQLTXHýLQýGHVFULELQJýFROGýIXVLRQýDVýDQýLQWHUIDFHýSKHQRPHQRQñýFRQVLVWHQWýZLWK
ERWKýWKHýûVZLPPLQJýHOHFWURQýOD\HUûýWKHRU\ýDQGýZLWKýH[SHULPHQWDOýUHVXOWVýWKDWýLQGLFDWHýUHDFWLRQVýPDLQO\ýRFFXU
DWýHOHFWURGHýVXUIDFHVïý7HFKQLTXHVýKDYHýEHHQýGHYHORSHGý WRýIDEULFDWHýPXOWLOD\HUýWKLQýILOPýHOHFWURGHVñýDQG
SUHOLPLQDU\ýH[SHULPHQWVýLQGLFDWHýDýKLJKýSRZHUýGHQVLW\ýWKURXJKRXWýWKHýILOPýYROXPHïý,IýDýVWDEOHýILOPýGHVLJQ
FDQýEHýIRXQGñýWKLVýDSSURDFKýFRXOGýEHýDýSURPLVLQJýRQHýIRUýDQýHQHUJ\ýDPSOLILHUï
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5()(5(1&(6

ìïýý+ïý+RUDñý-ï&ïý.HOO\ñý-ï8ïý3DWHOñý0ï$ïý3UHODVñý*ï+ïý0LOH\ñýDQGý-ï:ïý7RPSNLQVñýû6FUHHQLQJýLQý&ROGý)XVLRQ
'HULYHGýIURPý'ð'ý5HDFWLRQVñûý3K\Vïý/HWWïý$ññýYROýìæèñýSýìêåýõìääêôï

ëïýý+ïý+RUDñý*ï+ïý0LOH\ýHWýDOïñýû6XUIDFHý0RGHOVýIRUý&ROGý)XVLRQýDQGýWKHý3RVVLELOLW\ýRIý0XOWLOD\HUHGý&HOOVýIRU
(QHUJ\ý3URGXFWLRQñûý3URFHHGLQJVñýåWKý:RUOGý+\GURJHQý(QHUJ\ý&RQIHUHQFHïý&ROGý)XVLRQý6\PSRVLXPñý+DZDLL
1DWXUDOý(QHUJ\ý,QVWLWXWHñý8ïýRIý+DZDLLñýSýìçäýõìääíôï

êïýý*ï+ïý0LOH\ñý+ïý+RUDñý-ïý-DYHGDQLýHWýDOïñýû0XOWLð/D\HUý7KLQý)LOPý(OHFWURGHVýIRUý&ROGý)XVLRQñûý3URFHHGLQJV
RIýWKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý1DJR\Dñý-DSDQñý2FWREHUýëìðëèñýSýèéýõìääëôï

éïýý*ï+ïý0LOH\ñý(ï*ïý%DW\UEHNRYñý-ï8ïý3DWHOýHWýDOïñýû+HDWý3URGXFWLRQýZLWKý0XOWLOD\HUý7KLQð)LOPý(OHFWURGHVñû
3URFHHGLQJVýRIýWKHý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý+DZDLLñý'HFHPEHUýçðäñý&ýêïì
õìääêôï

èïýý:LOOýEHýLQFOXGHGýLQýWKHý3URFHHGLQJVýRIýWKHý)RXUWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý'HFHPEHU
ìääêñý/DKDLQDñý+DZDLLï

çïýý(ïý6WRUPVñýû5HYLHZýRIý([SHULPHQWDOý2EVHUYDWLRQVý$ERXWýWKHý&ROGý)XVLRQý(IIHFWVñûý)XVLRQý7HFKQRORJ\ñ
YROýëíñýSýéêêýõìääìôï

æïýý<ïý$UDWDýDQGý<ïð&ïý=KDQJñýû5HSURGXFLEOHýû&ROGûý)XVLRQý5HDFWLRQý8VLQJýDý&RPSOH[ý&DWKRGHñûý)XVLRQ
7HFKQRORJ\ñýYROýëëñýSýëåæýõìääëôï

åïýý7ïý&OD\WRUñý'ï*ïý7XJJOHýDQGý+ï2ïý0HQORYHñýû7ULWLXPý*HQHUDWLRQýDQGý1HXWURQý0HDVXUHPHQWVýLQý3Gð6L
XQGHUý+LJKý'HXWHULXPý*DVý3UHVVXUHûïý3URFHHGLQJVýRIýWKHý6HFRQGý$QQXDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý9LOOD
2OPRñý&RPRñý,WDO\ñý-XQHýëäð-XO\ýéñýSýêéýõìääìôï
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35$&7,&$/ý$63(&76ý2)ý+($7ý$1'ý+(/,80ý0($685(0(176ý,1
'(87(5$7('ý3$//$',80

%ï)ïý%XVKóýýDQGýý0ï+ïý0LOHV
&KHPLVWU\ý'LYLVLRQñý5HVHDUFKý'HSDUWPHQW

1DYDOý$LUý:DUIDUHý&HQWHUñý:HDSRQVý'LYLVLRQ
&KLQDý/DNHñý&$ýäêèèèðçííìñý86$

$%675$&7

0HWDOý IODVNVý ZHUHý XVHGý WRý FROOHFWý HOHFWURO\VLVý JDVý VDPSOHVý LQý 3Gî'ë2ý òý /L2'ý DQGý 3Gî+ë2ý òý /L2+
H[SHULPHQWVýLQýRUGHUýWRýPLQLPL]HýHIIHFWVýGXHýWRýKHOLXPýGLIIXVLRQýWKURXJKýJODVVïý)RUýILYHýFRQWUROýH[SHULPHQWV
\LHOGLQJýQRýH[FHVVýSRZHUñýWKHýPHDQýYDOXHýIRUýWKHýEDFNJURXQGýKHOLXPýFRQFHQWUDWLRQVýLQýRXUýV\VWHPýZDVýéïé
�ýíïçýSSEýõSDUWVýSHUýELOOLRQôýRUýèïìý�ýíïæý;ýìíìêýé+HîèííP/ïý)RUýILYHýH[SHULPHQWVýSURGXFLQJýH[FHVVýSRZHUñ
WKHýPHDVXUHGýKHOLXPýFRQFHQWUDWLRQýZDVýKLJKHUý WKDQý WKHýEDFNJURXQGý OHYHOý LQýHDFKýFDVHïý7KUHHýGLIIHUHQW
ODERUDWRULHVýKDYHýEHHQýXVHGý IRUýPHDVXUHPHQWVýRIý WKHýKHOLXPýFRQFHQWUDWLRQVý LQýYDULRXVý HOHFWURO\VLVýJDV
VDPSOHVý IURPý RXUý H[SHULPHQWVý GXULQJý WKHý SDVWý WKUHHý \HDUVïý ý 7KHý KHOLXPýPHDVXUHPHQWVý IURPý DOOý WKUHH
ODERUDWRULHVý\LHOGýKHOLXPýSURGXFWLRQýUDWHVýRIýìíììðìíìëýé+HîVó:ï

,1752'8&7,21

2XUýSUHYLRXVýUHVXOWVýSUHVHQWýDýFRUUHODWLRQýEHWZHHQýWKHýPHDVXUHGýH[FHVVýSRZHUýDQGýKHOLXPýSURGXFWLRQýLQ
'ë2ð/L2'ýHOHFWURO\VLVýFHOOVýXVLQJýSDOODGLXPýFDWKRGHVïý>ì@ýý7KHýPHDVXUHGýUDWHýRIýé+HýSURGXFWLRQýõìí

ììðìíìë
é+HîVó:ôýLVýWKHýFRUUHFWýPDJQLWXGHýIRUýW\SLFDOýGHXWHURQýIXVLRQýUHDFWLRQVýWKDWý\LHOGýKHOLXPýDVýDýSURGXFWïý>ë@
%HFDXVHýKHOLXPýLVýSUHVHQWýLQýWKHýDWPRVSKHUHýõèïëëýSSPôñýLWýLVýHVVHQWLDOýWKDWýDWPRVSKHULFýFRQWDPLQDWLRQýEH
SUHYHQWHGïý,WýLVýLQGHHGýDýYHU\ýFKDOOHQJLQJýH[SHULPHQWDOýSUREOHPýWRýFOHDUO\ýHVWDEOLVKýWKHýSURGXFWLRQýRIýé+H
IURPý3Gî'ë2ýHOHFWURO\VLVýFHOOVïý7KLVýVLWXDWLRQýLVýFRPSRXQGHGýE\ýGLIILFXOWLHVýLQýREWDLQLQJýODUJHýH[FHVVýSRZHU
HIIHFWVýLQýWKHVHýH[SHULPHQWVï

7DEOHý,ýSUHVHQWVýWKHýWKHRUHWLFDOýUHODWLRQVKLSýEHWZHHQýWKHýH[FHVVýSRZHUýDQGýKHOLXPýSURGXFWLRQýDVVXPLQJýë+
òýë+ý9ýé+Hýòýëêïåý0H9ýDVýWKHýPDMRUýIXVLRQýUHDFWLRQýZLWKýWKHýHQHUJ\ýEHLQJýGHSRVLWHGýZLWKLQýWKHýFDORULPHWHUï
$WýORZýOHYHOVýRIýH[FHVVýSRZHUñýWKHýXQFHUWDLQWLHVýLQýPHDVXUHPHQWVýRIýWKHýKHOLXPýDQGýWKHýH[FHVVýSRZHUýDUH
UDWKHUýODUJHïý:KHQýWKHýH[FHVVýSRZHUýH[FHHGVýíïëý:ñýKRZHYHUñýLWýFRXOGýEHýSRVVLEOHýWRýFRUUHODWHýWKHýUDWHýRIýé+H
SURGXFWLRQýZLWKýSURSRVHGýIXVLRQýUHDFWLRQýSDWKZD\Vïý,WýVKRXOGýEHýQRWHGýWKDWýIRUýDQ\ýJLYHQýH[FHVVýSRZHUñýWKH
KHOLXPýFRQFHQWUDWLRQýLQýWKHýHOHFWURO\VLVýJDVýVWUHDPýZLOOýEHýLQYHUVHO\ýSURSRUWLRQDOýWRýWKHýFXUUHQWïý)RUýH[DPSOHñ
DQýH[SHULPHQWýSURGXFLQJýíïèííý:ýRIýH[FHVVýSRZHUýZKHQý,ý ýëèíýP$ýZRXOGýWKHRUHWLFDOO\ý\LHOGýììëýSSEýRI
é+HýLQýWKHýHOHFWURO\VLVýJDVýVWUHDPï

(;3(5,0(17$/

7KHý HOHFWURO\VLVý FHOOVý LQLWLDOO\ý FRQWDLQHGý ìçý FPêý RIý íïìý 0ý /L2'ý òý 'ë2ý õääïäøý &DPEULGJHý ,VRWRSH
/DERUDWRULHVôýRUýíïìý0ý/L2+ýòý+ë2ïý7KHýGHVLJQýRIýWKHýHOHFWURO\VLVýFHOOVýDQGýFDORULPHWHUVýZHUHýVLPLODUýWR
SUHYLRXVýUHSRUWVïý>ìðé@ýý7KHýPDMRUýGLIIHUHQFHýZDVýWKDWýHOHFWURO\VLVýJDVýVDPSOHVýZHUHýFROOHFWHGýLQýVWDLQOHVV
VWHHOñýDOOýPHWDOýIODVNVýUDWKHUýWKDQýWKHýèííýP/ý3\UH[ýJODVVýIODVNVýXVHGýLQýSUHYLRXVýH[SHULðPHQWVý>ìðê@ïýý)RXU
LGHQWLFDOýPHWDOýIODVNVýõQXPEHUHGýìðéôýDQGýIRXUýVLPLODUýFDORULPHWULFýFHOOVýõ$ñý%ñý&ñý'ôýZHUHýXVHGýLQýWKLVýVWXG\ï
7KHý KHOLXPý FRQFHQWUDWLRQVý LQý WKHýPHWDOý IODVNVý ZHUHýPHDVXUHGý E\ý Dý 'HSDUWPHQWý RIý WKHý ,QWHULRUý õ'2,ô
ODERUDWRU\ýõ+HOLXPý)LHOGý2SHUDWLRQVñý$PDULOORñý7H[DVôïý7KHýVWDQGDUGýGHYLDWLRQýõ)ôýIRUýWKH
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ýPHDVXUHPHQWý RIý WKHý KHOLXPý FRQFHQWUDWLRQýZDVý JHQHUDOO\ý DERXWý �ìý SSEñýPHDQLQJý WKDWý WKHUHý LVý Dý çæø
FRQILGHQFHýWKDWýWKHýWUXHýFRQFHQWUDWLRQýLVýZLWKLQýìýSSEýRIýWKHýVWDWHGýYDOXHýDQGýäèøýFRQILGHQFHýDWýë)ýLHïý�ýë
SSEï

0RVWýRIýWKHýSDOODGLXPýURGýFDWKRGHVýLQYHVWLJDWHGýLQýWKLVýVWXG\ýZHUHýREWDLQHGýIURPý-RKQVRQý0DWWKH\ïý7KH
3Gð$JýDOOR\ýFDWKRGHýõéPPý[ýìïçýFPôýZDVýORDQHGýWRýXVýE\ý'Uïý6KLQMLý1H]XýRIý,05$ý-DSDQïý7KHýSDOODGLXP
VKHHWýFDWKRGHýõìïíýPPý[ýêïëýPPý[ýìïçýFPôýZDVýFXWýIURPýDýVDPSOHýORDQHGýWRýXVýE\ý7DQDNDý0HWDOVýõ-DSDQôï
7ZRýSDOODGLXPýURGýFDWKRGHVýõìPPý[ýìïèýFPýDQGýëýPPý[ýìïëýFPôýZHUHýSURGXFHGýE\ý-RKQVRQý0DWWKH\ýõ8.ô
XVLQJýWKHýûRULJLQDOýUHFLSHûýDQGýZHUHýORDQHGýWRýXVýE\ý'Uïý+DYHQý(ïý%HUJHVRQýRIýWKHý8QLYHUVLW\ýRIý8WDKï

7KHýIODVNVýZHUHýPDGHýE\ýZHOGLQJýGLVFVýRQWRýWKHýHQGVýRIýVHFWLRQVýRIýVWDLQOHVVýVWHHOýSLSHýDQGýKLJKýWHPSHUDWXUH
VLOYHUýVROGHULQJýWZRýíïëèýLQFKýVWDLQOHVVýVWHHOýWXEHVýLQWRýWKHýVLGHýRIýWKHýSLSHïý1XSURýEUDQGýPRGHOý66ðéð%.ð7:
YDOYHVýZHUHýVRIWýVROGHUHGýWRýWKHýWXEHVýXVLQJý6Qð$JýäçøðéøýVROGHUýDQGýVWDLQOHVVýVWHHOýVROGHULQJýIOX[ïý7KH
YDOYHVýZHUHýPRGLILHGýE\ýUHSODFLQJýWKHýVWDQGDUGýEHOORZVýJDVNHWýZLWKýDýFRSSHUýJDVNHWýWRýHIIHFWýDýPHWDOýVHDOñ
ZKLOHýWKHýQRUPDOý.HOð)ýYDOYHýVHDWýZDVýUHWDLQHGýLQýSUHIHUHQFHýWRýDýPHWDOýVHDWñýWRýSUHFOXGHýVHDWýJDOOLQJýLQGXFHG
PDVVýWUDQVSRUWýOHDNVïý7RýHIIHFWýDQýDOOýPHWDOýHQYHORSHñýWKHýYDOYHVýZHUHýILWWHGýZLWKý&DMRQý9&5ýILWWLQJVýVRIW
VROGHUHGý LQýSODFHýDQGýVHDOHGýZLWKýDýQLFNHOýJDVNHWý DQGýFDSý ILWWLQJý IRUý VWRUDJHýDQGýVKLSSLQJâý WKHýYROXPH
EHWZHHQýWKHýYDOYHýVHDWýDQGý9&5ýFDSýVHDOýZDVýIOXVKHGýRXWýZLWKýERLOðRIIýQLWURJHQýDVýLWýZDVýVHDOHGñýWRýSUHFOXGH
KHOLXPýGLIIXVLQJýWKURXJKýWKHý.HOð)ýYDOYHýVHDWï

0HWDOýVDPSOHýIODVNVýDUHýIUDJLOHýDQGýPXVWýEHýKDQGOHGñýSDFNDJHGýDQGýVKLSSHGýZLWKýFDUHïý7KHýVRIWýVROGHUýLV
HDVLO\ýEURNHQýXVLQJýWKHýOHYHUDJHýDYDLODEOHýIURPýWKHýYDOYHýNQREýDQGýWXEHVïý)RUýEHVWýUHVXOWVñýWKHýIODVNVýDUH
URXWLQHO\ýEDNHGýRXWýDWý1ìíí(&ýIRUýIRXUýKRXUVýZKLOHýG\QDPLFDOO\ýHYDFXDWHGýWRýè�ýYDFXXPñýDQGýVWRUHGýILOOHG
ZLWKýERLOðRIIýQLWURJHQýWRýDYRLGýFRQWDPLQDWLRQýE\ýUHVLGXDOýKHOLXPýWKDWýPLJKWýRWKHUZLVHýEHýWUDSSHGýLQýDQ\ýSRUHV
SUHVHQWýLQýWKHýIODVNýPHWDOï

5(68/76

+HOLXPýPHDVXUHPHQWVýLQý'ë2ýDQGý+ë2ýFRQWUROýH[SHULPHQWVýDUHýSUHVHQWHGýLQý7DEOHý,,ïý6WDLQOHVVýVWHHOýPHWDO
IODVNVýZHUHýXVHGýWRýFROOHFWýWKHýHOHFWURO\VLVýJDVýVDPSOHVýLQýRUGHUýWRýPLQLPL]HýDWPRVSKHULFýFRQWDPLQDWLRQýGXH
WRýKHOLXPýGLIIXVLRQï>ë@ýý7KHýKHOLXPýFRQFHQWUDWLRQVýLQý7DEOHý,,ýVXSSRUWýDýGHWHFWLRQýOLPLWýRIýDSSUR[LPDWHO\ýìíìê
é+HîèííP/ýLQýWKHVHýH[SHULPHQWVýDVýUHSRUWHGýSUHYLRXVO\ï>ë@ýý7KHýPHDVXUHGýKHOLXPýFRQFHQWUDWLRQVýLQýWKHVH
FRQWUROýH[SHULPHQWVý\LHOGýDýPHDQýYDOXHýRIýéïéý�ýíïçýSSEýRUýèïìý�ýíïæý[ýìíìêýé+HîèííP/ï

)RUýH[SHULPHQWVýSURGXFLQJýH[FHVVýSRZHUñýILYHýKHOLXPýPHDVXUHPHQWVýXVLQJýWKHVHýVDPHýPHWDOýIODVNVýKDYHýEHHQ
FRPSOHWHGïý7KHVHýH[SHULPHQWVýDUHýVKRZQýLQý7DEOHý,,,ýDQGý\LHOGýDýPHDQýYDOXHýRIýìïéý�ýíïæý[ýìíììýé+HîVó:
DIWHUýFRUUHFWLQJýIRUýEDFNJURXQGýOHYHOVýRIýKHOLXPýPHDVXUHGýLQýFRQWUROýVWXGLHVýõ7DEOHý,,ôñýLHïýéèý0HYýSHUýé+H
DWRPïýý7KLVýYDOXHýLVýWKHýFRUUHFWýPDJQLWXGHýIRUýW\SLFDOýGHXWHURQýIXVLRQýUHDFWLRQVýWKDWý\LHOGýé+HýDVýDýSURGXFW>ë@ï
,WýLVýLQWHUHVWLQJýWRýQRWHýIURPý7DEOHý,,,ýWKDWýWKHýWZRýSDOODGLXPýURGVýSURGXFHGýE\ý-RKQVRQý0DWWKH\ýXVLQJýWKH
ûRULJLQDOýUHFLSHûý\LHOGHGýH[FHVVýSRZHUïý7KHýSDOODGLXPýVKHHWýIURPý7DQDNDý0HWDOVýDOVRýSURGXFHGýH[FHVV
SRZHUïý7KHýH[FHVVýSRZHUýGHQVLW\ýLVýJUHDWHUýWKDQýìý:îFPêý3GýIRUýHDFKýRIýWKHVHýWKUHHýFDWKRGHVïý+RZHYHUñýWKH
H[FHVVýSRZHUýOHYHOVýPHDVXUHGýGXULQJýWKHýFROOHFWLRQýRIýWKHýJDVýVDPSOHVýLQýWKHVHýQHZýH[SHULPHQWVýZHUHýRQO\
íïìý:ýRUýOHVVñýKHQFHýH[SHULPHQWDOýHUURUVýDUHýUDWKHUýODUJHýõ7DEOHý,ôïý)XUWKHUýH[SHULPHQWVýXVLQJýPHWDOýIODVNV
DUHýQHHGHGýWKDWýLQYROYHýHTXDOýQXPEHUVýRIýFRQWUROýFHOOVýDQGýFHOOVýSURGXFLQJýODUJHýH[FHVVýSRZHUýHIIHFWVïý7KLV
VKRXOGýSURYLGHýDGGLWLRQDOýVWDWLVWLFDOýHYLGHQFHýUHJDUGLQJýKHOLXPýSURGXFWLRQýLQý3Gî'ë2ýHOHFWURO\VLVýFHOOVï

7DEOHý,,ýVKRZVýWKDWýQRýPHDVXUDEOHýGLIIHUHQFHVýRFFXUýLQýEDFNJURXQGýOHYHOVýRIýé+HýRYHUýDýWLPHýSHULRG
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ýH[FHHGLQJýIRXUýPRQWKVïý1HDUO\ýLGHQWLFDOýé+HýFRQFHQWUDWLRQVýDUHýREWDLQHGýIRUýWKHýHOHFWURO\VLVýFHOOý&ýJDV
VDPSOHýFROOHFWHGýRQýëéý)HEUXDU\ýìääêýDQGýWKHQýDJDLQýLQýDýGLIIHUHQWýH[SHULPHQWýRQýæý-XO\ýìääêïý)XUWKHUPRUHñ
7DEOHý,,ýLOOXVWUDWHVýWKDWýWKHýSDUWLFXODUýPHWDOýIODVNýXVHGýSURGXFHVýQRýVLJQLILFDQWýGLIIHUHQFHýLQýWKHýé+HýUHVXOWï
7KHýORZHVWýé+HýFRQFHQWUDWLRQýõêïéý�ýìïìýSSEôýZDVýREWDLQHGýXVLQJýPHWDOýIODVNýúéïý+RZHYHUñýWKHýKLJKHVWýé+H
FRQFHQWUDWLRQýõäïæý�ýìïìýSSEôýZDVýREWDLQHGýXVLQJýWKLVýVDPHýPHWDOýIODVNýLQýDQýH[SHULPHQWýSURGXFLQJýH[FHVV
SRZHUýõ7DEOHý,,,ôï

'LVFXVVLRQ

7KHýVWUDWHJ\ýRIýWKHýH[SHULPHQWDOýZRUNýZDVýWRýSUHFOXGHýDWPRVSKHULFýFRQWDPLQDWLRQýE\ýDýV\VWHPýRIýRYHUODSSLQJ
DQGýUHGXQGDQWýSUHFDXWLRQDU\ýPHDVXUHVïý&HOOñýJDVýOLQHVýDQGý'ë2ýZHUHýIOXVKHGýZLWKýQLWURJHQñýDQGýWKHQýWKH
HOHFWURO\VLVýRIIðJDVýLWVHOIýZDVýDOORZHGýWRýIOXVKýWKHýHQWLUHýV\VWHPýDQGýWKHýIODVNýõXVXDOO\ýRYHUýQLJKWôïý%HFDXVH
RIýWKHýVHOIýIOXVKLQJýIHDWXUHýRIýRSHQýFHOOýRSHUDWLRQñýFRQWDPLQDWLRQýE\ýLQðGLIIXVLRQýRIýKHOLXPýUHDFKHGýDýVWHDG\
VWDWHýYDOXHñýDOORZLQJýDýUHDVRQDEOHýEDFNJURXQGýFRUUHFWLRQï

%\ýFRQWUDVWñýFORVHGýFHOOýRSHUDWLRQýZRXOGýKDYHýFROOHFWHGýWKHýVXPýRIýDOOýFRQWDPLQDWLRQýVRXUFHVïý7KXVñýDýFORVHG
FHOOýH[SHULPHQWý UHTXLUHVý WKHýXVHýRIýDOOðPHWDOýDSSDUDWXVýZLWKýDOOýPHWDOý VHDOVýDQGýKLJKýYDFXXPýHOHFWULFDO
IHHGWKURXJKVñýOHVWýWKHýLQJUHVVýRIýDWPRVSKHULFýKHOLXPýFDXVHýWKHýFRQFHQWUDWLRQýWRýHTXLOLEUDWHýWRýWKDWýRIýDLUñ
IROORZHGýWKHQýE\ýWKHýHJUHVVýRIýDQ\ýKHOLXPýSURGXFHGýLQýWKHýH[SHULPHQWýWRýPDLQWDLQýWKHýHTXLOLEULXPýKHOLXP
FRQFHQWUDWLRQïý*LYHQýLPSHUPHDEOHýVHDOLQJñýTXDQWLWDWLRQýRIýWKHýFORVHGýFHOOýEXLOGðXSýH[SHULPHQWýIRUýHQHUJ\
YHUVXVýKHOLXPýZRXOGýUHTXLUHýWKDWýWKHýVXPýRIýDOOýHQHUJ\ýSURGXFHGýEHýPHDVXUHGï

7KXVñýRSHQýFHOOýRSHUDWLRQýSURYLGHVýDýPXFKýPRUHýWUDFWDEOHýDQGýUHOLDEOHýH[SHULPHQWDOýPHWKRGýWKDQýWKHýFORVHG
FHOOýEXLOGðXSýH[SHULPHQWñýIRUýWKHýSXUSRVHýRIýKHDWýYHUVXVýKHOLXPýFRUUHODWLRQïý7KHýRSHQýFHOOýPHWKRGýZKHQ
XSJUDGHGý WRý DQý LPSHUPHDEO\ý VHDOHGý DSSDUDWXVý SURYLGHVý IRUý GLUHFWý TXDQWLILFDWLRQñý ZLWKLQý LQVWUXPHQWDO
UHVROXWLRQï

7KHýOLNHO\ýVRXUFHýRIýWKHýPHDVXUHGýKHOLXPýFRQFHQWUDWLRQýLQýWKHýFRQWUROýH[SHULPHQWVýõ7DEOHý,,ôýLVýWKHýGLIIXVLRQ
RIýDWPRVSKHULFýKHOLXPýWKURXJKý WKHýJODVVý LQý WKHýV\VWHPýDQGý WKURXJKý WKHý WKLFNðZDOOHGýUXEEHUý WXELQJý WKDW
FRQQHFWVýWKHýHOHFWURFKHPLFDOýFHOOñýFROOHFWLQJýIODVNñýDQGýRLOýEXEEOHUý>ê@ïýý7KHýFRQWULEXWLRQýRIýDWPRVSKHULF
KHOLXPýWKDWýGLIIXVHVýWKURXJKýWKHýJODVVýLQýDýV\VWHPýFDQýEHýFDOFXODWHGýE\ýWKHýHTXDWLRQ

Tý ý.3îG õìô

DVýGLVFXVVHGýSUHYLRXVO\ý>ìñë@ïýý)RUý3\UH[ýJODVVýZLWKýVXUIDFHýDUHDýRIýêííýFPëýDQGýWKLFNQHVVýõGôýRIýìïåýPPñ
(TXDWLRQýìý\LHOGVýëý;ýìíììýé+HîèííP/ýZKHQý,ý ýèííýP$ýõèííýP/ýRIý'ëýòý2ëýJDVýLVýJHQHUDWHGýLQýéåæí
VHFRQGVýDWýëê(&ýDQGýæííýWRUUôïýý7KLVýDPRXQWýRIýé+HýLVýPRUHýWKDQýWZRýRUGHUVýRIýPDJQLWXGHýVPDOOHUýWKDQýWKH
PHDVXUHGýKHOLXPýOHYHOVýLQýWKHýFRQWUROýH[SHULPHQWVýõ7DEOHý,,ôïý7KXVýGLIIXVLRQýRIýDWPRVSKHULFýKHOLXPýWKURXJK
WKHýWKLFNðZDOOHGýUXEEHUýWXELQJýLVýWKHýPDMRUýVRXUFHýRIýKHOLXPýLQýRXUýFRQWUROýH[SHULPHQWVïý7KLVýFRQFOXVLRQýLV
VXSSRUWHGýE\ýPHDVXUHGýGLIIXVLRQýUDWHVýRIýKHOLXPýWKURXJKýUXEEHUýWXELQJý>è@ï

7KHýEDFNJURXQGýKHOLXPýFRQFHQWUDWLRQýRIýéïéý�ýíïçýSSEýRUýèïìý�ýíïæý[ýìíìêýé+HîèííýP/ýSODFHVýRXUýKHOLXP
SURGXFWLRQýUDWHýDWýìíììðìíìëýé+HîVó:ýDVýUHSRUWHGýSUHYLRXVO\ý>ëñç@ïýý)XUWKHUPRUHñýWKLVýEDFNJURXQGýOHYHOýRI
KHOLXPýLQýRXUýV\VWHPýH[SODLQVýZK\ýWKHýHIIHFWýRIýDWPRVSKHULFýKHOLXPýGLIIXVLQJýLQWRýRXUýJODVVýIODVNVýGXULQJ
VWRUDJHý DQGý VKLSPHQWýZDVýQRWýREVHUYDEOHý LQý H[SHULPHQWVý LQYROYLQJý WKHý DQDO\VLVýRIýRXUý HOHFWURO\VLVýJDV
VDPSOHVýDWýWKHý8QLYHUVLW\ýRIý7H[DVý>ìðê@ïýý7KHýH[SHULPHQWDOýUDWHýRIýDWPRVSKHULFýKHOLXPýGLIIXVLRQýLQWRýRXU
3\UH[ýJODVVýIODVNVýZKHQýILOOHGýZLWKý+ëýRUý'ëýòý2ëýLVýìïäçý�ýíïêéý[ýìí

ìëýé+HýDWRPVîGD\ýDVýPHDVXUHGýE\
5RFNZHOOý,QWHUQDWLRQDO>ë@ïýý%DVHGýRQýWKLVýUHVXOWñýLWýZRXOGýUHTXLUHýëçýGD\VýEHIRUHýWKHýDWPRVSKHULFýGLIIXVLRQýRI
KHOLXPýLQWRýRXUýJODVVýIODVNVýZRXOGýHTXDOýWKHýPLQLPXPýKHOLXPýGHWHFWLRQýOLPLWýIRUýWKRVHýVWXGLHV>ìðê@
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,QýRXUýLQLWLDOýVWXG\ñýZKHUHLQýWKHýJODVVýIODVNýVDPSOHVýZHUHýDQDO\]HGýDWýWKHý8QLYHUVLW\ýRIý7H[DVõìðêôýé+HýZDV
IRXQGýLQýåýRXWýRIýåýH[SHULPHQWVýJHQHUDWLQJýVLJQLILFDQWýH[FHVVýSRZHUñýZKLOHýQRýé+HýZDVýIRXQGýLQýçýRXWýRIýç
FRQWUROýH[SHULPHQWVýQRWýJHQHUDWLQJýH[FHVVýSRZHUâýQRýê+HýZDVýGHWHFWHGïý,QýDýODWHUýVWXG\ýWKHýKHOLXPýGLIIXVLRQ
UDWHýIRUýW\SLFDOýJODVVýVDPSOHýIODVNVýZDVýGHWHUPLQHGñýDQGýVKRZHGýWKDWýRXUýHDUOLHUýILQGLQJVýZHUHýLQýIDFWýTXLWH
UHDVRQDEOHâýDQGýIXUWKHUñýWKDWýWKHýTXDQWLW\ýRIýKHOLXPýSURGXFHGýZDVýRIýWKHýULJKWýRUGHUýRIýPDJQLWXGHýWRýLQGLFDWH
DýQXFOHDUýIXVLRQýUHDFWLRQý>ç@ïý,QýWKHýVWXG\ýGHVFULEHGýKHUHñýZHýDSSURDFKýGLUHFWýLGHQWLILFDWLRQýRIýQXFOHDUýIXVLRQ
DVýWKHýKHDWýSURGXFLQJýSURFHVVñýE\ýTXDQWLWDWLYHýKHOLXPýDQDO\VLV
õVHHý7DEOHý,,,ôï

$&.12:/('*0(176

:HýWKDQNý7DQDNDý0HWDOVýIRUýWKHýORDQýRIýWKHýSDOODGLXPýVKHHWýVDPSOHVñý'Uïý6KLQMLý1H]XýIRUýWKHýORDQýRIý3Gð$J
URGñýDQGý'Uïý+DYHQý(ïý%HUJHVRQý IRUý WKHý ORDQýRIý WZRýSDOODGLXPýURGVïý:HýWKDQNý'DYLGý/ïý0LOHVýIRUý WKH
FRPSXWHUýDQDO\VLVýDQGýGLVSOD\ýRIýWKHýH[SHULPHQWDOýGDWDïý:HýWKDQNý0DU\ý*DUDVXýDQGýWKHý-RLQWý7UDLQLQJ
3DUWQHUVKLSý$FWý6XPPHUý<RXWKý7UDLQLQJý3URJUDPýIRUýKHUýH[SHULPHQWDOýDQGýFRPSXWHUýDVVLVWDQFHïý:HýDOVR
WKDQNý-RKQý)RQWHQRWýIRUýPDWHULDOýHVVHQWLDOýWRýWKHýFRPSOHWLRQýRIýWKLVýZRUNï

5()(5(1&(6

>ì@ýý0ï+ïý0LOHVñý5ï$ïý+ROOLQVñý%ï)ïý%XVKñý-ï-ïý/DJRZVNLñýDQGý5ï(ïý0LOHVñýû&RUUHODWLRQýRIý([FHVVý3RZHUýDQG
+HOLXPý3URGXFWLRQý'XULQJý'ë2ýDQGý+ë2ý(OHFWURO\VLVý8VLQJý3DOODGLXPý&DWKRGHVñûý-ïý(OHFWURDQDOïý&KHPïñ
YROýêéçñýìääêñýSSýääðììæï
>ë@ýý0ï+ïý0LOHVýDQGý%ï)ïý%XVKýLQý)URQWLHUVýRIý&ROGý)XVLRQñý+ïý,NHJDPLñý(GLWRUñý7RN\Rñý-DSDQãý8QLYHUVDO
$FDGHP\ý3UHVVñýìääêñýSSýëæìðëæåï
>ê@ýý%ï)ïý%XVKñý-ï-ïý/DJRZVNLñý0ï+ïý0LOHVñýDQGý*ï6ïý2VWURPñýû+HOLXPý3URGXFWLRQý'XULQJýWKHý(OHFWURO\VLVýRI
'ë2ýLQý&ROGý)XVLRQý([SHULPHQWVñûý-ïý(OHFWURDQDOïý&KHPïñýYROýêíéñýìääìñýSSýëæìðëæåï
>é@ýý0ï+ïý0LOHVñý.ï+ïý3DUNñýDQGý'ï(ïý6WLOZHOOñýû(OHFWURFKHPLFDOý&DORULPHWULFý(YLGHQFHýIRUý&ROGý)XVLRQýLQ
WKHý3DOODGLXPð'HXWHULXPý6\VWHPñûý-ïý(OHFWURDQDOïý&KHPïñýYROýëäçñýìääíñýSSýëéìðëèéï
>è@ýý7ïý'DYLGVRQñý8ï6ïý'HSDUWPHQWýRIýWKHý,QWHULRUñý%XUHDXýRIý0LQHVñý+HOLXPý)LHOGý2SHUDWLRQVñý$PDULOORñ
7H[DVñýSHUVRQDOýFRPPXQLFDWLRQï
>ç@ýý0ï+ïý0LOHVñý%ï)ïý%XVKñýDQGý-ï-ïý/DJRZVNLñýû$QRPDORXVý(IIHFWVý,QYROYLQJý([FHVVý3RZHUñý5DGLDWLRQñýDQG
+HOLXPý3URGXFWLRQý'XULQJý'ë2ý(OHFWURO\VLVý8VLQJý3DOODGLXPý&DWKRGHVñûý)XVLRQý7HFKQRORJ\ýõDFFHSWHGýIRU
SXEOLFDWLRQôï

7DEOHý,ïý7KHRUHWLFDOý5HODWLRQVKLSý%HWZHHQý([FHVVý3RZHUýDQGý+HOLXPý3URGXFWLRQïý0DJQLWXGHýRIý([SHFWHG
([SHULPHQWDOý(UURUVï

3[ é+HD é+H é+Hý(UURUE &RORULPHWULFF

õ:ô õSSEô õDWRPVîèííP/ô õøô (UURUýõøô

íïíèí èïç çïêåý;ýìíìê ìåïí éíý
íïìíí ììïë ìïëåý;ýìíìé åïä ëíý
íïëíí ëëïé ëïèèý;ýìíìé éïè ìíý
íïèíí èçïí çïêåý;ýìíìé ìïå éý
ìïííí ììëïí ìïëåý;ýìíìè íïä ëý

Dýý)RUý,ý ýèííýP$ýDVVXPLQJýë+ýòýë+ý9ýé+Hýòýëêïåý0H9ýLVýWKHýIXVLRQýUHDFWLRQï
Eýý�ìýSSEï
Fýý�íïíëíý:ï
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7DEOHý ,,ïý +HOLXPý0HDVXUHPHQWVý LQý &RQWUROý ([SHULPHQWVý 8VLQJý0HWDOý )ODVNVïý 1Rý H[FHVVý SRZHUý ZDV
PHDVXUHGï

)ODVNýîýFHOO ýé+HD é+Hý
(OHFWURGH õGDWHô õSSEô õDWRPVîèííP/ô

3Gý5RGE ìî& éïåý�ýìïì èïèý[ýìíìê

õéPPý[ýìïçýFPô õëîëéîäêôý

3G$Jý5RGE ëî' éïçý�ýìïì èïëý[ýìíìê

õéPPý[ýìïçýFPô õëîëéîäêôý

3Gý5RGE êî& éïäý�ýìïì èïçý[ýìíìê

õéPPý[ýìïçýFPô õëîëåîäêôý

3G$Jý5RGE éî' êïéý�ýìïì êïäý;ýìíìê

õéPPý[ýìïçýFPô õëîëåîäêôý

3Gý5RGF êî& éïèý�ýìïè èïìý;ýìíìê

õìPPý[ýìïèýFPô õæîæîäêôý

õ0HDQô õéïéý�ýíïçô õèïì�íïæý;ýìíìêô

Dýý+HOLXPýDQDO\VLVýE\ý8ï6ïý%XUHDXýRIý0LQHVñý$PDULOORñý7H[DVï
Eýý'ë2ýòý/L2'ýõ,ý ýèííýP$ôï
Fýý+ë2ýòý/L2+ýõ,ý ýèííýP$ôï

7DEOHý,,,ïýý+HOLXPý0HDVXUHPHQWVý8VLQJý0HWDOý)ODVNVïý([SHULPHQWVý3URGXFLQJý([FHVVý3RZHUï
)ODVNýîý&HOO é+HD 3[

(OHFWURGH õGDWHô õSSEô õ:ô é+HîVó:E 0H9îé+H

3Gý6KHHWF êî$ äïíý�ýìïì íïíèè ìïçý[ýìíìì êäý
õìïíPPý[ýêïë õèîëìîäêô
PPý[ýìïçFPô

3Gý5RGF éî% äïæý�ýìïì íïíéí ëïèý;ýìíìì ëè
õìPPý[ýëïíFPô õèîëìîäêô

3Gý5RGF ìî& æïéý�ýìïì íïíéí ìïéý[ýìíìì éè
õìPPý[ýìïèFPô õèîêíîäêô

3Gý5RGF ëî' çïæý�ýìïì íïíçí æïíý[ýìíìí åä
õëPPý[ýìïëFPô õèîêíîäêô

3Gý5RGG ìî$ èïéý�ýìïè íïíêí æïèý[ýìíìí åê
õéPPý[ýëïêFPô õæîæîäêô

Dýý+HOLXPýDQDO\VLVýE\ý8ï6ïý%XUHDXýRIý0LQHVñý$PDULOORñý7H[DVï
Eýý&RUUHFWHGýIRUýEDFNJURXQGýKHOLXPýOHYHOýRIýèïìý[ýìíìêýé+HîèííýP/ï
Fýý'ë2ýòý/L2'ýõ,ý ýéííýP$ôï
Gýý'ë2ýòý/L2'ýõ,ý ýèííýP$ôï
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û(9,'(1&(ý)25ý$1ý(/(&752/<7,&$//<ý,1'8&('ý6+,)7ý,1ý7+(ý
$%81'$1&(ý5$7,2ý2)ý65ðååý72ý65ðåçû

E\ý5ï7ïý%XVK
3K\VLFVý'HSDUWPHQWñý&DOLIRUQLDý6WDWHý3RO\WHFKQLFý8QLYHUVLW\óý

÷ý(1(&2óóýõ)RUPHUO\ý)($7ô

$%675$&7

&RPSHOOLQJýSUHOLPLQDU\ýVWURQJýHYLGHQFHýLVýSUHVHQWHGýIRUýDQýHOHFWURO\WLFDOO\ýLQGXFHGýVKLIWýLQýWKHýUDWLRýRI
6UðååýWRý6Uðåçïýý6LQFHýWKHýQDWXUDOýDEXQGDQFHýUDWLRýRIýWKHVHýWZRýLVRWRSHVýLVýFRQVWDQWñýWKLVýVKLIWýZRXOGñýLI
FRUURERUDWHGñýFRQVWLWXWHýDýXQLTXHýVLJQDWXUHýRIýFROGýQXFOHDUýUHDFWLRQVï

,1752'8&7,21

6LQFHýWKHýQDWXUDOýDEXQGDQFHýUDWLRýRIý6UðååýWRý6UðåçýLVýDýFRQVWDQWñýLWýLVýRIýVRPHýLQWHUHVWýWKDWýFRPSHOOLQJ
SUHOLPLQDU\ýHYLGHQFHý>êñèñæñìí@ýVWURQJO\ýVXJJHVWVýWKHýDFKLHYHPHQWýRIýHOHFWURO\WLFDOO\ýVWLPXODWHGýVKLIWVýLQ
WKHýUDWLRýRIýWKHVHýLVRWRSHVýDPRXQWLQJýWRýPDQ\ýVWDQGDUGýGHYLDWLRQVýDVýGHWHUPLQHGýIURPýPDVVýVSHFWURPHWULFý
DQDO\VHVïýý6XFKýVKLIWVñýLIýFRQILUPHGñýFRQVWLWXWHýDýXQLTXHýûVLJQDWXUHûýRIýFROGýQXFOHDUýUHDFWLRQVýLQýWKHý
FRQGHQVHGýPDWWHUýHQYLURQPHQWýRIýWKHýFDWKRGHïýý0DVVýVSHFWURPHWULFýHYLGHQFHýõ6,06ýDQGý,&306ýZLWKýWKH
ODWWHUýSUHFHGHGýE\ýDQýLRQðH[FKDQJHýFROXPQýVHSDUDWLRQýRIýVWURQWLXPýDQGýUXELGLXPôýSURYLGHýVWURQJý
SUHOLPLQDU\ýHYLGHQFHýIRUýWKHýHOHFWURO\WLFDOO\ýVWLPXODWHGýSURGXFWLRQýRIýWKHýVWURQWLXPýLVRWRSHVý6UðåçýDQG
6UðååýUHVXOWLQJýLQýDýVKLIWýLQýWKHýQDWXUDOýDEXQGDQFHýUDWLRïýý7KHýWZRýHOHFWURO\WLFýFHOOVýHPSOR\HGýQLFNHOýPHVK
FDWKRGHVýDQGýOLJKWýZDWHUýEDVHGýíïèæý0ýUXELGLXPýVDOWýHOHFWURO\WHVïýý7KHýIDFWýWKDWýWKHý6,06ýDQDO\VLV
\LHOGHGýDýUDWLRýRIý6UðååýWRý6UðåçýDSSUR[LPDWHO\ýHTXDOýWRýWKHýQDWXUDOýDEXQGDQFHýUDWLRýRIý5EðåæýWRý5Eðåè
SURYLGHVýVXSSRUWýDOVRýIRUýWKHýDXWKRUöVý&$)ý+\SRWKHVLVý>ê@ýõû&ROGý$ONDOLý)XVLRQûôñýZKLFKýVHHNVýWRýXQLI\
WKHýKHDY\ýZDWHUý>ì@ýDQGýOLJKWýZDWHUý>ë@ýH[FHVVýKHDWýHIIHFWVïýýý7KHýDXWKRUöVý/$17ý+\SRWKHVLVý>ç@ýõû/DWWLFH
$VVLVWHGý1XFOHDUý7UDQVPXWDWLRQûôñýZKLFKýLVýDýJHQHUDOL]DWLRQýRIý&$)ñýDOVRýUHFHLYHVýVXSSRUWýIURPýWKH
FDORULPHWULFýDQGýPDVVýVSHFWURPHWULFýUHVXOWVï

&(//ý'(6,*1ýDQGý&$/25,0(75<

&HOOýDQGýFDORULPHWHUýGHVLJQýIRUýWKHýWZRýFHOOVýRIýLQWHUHVWýKDYHýEHHQýSUHYLRXVO\ýSUHVHQWHGýLQýUHIHUHQFHVý>êñ
æñýDQGýìí@ïýý,QýDGGLWLRQñý5ïý(DJOHWRQý>ìê@ñýWKHýDXWKRUöVýUHVHDUFKýFROOHDJXHñýKDVýVXEPLWWHGýDýGHWDLOHG
UHFLWDWLRQýRIýWKHVHýIRUýDOOýWKHýOLJKWýZDWHUýFHOOVýRIýRXUýUHVHDUFKýFROODERUDWLRQïý>6HHýSDSHUýE\ý5ïý(DJOHWRQýLQ
WKLVýSXEOLFDWLRQï@ýýõ7KHVHýFHOOVýZHUHýFRQVWUXFWHGýE\ý(DJOHWRQñýEXWýGHVLJQHGýE\ýWKHýWZRýRIýXVýZLWKýHVVHQWLDO
GHVLJQýIHDWXUHVýGULYHQýE\ýFRQVLGHUDWLRQVýEDVHGýXSRQýWKHýDXWKRUöVýWKHRUHWLFDOýZRUNïýý(VVHQWLDOO\ýDOOýRIýWKH
GDWDýKDVýEHHQýJDWKHUHGýE\ýWKHýDXWKRUýZLWKý(DJOHWRQýSOD\LQJýWKHýNH\ýUROHýLQýPDLQWDLQLQJýWKHýHTXLSPHQWïý
'DWDýDQDO\VLVýDQGýWKHRUHWLFDOýZRUNýLQýXQGHUVWDQGLQJýWKHýGDWDýLVýFDUULHGýRXWýE\ýWKHýDXWKRUýZLWKý(DJOHWRQ
SOD\LQJýDQýLPSRUWDQWýSDUWýDVýDýVRXQGLQJýERDUGýIRUýWKHýWKHRUHWLFDOýLQWHUSUHWDWLRQVïôýý>6HHý(DJOHWRQöVýSDSHU
IRUýGHVFULSWLRQýRIýWKHýFHOOVï@

6,06ýý$QDO\VLVýõ3RVWðUXQý&DWKRGHýRIý&HOOýèêô

7KHýSRVWðUXQýFDWKRGHýPDWHULDOýIRUýFHOOýèêýHYLGHQFHVýVWURQJýVLJQDOVýDWýPDVVýQXPEHUVýåçýDQGýååýRIýWKH
6,06ýPDVVýVSHFWURJUDSKýõ)LJïìôýFRPSDUHGýWRýWKDWýIRUýWKHýSUHðUXQýFDWKRGHýPDWHULDOýõ)LJïýëôïýõ$QDO\VHVýýRI
SUHðUXQýDQGýSRVWðUXQýHOHFWURO\WHýVDPSOHVýYLDýPDVVýVSHFWURPHWU\ýIRUýERWKýFHOOýèêýDQGýèçýKDVýOLPLWHGý
VWURQWLXPýFRQFHQWUDWLRQVýWRýOHVVýWKDQýDSSUR[LPDWHO\ýèýSSEýLQýWKHýHOHFWURO\WHýVDPSOHVýRIýDERXWýèíýPO
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ýYROXPHïôý)LJïýêýDQGý)LJïýéýFRQWDLQýWKHýPDVVýVSHFWURJUDSKVñýUHVSHFWLYHO\ñýIRUýWKHýIROORZLQJýUHVSHFWLYH
FDVHVãý3RVWðUXQýFDWKRGHýPDWHULDOýõFHOOýèêôýìííðëííýDPXýDQGýSUHðUXQýFDWKRGHýPDWHULDOýõFHOOýèêôýìííðëííý
DPXïýý$SSHQGL[ý6ýSURYLGHVýDýWDEOHýRIýGDWDýIURPýWKHýRULJLQDOýODEýUHSRUWïýý6HHýDOVRýUHIHUHQFHý>ìí@ïýý7KHýWH[W
RIý$SSHQGL[ý$ýFDQýEHýREWDLQHGýE\ýZULWLQJýWRýWKHýDXWKRUïýýõ6,06ýWHVWVýZHUHýSHUIRUPHGýE\ýDýZHOOðNQRZQ
8ï6ïý1DWLRQDOý/DERUDWRU\ýZKLFKýSUHIHUVýWRýUHPDLQýDQRQ\PRXVýDWýWKLVýWLPHïô

$ýNH\ýIDFWýIURPýWKHýDXWKRUöVý&$)ý+\SRWKHVLVýLVýWKHýIDFWýWKDWýWKHýUDWLRýRIýWKHýOLQHýKHLJKWýIRUýPDVVýQXPEHU
ååýWRýWKDWýIRUýåçýõ)LJïýìôýLVýDSSUR[LPDWHO\ýWKHýVDPHýDVýWKDWýIRUýWKHýUDWLRýRIýWKHýUXELGLXPýVLJQDOVýIRUýPDVVHV
åæýDQGýåèïýý$FFRUGLQJýWRý&$)ýWKHVHýUXELGLXPýLVRWRSHVýDUHýWKHýSDUHQWVýRIýWKHýVWURQWLXPýLVRWRSHVýE\ýZD\
RIýWKHýDGGLWLRQýRIýDýSURWRQýLQýDýFROGýQXFOHDUýUHDFWLRQýZKLFKýGLIIHUVýJUHDWO\ýIURPýWKHUPRQXFOHDUýUHDFWLRQVïý
$QýDOWHUQDWLYHýLQWHUSUHWDWLRQýLVýWKDWýWKHýVLJQDOVýDWýPDVVýQXPEHUVýååýDQGýåçýõ)LJïýìôýDUHýDFWXDOO\ýDVVRFLDWHG
ZLWKýUXELGLXPýK\GULGHñýKDVýEHHQýUHMHFWHGýIRUýWZRýUHDVRQVãýýõìôýWKHýPDVVýVLJQDOýIRUýUXELGLXPýR[LGHñýDýPXFK
PRUHýVWDEOHýFRPSRXQGýWKDQý5E+ñýLQýWKHýSRVWðUXQýVSHFWUXPýõ)LJïýêôýLVýORZHUýWKDQýWKDWýIRUýWKHýSXWDWLYH
5E+ïýýõëôý7KHý,&306ýPDVVýVSHFWURPHWULFýDQDO\VLVýKDVýYHULILHGýWKHýSURGXFWLRQýRIýDýVLJQLILFDQWýVKLIWýLQýWKH
UDWLRýRIý6UðååýWRý6UðåçñýDVýGLVFXVVHGýLQýWKHýIROORZLQJýVHFWLRQï

,&306ý$QDO\VLVý)ROORZLQJýDQý,RQð([FKDQJHý&ROXPQý6HSDUDWLRQ

7KHýDQDO\VLVýRIýWKHýSUHðýDQGýSRVWðUXQýFDWKRGHýPDWHULDOVýIRUýFHOOýèêýDQGýFHOOýèçñýWKHýODWWHUýXVHGýUXELGLXP
K\GUR[LGHýõíïèæý0ôýLQVWHDGýRIýUXELGLXPýFDUERQDWHýLQýWKHýOLJKWýZDWHUýEDVHGýHOHFWURO\WHýDQGýJHQHUDWHG
DERXWýILYHýWLPHVýDVýPXFKýH[FHVVýKHDWýDVýFHOOýèêý>êñæñìí@ïýý7KHýDQDO\VHVý>êñæñìí@ýFRQVLVWHGýRIý,&306
õû,QGXFWLYHO\ý&RXSOHGýý3ODVPDý0DVVý6SHFWURPHWU\ôýPDVVýVSHFWURPHWU\ýSUHFHGHGýE\ýDQýLRQðH[FKDQJH
FROXPQýVHSDUDWLRQýRIýWKHýGLYDOHQWýVWURQWLXPýIURPýWKHýPRQRYDOHQWýUXELGLXPïýý7KHýDQDO\VHVýVKRZVýWKDWýWKLV
VHSDUDWLRQýSURYLGHGýHQRXJKýHQULFKPHQWýRIýWKHýVWURQWLXPýUHODWLYHýWRýWKHýUXELGLXPýWRýJXDUDQWHHýD
PHDQLQJIXOý,&306ýPHDVXUHPHQWýRIýWKHýUDWLRýRIý6UðååýWRý6Uðåçï

7KHýPDVVýVSHFWURJUDPVýRIý)LJïýìýDQGý)LJïýëýZHUHýFDUULHGýRXWýE\ý6,06ýDQDO\VLVñýUHVSHFWLYHO\ñýIRUýWKH
SRVWUXQýFDWKRGHýPDWHULDOýDQGýIRUýWKHýSUHUXQýFDWKRGHïýõ(DUOLHUýPHDVXUHPHQWVýHVWDEOLVKHGýDQýXSSHUýOLPLWýRQ
VWURQWLXPýLQýWKHýSRVWðUXQýHOHFWURO\WHýõFHOOýèêôýRIýèýSSEïôý1RWHýWKHýIROORZLQJýIURPý)LJïýëýõ3UHUXQôã

)LJïýëýõ3UHUXQôãý0DVVýåçãýý6LJQDOýKHLJKWýRIýêïçýFPýFRUUHVSRQGVýWRýìäíýFRXQWVï

1LFNHOýèåãýìíï2ýFPýVLJQDOýKHLJKWãýìñëèíñíííýFRXQWVï

)LJïýìýõ3RVWUXQôãýý1RWHýWKDWýVLJQDOýKHLJKWýGLVFULPLQDWLRQýLVýJUHDWHUýWKDQýWKDWýIRUý)LJïýëïýýõ)LJïýëýKDGýDýèíý9
RIIVHWñýDQGý)LJïýìýDýìëèý9ýRIIVHWïýý7KXVñýLQýFRPSDULQJýVLJQDOýKHLJKWVýDUHýFRUUHFWHGýXVLQJýWKHýUDWLRVýRIýWKH
1LFNHOýVLJQDOVýIURPýERWKýõUDWLRý ýéíïêôã

0DVVýåçãêïëèýVLJQDOýKHLJKWãýêçýFRXQWVý
0DVVýååãëïçýFPýVLJQDOýKHLJKWãýìçýFRXQWV

&RUUHFWHGýFRXQWVýIURPý)LJïýìýWRýFRPSDUHýZLWKýWKRVHýLQý)LJïëãý
0DVVýåçãêçý[ýéíïêëý ýìñéèëýFRXQWV
0DVVýååãìçý[ýéíïêëý ýçéèý

5DWLRýRIý6UðåçýWRý6Uðååãýõ&RUUHFWHGýIRUýEDFNJURXQGýLQý)LJïëôãý ýõìñéèëðìäíôîõçéèðìèíôý ýëïèèï õìô

1RWHãýWKHýQDWXUDOýDEXQGDQFHýUDWLRýRIý6UðåçýWRý6UðååýLVýDSSUR[LPDWHO\ãý ýýíïìëï õëô

7KXVñýZHýKDYHýDQýLVRWRSLFýDEXQGDQFHýUDWLRýVKLIWýE\ýDýIDFWRUýRIýëïèèîíïìëý ýëìï õêô

1RWHãýWKHýQDWXUDOýDEXQGDQFHýUDWLRýRIý5EðåèýDQGý5EðåçýLVýDERXWý ýýëïèäï õéô

1RWDý%HQHãý7KHýUDWLRýLQýõìôýVRýFORVHO\ýPDWFKHVýõéôýZKLFKýLVýVWURQJýVXSSRUWýIRUý%XVKöVýK\SRWKHVLVýWKDWý
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WKHýVWURQWLXPýDULVHVýIURPýWKHýUXELGLXPýYLDýWKHýDGGLWLRQýRIýDýSURWRQýDWýWKHýVXUIDFHýRIýWKHýQLFNHOï

8VLQJýWKHýDQDO\WLFDOýGDWDñýIRUýFHOOýèêñýWKHýUDWLRýRIý6UðååýWRý6UðåçýLVýêïèíéý�ýíïííëñýZKLFKýLVýORZHUýWKDQýWKH
UDWLRýIRUýWKHýVWDQGDUGýDQGýWKHýSUHðUXQýFDWKRGHýPDWHULDOVýE\ýDERXWýæìçýVWDQGDUGýGHYLDWLRQVïýý6LPLODUO\ñýIRU
FHOOýèçýWKHýUDWLRýRIý6UðååýWRý6UðåçýIRUýWKHýSRVWðUXQýFDWKRGHýPDWHULDOýLVýDSSUR[LPDWHO\ýëïæêìý�ýíïííêñýZKLFK
LVýDERXWýåëçýVWDQGDUGýGHYLDWLRQVýEHORZýWKHýUDWLRýIRUýWKHýSUHðUXQýFDWKRGHýPDWHULDOVïýý1RWHýWKDWýWKHýIDFWýWKDW
WKLVýUDWLRýLVýORZHUýWKDQýWKDWýIRUýFHOOýèêýLVýFRQVLVWHQWýZLWKýWKHýIDFWýWKDWýFHOOýèçýJDYHýPXFKýPRUHýH[FHVVýKHDW
WKDQýGLGýèêýDQGýWKHý&$)ý+\SRWKHVLVýDFFRUGLQJýWRýZKLFKýH[FHVVýKHDWýLVýDVVRFLDWHGýZLWKýWKHýDPRXQWýRI
QXFOHDUýSURGXFWïýý7KHUHIRUHñýWKHUHýLVýFRPSHOOLQJýSUHOLPLQDU\ýH[SHULPHQWDOýVXSSRUWýIRUýHOHFWURO\WLFDOO\
VWLPXODWHGýWUDQVPXWDWLRQýDQGýWKHýDXWKRUöVý&$)ý+\SRWKHVLVý>êñèñæñìí@ïýý,WýLVýLPSRUWDQWýWRýQRWHýWKDW
FRQWDPLQDWLRQýRIýWKHýFHOOýE\ýPDWHULDOýFRQWDLQLQJýVWURQWLXPýZRXOGýQRWýSURGXFHýDýVSXULRXVýVKLIWýLQ
WKHýLVRWRSHýUDWLRïýý)RUýWKDWýUHDVRQñýWKLVýLVRWRSHýVKLIWýUHVXOWýLVýPXFKýVWURQJHUýHYLGHQFHýWKDQýDQýHOHPHQWDO
VKLIWýVXFKýDVýWKHýFODLPHGýSURGXFWLRQýRIýFDOFLXPý>êñé@ýLQýWKHýFDVHýRIýDýOLJKWýZDWHUýEDVHGýSRWDVVLXP
FDUERQDWHýHOHFWURO\WHýIRUýZKLFKýWKHýFRQWDPLQDWLRQýLVVXHýLVýSDUDPRXQWýEHFDXVHýRIýWKHýXELTXLWRXVýSUHVHQFH
RIýFDOFLXPýLQýWKHýJHQHUDOýHQYLURQPHQWïýý7KLVýVKLIWýLQýDýUDWLRýWKDWýLVýRWKHUZLVHýFRQVWDQWýLQýQDWXUHñýDVVXPLQJ
WKDWýLWýFDQýEHýFRUURERUDWHGñýDSSHDUVýWRýEHýDQýXQLTXHýVLJQDWXUHýRIýFROGýQXFOHDUýUHDFWLRQVý>êñèñæñìí@ï

7KHý/$17ýõû/DWWLFHý$VVLVWHGý1XFOHDUý7UDQVPXWDWLRQûôý+\SRWKHVLV

7KHýDXWKRUöVý/$17ý+\SRWKHVLVý>ç@ýõû/DWWLFHý$VVLVWHGý1XFOHDUý7UDQVPXWDWLRQûôýLVýDýJHQHUDOL]DWLRQýRIýWKH
DXWKRUöVý&$)ý+\SRWKHVLVïýý$SSOLHGýWRýWKHýLVRWRSHVýRIýK\GURJHQñý/$17ýHVVHQWLDOO\ýýVWDWHVýWKDWýD
K\SRWKHWLFDOýFROGýQXFOHDUýUHDFWLRQýPDGHýSRVVLEOHýE\ýWKHýODWWLFHýVWUXFWXUHýRIýDýPHWDOýõVXFKýýDVýQLFNHOýRU
SDOODGLXPôýLQýZKLFKýDýSURWRQñýGHXWHURQñýRUýWULWRQýLVýDGGHGýWRýDQRWKHUýQXFOHXVýLVýSRVVLEOHýLIýWKHýVXPýRIýWKH
UHVWðPDVVýHQHUJLHVýRIýWKHýUHDFWDQWVýLVýJUHDWHUýWKDQýWKDWýRIýWKHýSURGXFWVïýýõ2IýFRXUVHñýLQýDGGLWLRQýWR
PDVVðHQHUJ\ýFRQVHUYDWLRQñýQRý/DZVýRIý3K\VLFVýVKRXOGýEHýYLRODWHGïôýý7KHýGLIIHUHQFHýõVXUSOXVôýLQýUHVWðPDVV
HQHUJ\ýLVýDVVXPHGýWRýVKRZýXSýLQLWLDOO\ýDVýSKRQRQVýDQGýWKHýNLQHWLFýHQHUJLHVýRIýWKHýSURGXFWVïýý%HFDXVHýWKH
UHDFWLRQVýDUHýFROGñýLWýLVýDýJRRGýDSSUR[LPDWLRQýWRýLJQRUHýWKHýNLQHWLFýHQHUJLHVýRIýWKHýUHDFWDQWVïôýý'XHýWR
YDULRXVýGHJUDGDWLRQýSURFHVVHVñýHVVHQWLDOO\ýDOOýRIýWKHýVXUSOXVýHQHUJ\ýZRXOGýTXLFNO\ýGHJUDGHýWRýZKDWýLV
UHIHUUHGýWRýDVýûH[FHVVýKHDWûýLQýFRQQHFWLRQýZLWKýWKHýKHDY\ýZDWHUý>ì@ýDQGýOLJKWýZDWHUý>ë@ýH[FHVVýKHDWýHIIHFWVï

$FFRUGLQJýWRýWKHý/$17ýPRGHOý>ç@ñýWKHý6UýDWRPVýIRUPHGýLQýWKHýODWWLFHýZRXOGýWKHPVHOYHVýEHFRPHýWDUJHWV
IRUýWKHýýODWWLFHýDVVLVWHGýDGGLWLRQýRIýDýSURWRQïýý7KHý7DEOHýRIý)LJïýèýHQWLWOHGýû,VRWRSHý3URGXFWLRQýYLDý&ROG
1XFOHRV\QWKHVLVãýý5XELGLXPý6HULHVûý>çñæñìí@ýFRQWDLQVýLVRWRSHVýIRUýZKLFKýHYLGHQFHýRIýSURGXFWLRQýLQ
FRQQHFWLRQýZLWKýWKHýRSHUDWLRQýRIýFHOOýèêýLVýSURYLGHGýE\ýDýFRPSDULVRQýRIýWKHýSRVWðUXQýDQGýSUHðUXQý6,06
VSHFWURJUDSKVýRIý)LJïýìýWKURXJKý)LJïýéïýý1RWHýIURPýWKHý7DEOHýWKDWýWKHýWRWDOýH[FHVVýKHDWýWKHRUHWLFDOO\
SURGXFHGýLQýFRQQHFWLRQýZLWKýWKHýLVRWRSHVýV\QWKHVL]HGýLVýõêïåý�ýíïéôý[ýìíìäý0H9ñýZKHUHDVýWKHýDFWXDO
H[FHVVýKHDWýGHWHUPLQHGýIRUýFHOOýèêýYLDýFDORULPHWU\ýZDVýDERXWýõéïíý�ýíïåôý[ýìíìäý0H9ïýý7KLVýFRPSXWDWLRQ
SURYLGHVýVWURQJýLQLWLDOýVXSSRUWýIRUýWKHý/$17ï

7+(ý&28/20%ý%$55,(5ãý&DQýWKHUHýEHý6XIILFLHQWý7XQQHOLQJýIRUý*HQXLQHý&ROGý)XVLRQ"

,WýLVýWKHýDXWKRUöVýRSLQLRQýWKDWýWKHýFROGýQXFOHDUýUHDFWLRQVýFRQVWLWXWHýJHQXLQHýFROGýIXVLRQýLQýZKLFKýWKHýZLGWK
RIýWKHý&RXORPEýEDUULHUýLVýVXIILFLHQWO\ýQDUURZHGýGXHýWRýVKLHOGLQJýE\ýHOHFWURQVýWRýVWLPXODWHýVXIILFLHQW
TXDQWXPýPHFKDQLFDOýWXQQHOLQJýWRýDFKLHYHýWKHýIXVLRQýUDWHVýLQIHUUHGýIURPýH[SHULPHQWDOýH[FHVVýSRZHUVïý2I
FRXUVHñýWKLVýEHJVýWKHýTXHVWLRQýRIýKRZýWKHýHOHFWURQVýDUHýHQDEOHGýWRýLQFUHDVHýWKHLUýSUR[LPLW\ýWRýWKH
SRVLWLYHO\ýFKDUJHGýSDUWLFOHVýWRýDFKLHYHýWKHýVKLHOGLQJïýý7ZRýSURSRVDOVýWRýH[SODLQýWKLVýHIIHFWýZHUH
SUHYLRXVO\ýVXJJHVWHGãýõìôý,QýDQýHDUOLHUýSDSHUý>ê@ýLWýZDVýUHFDOOHGýWKDWýVðVWDWHýHOHFWURQVýFDQýH[LVWýIRUýDýVPDOO
IUDFWLRQýRIýWKHýWLPHýLQVLGHýDýSURWRQýõOLJKWýZDWHUýFDVHôýRUýDýGHXWHURQýõKHDY\ýZDWHUýFDVHôýGXULQJý
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ZKLFKýWLPHýWKHUHýLVýDýPXFKðQDUURZHGý&RXORPEýEDUULHUýH[SHULHQFHGýE\ýDýVHFRQGýFKDUJHGýSDUWLFOHýFROOLGLQJ
ZLWKýWKHýFRPELQDWLRQïýý7KHýGLIIHUHQFHýEHWZHHQýDQýRUGLQDU\ýýGHXWHULXPýRUýK\GURJHQýJDVýõRUýPL[WXUHô
VHDOHGýLQýDýJODVVýMDUýDQGýDýGHXWHURQýõSURWRQôýûJDVûýVHDOHGýLQýDýVROLGýõHïJïýSDOODGLXPýRUýQLFNHOôýE\ýDQ
HOHFWULFýILHOGñýRUýJDVýSUHVVXUL]DWLRQñýZLOOýVLPSO\ýEHýDýFRQVHTXHQFHýRIýWKHýJUHDWHUýRSSRUWXQLWLHVýIRU
HOHFWURQVýLQýWKHýVROLGýWRýDFKLHYHýVðVWDWHýVWDWXVýYLVðDðYLVýWKHýGHXWHURQVýõSURWRQVôïý7KXVñýRQHýPLJKWýFRQFHLYH
RIýDýVLWXDWLRQýLQýWKHýVROLGýZKHUHýDýVLQJOHýHOHFWURQýLQýDý]HURýDQJXODUýPRPHQWXPýVWDWHýSDVVHVýSHULRGLFDOO\
WKURXJKýDQýHQWLUHýOLQHýRIýGHXWHURQVýõSURWRQVôýFKDUJHðQHXWUDOL]LQJýHDFKýLQýWXUQýDVýLWýSDVVHVýWKURXJKïýýõëô
(OHFWURQýFROODSVHýLQWRýDýVXIILFLHQWO\ýUHGXFHGðUDGLXVýRUELWýEHFDXVHýRIýDýOLPLWDWLRQýRQýWKHýHQHUJ\ýGHQVLW\ýRI
WKHý]HURýSRLQWýHOHFWURPDJQHWLFýILHOGýDFKLHYHGýLQýWKHýFRQGHQVHGýPDWWHUýHQYLURQPHQWïý7KXVñý3XWKRIIý>ìë@ñ
EXLOGLQJýXSRQýWKHýSLRQHHULQJýZRUNýRIý%R\HUý>ìì@ñýKDVýVKRZQýWKDWýWKHýJURXQGýVWDWHýRIýK\GURJHQýLVýDFWXDOO\
DýG\QDPLFDOýVWDWHýRIýHTXLOLEULXPýLQýZKLFKýWKHýDFFHOHUDWLQJýHOHFWURQýDEVRUEVýDVýPXFKýHQHUJ\ýIURPýWKH
EDFNJURXQGý]HURðSRLQWýILHOGýDVýLWýUDGLDWHVýDZD\ïýýý7KLVýPHFKDQLVPýSURYLGHVýWKHýEDVLVýIRUýWKHýDXWKRUöV
UHFHQWýPRGHý>åñä@ñýWKHý(&)0ýõû(OHFWURQý&DWDO\]HGý)XVLRQý0RGHOûôñýWRýDWWHPSWýWRýXQLI\ýKHDY\ðýDQGýOLJKWð
ZDWHUýFROGýIXVLRQïýý7KLVýLVýRQHýRIýWKHýILUVWýFROGýIXVLRQýPRGHOVýWRýFRQVLGHUýWKHý]HURðSRLQWýHQHUJ\ýILHOGñýDQG
WKHýILUVWýWRýILWýDFWXDOýGDWDýRQýH[FHVVýSRZHUýYHUVXVýORDGLQJï

&21&/86,216

&RPSHOOLQJýPDVVðVSHFWURPHWULFýHYLGHQFHýXVLQJý6,06ýDQGý,&306ýõSUHFHGHGýE\ýLRQðH[FKDQJHýFROXPQý
VHSDUDWLRQVýRIýVWURQWLXPýDQGýUXELGLXPôñýDOWKRXJKýRIýDýSUHOLPLQDU\ýQDWXUHñýLQýWKHýIRUPýRIýDýVLJQLILFDQWýVKLIW
LQýWKHýUDWLRýRIý6UðååýWRý6UðåçýUHODWLYHýWRýWKHLUýQDWXUDOýDEXQGDQFHýUDWLRýVXSSRUWVýWKHýDXWKRUöVý&$)ýDQG
/$17ýK\SRWKHVHVýRIýFROGýQXFOHDUýUHDFWLRQVýDVVRFLDWHGýZLWKýDýFRQGHQVHGýPDWWHUýHQYLURQPHQWïýý
$GGLWLRQDOýZRUNýLVýXQGHUýZD\ýWRýFKHFNýWKHVHýSUHOLPLQDU\ýUHVXOWVï

$&.12:/('*0(176

+ïý)R[ñý(GLWRUñý)XVLRQý)DFWVñýLVýWKDQNHGýIRUýKLVýHQFRXUDJHPHQWýDQGýLQWHUHVWýLQýWKHý&DOý3RO\ýUHVHDUFKï
(1(&2ñýIRUPHUO\ý)($7ñýLVýWKDQNHGýIRUýLWVýILQDQFLDOýVXSSRUWýDQGýHQFRXUDJHPHQWïýý0ïý+RYDQHFýRIý:HVW
&RDVWý$QDO\WLFDOý6HUYLFHñý,QFïýõ6DQWDý)Hý6SULQJVñý&$ôýLVýJUHDWO\ýDSSUHFLDWHGýIRUýWKHýLQGHSHQGHQWñýDQGýILUVW
UDWHñýPDVVýVSHFWURPHWU\ýõ,&306ôýSUHFHGHGýE\ýDQýLRQðH[FKDQJHýFROXPQýVHSDUDWLRQï

5()(5(1&(6

>ì@ýý0ïý)OHLVFKPDQQýDQGý6ïý3RQVñýû(OHFWURFKHPLFDOO\ý,QGXFHGý1XFOHDUý)XVLRQýRIý'HXWHULXPñûý-ï
(OHFWURDQDOïý&KHPïñýYROýëçìñýSýêíìýõìäåäôï

>ë@ýý5ïý0LOOVýDQGý.ïý.QHL]\Vñýû([FHVVý+HDWý3URGXFWLRQýE\ýWKHý(OHFWURO\VLVýRIýDQý$TXHRXVý3RWDVVLXP
&DUERQDWHý(OHFWURO\WHýDQGýWKHý,PSOLFDWLRQVýIRUý&ROGý)XVLRQûñý)XVLRQý7HFKQROïñýYROýìäñýõìääìôï

>ê@ýý5ïý%XVKñýû$ý/LJKWý:DWHUý([FHVVý+HDWý5HDFWLRQý6XJJHVWVýWKDWýC&ROGý)XVLRQöý0D\ý%H
C$ONDOLð+\GURJHQý)XVLRQöûñý)XVLRQý7HFKQROïñýYROýëëñýSýêíìýõìääëôï

>é@ýý5ïý1RWR\DýDQGý0ïý(Q\Rñýû([FHVVý+HDWý3URGXFWLRQýLQý(OHFWURO\VLVýRIý3RWDVVLXPý&DUERQDWHý6ROXWLRQ
ZLWKý1LFNHOý(OHFWURGHVûñý3URFïýRIýWKHý7KLUGý,QWOïý&RQIïýRQý&ROGý)XVLRQñýYROýéëìýõìääêôï

>è@ýý5ïý%XVKñýû:LOOýWKHý/LJKWý:DWHUý([FHVVý+HDWý(IIHFWý/HDGýWRýDý8QLILFDWLRQýZLWKý&ROGý)XVLRQ"ûñý7ZHQW\
)LUVWý&HQWXU\ý6FLHQFHýDQGý7HFKQRORJ\ñý)DOOýìääêñýSýæèï

>ç@ýý5ïý%XVKñýû7RZDUGVýDý1XFOHDUý3K\VLFVýRIý&RQGHQVHGý0DWWHUûñýDFFHSWHGýIRUý)XVLRQý7HFKQROïñýXQGHU
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ýUHYLVLRQï

>æ@ýý5ïý%XVKýDQGý5ïý(DJOHWRQñýû7KHý7UDQVPLVVLRQý5HVRQDQFHý0RGHOýIRUý&ROGý)XVLRQýLQý/LJKWý:DWHUãý,ï
&RUUHODWLRQýRIý,VRWRSLFýDQGý(OHPHQWDOý(YLGHQFHýZLWKý([FHVVý3RZHUûñý3URFïýêð,&&)ñýSýéíäýõìääêôï

>å@ýý5ïý%XVKñýû$Qý(OHFWURQð&DWDO\]HGý)XVLRQý0RGHOýõ(&)0ôý6XJJHVWVýDý8QLILFDWLRQýRIý+HDY\ðýDQGý/LJKW
:DWHUý&ROGý)XVLRQý3KHQRPHQDûñýPDQXVFULSWýVXEPLWWHGýIRUýSXEOLFDWLRQýWRý)XVLRQý7HFKQRORJ\ï

>ä@ýý5ïý%XVKñýû$ý8QLI\LQJý0RGHOýIRUý&ROGý)XVLRQûñýVXEPLWWHGýWRýWKHý3URFHHGLQJVýRIýWKHý,&&)ðéï

>ìí@ýý5ïý%XVKýDQGý5ïý(DJOHWRQñýû(YLGHQFHýIRUý(OHFWURO\WLFDOO\ý,QGXFHGý5DGLRDFWLYLW\ýDQGý7UDQVPXWDWLRQ
RIý5XELGLXPýWRý6WURQWLXPý&RUUHODWHGýZLWKýWKHý/LJKWý:DWHUý([FHVVý+HDWý3URGXFHGýZLWKý5XELGLXPý6DOW
(OHFWURO\WHVýDQGý1LFNHOý0HVKý&DWKRGHûñýVXEPLWWHGýWRýWKHý3URFHHGLQJVýRIýWKHýéð,&&)ï

>ìì@ýý7ïý%R\HUñý3K\Vïý5HYïý'ñýYROýììñýSýåíäýõìäæèôï

>ìë@ýý+ïý3XWKRIIñýû*URXQGý6WDWHýRIý+\GURJHQýDVýDý=HURð3RLQWð)OXFWXDWLRQý'HWHUPLQHGý6WDWHûñý3K\Vïý5HYï
'ñýYROýêèñýSýêëççýõìäåæôï

>ìê@ýý5ïý(DJOHWRQñýû([SHULPHQWDOý'HWDLOVýIRUý/LJKWý:DWHUý&ROGý)XVLRQý5HVHDUFKýDWý&DOý3RO\ýõ3RPRQDôûñ
VXEPLWWHGýIRUýWKHý3URFHHGLQJVýRIýWKHý0LQVNý&RQIHUHQFHýõìääéôï

óêåíìý:HVWý7HPSOHý$YHQXHñý3RPRQDñý&$ýäìæçåï
óó8QLYHUVLW\ýRIý8WDKý5HVHDUFKý3DUNñýêäìð%ý&KLSHWDý:D\ñý6DOWý/DNHý&LW\ñý8WDKýåéìíåï

127(ãýý$ýFRPSOHWHýFRS\ýRIýWKHý:HVWý&RDVWý$QDO\WLFDOý6HUYLFHñý,QFïýUHSRUWýLVýDYDLODEOHýIRUPýWKHýDXWKRUï
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/$%25$725<ý5(3257

7DEOHýì

7RWDO
'DWH 6DPSOHý,' 6Uýåç 6Uýåå 6WURQWLXP

éðýåðäê íïíìSSPý6Uý6WG ìíïéå åäïèë ìíSSE
éðýäðäê íïíìSSPý6Uý6WG ìíïéå åäïèë ìíSSE
éðìêðäê íïíìSSPý6Uý6WG ìíïèç åäïéé ìíSSE
éðìéðäê íïíìSSPý6Uý6WG ìíïèê åäïéæ ìíSSE

ìíïèì�íïíé åäïéä�íïíé

'DWH 6DPSOHý,' 6Uýåç 6Uýåå

éðìêðäê ìííSSPý5EîíïíìSSPý6U ìíïéæ åäïèê ìíSSE
éðìèðäê ìííSSPý5EîíïíìSSPý6U ìíïèè åäïéè ìíSSE

ìíïèì�íïíç åäïéä�íïíç

'DWH 6DPSOHý,' 6Uýåç 6Uýåå

éðýåðäê $úèê 1' 1' 1'
éðýäðäê $úèê ëëïëý ææïåý ìéííSSE
éðìèðäê $úèê ìëïíè åæïäè 1&

'DWH 6DPSOHý,' 6Uýåç 6Uýåå

éðýåðäê úèç35 ëëïê ææïæ 1&
éðýäðäê úèç35 ëçïå æêïë ìèííSSE

1&ýðýQRWýFDOFXODWHG
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'î3'ý/2$',1*ý5$7,2ý83ý72ýìïëãìý%<ý+,*+ý32:(5ý�6
38/6('ý(/(&752/<6,6ý,1ý3'ý3/$7(6ï

)ïý&HODQLñý$ïý6SDOORQHñý3ïý7ULSRGLñý$ïý3HWURFFKLñ
'ïý'Lý*LRDFFKLQRñý0ïý%RXWHW

,1)1ñý/DERUDWRULý1D]LRQDOLýGLý)UDVFDWLñý
YLDý(ï)HUPLñýíííééý)UDVFDWLýõ,WDO\ôï

3ïý0DULQLñý9ïý'Lý6WHIDQR

6.,7(.ñý,5,ñý3RPH]LDýõ,WDO\ôýõóô

$%675$&7

:Hý WHVWHGýPHWDOOXUJLFDOO\ý GLIIHUHQWý 3Gý SODWHVýPDGHýZLWKý FROGýZRUNLQJý SURFHGXUHVïý:Hý IRFXVHGý RQý WKH
'HXWHULXPýDEVRUSWLRQýIRUýWKHVHýSODWHVýGXULQJýSXOVHGýHOHFWURO\VLVïý:HýXVHGýKLJKýSHDNýFXUUHQWýLQWHQVLW\ýõXS
WRýìííý$ôýZLWKýYHU\ýVKRUWýõìý�VôýSXOVHýGXUDWLRQñýXSýWRýëíý.+]ýRIýUHSHWLWLRQýUDWHïý7KHýSHDNýSRZHUýRIýHDFK
SXOVHýFDQýEHýDVýODUJHýDVýèíý.:ïý7KHý/L2'ýíïêý0î,ý'ë2ýVROXWLRQýKDVýDWý3WýQHWýDVýDQRGHï
9HU\ýKLJKý'î3GýUDWLRýõXSýWRýDERXWýìïëãìôýKDYHýEHHQýUHDFKHGýDQGýWKHý'HXWHULXPýDEVRUSWLRQýEHKDYLRUýYHUVXV
WLPHýLVýVWURQJO\ýGHSHQGHQWýRQýWKHýPHWDOOXUJ\ýRIýWKHýSODWHVïý(YHQýVXUIDFHýSUHSDUDWLRQýRIýWKHýSODWHVýVHHPVýWR
SOD\ýDýUROHýLQýWKHýDEVRUSWLRQýSKHQRPHQDï

0HWDOOXUJLFDOýDQGýHOHFWULFDOýSDUDPHWHUVý OLNHýKDUGQHVVñýRYHUðYROWDJHý DQGýDEVRUSWLRQý UDWHýFDQýJLYHýXVHIXO
LQGLFDWLRQVý DERXWý WKHý DEVRUSWLRQý RIý WKHý 'HXWHULXPý LQWRý WKHý SODWHãý WKH\ý EHKDYHý OLNHý FURVVðFRUUHODWHG
SDUDPHWHUVï

ìï 7KHý([SHULPHQWDOý6HWð8S

7KHýDGRSWHGýHOHFWURO\WLFDOý V\VWHPýZDVýDOUHDG\ýGHVFULEHGý LQý WKHýSUHYLRXVý ,&&)êý&RQIHUHQFHý DWý1DJR\D
õ-DSDQô>ì@ýDQGñýYHU\ýUHFHQWO\ñýDWý,&&)éý&RQIHUHQFHýõ0DXLñý86$ô>ë@ýDERXWýWKHýODWHVWñýVLJQLILFDWLYHñýH[SHULPHQWDO
LPSURYHPHQWVýSHUIRUPHGï

,QýVKRUWñýLWýLVýDýIORZýFDORULPHWHUýFRPSRVHGýE\ýDýF\OLQGULFýSRO\HWK\OHQHýYHVVHOýFRQWDLQLQJýDýGRXEOHýWXUQHG
FRSSHUýFRLOýXVHGýIRUýFRROLQJýDQGýLQSXWðRXWSXWýHQHUJ\ýFRPSXWLQJýõILJïýìôïý7KHýRUGLQDU\ýZDWHUñýSDVVLQJýWKURXJK
WKHýFRLOñýFRROVýWKHýVROXWLRQïý6HYHQýWHPSHUDWXUHýVHQVRUVýDUHýSURSHUO\ýORFDWHGýLQýRUGHUýWRýPHDVXUHýWKHýSURGXFHG
KHDWý DQGý WRý FURVVðFKHFNý WKHý SURSHUý FDORULPHWHUý RSHUDWLRQïý7KHý3WýZLUHý QHWýZDVý WXUQHGý DURXQGý Dý WHIORQ
VDPSOHðKROGHUýLQýDýSURSHUýJHRPHWULFDOýVKDSHýLQýRUGHUýWRýVPRRWKýWKHýQRQðXQLIRUPýHOHFWULFýILHOGýDWýWKHýHGJHV
RIýWKHýSODWHïý,QýWKLVýZD\ýZHýUHGXFHGýWKHýHIIHFWýRIýWKHý'HXWHULXPýGLVFKDUJHýDWýWKHýHGJHVýRIýWKHýSODWHýGXHýWRýWKH
VWURQJýHOHFWULFýILHOGýJUDGLHQWVïý$ýUHIHUHQFHýHOHFWURGHñýMXVWýDý3WýZLUHñýZDVýORFDWHGýLQýIURQWýRIýWKHýWZRýVLGHVýRI
3GýSODWHýõêýPPýIDUôâýWKHýZLUHGý3WýDQRGHýõìýPPýGLDPHWHUôýQHWýLVýìýFPýIDUýIURPýWKHýFDWKRGHâýWKHýHOHFWURO\WLF
VROXWLRQýLVý/L2'ýíïêý0î,ý'ë2ïý$QýHOHFWURYDOYHýZDVýLQVHUWHGýDORQJýWKHýRXWJRLQJýJDVýSLSHýMXVWýWRýGHILQHýDýFORVH
YROXPHýõDERXWýìèíýFFôýWRýVWRUHýWKHýJDVýFRPLQJýIURPýWKHýHOHFWURO\VLVïý:HýGHWHUPLQHýWKLVýYROXPHýPHDVXULQJ
ERWKýWKHýJDVýSUHVVXUHýGHYHORSHGýGXULQJýWKHýHOHFWURO\VLVýDQGýWKHýHOHFWULFýFKDUJHýIORZHGýWKURXJKýWKHýHOHFWURGHVã
ZHýXVHGýWKHýJDVýODZýDQGýWKHý)DUDGD\ýHTXDWLRQïý,QýWKLVýZD\ýZHýDUHýDEOHýWRýFDOFXODWHýWKHýTXDQWLW\ýRIýPROHVýRI
'ëýDEVRUEHGýIURPýWKHý3GñýPHDVXULQJýWKHýPLVVLQJýSUHVVXUHïý:HýXVXDOO\ýRSHUDWHýOHDYLQJýFORVHýWKHýHOHFWURYDOYH
XQWLOýWKHýJDVýSUHVVXUHýUHDFKHVýDýGHILQLWHýYDOXHýõèíýPEDUôñýIXUWKHUýRQýZHýRSHQýWKLVýYDOYHýDOORZLQJýWKHýJDVýWR
IORZýDZD\ïý$ýSURSHUýFLUFXLWU\ýZDVýPDGHýWRýFRQWUROýWKLVýF\FOLFýRSHUDWLRQï
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$ýVSHFLILFýFLUFXLWU\ýZDVýPDGHýWRýJHQHUDWHýYHU\ýVKDUSýKLJKýSHDNýFXUUHQWýSXOVHVýõULVHýWLPHýáêííýQVýDWýìííý$
SHDNýYDOXHVôïý$ýFLUFXLWýPHDVXUHVýWKHýIORZLQJýHOHFWULFýFKDUJHýDQGýWKHýSRZHUýDEVRUEHGýIURPýWKHýFHOOýLQýHDFK
VLQJOHýSXOVHïý$QRWKHUýFLUFXLWýõRXWðRIðSKDVHôýPHDVXUHVýERWKýWKHýYROWDJHýRIýWKHýFDWKRGHýDQGýWKHýYROWDJHýRIýWKH
3WýZLUHýIORDWLQJýHOHFWURGHýõ5+(ôñýZKLFKýLVýSXWýLQýWKHýVROXWLRQýFORVHýWRýWKHýFDWKRGHýõêýPPôïý7KHVHýYROWDJHV
DUHýSURSHUO\ýXVHGýWRýGHWHUPLQHýWKHýRYHUðYROWDJHýSDUDPHWHUýWRRïý7KHýRXWðRIðSKDVHýYROWDJHýPHDVXUHPHQWVýDUH
SHUIRUPHGýDIWHUýDýGHOD\ýõêíý�VôýIURPýWKHýHQGýRIýWKHýSRZHUýSXOVHñýZKHQýWKHý3Gî3WýV\VWHPýLVýHOHFWULFDOO\
GHFRXSOHGýIURPýDOOýFLUFXLWU\ýE\ýëýXOWUDðIDVWýSRZHUýUHFRYHU\ýGLRGHVýõéí+)/åí6íèôýSURSHUO\ýFRQQHFWHGýLQ
VHULHVï

ëï 7KHýý'HXWHULXPýý$EVRUSWLRQýý0HDVXUHPHQWV

:HýSHUIRUPHGýVDPHýDEVRUSWLRQýEODQNýUXQVýXVLQJýDQý$XýSODWHýLQýRUGHUýWRýREWDLQýUHIHUHQFHýPHDVXUHPHQWVýWR
FRPSDUHýZLWKý WKHý 3Gý SODWHVý RQHïý ý:Hý WHVWHGý WKUHHý FROGðZRUNHGý 3Gý VKHHWVý õëè[ëè[ìýPPôý QDPHGãý 7íè
õ7$1$.$ý.ï.ïôýDQGý,çèñý,çê&ýõ,05$ý0$7(5,$/ôïý7KHý7$1$.$ýSODWHýõYHU\ýKLJKýKDUGQHVVýYDOXHãýêíí
+YôýZDVýSUHSDUHGýZLWKýSURSHUýLPSXULWLHVýõëæåíýSSPôýHQFORVHGýGXULQJýWKHýPHOWLQJýSUHSDUDWLRQãýWKHýKLJK
KDUGQHVVýYDOXHýUHDFKHGýLVýGXHýWRýWKHýGRSLQJýõXQGHUýSDWHQWôïý7KHýëý,05$ýSODWHVýõìéíý+YôýKDGýWKHýVDPH
FROGðZRUNHGýWUHDWPHQWVýõVDPHýEDWFKôýDQGýQRýLPSXULWLHVýZHUHýDGGHGïý7KHý,çê&ýZDVýZDUPHGýWRýDERXWýæèí(&
IRUýìíýPLQXWHVýëýWLPHVýõDIWHUýFRROLQJýWRýURRPýWHPSHUDWXUHýLQýDERXWýëíýPLQXWHVôýLQýDýR[LGL]LQJýDWPRVSKHUH
WRýUHGXFHýWKHýFROGðZRUNHGýKDUGQHVVýWRýWKHýRULJLQDOýYDOXHýRIýSXUHý3GýMXVWýPHOWHGýõDERXWýèíý+Yôïý$IWHUýWKLV
WUHDWPHQWýZHýREVHUYHGýDýGDUNðEOXHýWKLQýILOPýFRYHULQJýWKHýVXUIDFHãýWKLVýILOPýõSUREDEO\ý3G2ôýZDVýTXLWHýKDUG
DQGýHYHQýUHVLVWDQWýWRýçèøýFRQFHQWUDWHGý+12êýDFLGýDWWDFNï

$OOýWKHýWHVWVýZHUHýSHUIRUPHGýXQGHUýWKHýIROORZLQJýRSHUDWLQJýFRQGLWLRQVãýSXOVHýSHDNýFXUUHQWýìçý$ñýSXOVHýZLGWK
íïèý�VñýSXOVHýUHSHWLWLRQýUDWHýèý.+]ñýSHDNýFXUUHQWýGHQVLW\ýìïêý$îFPëïý7KHVHýFRQGLWLRQVýDUHýHTXLYDOHQW
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ýWRýDQýHOHFWURO\WLFDOýPHDQýFXUUHQWýRIýDERXWýçéýP$ýõLïHïýRQO\ýèP$îFPëôï

,QýILJXUHýëýLWýLVýVKRZQýWKHýDEVRUSWLRQýUDWHýõLQý0ROHîVý#ýFPëôýRIýWKHýSODWHVý7íèñý,çèýDQGý,çê&ïý,WýSURYLGHV
LQIRUPDWLRQýDERXWýWKHýTXDQWLW\ýRIý'HXWHULXPýIORZLQJýWKURXJKýWKHý3GðVXUIDFHýSHUýWLPHýXQLWýDQGýVXUIDFHýXQLWï
,QýWKLVýILJXUHýZHýFDQýSXWýLQýHYLGHQFHýVWURQJýGLIIHUHQFHVýFRPSDULQJýWKHý7íèýDQGý,çê&ýõWKHýYHU\ýKDUGýSODWHýDQG
KDUGýPRGLILHGýVXUIDFHôýSODWHVýZLWKýWKHý,çèýRQHýõVRIWHUýSODWHôãýLïHïýWKHýKDUGýSODWHVýVKRZýDýUHOHYDQWýVKRXOGHUýRQ
WKHýVKDSHïý7KLVýVKRXOGHUýVHHPVýWRýLQGLFDWHýWKDWñýLQýWKHýûò�ýSKDVHñýWKHý'HXWHULXPýGLIIXVLRQýFRHIILFLHQWýLV
KLJKHUýDQGýDERXWýFRQVWDQWýLQýUHVSHFWýWRýWKHýH[SHFWHGýRQHñýOLNHýWKHý,çèýSODWHïý7KHý,çê&ýõPRGLILHGýVXUIDFHôýSODWH
VKRZVýWKDWýWKHýDEVRUSWLRQýUDWHñýYHU\ýKLJKýDWýWKHýEHJLQQLQJýRIýWKHýFKDUJLQJýXSñýGHFUHDVHVýIDVWHUýWKDQýWKHýRWKHU
SODWHVýDQGýZHýFDQýVXSSRVHýWKDWý WKHýPRGLILHGýVXUIDFHýLVýQRWýVWDEOHýHQRXJKýGXULQJýWKHýZKROHýHOHFWURO\VLV
õ2[\JHQýUHGXFWLRQýDWý3G2ýVXUIDFHýGXHýWRý'"ôïý7KHýDEVRUSWLRQýUDWHýGHFUHDVHVýGXULQJýWKHý�ýSKDVHñý]HURLQJ
ZKHQýWKHý'î3GýFRQFHQWUDWLRQýUHDFKHVýLWVýPD[LPXPýYDOXHýHTXDOýWRýìïëãìýZLWKý,çê&ñýìïíëãìýZLWKý7íèýDQGýíïäç
ZLWKý,çèýõILJïýêôï

7KHý'î3GýFRQFHQWUDWLRQýKDVýEHHQýHYDOXDWHGýDFFXPXODWLQJýWKHýDEVRUEHGý'HXWHULXPýPROHVýRYHUýWLPHïý7KH
DEVRUSWLRQýHIILFLHQF\ýõGHILQHGýDVýWKHýUDWLRýRIýWKHýTXDQWLW\ýRIýDEVRUEHGý'HXWHULXPýWRýWKHý'HXWHULXPýGHYHORSHG
GXULQJýWKHýHOHFWURO\VLVôýUHDFKHVýLWVýPD[LPXPýYDOXHýõDERXWýæìøôýLQýWKHýûýSKDVHïý7KHýSODWHýõ,çê&ôñýSURYLGLQJ
WKHýKLJKHVWýDEVRUSWLRQýUDWHýDQGýORDGLQJýHIILFLHQF\ñýUHDFKHVýDOVRýWKHýKLJKHVWýõìïëãìôý'î3GýUDWLRï

,QýILJXUHýéýLWýLVýVKRZQýWKHýRYHUðYROWDJHóýõLïHïýQRUPDOL]HGýWRýWKHýFKDUJHýIORZñý9î&ñýVHHýIROORZLQJôñýGXHýWR
GHXWHULXPýORDGLQJñýYHUVXVýWKHýFKDUJHýIORZýLWVHOIïý:HýGHILQHýWKHýRYHUðYROWDJHýDVýWKHýGLIIHUHQFHýEHWZHHQýWKH
FDWKRGLFýSRWHQWLDOý DQGý WKHý UHIHUHQFHý HOHFWURGHý SUHYLRXVO\ýGHVFULEHGïý ý:Hý UHFDOOý WKDWý WKHVHýYROWDJHVý DUH
PHDVXUHGýGXULQJýDýIL[HGýWLPHýõìí�VôýDIWHUýDýIL[HGýGHOD\ýõêíý�VôýIURPýWKHýHQGýRIýHDFKýSRZHUýSXOVHýõRXWýRI
SKDVHýPHDVXUHPHQWôïý$OOýHOHFWULFýSRWHQWLDOVýDUHýPHDVXUHGýLQýUHVSHFWýWRýWKHý3WýQHWýHOHFWURGHýZKLFKýLVýFRQQHFWHG
WRýWKHýHOHFWULFýFLUFXLWýJURXQGïý'XULQJýWKHýHOHFWURO\VLVýWKHý'HXWHULXPýJDVñýGHYHORSHGýDWýWKHýFDWKRGHñýVXUURXQGV
WKHýUHIHUHQFHýHOHFWURGHýDQGýZHýFDQýDVVXPHýLWýDVýHTXLYDOHQWýWRýDý5ï+ï(ïýõ5HYHUVLEOHý+\GURJHQý(OHFWURGHôïý,Q
WKHýRYHUðYROWDJHýFDOFXODWLRQýZHýWDNHýLQWRýDFFRXQWýWKHýIDFWýWKDWýWKHýSHDNðXSýHOHFWURGHýVXUURXQGHGýE\ýWKHý'ë

JDVýLVýQRWýDýSODWLQL]HGý3WñýEXWýMXVWýDýSXUHý3WãýWKLVýGLIIHUHQFHýLVýUHSRUWHGýE\ýWKHýOLWHUDWXUHýWRýEHýíïíäý9ýIRUý+ë

JDVâýZHýFRQVLGHUýWKLVýYDOXHýDSSURSULDWHýIRUýRXUýFDOFXODWLRQVï

:HýZRXOGýOLNHýWRýQRWHýWKDWýWKHýRYHUðYROWDJHóýUHSRUWHGýLQýILJXUHýõéôýLVýFRPSXWHGýVXEWUDFWLQJñýDWýWKHýVDPH
H[SHULPHQWDOýFRQGLWLRQVã

DôýWKHý7DIHOýFRPSRQHQWñýGXHýWRýWKHýFXUUHQWýGHQVLW\âý
EôýWKHý/LýFRQWULEXWLRQýDWýWKHýWRWDOýDSSDUHQWýRYHUYROWDJHï

7KHýODVWýVXEWUDFWLRQýZDVýDOORZHGýWKURXJKýEODQNýH[SHULPHQWVýZLWKýWKHý$XýSODWHãýZHýDVVXPHýWKDWñýDORQJýWKH
ZKROHý WLPHý RIý WKHý HOHFWURO\VLVñý WKHUHý LVý QRWý DSSUHFLDEOHý GHXWHULXPý DEVRUSWLRQý DWý$Xý SODWHý EXWý RQO\ý /L
GHSRVLWLRQýDQGýWKDWýWKHýDPRXQWýRIý/LýGHSRVLWHGýLVýWKHýVDPHýLQýWKHýFDVHVýRIýH[SHULPHQWVýZLWKý$XýRUý3Gï

$OOý WKHý RYHUYROWDJHý FRQVLGHUHGý DUHý QRUPDOL]HGý ZLWKý WKHý FKDUJHý IORZQý DQGý SURSHUO\ý FRUUHFWHGý IRUý FHOO
WHPSHUDWXUHýYDULDWLRQVñýLIýDQ\ïý:HýIRXQGýWKDWýWKHýûQRUPDOL]HGûýRYHUYROWDJHóýLQFUHDVHVýVXUIDFHý'î3GýUDWLR
DFFRUGLQJýWRýWKHýPHWDOOXUJ\ýRIýWKHýSODWHVãýKDUGHVWýSODWHVýVKRZýODUJHVWýYDOXHVýRIýRYHUYROWDJHï

&RQFOXVLRQV

,QGHSHQGHQWO\ýIURPýWKHýPHWDOOXUJ\ýRIýWKHý3GýHOHFWURGHVñýZHýGHYHORSHGýDýKLJKýSHDNýFXUUHQWýSXOVHýWHFKQLTXH
DEOHýWRýORDGýGHXWHULXPýLQWRý3GýSODWHVýDWýYDOXHVýDVýODUJHýDVñýDWýOHDVWñýíïäçãìýDQGýìïëãìýPD[LPXPï
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7KHýPHWDOOXUJ\ýRIýWKHýSODWHVýDIIHFWVýWKHýDEVRUSWLRQýUDWHýûVKDSHûýSDUDPHWHUïý7KHýKDUGQHVVýSDUDPHWHUýLV
LQFUHDVHGýE\ýFROGýZRUNLQJýIURPýDýYDOXHýRIýèíý+YýõRUGLQDU\ý3GôýWRýDERXWýìéíý+YýLQýWZRýRIýWKHýVDPSOHV
XVHGýõ,05$ýSODWHVôâýVRPHýLPSXULWLHVýZHUHýLQWHQWLRQDOO\ýDGGHGýWRýDQRWKHUý3GýSODWHýLQýRUGHUýWRýLQFUHDVH
WKLVýYDOXHýXSýWRýêííý+Yýõ7$1$.$ýSODWHVôï

$ýKHDY\ýZDUPLQJýõæèí(&ôñýLQýDQýR[LGL]LQJýDWPRVSKHUHñýDWýWKHýVXUIDFHýRIýRQHýRIýWKHýWZRýìéíý+YýSODWHV
ZDVýDEOHñýDORQJýDýPHDVXUDEOHýH[SHULPHQWDOýWLPHñýWRýLQFUHDVHýWKHýVXUIDFHýKDUGQHVVýJLYLQJýQRWLFHDEOH
HIIHFWVýERWKýRQý'HXWHULXPýDEVRUSWLRQýVKDSHýDQGýDEVROXWHýYDOXHýVWRUHGï

,WýVHHPVýWKDWýKLJKýYDOXHVýRIýKDUGQHVVýLQFUHDVHýWKHý'î3GýFKDUJLQJýUDWLRýLQWRýWKHýSODWHVýVWXGLHGïýý7KH
DEVRUSWLRQýUDWHýVKDSHýLVýUHODWHGýWRýWKHýVXUIDFHýPHWDOOXUJ\ýRIýWKHýSODWHVãýZHýFDQýK\SRWKHVL]HýýWKDWýYHU\ýKLJK
'î3GýUDWLRVýõODUJHUýWKDQýWKHýûPHDQûýYDOXHýFRPSXWHGôýDUHýUHDFKHGýDWýWKLQýOD\HUVýRIýWKHýSODWHýVXUIDFHïý:H
WKLQNýWKDWýWKHýVKRUWðWLPHýKLJKðFXUUHQWýSXOVHVýFDQýHQKDQFHýWKLVýXVHIXOýHIIHFWï

7KHýRYHUðYROWDJHýSDUDPHWHUýJLYHVýXVHIXOýLQGLFDWLRQVýDERXWýWKHý3GýSODWHýVXUIDFHýVWDWXVýGXULQJýWKH
'HXWHULXPýDEVRUSWLRQïý$QýLPSRUWDQWýUROHýFDQýSOD\ýWKHýLRQLFý/LýRQýWKHýVXUIDFHñýLQýSDUWLFXODUýZD\ýZKHQýWKH
3GýSODWHýUHDFKHVýKLJKý'î3GýYDOXHVï

6RPHýWHVWVýDUHýLQýSURJUHVVýLQýRUGHUýERWKýWRýHQKDQFHýDQGýPDNHýVWHDG\ýWKHýSRVLWLYHýHIIHFWVýRIýûVXUIDFH
FKDQJLQJûýE\ýSURSHUýVXUIDFHýSRLVRQLQJï

$FNQRZOHGJHPHQWV

:HýDUHýLQGHEWHGýWRý'Uïý.ïý0RULýDQGý'Uïý0ïý1DNDPXUDýõ7$1$.$ý.ï.ïôýEHFDXVHýRIýWKHLUýHIIRUWñýLQýDýMRLQW
H[SHULPHQWñýWRýGHYHORSýDQGýFKDUDFWHUL]HýWKHýQHZýêííý+Yý3GýSODWHVýõXQGHUýSDWHQWôïýý:HýDUHýJUDWHIXOýWRý<ï
2\DEHýDQGý6ïý1H]Xýõ,05$ý0$7(5,$/ôýEHFDXVHýERWKýSURYLGHGýXVýZLWKýSXUHý3GýSODWHVýõRIýGLIIHUHQW
PHWDOOXUJLFDOýSURSHUWLHVôýDQGýJDYHýXVHIXOýVXJJHVWLRQVýDQGýFRPPHQWVýLQýRUGHUýWRýIXOO\ýFKDUDFWHUL]HýWKH
QHZýûVXUIDFHýPRGLILHGûý3GýSODWHïýý:HýWKDQNý'Uïý$ïý0DQFLQLýõ25,0ý6ïUïOïôýIRUýSURYLGLQJýXVýZLWKýVRPH
XOWUDSXUHý3GýSODWHVýIRUýFURVVðUHIHUHQFHýVWXGLHVï

5HIHUHQFHV

ìïýý)ï&HODQLñý$ï6SDOORQHñý3ïý7ULSRGLñý$ïý1XYROLñý)URQWLHUVýRIý&ROGý)XVLRQñý(GLWHGýE\ý+ï,NHJDPLñýSïýäê
õìääëôñýý)URQWLHUý6FLHQFHý6HULHVýQïéñý8QLYïý$FDGïý3UHVVñý7RN\Rýõ-DSDQôï

ëïýý)ï&HODQLñý$ï6SDOORQHñý3ïý7ULSRGLýHWýDOïñýû+LJKý3RZHUý�Vý3XOVHGý(OHFWURO\VLVýIRUý/DUJHý'HXWHULXP
/RDGLQJýRQý3Gý3ODWHVñûýSUHVHQWHGýDWý,&&)éý&RQIHUHQFHñý'HFïýçðäñýìääêý0DXLýõ86$ôïýý3XEOLVKLQJýLQ
)URQWLHUý6FLHQFHý6HULHVýQïèñý(GïýE\ý(35,ñý3DORý$OWRñý&DOLIRUQLDýõ86$ô
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&+$1*(6ý,1ý685)$&(ý7232*5$3+<ý$1'ý
0,&52&20326,7,21ý2)ý$ý3$//$',80ý&$7+2'(ý

&$86('ý%<ý(/(&752/<6,6ý,1ý$&,',),('ý/,*+7ý:$7(5

-ïý'DVKýDQGý*ïý1REOHý
'HSDUWPHQWýRIý3K\VLFVý
3RUWODQGý6WDWHý8QLYHUVLW\ý

3ï2ïý%R[ýæèì
3RUWODQGñý2UHJRQýäæëíæðíæèì

DQG

'ïý'LPDQ
&DUOHWRQý&ROOHJH

1RUWKILHOGñý0LQQHVRWDýèèíææ

$%675$&7

$ýWKLQýSDOODGLXPýFDWKRGHýEHFDPHýEHQWýDQGýWRUQýGXULQJýHOHFWURO\VLVýLQýDFLGLILHGýOLJKWýZDWHUïý/RFDOL]HG
FKDQJHVýLQýFRPSRVLWLRQýZHUHýREVHUYHGñýLQFOXGLQJýWKHýRFFXUUHQFHýRIýFKORULQHýDQGýSRVVLEO\ýVLOYHUï
7UDQVPXWDWLRQýE\ýQHXWURQýDEVRUSWLRQýPD\ýKDYHýFDXVHGýWKHýIRUPDWLRQýRIýVLOYHUï

,QWURGXFWLRQ

,WýKDVýEHHQýVKRZQýWKDWýHOHFWURO\VLVýZLWKýDýSDOODGLXPýFDWKRGHýLQýDQýHOHFWURO\WHýFRQWDLQLQJýDýPL[WXUHýRI
VXOIXULFýDFLGýDQGýHLWKHUýOLJKWýZDWHUýRUýKHDY\ýZDWHUýUHVXOWVýLQýJUHDWO\ýDOWHUHGýVXUIDFHýWRSRJUDSK\ý>ìñëñê@ñ
H[FHVVýKHDWý>ëñê@ýDQGýXQH[SHFWHGýHOHPHQWVýZKLFKýFRXOGýKDYHýEHHQýSURGXFHGýE\ýDEVRUSWLRQýRIýQHXWURQV
>ê@ïý)RUýH[DPSOHñýVLOYHUýZDVýREVHUYHGýLQýKLJKýFRQFHQWUDWLRQVýDWýPLFURVFRSLFýVXUIDFHýDVSLUDWHVýRQýWKH
íïíçíýPPýWKLFNýSDOODGLXPýFDWKRGHýDIWHUýHOHFWURO\VLVýLQýWKHýKHDY\ýZDWHUýHOHFWURO\WHý>ê@ïý%XWýVLOYHUýZDVýQRW
GHWHFWHGýZKHQýODUJHUýDUHDVýZKLFKýLQFOXGHGýWKHýVXUIDFHýDVSLUDWHVýZHUHýDQDO\]HGïý7KXVñýWKHýLQWHUQDO
SURFHVVHVýZKLFKýUHVXOWýLQýVXUIDFHýDVSLUDWHVýDQGýKLJKýFRQFHQWUDWLRQVýRIýXQH[SHFWHGýHOHPHQWVýDUHýKLJKO\
ORFDOL]HGï

:HýUHSRUWýKHUHýWKHýUHVXOWVýRIýDQDO\VLVýRIýDýíïíçíýPPýWKLFNýSDOODGLXPýFDWKRGHýDIWHUýHOHFWURO\VLVýLQýDýOLJKW
ZDWHUýHOHFWURO\WHï

([SHULPHQWDOý0HWKRGVýDQGý5HVXOWV

3ODWLQXPýIRLOýõääïäøý3WôýZDVýXVHGýIRUýWKHýDQRGHVýDQGýSDOODGLXPýIRLOýõääïäøý3GôýZDVýXVHGýIRUýWKH
FDWKRGHVïý7KHýSDOODGLXPýIRLOýZDVýSURGXFHGýE\ýFROGýUROOLQJýIURPýWKHýLQLWLDOýíïèýPPýWKLFNQHVVýWRýíïíçýPPï
7KHýHOHFWURO\WHýFRQVLVWHGýRIýíïíçýPROýIUDFWLRQý+ë62éýõDQDO\WLFDOýUHDJHQWôýLQýGHLRQL]HGý+ë2ýIRUýWKHýOLJKW
ZDWHUýFHOOýDQGýíïíçýPROýIUDFWLRQý+ë62éýLQý'ë2ýõääïäøý'ëôýIRUýWKHýKHDY\ýZDWHUýFHOOïý7KHýFHOOVýZHUH
FRQQHFWHGýLQýVHULHVñýDQGýHOHFWURO\VLVýZDVýSHUIRUPHGýIRUýILYHýKRXUVýDWýDýFXUUHQWýGHQVLW\ýRIýDERXWýíïçæ
$îFPëïýý([FHVVýJDVHVýIURPýHOHFWURO\VLVýHVFDSHGýWKURXJKýWKHýWRSVýRIýWKHýFHOOVïý([FHVVýKHDWýSURGXFWLRQýRI
DERXWýíïìýZDWWýZDVýREVHUYHGýIRUýWKHýKHDY\ýZDWHUýFHOOñýFRPSDUHGýZLWKýWKHýOLJKWýZDWHUýFHOOý>ê@ï

$IWHUýHOHFWURO\VLVñýWKHýSDOODGLXPýFDWKRGHýIURPýWKHýOLJKWýZDWHUýFHOOýZDVýFOHDQHGýXOWUDVRQLFDOO\ýLQýGHLRQL]HG
ZDWHUïý,WýZDVýWKHQýH[DPLQHGýZLWKýDýVFDQQLQJýHOHFWURQýPLFURVFRSHýõ6(0ôýDQGýDQDO\]HGý
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FKHPLFDOO\ýZLWKýDQýDWWDFKHGýHQHUJ\ýGLVSHUVLYHýVSHFWURPHWHUýõ('6ôï

)LJïýìDýVKRZVýWKHýXSSHUýSRUWLRQýRIýWKHýSDOODGLXPýFDWKRGHýZKLFKýZDVýQRWýLPPHUVHGýLQýWKHýHOHFWURO\WH
GXULQJýHOHFWURO\VLVïý7KLVýLVýDOPRVWýDVýVPRRWKýDQGýIODWýDVýWKHýRULJLQDOýFROGýUROOHGýSDOODGLXPýEHIRUH
HOHFWURO\VLVïý,QýFRQWUDVWýWRýWKLVñý)LJïýìEýVKRZVýWKHýGLVWRUWHGýDQGýWRUQýORZHUýSRUWLRQýRIýWKHýSDOODGLXP
FDWKRGHýZKLFKýZDVýLPPHUVHGýLQýWKHýHOHFWURO\WHýGXULQJýHOHFWURO\VLVï

8VLQJýWKHý('6ñýVSHFWUDýZHUHýWDNHQýIURPýWKHýVTXDUHýDUHDVýLQGLFDWHGýRQý)LJïýìDýDQGýìEñýXVLQJýLGHQWLFDO
H[SHULPHQWDOýFRQGLWLRQVïý7KHVHýDUHýVKRZQýLQý)LJïýëïý6XSHULPSRVHGýRQýWKHVHýVSHFWUDýDUHýYHUWLFDOýEDUV
ZKLFKýLQGLFDWHýWKHýSRVLWLRQVýDQGýH[SHFWHGýUHODWLYHýLQWHQVLWLHVýRIýVL[ýSDOODGLXPý/ýSHDNVïý7KHýWZRýPRVW
LQWHQVHý/ýSHDNVýDUHý/ûìýDWýëïåéý.H9ýZLWKýUHODWLYHýLQWHQVLW\ýìííøýDQGý/�ìýDWýëïääý.H9ýZLWKýUHODWLYH
LQWHQVLW\ýéëøïý$FWXDOýUHODWLYHýLQWHQVLW\ýRIý/�ìýWRý/ûìýLQý)LJïýëDýLVýèíøýDQGýLQý)LJïýëEýLWýLVýèéøïý6LPLODU
UHVXOWVýZHUHýREWDLQHGýE\ýDQDO\VLVýRIýWKHýUHPDLQGHUýRIýWKHýHOHFWURGHýDUHDVýVKRZQýLQý)LJïýìDýDQGýìEïý7KXVñ
WKHýUDWLRýRIýWKHý3Gý/�ìýLQWHQVLW\ýWRýWKHý3Gý/ûìýLQWHQVLW\ýLVýVOLJKWO\ýJUHDWHUýLQýWKHýHOHFWURO\]HGýSRUWLRQýRI
WKHýSDOODGLXPýFDWKRGHýõ)LJïýìEôýWKDQýLQýWKHýXQHOHFWURO\]HGýSRUWLRQýõ)LJïýìDôïý&KDQJHVýLQýWKLVýUDWLRýFDQýEH
FDXVHGýE\ýIDFWRUVýVXFKýDVýGLIIHUHQFHVýLQýDEVRUSWLRQý>é@ïý2YHUODSýZLWKýHPLVVLRQýOLQHVýIURPýDQRWKHUýHOHPHQW
FRXOGýDOVRýSURGXFHýFKDQJHVýLQýWKLVýUDWLRïý)RUýH[DPSOHñýVLOYHUý/ûìñýWKHýVWURQJHVWýVLOYHUý/ýOLQHý>é@ñýRFFXUVýDW
ëïäåý.H9ïý,IýVLOYHUýZHUHýSUHVHQWýLQýWKHýSDOODGLXPñýLWýZRXOGýLQFUHDVHýWKHýLQWHQVLW\ýRI
3Gý/�ìýZLWKRXWýDSSUHFLDEO\ýFKDQJLQJýWKHýLQWHQVLW\ýRIý3Gý/ûìïý7KXVñýWKHýSUHVHQFHýRIýVLOYHUýZRXOGýLQFUHDVH
WKHýUDWLRýRIý3Gý/�ìýWRý3Gý/ûìï

7KHýVSHFWUXPýLQý)LJïýëEñýZKLFKýFDPHýIURPýWKHýHOHFWURO\]HGýSRUWLRQýRIýWKHýSDOODGLXPýFDWKRGHñýKDVýDýVWURQJ
SODWLQXPýSHDNïý7KLVýUHVXOWVýIURPýVORZýGLVVROXWLRQýRIýWKHýSODWLQXPýDQRGHýDQGýVXEVHTXHQWýHOHFWURSODWLQJýRI
3WýRQýWKHýSDOODGLXPýFDWKRGHïý7KHýSODWLQXPýSHDNýLVýQRWýSUHVHQWýLQýWKHý)LJïýëDýVSHFWUXPýIURP
XQHOHFWURO\]HGýSDOODGLXPï

7KHýDUURZýDWýWKHýERWWRPýOHIWýRIý)LJïýìEýLQGLFDWHVýDQýDUHDýZKLFKýLVýHQODUJHGýLQý)LJïýêDñýDQGýHQODUJHGýIXUWKHU
LQý)LJïýêEïý$Qý('6ýVSHFWUXPýIURPýWKHýIHDWXUHýZKLFKýSURWUXGHVýIURPýWKHýVXUIDFHýLQý)LJïýêEýLVýVKRZQýLQ
)LJïýêFïý$Qý('6ýVSHFWUXPýIURPýWKHýVTXDUHýDUHDýLQGLFDWHGýLQýWKHýORZHUýULJKWðKDQGýFRUQHUýRIý)LJïýêEýLV
VKRZQýLQý)LJïýêGï

7KHýSURWUXGLQJýIHDWXUHýVKRZQýLQý)LJïýêDýDQGýLQýPRUHýGHWDLOýLQý)LJïýêEýDSSHDUVýWRýKDYHýHUXSWHGýRXWýRIýWKH
VXUIDFHýRIýWKHýSDOODGLXPýFDWKRGHïý7KHýVXUURXQGLQJVýDUHýVPRRWKýDQGýIODWïý7KHýSURWUXVLRQýDOVRýGLIIHUVýLQ
FRPSRVLWLRQýIURPýWKHýVXUURXQGLQJVñýDVýLQGLFDWHGýE\ýWKHýLQWHQVHýFKORULQHýSHDNýEHWZHHQýWKHýSODWLQXPýDQG
SDOODGLXPýSHDNVýLQý)LJïýêFýDQGýWKHýDEVHQFHýRIýWKLVýSHDNýLQý)LJïýêGïý7KHVHýLVýDOVRýDýZHDNýSRWDVVLXPýSHDN
WRýWKHýULJKWýRIýWKHýSDOODGLXPýSHDNýLQýWKHýVSHFWUXPýRIýWKHýSURWUXVLRQñýEXWýWKHUHýLVýQRýSRWDVVLXPýSHDNýLQýWKH
VSHFWUXPýIURPýWKHýULJKWýRIýWKHýSURWUXVLRQýõ)LJïýêGôï

7KUHHýPRUHýVSHFWUDýZHUHýWDNHQýIURPýRWKHUýSRVLWLRQVýRQýWKHýSURWUXVLRQýLQýDGGLWLRQýWRýWKDWýVKRZQýLQý)LJï
êEïý$OWKRXJKýWKHýUHODWLYHýLQWHQVLWLHVýGLIIHUHGýIURPýRQHýSRVLWLRQýWRýDQRWKHUñýWKHýVDPHýHOHPHQWVýõ3Wñý&Oñý3Gñ
DQGý.ôýZHUHýGHWHFWHGýLQýDOOýIRXUýVSHFWUDï

$WýDERXWýèí�PýIURPýWKHýORZHUýHGJHýRIýWKHýSDOODGLXPýFDWKRGHýVKRZQýLQý)LJïýêDñýWKHýVXUIDFHýWRSRJUDSK\
FKDQJHVýIURPýXQLIRUPýJUD\ýWRýDýGDUNñýPRWWOHGýDSSHDUDQFHñýDVýVKRZQýLQý)LJïýéDïý$ýVSHFWUXPýIURPýWKHýVSRW
LQGLFDWHGýRQý)LJïýéDýLVýVKRZQýLQý)LJïýéEïý7KLVýVKRZVýWKHýSUHVHQFHýRIýSDOODGLXPñýEXWýWKHUHýLVýQRýSHDNýIRU
SODWLQXPýVXFKýDVýWKDWýLQý)LJïýêGýZKLFKýZDVýREWDLQHGýIURPýWKHýXQLIRUPýJUD\ýDUHDýRQýWKHýORZHUýULJKWýRIý)LJï
êEïý,QýWKHýVSHFWUXPýRIý)LJïýéEýWKHýUDWLRýRIý3Gý/�ìýWRý3Gý/ûìýLVýíïçìñýRUýDERXWýíïìýJUHDWHUýWKDQýWKLVýUDWLRýLQ
DOOýRIýWKHýVSHFWUDýVKRZQýDERYHñýIURPýHLWKHUýWKHýXQHOHFWURO\]HGýRUýWKHýHOHFWURO\]HGýSRUWLRQVýRIýWKH
SDOODGLXPýFDWKRGHï
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7KHýXSSHUýSRUWLRQýRIý)LJïýéDýKDVýDýIDLUO\ýXQLIRUPñýOLJKWýJUD\ýDSSHDUDQFHñýVLPLODUýWRýWKHýUHJLRQýRQýWKH
ORZHUýULJKWýRIý)LJïýêEýZKLFKýFRQWDLQVýDýODUJHýDPRXQWýRIýSODWLQXPýõ)LJïýêGôïý,WýPD\ýEHýWKDWýWKHýSODWLQXP
SHHOHGýRIIýRIýWKHýORZHUýHGJHýGXULQJýXOWUDVRQLFýFOHDQLQJýRIýWKHýHOHFWURGHïý7KHýFXUUHQWýGHQVLW\ýZDVýKLJKHVW
DWýWKHýORZHUýHGJHñýDQGýWKHýHOHFWURSODWHGýSODWLQXPýPD\ýKDYHýEHHQýGHQGULWLFýDQGýORRVHO\ýDGKHUHQWï

7KHýPRWWOHGýVWUXFWXUHýQHDUýWKHýORZHUýHGJHýRIýWKHýHOHFWURGHýLQý)LJïýéDýLVýVKRZQýDWýKLJKHUýPDJQLILFDWLRQýLQ
)LJïýèDïý7KHýFRQWUDVWýLQýWKLVýSKRWRJUDSKýLVýPRVWýOLNHO\ýGXHýWRýWRSRJUDSKLFýGLIIHUHQFHVïý/LJKWýJUD\ýDUHDVýDUH
SUREDEO\ýKLJKHUýLQýHOHYDWLRQýWKDQýWKHýLQWHUVSHUVHGýGDUNñýVXEðPLFURQýGLDPHWHUýDUHDVï

7KHýFRPSRVLWLRQýRIýWKHýDUHDýZLWKLQýWKHýVTXDUHýLQGLFDWHGýDERYHýWKHýFHQWHUýLQý)LJïýèDýLVýJLYHQýE\ýWKH
VSHFWUXPýLQý)LJïýèEïý7KLVýLVýVLPLODUýWRýWKHýVSHFWUXPýLQý)LJïýéEýLQýWKDWýSODWLQXPýLVýQRWýSUHVHQWïý7KHýUDWLRýRI
WKHýSDOODGLXPý/�ìýSHDNýKHLJKWýWRýWKHý/ûìýSHDNýKHLJKWýLVýíïæèñýZKLFKýLVýíïìèýJUHDWHUýWKDQýWKHýVDPHýUDWLRýLQ
)LJïýéEýDQGýDERXWýíïëèýJUHDWHUýWKDQýWKLVýUDWLRýLQýDOOýWKHýVSHFWUDýWDNHQýDWýGLVWDQFHVýPRUHýWKDQýèí�PýDERYH
WKHýORZHUýHGJHýRIýWKHýFDWKRGHï

'LVFXVVLRQýRIý5HVXOWV

7KHýDERYHýUHVXOWVýLOOXVWUDWHýWKHýGUDVWLFýFKDQJHVýLQýVXUIDFHýPRUSKRORJ\ýRIýDýSDOODGLXPýFDWKRGHýZKLFK
RFFXUýGXULQJýHOHFWURO\VLVýZLWKýDQýHOHFWURO\WHýFRQWDLQLQJý+ë2ýDQGý+ë62éýDQGýDýSODWLQXPýDQRGHïý7KH
YLROHQWýLQWHUDFWLRQýRIýK\GURJHQýZLWKýSDOODGLXPýFDXVHGýLQKRPRJHQHRXVýGLVWRUWLRQýDQGýWHDULQJïý$QDO\VLVýRI
DýVXUIDFHýSURWUXVLRQýUHYHDOHGýWKHýSUHVHQFHýRIýFKORULQHýõSUREDEO\ýDVýDýFRPSRXQGôýRQýWKHýSURWUXVLRQýEXWýQRW
RQýWKHýDGMDFHQWýDUHDýRIýWKHýSDOODGLXPýFDWKRGHïý7KHýVRXUFHýRIýFKORULQHýLVýQRWýNQRZQï

7KHýPRUSKRORJ\ýRIýWKHýORZHUýHGJHýRIýWKHýFDWKRGHñýZKHUHýFXUUHQWýGHQVLW\ýPRVWýOLNHO\ýZDVýKLJKHVWýGXULQJ
HOHFWURO\VLVñýVKRZVýDýODUJHýQXPEHUýRIýVXEðPLFURQýVL]HGýVXUIDFHýSLWVïý$QDO\VLVýVKRZVýDýODUJHýFKDQJHýLQ
UDWLRýRIý[ðUD\ýIOXRUHVFHQFHýSHDNVýRIýSDOODGLXPïý7KHýUDWLRýRIý3Gý/�ìýDWýëïääý.H9ýWRý3Gý/ûìýDWýëïåéý.H9
FKDQJHGýIURPýDERXWýíïèíýIRUýWKHýXSSHUýSDUWýRIýWKHýSDOODGLXPýFDWKRGHýWRýíïæèýIRUýWKHýORZHUýHGJHïý,WýLV
NQRZQýWKDWýFKDQJHVýLQýWKLVýUDWLRýFDQýEHýFDXVHGýE\ýFKDQJHVýLQýDEVRUSWLRQýE\ýWKHýVDPSOHý>é@ïý%XWýLWýLVýQRW
FOHDUýZK\ýWKHýDEVRUSWLRQýIURPýDýUHJLRQýQHDUýWKHýHGJHýVKRXOGýFKDQJHýLQýVXFKýDýZD\ýDVýWRýFDXVHýWKH
REVHUYHGýFKDQJHýLQýLQWHQVLW\ýUDWLRïý,WýVHHPVýPRUHýOLNHO\ýWKDWýWKHýFKDQJHýLQýLQWHQVLW\ýUDWLRýZDVýFDXVHGýE\
WKHýSUHVHQFHýRIýVLOYHUýZKLFKýSURGXFHVýDQý/ûìýSHDNýDWýëïäåý.H9ïý,IýWKLVýLVýWKHýFRUUHFWýH[SODQDWLRQñýWKHQýWKH
UHJLRQýLQý)LJïýèDýIURPýZKLFKýWKHýVSHFWUXPýLQý)LJïýèEýZDVýREWDLQHGýFRQWDLQVýDERXWýëíøý$Jïý7KLVýLVýPXFK
OHVVýWKDQýZDVýIRXQGýLQýORFDOL]HGýDUHDVýRIýDýVLPLODUýSDOODGLXPýFDWKRGHýHOHFWURO\]HGýLQýKHDY\ýZDWHUý>ê@ï

,IýVLOYHUýLVýSUHVHQWñýWKHQýLWýHLWKHUýGLIIXVHGýIURPýZLWKLQýWKHýSDOODGLXPñýZDVýHOHFWURSODWHGñýRUýZDVýSURGXFHG
E\ýWUDQVPXWDWLRQýFDXVHGýE\ýQHXWURQVýSURGXFHGýGXULQJýQXFOHDUýIXVLRQýRIýK\GURJHQýRUýGHXWHULXPïý7KH
UHVXOWVýVKRZýWKDWýSODWLQXPýHOHFWURSODWHVýRQWRýWKHýSDOODGLXPñýEXWýWKDWýWKHýSODWLQXPýSUREDEO\ýSHHOHGýRIIýRI
WKHýORZHUýHGJHýGXULQJýXOWUDVRQLFýFOHDQLQJýDIWHUýHOHFWURO\VLVýGXHýWRýSRRUýDGKHUHQFHýRIýWKHýHOHFWURSODWHG
OD\HUïý7KHUHIRUHñýLIýVLOYHUýKDGýEHHQýHOHFWURSODWHGñýLWýSUREDEO\ýZRXOGýKDYHýSHHOHGýRIIýZLWKýWKHýSODWLQXPï
7KHýOLNHOLKRRGýWKDWýVLOYHUýZRXOGýGLIIXVHýIURPýWKHýLQWHULRUýDQGýFRQFHQWUDWHýDWýVHOHFWHGýVLWHVýRQýWKHýVXUIDFH
VHHPVýH[WUHPHO\ýUHPRWHýEHFDXVHýVLOYHUýDQGýSDOODGLXPýDUHýPLVFLEOHýLQýDOOýSKDVHVý>è@ï

:HýSUHYLRXVO\ýFRQFOXGHGýWKDWýDýQXFOHDUýIXVLRQýUHDFWLRQýPD\ýKDYHýUHVXOWHGýLQýVLOYHUýGHSRVLWVýRQýD
SDOODGLXPýFDWKRGHýHOHFWURO\]HGýLQýDQýHOHFWURO\WHýFRQWDLQLQJý'ë2ýDQGý+ë62éý>ê@ïý,WýVHHPVýPRVWýSUREDEOH
WKDWýWKHýHQKDQFHGý[ðUD\ýLQWHQVLW\ýDWýêý.H9ýLQý)LJVïýéEýDQGýèEýPD\ýDOVRýEHýGXHýWRýWUDQVPXWDWLRQýFDXVHGýE\
QHXWURQVýIURPýDýIXVLRQýUHDFWLRQïý,IýDýQHXWURQýLVýFDSWXUHGýE\ý3GìíåñýDQýDEXQGDQWýLVRWRSHñýLWýEHFRPHVý3Gìíäñ
ZKLFKýUDSLGO\ýGHFD\VýWRý$JìíäñýDýVWDEOHýLVRWRSHý>ç@ï
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5HIHUHQFHV

ìïýý'ï6ïý6LOYHUñý-ïý'DVKñýDQGý3ï6ïý.HHIHïýû6XUIDFHý7RSRJUDSK\ýRIýDý3DOODGLXPý&DWKRGHý$IWHUý(OHFWURO\VLV
LQý+HDY\ý:DWHUñý)XVLRQý7HFKQRORJ\ñýYROýëéñýSýéëêýõìääêôï

ëïýý-ïý'DVKñý3ï6ïý.HHIHñý(ïý1LFKRODVñýDQGý'ï6ïý6LOYHUñýû&RPSDULVRQýRIý/LJKWýDQGý+HDY\ý:DWHUý(OHFWURO\VLV
ZLWKý3DOODGLXPý&DWKRGHVñûý3URFHHGLQJVý$(6)ýåíWKý$QQXDOý&RQIHUHQFHñý2UODQGRñý)ORULGDýõ-XQHýìääêôñýS
æèèï

êïýý-ïý'DVKñý*ïý1REOHñýDQGý'ïý'LPDQñýû6XUIDFHý0RUSKRORJ\ýDQGý0LFURFRPSRVLWLRQýRIý3DOODGLXP
&DWKRGHVý$IWHUý(OHFWURO\VLVýLQý$FLGLILHGý/LJKWýDQGý+HDY\ý:DWHUãý&RUUHODWLRQýZLWKý([FHVVý+HDWñû
3URFHHGLQJVýRIýéWKý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQñý/DKDLQDñý+DZDLLýõ'HFHPEHUýìääêôï

éïýý*ï*ïý-RKQVRQñý-UïñýDQGý(ï:ïý:KLWHñýû;ðUD\ý(PLVVLRQý:DYHOHQJWKVýDQGý.H9ý7DEOHVýIRU
1RQGLIIHUHQWLDOý$QDO\VLVñûý$670ý'DWDý6HULHVý'6ýéçýõ$670ñý3KLODGHOSKLDñýìäæíôï

èïýý,ïý.DUDND\DýDQGý:ï7ïý7KRPSVRQñý%LQDU\ý$OOR\ý3KDVHý'LDJUDPVñýYROýìýõ7ïý%ïý0DVVDOVNLñýHGïðLQðFKLHIïô
0HWDOVý3DUNñý2KLRãý$60ñýìäåçñýSSýèèðèçï

çïýý+DQGERRNýRIý&KHPLVWU\ýDQGý3K\VLFVñýéìVWýHGïñý&OHYHODQGãý&KHPLFDOý5XEEHUý3XEOLVKLQJý&Rïñýìäèäîçíñ
SSýéæíðéæìï
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&2/'ýý)86,21ýý%<ýý63$5.,1*ýý,1ýý+<'52*(1ýý,62723(6

E\
-ï'XIRXUý

656$î&1$0ýëäëý5XHý6Wý0DUWLQ
æèííêýý3DULVýýý)5$1&(

-ï)RRVýDQGý-ï3ïý0LOORW
&1$0ýýëäëý5XHý6Wý0DUWLQ
æèííêýý3DULVýýý)5$1&(

,1752'8&7,21

7KHýLGHDýRIýWUDQVPXWLQJýK\GURJHQýLVRWRSHVýLQWRýKHDYLHUýVSHFLHVýõKHOLXPôñýDWýURRPýWHPSHUDWXUHñýZLWKýWKHýDLG
RIýSDOODGLXPýDFWLQJýDVýDýNLQGýRIýFDWDO\VWýFDQýEHýWUDFHGýEDFNýDVýHDUO\ýDVýìäëçï>ìñë@ýý,QýìäåäñýDýUHELUWKýZDVýJLYHQ
WRýWKHýFRQFHSWï>êñé@ýý%\ýHOHFWURO\]LQJýKHDY\ýZDWHUýZLWKýDýSDOODGLXPýFDWKRGHñý-RQHVñý)OHLVFKPDQQýDQGý3RQV
FODLPHGý WRý REWDLQý VLJQLILFDQWý HQHUJ\ý SURGXFWLRQñý LQý H[FHVVý RIý WKHý HOHFWULFDOý HQHUJ\ý LQWURGXFHGý LQWRý WKH
DSSDUDWXVýWRýFDUU\ýRXWýWKHýHOHFWURO\VLVïý ý7KLVýH[FHVVýHQHUJ\ýZDVýWHQWDWLYHO\ýH[SODLQHGýE\ýQXFOHDUýIXVLRQ
UHDFWLRQVýRIýWKHýGHXWHULXPýSUHVHQWýLQýWKHýFDWKRGHñýUHDFWLRQVýMXVWLILHGýE\ýWKHýREVHUYDWLRQýRIýWKHýHPLVVLRQýRI
QHXWURQVñýZLWKýDQýHQHUJ\ýFRUUHVSRQGLQJýWRýWKHýNQRZQýUHDFWLRQýFKDQQHOVýRIýGHXWHULXPýKRWýIXVLRQïý7KHýDPRXQW
RIýQHXWURQVýPHDVXUHGýZDVýQHYHUWKHOHVVýPDQ\ýRUGHUVýRIýPDJQLWXGHýORZHUýWRýZKDWýýZRXOGýEHýH[SHFWHGýWR
H[SODLQýWKHýHQHUJ\ýJHQHUDWLRQýREVHUYHGïý

6LQFHýìäåäñýDýJUHDWýQXPEHUýRIýYDULRXVýDSSURDFKHVýZHUHýH[SORUHGñýLPSO\LQJýFRQWDFWLQJýK\GURJHQýLVRWRSHVýDQG
SDOODGLXPýõRUýPHWDOOLFýK\GULGHýIRUPLQJýPHWDOVýVXFKýDVýQLFNHOôýãýOLTXLGýVWDWHýHOHFWURO\VLVñýSUHVVXUHýYDULDWLRQ
RIýK\GURJHQýLVRWRSHVýLQýFRQWDFWýZLWKýSDOODGLXPñýORZýSUHVVXUHýHOHFWULFDOýGLVFKDUJHVýLQýK\GURJHQýLVRWRSHVýZLWK
SDOODGLXPýFDWKRGHñýVSDUNVýLQýK\GURJHQýLVRWRSHVñýVROLGýVWDWHýHOHFWURO\VLVñýZLWKýSURWRQLFýFRQGXFWRUVýïïïï

)RUýWKHýWLPHýEHLQJñýQRýILUPýFRUUHODWLRQýKDVýEHHQýHVWDEOLVKHGýEHWZHHQýWKHýH[FHVVýRIýHQHUJ\ýPHDVXUHGýDQGýWKH
SRVVLEOHýQXFOHDUýDVKHVñýZKLFKýDUHýRIWHQýGHWHFWHGýDWýOHYHOVýFORVHýWRýWKHýGHWHFWLRQýOLPLWVýRIýWKHýPHWKRGVýXVHG
õé+Hñýê+ñýQHXWURQVñýKLJKýHQHUJ\ýUDGLDWLRQVñýLVRWRSLFýFKDQJHVýLQýWKHýKRVWýPHWDOýïïïôïý,QýWKHýSUHVHQWýVWDWHýRIýWKH
DUWñýZHýWKXVýGHILQHýFROGýIXVLRQýDVýEHLQJýWKHýDEQRUPDOýWKHUPDOýHIIHFWVýWKDWýDUHýREVHUYHGýZKHQýDQýK\GURJHQ
LVRWRSHýLVýFRQWDFWHGýZLWKýDýPHWDOOLFýK\GULGHýIRUPLQJýPHWDOñýXQGHUýYDULRXVýSK\VLFDOýRUýFKHPLFDOýFRQGLWLRQVï
7KHýREMHFWýRIýWKHýZRUNýZKLFKýZHýDUHýFDUU\LQJýRXWñýLVýWRýWU\ýWRýILUPýXSýWKHýDERYHýPHQWLRQHGýFRUUHODWLRQVïýý)RU
WKDWñýZHýDUHýDLPLQJýDWýREWDLQLQJýH[FHVVýRIýHQHUJ\ýLQýWKHýRUGHUýRIýWHQVýRIýZDWWVýRQýSHULRGVýRIýVHYHUDOýZHHNVñ
WRýPHDVXUHýWKHýDPRXQWýRIýSRVVLEOHýQXFOHDUýDVKHVýZHOOýDERYHýWKHýGHWHFWLRQýOLPLWVýRIýWKHýPHWKRGVýXVHGïý:H
VKDOOý JLYHý LQý WKLVý SDSHUý DQý RYHUYLHZý RIý WKHý UHVXOWVý DOUHDG\ý REWDLQHGý DQGý LQGLFDWLRQVý RQý WKHý LPSURYHG
FDORULPHWULFýV\VWHPýZKLFKýLVýQRZýXQGHUýFRQVWUXFWLRQï

&RQFHSWýXVHGýDQGýPDLQýUHVXOWV

$PRQJýWKHýYDULRXVýPHWKRGVýDYDLODEOHýWRýFRQWDFWýK\GURJHQýLVRWRSHVýZLWKýPHWDOOLFýK\GULGHýIRUPLQJýPHWDOVñ
ZHýKDYHý FKRVHQý WRý FRQWDFWýK\GURJHQý LVRWRSHVý LQý WKHýJDVHRXVýSKDVHý õ+ëýRUý'ëôý DWý DýSUHVVXUHý URXQGý WKH
DWPRVSKHULFýSUHVVXUHñýZLWKýGLVV\PHWULFDOýHOHFWURGHVñýDWýOHDVWýRQHýRIýWKHPýEHLQJýPDGHýRIýDýPHWDOOLFýK\GULGH
IRUPLQJýPHWDOïýý$ýWUDQVLHQWýHOHFWULFDOýGLVFKDUJHýõVSDUNVýRUýR]RQL]HUýGLVFKDUJHôýLVýVWUXFNýEHWZHHQýWKHýWZR
HOHFWURGHVýWKURXJKýWKHýJDVHRXVýK\GURJHQýLVRWRSHï
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3UHFLVHý DQGý UHSHDWHGý HQHUJ\ý EDODQFHVý VKRZý WKDWý H[FHVVý HQHUJ\ý LVý JHQHUDWHGý LQý WKHý V\VWHPñý LQý Dý IXOO\
UHSURGXFLEOHýZD\ïý7KHýDPRXQWýPHDVXUHGýRQýDýVWHDG\ýVWDWHýEDVLVýõVHYHUDOýGD\VôñýH[FOXGHVýFKHPLFDOýRUýSK\VLFDO
H[SODQDWLRQVýRUýDWýOHDVWýFODVVLFDOýRQHVïý7KLVýH[FHVVýHQHUJ\ýLVýREVHUYHGýZLWKýERWKýK\GURJHQýDQGýGHXWHULXPýDQG
ZLWKýYDULRXVýPHWDOVýõVWDLQOHVVýVWHHOýZDVýWHVWHGýDQGýJDYHýDýSRVLWLYHýUHVSRQVHôï

2QýWKHýEDVLVýRIýHOHFWULFDOýHQHUJ\ý LQSXWý WRý WKHýUHDFWRUñýHQHUJ\ýEUHDNHYHQýKDVýEHHQýREWDLQHGýõWDNLQJý LQWR
DFFRXQWýDQýHIILFLHQF\ýRIýèíýøýIRUýHOHFWULFLW\ýJHQHUDWLRQôïý([FHVVýHQHUJ\ýXSýWRýëïèý:ýKDVýEHHQýPHDVXUHGï

:LWKýWKHýFDORULPHWULFýVHWðXSýZHýKDYHýEHHQýXVLQJýXQWLOýQRZýDQGýZKLFKýZLOOýEHýGHVFULEHGýEHORZñýZHýFDQQRW
H[FOXGHý Dý V\VWHPDWLFý HUURUý WKDWý FRXOGý H[SODLQý WKHý H[FHVVý HQHUJ\ýZHýPHDVXUHïý:Hý DUHý WKXVý VWDUWLQJý WKH
RSHUDWLRQýRIýDýQHZýFDORULPHWULFýV\VWHPýWKDWýZLOOýH[FOXGHýVXFKýHUURUVïý:HýVKDOOýGHVFULEHýLQýWKLVýQRWHýWKHýUHVXOWV
REWDLQHGýZLWKýWKHýILUVWýFDORULPHWULFýVHWðXSýõV\VWHPý,ôñýZKLFKýPHDVXUHVýSRZHUVýE\ýPHDVXULQJýKHDWýIOX[HVýDQG
WKHýPDLQýFKDUDFWHULVWLFVýRIýWKHýQHZýRQHýõV\VWHPý,,ôïý
ý
([SHULPHQWDO

7KHýFDORULPHWULFýVHWðXSýXVHGýXQWLOýQRZýõV\VWHPý,ôñýKDVýEHHQýSUHYLRXVO\ýGHVFULEHGýLQýGHWDLO>è@ïý:HýWKXVýJLYH
KHUHýRQO\ýWKHýPDLQýIHDWXUHVýRIýLWï

7KHýUHDFWLRQýLVýFDUULHGýRXWýLQýDýS\UH[ýUHDFWRUýDVýUHSUHVHQWHGýLQýILJïìïý7KHýVSDUNVýDUHýJHQHUDWHGýE\ýXVLQJýDýFDU
LJQLWLRQýV\VWHPñýFRPSULVLQJýDQýHOHFWURQLFýLJQLWRUñýZKLFKýLVýSRZHUHGýE\ýDý'&ýFXUUHQWñýORZýYROWDJHýõìéý9ô
JHQHUDWRUýDQGýJHQHUDWHVýKLJKýYROWDJHýSXOVHVýE\ýGLVFKDUJLQJýDýFDSDFLWRUýWKURXJKýDýFRLOïý7KHýêýSDUWVýRIýWKH
VHWðXSýõFDUýLJQLWLRQýV\VWHPñýFRLOýDQGýUHDFWRUýôýDUHýHDFKýSODFHGýLQýDýFDORULPHWHUñýDVýVKRZQýLQýILJïëï

7KHýHOHFWULFDOýVXSSO\ýRIýWKHýV\VWHPýLVýUHSUHVHQWHGýRQýILJïêïñýZKLFKýDOVRýVKRZVýWKHýéýHOHPHQWVýRIýWKHýHQHUJ\
EDODQFHýRIýWKHýV\VWHPýãý

ðýýHOHFWULFDOýSRZHUýLQSXWý3õ(ôñýPHDVXUHGýDWýWKHýRXWOHWýRIýWKHý'&ýJHQHUDWRU
ðýýWKHUPDOýSRZHUýJHQHUDWHGýE\ýWKHýLJQLWRUý7,ï
ðýýWKHUPDOýSRZHUýJHQHUDWHGýE\ýWKHýFRLOý7&ï
ðýýWKHUPDOýSRZHUýJHQHUDWHGýE\ýWKHýUHDFWRUý75ï

7KHýHQWLUHýLQVWDOODWLRQýLVýKRXVHGýLQýDQýLQVXODWHGýSRUWDEOHýFDELQñýSODFHGýLQýWKHýVKDGHïý7KHýLQWHUQDOýWHPSHUDWXUH
RIýWKHýFDELQýLVýNHSWýDWýDýPHDQýYDOXHýRIýëì(&ñýE\ýWKHýUHJXODWLQJýDFWLRQýRIýDýYHQWLODWLRQýIDQýDQGýDQýHOHFWULFDO
UDGLDWRUïý7KHýWKUHHýSRZHUýPHWHUVýDUHýLQVWDOOHGýLQýVXFKýDýZD\ýWKDWýWKH\ýUHFHLYHýQRýGLUHFWýKHDWýõRUýFROGýôýIURP
DQ\ýVRXUFHýõVXQñýUDGLDWRUñýYHQWLODWLRQôï

6WUDWHJ\ýXVHGýIRUýWKHýSRZHUýEDODQFHýRIýWKHýV\VWHP

$Q\ýH[FHVVýSRZHUýSURGXFHGýLQýWKHýV\VWHPýZLOOýVKRZýXSýDVýDýSRVLWLYHýGLIIHUHQFHýEHWZHHQ
WKHýWKHUPDOýSRZHUýRXWSXWýDQGýWKHýHOHFWULFDOýSRZHUýLQSXWýã

3õ)ôý ýý7,òýý7&òý75ýðýý3õ(ô

,QýFRQWUDVWñý3õ)ôýVKRXOGýEHý]HURýZKHQýQRýH[FHVVýSRZHUýLVýSURGXFHGýõZLWKýIOXFWXDWLRQVýDURXQGý]HURýGXHýWRýWKH
QRLVHýLQýWKHýPHDVXUHPHQWVôï

7RýLGHQWLI\ýVXFKýDQýH[FHVVýRIýSRZHUý3õ)ôñýWKHýVWUDWHJ\ýZDVýDVýIROORZýã

ìïý(VWDEOLVKýWKHýFDOLEUDWLRQýFXUYHVýRIýWKHýWKUHHýSRZHUýPHWHUVï
ëïý0HDVXUHýSUHFLVHO\ýWKHýHOHFWULFDOýSRZHUýLQSXWý3õ(ôï
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êïý8VHýWKHýWKUHHýFDOLEUDWLRQýFXUYHVýREWDLQHGýDQGýWKHýHOHFWULFDOýSRZHUýLQSXWýWRýHVWDEOLVKýWKH
SRZHUýEDODQFHýRIýWKUHHýW\SHVýRIýH[SHULPHQWVýã

ðý5HIHUHQFHýH[SHULPHQWVï
ðý$FWLYHýH[SHULPHQWVï
ðý&RQWUROýH[SHULPHQWVïý

7KHVHýW\SHVýRIýH[SHULPHQWVýZLOOýEHýGHILQHGýEHORZï

7KHýGHWDLOHGýSURWRFROýXVHGýWRýPHDVXUHýWKHýHOHPHQWVýRIýWKHýSRZHUýEDODQFHýKDVýEHHQýGHVFULEHGý>è@ýWRJHWKHUýZLWK
WKHý SUHFDXWLRQVý WDNHQý WRý DYRLGý SRVVLEOHý V\VWHPDWLFý HUURUVïý 7KHý SRVVLEOHý LQIOXHQFHý RQý WKHý UHVXOWVý RI
HOHFWURPDJQHWLFýLQWHUIHUHQFHñýRIýFRQWDFWýUHVLVWDQFHVýXVHGýLQýWKHýHOHFWULFDOýQHWZRUNñýRIýWKHýSRVLWLRQýRIýWKH
WKHUPRPHWHUVýLQýWKHýSRZHUýPHWHUVñýRIýWKHýEDFNJURXQGýWHPSHUDWXUHýYDULDWLRQVñýDQGýRIýWKHýZD\ýWKHýV\VWHPýLV
KHDWHGýKDYHýEHHQýHYDOXDWHGï

([SHULPHQWVýUXQýDQGýUHVXOWV

7KHýIROORZLQJýW\SHVýRIýH[SHULPHQWVýKDYHýEHHQýUXQïý7KHLUýUHVXOWVýDUHýVXPPDUL]HGýLQýILJXUHýéýã

Dïý5HIHUHQFHýH[SHULPHQWVýLQýZKLFKýKHDWýLVýJHQHUDWHGýLQýWKHýUHDFWRUýE\ýUHSODFLQJýWKHýVSDUNVýE\ýD
UHVLVWDQFHñýKHDWýEHLQJýDOVRýJHQHUDWHGýLQýWKHýFRLOýDQGýWKHýLJQLWRUýWKURXJKýFDOLEUDWLQJýUHVLVWDQFHVïý,QýWKLVýVHULHVñ
3õ)ôýVKRXOGýIOXFWXDWHýURXQGý]HURñý\LHOGLQJýWKHýEDVHýOLQHýRIýWKHýV\VWHPïýýéíýRIýWKHVHýH[SHULPHQWVýZHUHýUXQýõëç
UHIHUHQFHý W\SHýìýZKHUHýXVHý LVýPDGHýRIýDQýDGGLWLRQDOý UHVLVWDQFHý WRýKHDWý WKHý LJQLWRUýDQGý WKHýFRLOñý DQGýìé
UHIHUHQFHý W\SHý ëýZKHUHý XVHý LVýPDGHý RIý WKHý LQWHUQDOý UHVLVWDQFHý RIý WKHý FRLOý DQGý WKHý LJQLWRUý IRUý KHDWLQJôï
5HIHUHQFHýW\SHýìýH[SHULPHQWVýDUHýLQGLFDWHGýE\ý5HIïìýRQýILJXUHýéñýDQGý5HIHUHQFHýW\SHýëýE\ý5HIïëï

Eïý$FWLYHýH[SHULPHQWVýZHUHýWKHQýDVVHVVHGýDJDLQVWýWKLVýEDVHOLQHïý,QýDFWLYHýH[SHULPHQWVýWKHýUHDFWRU
FRQWDLQVýDýK\GURJHQýLVRWRSHñýLQýFRQWDFWýZLWKýDWýOHDVWýRQHýPHWDOOLFýK\GULGHýIRUPLQJýPHWDOñýDQGýDýGLVFKDUJHýLV
VWUXFNýWKURXJKýLWïý7ZRýW\SHVýRIýDFWLYHýH[SHULPHQWVýZHUHýDVVHVVHGãý
ðýVSDUNVýWKURXJKýK\GURJHQýLVRWRSHVýEHWZHHQýWZRýPHWDOOLFýHOHFWURGHVïýëìýRIýWKHVHýH[SHULPHQWVýZHUHýUXQñýDQG
LQGLFDWHGýE\ý$FWï6SDïýRQýILJXUHýéï
ðýR]RQL]HUýGLVFKDUJHýWKURXJKýK\GURJHQýLVRWRSHVýEHWZHHQýRQHýPHWDOOLFýHOHFWURGHýDQGýRQHýGLHOHFWULFýEDUULHU
õS\UH[ôïýýëëýRIýWKHVHýH[SHULPHQWVýZHUHýUXQýDFFRUGLQJýWRýDQýH[SHULPHQWDOýVHWðXSýZKLFKýKDVýEHHQýGHVFULEHG>ç@ï
7KHVHýH[SHULPHQWVýDUHýLQGLFDWHGýE\ý$FWï2]RïýRQýILJXUHýéï

Fïýý&RQWUROýH[SHULPHQWVýRIýWZRýW\SHVýZHUHýILQDOO\ýUXQýã
ðýVSDUNLQJýWKURXJKýQLWURJHQýRUýDUJRQýEHWZHHQýWZRýPHWDOOLFýHOHFWURGHVýõ&RQï1ë$UýRQýILJXUHýéôïýêýRIýWKHVH
H[SHULPHQWVýZHUHýUXQïý
ðýR]RQL]HUýGLVFKDUJHýWKURXJKýK\GURJHQýLVRWRSHVñýEHWZHHQýWZRýGLHOHFWULFýEDUULHUVýõS\UH[ôïý,QýWKLVýW\SHýRI
H[SHULPHQWVýWKHýGLVFKDUJHýLVýRIýWKHýVDPHýW\SHýDVýLQýDFWLYHýH[SHULPHQWVýõWKHýJDVýLVýDQýK\GURJHQýLVRWRSHôýEXW
LVýQHYHUýLQýFRQWDFWýZLWKýDýPHWDOýõ&RQï2]RïýRQýILJXUHýéôïýçýRIýWKHVHýH[SHULPHQWVýZHUHýUXQïý

)LJïýéýLVýDQýRYHUYLHZýRIýWKHýUHVXOWVýRIýWKHýäëýH[SHULPHQWVýUXQïý7KHýH[FHVVýSRZHUý3õ)ôýPHDVXUHGýLVýSORWWHG
DJDLQVWýWKHýFKURQRORJLFDOýVHTXHQFHýRIýWKHýH[SHULPHQWVýõWKHýPHDVXUHPHQWVýZHUHýPDGHýGXULQJýDýSHULRGýRIýìå
PRQWKVôïý7KHýH[FHVVýSRZHUýPHDVXUHGýIDOOýFOHDUO\ýLQWRýëýGLIIHUHQWýFDWHJRULHVýã

ðýý5HIHUHQFHýDQGýFRQWUROýH[SHULPHQWVýIRUPýDýFDWHJRU\ýZLWKýPHDQýYDOXHýíïíêý:ýDQGýVWDQGDUGýGHYLDWLRQýíïèé
:ï
ðýý$FWLYHýH[SHULPHQWVýIRUPýDýVHFRQGýFDWHJRU\ñýZLWKýPHDQýYDOXHýìïçý:ýDQGýVWDQGDUGýGHYLDWLRQýíïééý:ï

)URPýWKHVHýILJXUHVñýWKHýGLIIHUHQFHýEHWZHHQýWKHýëýFDWHJRULHVýLVýVWDWLVWLFDOO\ýKLJKO\ýVLJQLILFDQWïýý3URYLGHGýQR
V\VWHPDWLFýHUURUýFDQýH[SODLQýWKLVýGLIIHUHQFHñýLWýFDQýEHýFRQFOXGHGýWKDWýVWULNLQJýDýGLVFKDUJHýõVSDUNýRU
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ýR]RQL]HUôýýWKURXJKýDQýK\GURJHQýLVRWRSHýJLYHVýDQýH[FHVVýSRZHUýSURGXFWLRQñýZKHQýWKHýK\GURJHQýLVRWRSHýLVýLQ
FRQWDFWýZLWKýDWýOHDVWýRQHýPHWDOOLFýK\GULGHýIRUPLQJýPHWDOïý7KLVýH[FHVVýSRZHUýSURGXFWLRQýKDYHýEHHQýREVHUYHG
WRýODVWýXSýWRýëìçýKRXUVñýLVýIXOO\ýUHSURGXFLEOHýDQGýEHJLQVýZLWKLQýëýGD\VýDIWHUýVWDUWLQJýDQýH[SHULPHQWýõZHýFDQQRW
JLYHýDQ\ýLQGLFDWLRQVýRQýWKHýILUVWýWZRýGD\VýRIýDQýH[SHULPHQWñýGXHýWRýWKHýWKHUPDOýLQHUWLDýRIýWKHýFDORULPHWULF
V\VWHPôï
ýýýýý
$ýQXPEHUýRIýSRVVLEOHýV\VWHPDWLFýHUURUVýKDYHýEHHQýH[DPLQHGýDVýPHQWLRQHGýDERYHïý1RQHýRIýWKHPýZDVýIRXQG
DEOHýWRýH[SODLQýWKHýUHVXOWVýZHýREWDLQïý2IýVSHFLDOýLQWHUHVWýDUHýWKHýFRQWUROýH[SHULPHQWVýWKDWýVHHPýWRýH[FOXGHýD
V\VWHPDWLFýHUURUýRQýWKHýZD\ýWKHýUHDFWRUýLVýKHDWHGýõUHVLVWDQFHýRUýHOHFWULFDOýGLVFKDUJHôï

0RVWýRIýWKHýH[SHULPHQWVýKDYHýEHHQýUXQýZLWKýWKHýFRPELQDWLRQýGHXWHULXPîSDOODGLXPïý$ýIHZýõåôýKDYHýEHHQýUXQ
ZLWKýWKHýFRPELQDWLRQýK\GURJHQîSDOODGLXPýRUýGHXWHULXPîVWDLQOHVVýVWHHOïý7KHýUHVXOWVýREWDLQHGýIDOOýZLWKLQýWKH
FDWHJRU\ýRIýWKHýDFWLYHýH[SHULPHQWVïý'XHýWRýWKHLUýVPDOOýQXPEHUñýLWýLVýLPSRVVLEOHýWRýJLYHýDýSUHFLVHýHYDOXDWLRQ
RIýWKHýH[FHVVýSRZHUýWKH\ýKDYHýJHQHUDWHGï

&21&/86,21

6WULNLQJýDýGLVFKDUJHýõVSDUNýRUýR]RQL]HUýW\SHôýWKURXJKýDQýK\GURJHQýLVRWRSHýLQýFRQWDFWýZLWKýDWýOHDVWýRQHýPHWDOOLF
K\GULGHý IRUPLQJý PHWDOñý \LHOGVñý LQý WKHý VHWðXSý ZHý KDYHý XVHGñý DQý H[FHVVý SRZHUý SURGXFWLRQý WKDWý LVý IXOO\
UHSURGXFLEOHý DQGý VWDEOHý RYHUý ORQJý SHULRGVïý1Rý V\VWHPDWLFý HUURUý KDVý EHHQý IRXQGý WKDWý FRXOGý H[SODLQý WKH
VWDWLVWLFDOO\ýVLJQLILFDQWýH[FHVVýSRZHUýSURGXFWLRQýZHýKDYHýPHDVXUHGï
ý
2QHýSRVVLEOHýH[SODQDWLRQýRIýWKLVýSKHQRPHQDýLVýDQýK\SRWKHWLFDOýFODVVýRIýQXFOHDUýUHDFWLRQVñýEDVHGýRQýWKHýYLUWXDO
QHXWURQýFRQFHSWïý>èñç@

7RýFRPSOHWHO\ýH[FOXGHýWKHýSRVVLELOLW\ýWKDWýDýV\VWHPDWLFýHUURUýFDQýH[SODLQýRXUýUHVXOWVñýZHýKDYHýGHVLJQHGýDQG
DUHýVWDUWLQJýDýQHZýFDORULPHWULFýV\VWHPýõV\VWHPý,,ôñýZKHUHýRQO\ýRQHýFDORULPHWHUýLVýXVHGýõDGLDEDWLFýDQGýIORZ
W\SHýFDORULPHWHUôïý

$ýVHDUFKýIRUýQXFOHDUýDVKHVýLVýDOVRýEHLQJýFDUULHGýRXWïý>ç@

:HýKRSHýWKLVýHIIRUWýZLOOýVKHGýPRUHýOLJKWýRQýFROGýIXVLRQï

5()(5(1&(6

ìïý)ïý3DQHWKýDQGý.ïý3HWHUVñýû8EHUýGLHý9HUZDQGOXQJýYRQýZDWHUVWRIIýLQý+HOLXPñûý1DWXUZLVVHQVFKDIWHQñýYROýìéñ
Sýäèåýõìäëçôï

ëïýý-ï7DQGEHUJñýû0HWKRGýIRUý3URGXFLQJý+HOLXPñûý6ZHGLVKýSDWHQWýDSSOLFDWLRQýõìäëæôï

êïýý6ï(ý-RQHVýHWýDOïñýû2EVHUYDWLRQýRIý&ROGý1XFOHDUý)XVLRQýLQý&RQGHQVHGý0DWWHUñûý1DWXUHñýYROýêêåñýSýæêä
õìäåäôï

éïýý0ïý)OHLVFKPDQQýDQGý6ïý3RQVñýû(OHFWURFKHPLFDOO\ý,QGXFHGý1XFOHDUý)XVLRQýRIý'HXWHULXPñûý-ïý(OHFWURDQDOï
&KHPïñýYROýëçìñýSýêíìýõìäåäô

èïý-ï'XIRXUñýû&ROGý)XVLRQýE\ý6SDUNLQJýLQý+\GURJHQý,VRWRSHVñûý)XVLRQý7HFKïýYROýëéñýSýëíèýõìääêô

çïý-ï'XIRXUýHWýDOïñýû$ý6WUDWHJ\ýWRý3URYHýWKHý5HDOLW\ýRIý&ROGý)XVLRQñûýSUHSULQWýéWKý,&&)ñý+DZDLLñý'HFïýìääêï
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(/(0(17ð3+$6(ý75$16,7,216ý:,7+ý7+(ý&2/'ý18&/($5
6<17+(6,6ýõ&16ôý7<3(ý5($&7,216ý,1ý0(7$//,&ý$//2<6

2)ý*/$66ð)250,1*ý6<67(06

$ï0ï'XUDFKHQNRñý(ï<Dï0DOLQRFKND

/HQLQý$OOð5XVVLDQý(OHFWURWHFKQLFDOý,QVWLWXWH
ìììëèíñý0RVFRZñý.UDVQRNKD]DUPHQQD\Dñýìë

,QýVSLWHýRIýJUHDWýLQWHUHVWýLQýWKHýPHFKDQLVPVýRIý&16ýõFROGýQXFOHDUýV\VWHPVôýDQGýLWVýHFRORJLFDOýDQGýPDWHULDO
VFLHQFHýDSSOLFDWLRQýDVSHFWVñýWKHýLQIRUPDWLRQýXSýWRýQRZýDERXWýVXFKýUHDFWLRQVýLQýPHWDOOLFýV\VWHPVñýEHVLGH
GHXWHULGHVñýLVýFRQWUDGLFWRU\ïýý7KHýSUHVHQWýUHVHDUFKýLVýGHYRWHGýWRýWKHýDQDO\VLVýRIýWKHýUHVXOWVýRIýH[SHULPHQWVñ
WKHýIRXQGDWLRQýFRQGLWLRQVýDQGýPHFKDQLVPVýRIý&16ýUHDFWLRQVýE\ýWKHýH[DPSOHVýRIýPHWDOOLFýDOOR\VýRIýJODVVð
IRUPLQJýV\VWHPVïýý7KHýýFKRLFHýýRIýREMHFWVýXQGHUýLQYHVWLJDWLRQýLVýFRQQHFWHGýZLWKýWKHLUýQRQHUJRGLFýEHKDYLRU
LQýDOOýLQWHUYDOýRIýWKHLUýH[LVWHQFHïý7KHýODVWýLVýýWKHýQHFHVVDU\ýFRQGLWLRQýIRUýWKHýREVHUYDWLRQýRIýWKHý&16ðUHDFWLRQV
ZKHQýWKHUHýDUHýVWULFWýYROXPHýDQGýNLQHWLFýOLPLWDWLRQVýýRQýýWKHýýSKDVHðWUDQVLWLRQýSURFHVVHVï

7KHýLQYHVWLJDWLRQýRIýWKHý&16ýUHDFWLRQVýýZDVýýFDUULHGýýRXWýýE\ýXVLQJýWKHýJODVVðIRUPLQJýPHWDOOLFýDOOR\VýRI
ûPHWDOðPHWDOORLGûýV\VWHPý)Hð1Lð3ð&ýDQGýûPHWDOðPHWDOûý&Xð=UýV\VWHPïý7KHýHVVHQWLDOýOHYHOVýRIýYROXPHýDQG
NLQHWLFýOLPLWDWLRQVñýýDQGýWKHýFRUUHVSRQGLQJýGHJUHHýRIýQRQðHTXLOLEULXPýLQýSKDVHýWUDQVLWLRQýZHUHýDFKLHYHGýE\
HOHFWURðLPSXOVHýýFRPSDFWDWLRQýRIýSRZHUýVDPSOHVýZLWKýKHDWLQJýXQGHUýSUHVVXUHýXSýWRýìí-3Dïý7KHýPHWKRGýRI
H[SHULPHQWýLVýFORVHýWRýWKDWýGHVFULEHGýLQý>ì@ï

7KHý;ðUD\ýýGLIIUDFWLRQýDQDO\VLVýRIýVDPSOHVýZDVýGRQHýE\ý'521ðëñíýõ&Xý.éëíôâýýWKHýHOHFWLRQýPLFURGLIUDFWLRQ
õE\ýSRZGHUHGýPHWKRGôýðE\ý>5XVVLDQýZRUG@ðìíí.ýõ8 æíN9ôâýWKHýýFURVVðVHFWLRQýýVXUIDFHýýLQYHVWLJDWLRQýRIýWKH
VDPSOHVýDQGý;ðUD\ýVSHFWUXPýPLFURDQDO\VLVýZHUHýGRQHýE\ýVFDQQLQJýHOHFWURQýýPLFURVFRSHý-60ðêèñýZLWKýWKH
VSHFWURPHWUHýRIýWKHý.(9(;ðèìííýW\SHâýýWKHýTXDQWLWDWLYHý;ðUD\ýVSHFWUXPýPLFURDQDO\VLVýDQGý$XJHUðHOHFWURQ
VSHFWURVFRS\ýõ;60$ýýDQGý$(6ôýZHUHýGRQHýE\ý1%ðìííâýWKHýVHFRQGDU\ðLRQýPDVVýVSHFWURPHWU\ýõ6,06ôýE\
&DPHFDý ,06ðé)âý WKHý FKHPLFDOý DQDO\VLVý RIý WKHý LQLWLDOý URGý DQGý SRZGHUýZHUHý GRQHý E\ý DWRPLFðDEVRUSWLRQ
VSHFWURPHWHUâýDQGýWKHýUHJLVWUDWLRQýRIýWKHýSUHVHQFHýRIýWUDQVLWLRQýUDGLDWLRQýZDVýGRQHýE\ý>5XVVLDQýZRUG@ðæí
DSSDUDWXVï

)RUýWKHýLQLWLDOýSRZGHUýVDPSOHVýýFRPSRVLWLRQýý)Hõæíô1Lõìíô3õìêô&õæôýDIWHUýLPSXOVHýýWUHDWPHQWýWKHýSUHVHQFH
RIýDWýOHDVWýWZRýõëôýKH[DJRQDOýFORVHO\ýFRQMXJDWHGýODWWLFHVýZDVýUHYHDOHGýE\ý;ðUD\ýGLIIUDFWLRQñýýDQGýRQHýRIýWKHP
ZDVýLGHQWLILHGýDVý:&ðODWWLFHïý$OLTXRWýLQFUHDVHýRIýODWWLFHýSDUDPHWHUVñýIL[HGýE\ý;ðUD\ýGLIIUDFWLRQñýýVKRZVýWKH
HYLGHQFHýRIýVFDOLQJýõUHSURGXFWLRQýRIýWKHýVDPHýVWUXFWXUHýRQýPRUHýDQGýPRUHýLQFUHDVLQJýVFDOHVïô

)DFHWHGýFU\VWDOVýRIý:&ýRQýWKHýVXUIDFHVýRIýLPSXOVHðWUHDWHGýVDPSOHVýDUHýVHHQýZLWKRXWýDQ\ýRSWLFDOýPDJQLILFDWLRQ
õ)LJïýìDôïýý%\ý;60$ýýDQGýý$(6ýPHWKRGVýõ)LJïýìEôýýWKHýýHOHPHQWýýFRQWHQWýRIýIDFHWHGýFU\VWDOVýDQGýPDWUL[ýZHUH
GHWHUPLQHGïý ý 7KH\ý DUHý DVý IROORZVãý ý:õçô)Hõéíô1Lõéíô&õìéôý ðýPDWUL[âý )Hõëñëèô1Lõëñëèô:õéçñèô&õèíôý ð
LQFOXVLRQVïýý&DYHUQVýRIýJDVýEXEEOHVýH[LWLQJýDUHýGLVWLQFWO\ýVHHQýRQýWKHýIDFHWHGýVXUIDFHVïýý7KHýUHVXOWVýRIýý6,06
õ)LJïýëDôýFRQILUPýýWKHýUHVXOWVýRIý;60$ñýý$(6ýDQGýFKHPLFDOýDQDO\VLVïýý7KHýOLQHVýRIýDOOýLVRWRSHVýRIýHOHPHQWV
IL[HGýDUHýSUHVHQWýõZLWKýWKHýFKDQJLQJýRIýLQWHQVLW\ýýRIýýLVRWRSHýOLQHVý)HýDQGý1LýRQýPDVVýVSHFWUXPýRIýWUHDWHG
VDPSOHVýDVýFRPSDUHGýZLWKýLQLWLDOôïý6WURQJýOLQHVýRIýK\GURJHQýDUHýõ+ôýDOVRýSUHVHQWýRQýWKHýPDVVðVSHFWUXPýRIýWKH
WUHDWHGýVDPSOHVïýý7KHýJURXSVýRIýOLQHVýFRUUHVSRQGLQJýWRýWKHýLVRWRSHVýýZLWKýýPDVVHVýýë)Hõèçôñýý)Hõèçô1Lõèåô
PXVWýEHýýQRWHGïýý7KHýOLQHýVKLIWLQJýRIý.//ðVHULHVý)HýõëïèðìïèýH9ôýWRýWKHýKLJKðHQHUJ\ýVLGHñýýWKHýDSSHDUHQFHýRI
WKHýýDGGLWLRQDOýýWUDQVLWLRQýýOLQHVýZLWKýWKHýHQHUJLHVýRIýææçýH9ýDQGýèåèïæýH9âýWKHýDGGLWLRQDOýWUDQVLWLRQýOLQHV
UHODWLYHýLQWHQVLW\ýLVýPRUHýWKDQýèýWLPHVâýýWKHýVSOLWWLQJýRIýýVHYHUDOýSHDNVâýWKHýVKLIWLQJýFDUERQý.//ýVHULHVýDWýêïä
H9ýWRýWKHýKLJKðHQHUJ\ýVLGHýLQýPDWUL[ýðýDOOýWKLVýLVýHYLGHQFHýIRUýWKHýH[LVWHQFHýRIýVWURQJðERXQGHGýPROHFXODU
FRPSOH[HVýýLQýýWKHýýWUHDWHGý
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VDPSOHVïýý,WýPXVWýEHýSRLQWHGýRXWýWKDWýWKHýDPRXQWýRIý:&ýLQýWKHýVDPSOHVýDIWHUýWKHýWUHDWPHQWýLVýH[DFWO\ýWKHýVDPH
DVýýõ0Hôõêô3ýLQýWKHýLQLWLDOýRQHVñýýDQGýSKRVSKRUXVýLVýDEVHQWýLQýWKHýWUHDWHGýVDPSOHVïýý7DNLQJýLQWRýFRQVLGHUDWLRQ
WKHýEDODQFHýRIýHOHPHQWVñýLWýLVýSRVVLEOHýWRýSUHVHQWýWKHýUHDFWLRQã

ýýýZLWKýYDULDWLRQýRIýLVRWRSHýPDVVHVï
4<<

+0H+6,3 ,
9 +:& ,4<< ø + 4

7KHý;ðUD\ýGLIIUDFWLRQDOýDQDO\VLVýRIýWKHýýLPSXOVHýýWUHDWHGýýVDPSOHVýPDGHýRIýýDPRUSKRXVýýSRZGHUýZLWKýWKH
LQLWLDOýFRPSRVLWLRQýRIý&Xõçíô=UõéíôýVKRZVýWKHýSUHVHUYDWLRQýRIýWKHýDPRUSKRXVýVWUXFWXUHýDIWHUýWKHýýWUHDWPHQWï
7KHýTXDOLWDWLYHýý;60$ýýRIýýWKHýVDPSOHVýFURVVðVHFWLRQVýIURPýWKHýGHSWKýRIýìíííýcýUHYHDOHGý&Rñý6Pñý)HýDQG
VOLJKWýDPRXQWVýRIý&XýDQGý=Uïý6,06ýõSULPDU\ýLRQýEHDPýíèý�ýíïçýNH9ôýUHVXOWVýFRQILUPýWKHVHýGDWDýõ)LJïýëEôï
7KHUHýDUHýDOVRýOLQHVýRIýLRQVýRIýOLJKWýHOHPHQWVýZLWKý0î=ýUDWLRýIURPýìýWRýìëï

7KHýTXDQWLWDWLYHý$XJHUðVSHFWUXPýýDQDO\VLVýýVDPSOHVýýFURVVðVHFWLRQVýJLYHVýWKHýGDWDýõWKHýZKROHýVXUIDFHôãýìä
DWïøý6PñýéëýDWïøý&RñýëýDWïøý)HñýìíýDWïøý&XñýVOLJKWýDPRXQWVýRIý%ñýDERXWýëêýDWïøý2ëýLQýR[LGHVýDQGýDERXWýé
DWïøý&ýLQýýFDUELGHVýõDFFRUGLQJýWRýWKHýIRUPýRIýVSHFWUXPýOLQHVôïýý,WýPXVWýEHýQRWHGýWKDWýWKHUHýDUHýYDULDWLRQVýRI
HOHPHQWöVýFRQWHQWýýLQýýGLIIHUHQWýUHJLRQVï

7KHýVKLIWLQJýRIý.//ý&RýVHULHVýIRUýìïèýðýëýH9ñý0//ý6PýVHULHVýIRUýêýðýéïäýH9ýWRýWKHýKLJKðHQHUJ\ýVLGHâýëïèýWLPHV
OLQHýEURDGHQLQJýRIýý6PýýLQýFRPSDULVRQýZLWKýSXUHýHOHPHQWýPD\ýEHýLQWHUSUHWHGýDVýDýUHVLGXDOýH[FLWDWLRQïý%DVHG
RQýWKHVHýGDWDýWKHýPDLQýUHDFWLRQýPD\ýEHýZULWWHQã
ýý

&Xë
çêñçèýý=Uäíñäìñäëñäéýý9ýý&Rèäýý6Pýýòýý;ñ

ZHUHý;ýDUHýOLJKWýHOHPHQWVýZLWKýPDVVHVýIURPýìýWRýìëï

$VýDýýUHVXOWýýRIýFRQYHFWLRQýSURFHVVHVýLQýWKHýPHOWýDQGýLQýFRUUHODWLRQýSKDVHýWUDQVLWLRQýõFDOOHGýYLWULILFDWLRQôý>ë@
LQýDOOR\VýXQGHUýLQYHVWLJDWLRQýWKHýKLHUDUFK\ýRIýVWUXFWXUDOýWRSRORJLFDOýVXEV\VWHPVýLVýIRUPHGýLQýWKHPýDFFRUGLQJ
WRýWKHýVFDOLQJýUXOHïýý7KHýVL]HVýRIýQRQðXQLIRUPLWLHVýýVWUHWFKýýIURPýVHYHUDOýKXQGUHGVýWRýDERXWýWHQýcý>êñé@ïýý(DFK
WRSRORJLFDOýVXEV\VWHPýFRQWDLQVýLWVýRZQýG\QDPLFýVROLWRQýVXEV\VWHPïý$ýQXPEHUýRIýVXEV\VWHPVýGHSHQGVýRQýWKH
PHWKRGýRIýIDEULFDWLRQýDVýZHOOýDVýRQýWKHýDOOR\ýFRPSRVLWLRQïýý7KHýVPDOOHVWýVFDOHýVWUXFWXUDOýVXEV\VWHPVýPD\ýE\
FRQVLGHUHGý SRO\KHGUDOý FKDLQVñý DQGý HDFKý RIý WKHVHý SRO\KHGURQVýPD\ý EHý FRQVLGHUHGý DVý Dý TXDVLðPROHFXODU
FRPSOH[ïýý,WýPXVWýEHýSRLQWHGýRXWñýWKDWýZKHQýVSLQQLQJýWKHýIRUPDWLRQýRIýVXEV\VWHPVýKLHUDUFK\ýPD\ýEHýGHVFULEHG
E\ýVROLWRQýVROXWLRQVýRIý.'9ýðýHTXDWLRQñýýZKLFKýSRVVHVVýWKHýSURSHUWLHVýRIý7RGDýODWWLFHVýýõKLHUDUFK\ýRIýODWWLFHV
SODFHGýRQHýLQWRýDQRWKHUôï

7KHýFRQGXFWLRQýRIýWKHýFXUUHQWýLPSXOVHýRIýVXIILFLHQWýPDJQLWXGHýOHDGVýWRýWKHýKLJKðSRZHUýVROLWRQýHQYHORSH
IRUPDWLRQVýDQGýDOOýVROLWRQýPRGHVýRIýýDOOýVXEV\VWHPVýDSSHDUýWRýEHýLQýWKHýRZQýPRGHVýRIýVXFKýVROLWRQýHQYHORSHVï
'XHýWRýWKLVýIDFWñýýWKHýUHVRQDQFHýFRQQHFWLRQýRIýVXEV\VWHPVýZLWKýDýKLJKýFRHIILFLHQWýýRIýýWUDQVPLWWLQJýLVýSRVVLEOH
õLIýWRýWDNHýLQWRýDFFRXQWýKLJKðIUHTXHQF\ýRVFLOODWLQJýVROLWRQýûWDLOVûôïýý7KHýVXSHUSRVLWLRQýRIýWKHýVROLWRQýHQYHORSH
ZLWKýWKHýFRKHUHQWýSKDVHýWUDQVLWLRQýIURQWýLQýWKHýTXDVLðPROHFXODUýFRPSOH[ýGHWHUPLQHVýûHQHUJ\ýGHSWKûýRIýWKHýODVW
WUDQVIRUPDWLRQïý:KHQýDQDO\VLQJýWKHýWUDQVLWLRQýSURFHVVñýWKHýTXDVLðPROHFXODUýFRPSOH[ýLQýWKHýUDQJHýRIýFUXFLDO
HIIHFWVýLVýFRQVLGHUHGýDVýDQýHQVHPEOHýRIýG\QDPLFýVWUXFWXUHVñýZKLFKýýGHPRQVWUDWHVýýDýýSDUWLFXODUýQXPEHUýRI
YDULDWLRQVýLQýWKHýHQVHPEOHýLQýWUDQVLWLRQýWRýDýQHZýVWHDG\ýVWDWHïýý7KHýUHVXOWVýRIýWKHýQXPHULFDOýPRGHOLQJýýRI
GLVFUHWý*LQVEXUJð/DQGDXýHTXDWLRQñýIRUýH[DPSOHñýPD\ýLOOXVWUDWHýWKHýEHKDYLRXUýRIýVXFKýDýV\VWHPï

7KHýFRQVHFXWLYHýH[FLWDWLRQýRIýLQWULQVLFýGHJUHHVýRIýIUHHGRPýLQýTXDVLðPROHFXOHýðýLWýPHDQVýWKHýDSSHDUHQFHýRI
SXOVLQJýSUHFHVVLRQýRIýHOHFWURQýRUELWVýXQGHUýYDULDEOHýHOHFWURPDJQHWLFýILHOGýRIýýVROLWRQýHQYHORSHýLQIOXHQFHïýý7KH
UDQJHýRIýFUXFLDOýHIIHFWVýPD\ýEHýGHVFULEHGýRQýWKHýEDVLVýRIýDQýLPSURYHGý%RKUöVýDWRPLFýPRGHOïýý,QýWKLVýLPSURYHG
PRGHOñýRUELWDOýFXUUHQWVýLQWHUDFWýZLWKýFRQVWDQWVýGLIIHUHQWýIURPýWKRVHýRIýFODVVLFDOýHOHFWURG\QDPLFVý>è@ñýDQGýWKH\
DUHýFRQVLGHUHGýDVýSDUDPHWHUVýRIýVWDELOLW\ýLQýVWDWLRQDU\ýVROXWLRQVýRIýVHOIðRVFLOODWLRQýV\VWHPöV
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ýHTXDWLRQýRIýPRWLRQï

7KHýWUDQVLWLRQýWRýWKHýXQVWHDG\ýVWDWHýUHVXOWýýLQýýûRYHUFRPPXWDWLQJûýRIýRUELWDOýýFXUUHQWVýýLQýýWKHýVDPHýZD\ýDV
ûEORZýRXWûýHIIHFWVýSURFHHGýLQýDýSODVPDýWUDSïýý7KHýHIIHFWVýDUHýDFFRPSDQLHGýE\ýUDGLDWLQJýýKLJKðIUHTXHQF\
FRQWLQXRXVýVSHFWUXPïý6XFKýSURFHVVHVýRIýRUELWýûRYHUFRPPXWDWLQJûýDUHýDQDORJRXVýWRýSKDVHýWUDQVLWLRQVýRIýWKH
VHFRQGýýW\SHñýýZKLFKýýSURFHHGýýZLWKRXWýHQWURS\ýFKDQJHñýýDQGýýZKHQýH[SDQGHGýWRýQXFOHDUýVKHOOVñýýRQHýFDQ
H[SODLQýWKHýDEVHQFHýRIýEDUULHUVýDQGýHQWURS\ýFKDQJHVýLQý&16ðUHDFWLRQVï

5()(5(1&(6

>ì@ýý'XUDFKHQNRý$ï0ïñý(ODJLQý9ï1ïñý'DQLOFKXNý$ï$ïñý3DWHQWý68ýìåíìíèä$êñý%XOOïý1äñýìääêýõLQý5XVVLDQôï
>ë@ýý*RW]Hý:ïñýû/LTXLGð*ODVVý7UDQVLWLRQñûý0ïñý1DXNDñýìääëýõLQý5XVVLDQôï
>ê@ý ý 1RYLFRYý -ï-ïñý 7LPRIHHYý 9ï1ïñý 6RIURQRYDý 5ï0ïñý 7KHVïý RIý V\PSRVïý û(OHFWURQý 0LFURVFRS\ý DQG
(OHFWURQRJUDSK\ýLQý,QYHVWLJDWLRQýRIý&UHDWLRQñý6WUXFWXUHýDQGý3URSHUWLHVýRIý&RQGHQVHG
0DWWHUñûý0ïñýìäåêñýSýéï
>é@ýý%RUEH\ý6Kïñý1DUWRYDý7ï7ïñý7DUDVRYDý2ï%ïñý7KHVïýRIý,,ýDOOð8QLRQýFRQIïýû3K\VLFRFKHPLVWU\ýRIý$PRUSKRXV
õJODVVôý0HWDOOLFýý$OOR\Vûñý0ïñý1DXNDñýìäåäñýSïìåêýõLQý5XVVLDQôï
>è@ýý1DG\FWRý%ï$ïñý'RNODG\ý$16665ñýìääìñýYROýêìçñý1çñýSýìêåäýõLQý5XVVLDQôï
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7+(ý,19(67,*$7,21ý2)ý7+(ý0(&+$1,60ý2)ý(1(5*<ý$&&808/$7,21ý,1
/21*ð/,9,1*ý/,*+71,1*ý2%-(&76ñý)281'ý$)7(5ý$ý32:(5)8/ý,038/6(

(1(5*<ý5(/($6(ý,1ý:$7(5ï

*ROXEQLFKL\ý3ï,ïñý*URPHQNRý9ï0ïñý.UXWRYý<Xï0ïñý/\VHQNRý1ï,ï
(DVWð8NUDLQLDQý6WDWHý8QLYHUVLW\ï

ëíDñýNYDUWDOý0RORGLR]Q\ñý/XJDQVNñý8NUDLQHñýêéåíêé

$%675$&7

7KHýORQJðOLYLQJýOLJKWQLQJýREMHFWVýõ//2ôñýIRUPHGýDIWHUýDQýHOHFWULFýGLVFKDUJHýLQýZDWHUñýZHUHýUHSRUWHGýE\ýWKH
DXWKRUVý UHFHQWO\ý >ìñë@ïý ý ,Qý WKHý SURFHVVý RIý UHVHDUFKLQJý WKHý VSHFWUDý RIý//2ýDQGýRIý WKHý GLVFKDUJHý SODVPD
HPLVVLRQñýWKHýRSWLFDOýSURSHUWLHVýRIýWKHýREMHFWVñýWKHLUýG\QDPLFVñýWKHLUýLQWHUDFWLRQýZLWKýREVWDFOHVñýWKHýSK\VLFDO
ILHOGVñýDQGýRWKHUýUHODWHGýSKHQRPHQDýZHUHýVWXGLHGïýý7KHýZKROHýVHWýRIýREWDLQHGýGDWDýLQGLFDWHVýWKDWýWKHýIRUPDWLRQ
RIý//2ýZDVýXQNQRZQýEHIRUHýRXUýUHSRUWýRIýWKLVýSKHQRPHQRQïýý7KLVýSKHQRPHQRQýFRXOGQöWýEHýH[SODLQHGýE\
VXFKý HIIHFWVý DVý OXPLQHVFHQFHý RIý WKHý HOHFWURGHöVýPDWHULDOñý FRPEXVWLRQý õUHDFWLRQVý EHWZHHQýK\GURJHQý DQG
R[\JHQôñýDýFOXVWHUýRIýLGHDOýRUýQRQðLGHDOýSODVPDýRUýDQýDVVRFLDWLRQýRIýH[LWHGýPROHFXOHVýDQGýDWRPVï

,1752'8&7,21

7KHýPDLQýGLIILFXOW\ýZHýKDYHýLVýWRýGHYHORSýDQýH[SODQDWLRQýRIýWKHýVKDSHýDQGýHQHUJHWLFVýRIýWKHýREMHFWVïýý//2ñ
ZKLFKýDUHýIRUPHGýRIýWKHýSURGXFWVýRIýGLVFKDUJHýSODVPDñýKDYHýDýVKDSHýZKLFKýLVýYHU\ýFORVHýWRýDýVSKHUHïýý7KH
//2öVýGRýQRWýORVHýWKLVýVKDSHýXQGHUýFRQVLGHUDEOHýPHFKDQLFDOýLQWHUDFWLRQVïýý7KHýPDWWHUýFRPSULVLQJýWKHý//2
REMHFWVýKDVýWKHýDELOLW\ýWRýDFFXPXODWHýHQHUJ\ý>IURPýVRPHýVRXUFH@ýZKLFKýLVýVSHQWýRQýHPLVVLRQýZLWKýSRZHUýRI
WKHýRUGHUýRIýíïìý:WîFPêïýý,QýVRPHýFDVHVñýWKHý//2öVýHPLVVLRQýLVýIROORZHGýE\ýDýSURFHVVñýZKLFKýFRXOGýEH
LGHQWLILHGýDVýDýEXUVWï

7KHýSUHVHQWýZRUNýLVýDERXWýWKHýH[SHULPHQWVñýGXHýWRýZKLFKýWKHýGDWDýRQýWKHýIRUPDWLRQýDQGýHQHUJHWLFVýRIý//2
ZHUHýREWDLQHGïýý$ýVFKHPDWLFýGLDJUDPýRIýWKHýH[SHULPHQWDOýGHYLFHýLVýSUHVHQWHGýRQý)LJïýìïýý7KHýLQLWLDWLRQýRI
SODVPDýLQýZDWHUýUHTXLUHVýDýJHQHUDWRUýWRýSURGXFHýKLJKðYROWDJHýLPSXOVHVïýý7KLVýJHQHUDWRUýZDVýEXLOWýIURPýWKH
VFKHPHýRIý$UNDGöHYð0DU[ïýý7KHýEUHDNGRZQýYROWDJHýXVHGýLVýDERXWýçíýN9ñýVWRUHGýHQHUJ\ýWRýSURGXFHýDERXWýêí
-RXOHVïýý7KHýWLPHýRIýHQHUJ\ýUHOHDVHýLVýDERXWýçýPLFURVHFïýý7KHýSURFHVVHVñýZKLFKýIROORZýWKHýGLVFKDUJHVñýZHUH
UHFRUGHGý E\ý XVLQJý DQý HOHFWURQðRSWLFDOý FDPHUDý õ(2&ôñýZKLFKýZDVýPDGHý RQý WKHý EDVHý RIý WLPHðDQDO\]LQJ
HOHFWURQðRSWLFDOýWUDQVGXFHUýõ(27ôýRIýWKHý3,0ðìíêýW\SHýDQGýE\ýXVLQJýEULJKWQHVVýDPSOLILHUVý308ðë%ýDQG
30ðíêìïýý7KHý(2&ýZDVýXVHGýLQýWKHýIUDPHðE\ðIUDPHýPRGHýDQGýDOVRýLQýWKHýFKURQRJUDSK\ýPRGHïýý,QýWKHýILUVW
FDVHýZHýKDGýDQýRSSRUWXQLW\ýWRýXVHýXSýWRýäýIUDPHVïýý$QýH[SRVLWLRQýRIýHDFKýIUDPHñýLQFOXGLQJýLQWHUYDOVý>EHWZHHQ
IUDPHV@ýFRXOGýEHýVHWýLQGHSHQGHQWO\ýRIýRQHýDQRWKHUýLQýèíýQVýWRýìííýPFVý>PLFURðVHFRQGV@ýLQFUHPHQWVïýý,QýWKH
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VHFRQGýPRGHýWKHý(2&ýSURYLGHVýDýWLPHðDQDO\VLVýRIýRQHðGLPHQVLRQýSLFWXUHýõVSHFWUDýRIýHPLVVLRQñýIRUýH[DPSOHôï
7KHýWLPHýRIýFKURQRJUDSK\ýFRXOGýEHýFKDQJHGýIURPýèíýQVýWRýìííýPFVïýý7KHUHýZDVýDOVRýDýIHDWXUHýWRýGHOD\ýWKH
VWDUWýRIýVKRRWLQJýDIWHUýWKHýLQLWLDWLQJýLPSXOVHïýý7KHýPLQLPXPýWLPHýRIýGHOD\ýZDVýêíýQVñýWKHýPD[LPXPýZDVýíïì
Vïýý$PSOLILFDWLRQýRIýEULJKWQHVVýRIýWKHý(2&ýLPDJHýFRXOGýEHýFKDQJHGýRYHUýDýZLGHýUHJLRQýDQGýFRXOGýUHDFKýìíç

:Wî:Wý >VLF@ý RQý WKHýZDYHOHQJWKý RIý íïéëýPFPñý GHSHQGLQJý RQý WKHý W\SHý RIý WKHý SKRWRFDWKRGHý XVHGý LQý WKH
WLPHðDQDO\]LQJý(27ï

,WýZDVýSRVVLEOHýWRýUHFRUGýYLGHRðLQIRUPDWLRQýRQýILOPýDQGýRQýWKHýODERUDWRU\ý,%0ý3&î$7ýSHUVRQDOýFRPSXWHUï
,QýWKHýILUVWýFDVHýWKHýUHFRUGLQJýZDVýFRQGXFWHGýE\ýXVLQJýFRQWDFWýZLWKýWKHýVFUHHQýRIýWKHýEULJKWQHVVðDPSOLILHU
308ðëåïýõ30ðíêìýZDVýQRWýXVHGôïýý'DWDýLQSXWýWRýWKHýSHUVRQDOýFRPSXWHUýZDVýDFFRPSOLVKHGýXVLQJýûQRðILOPû
YLGHRðLQIRUPDWLRQýGHYLFHïýý7KHýLQIRUPDWLRQýZDVýUHDGýIURPýWKHýGHYLFHýZLWKýDýKHOSýRIýFRROHGý&&'ýPDWUL[ï
7KHUHýZDVýDýQHHGýWRýFRQQHFWýWKHýVROLGðERG\ýGHYLFHýRIýQRðILOPýUHFRUGýZLWKýWKHý(2&ïýý)RUýGLPLQLVKHGýLPDJHV
IURPýWKHý30ðíêìñýZHýXVHGýWKLVýEULJKWQHVVýDPSOLILHUïýý7KHý30ðíêìýXVHGýDýVFUHHQýZLWKýPD[LPXPýRIýHPLVVLRQ
DWýZDYHOHQJWKýçêíýQPïýý3URFHVVLQJýRIýWKHýYLGHRýLQIRUPDWLRQýZDVýDFFRPSOLVKHGýXVLQJýDýSDFNDJHýRIýFRPSXWHU
SURJUDPVñýPDNLQJýLWýSRVVLEOHýWRýVFDOHýDQGýWRýSVHXGRFRORUýWKHýLPDJHýUHFHLYHGýDQGýDOVRýKHOSHGýWRýPHDVXUHýWKH
UHODWLYHýGHQVLW\ýRIýHPLVVLRQýDWýHYHU\ýSRLQWýRIýWKHýLPDJHýDQGýWRýSRLQWýRXWýWKHýUHJLRQVýZLWKýHTXDOýGHQVLW\ïýý:KHQ
ZRUNLQJýZLWKýUHFRUGLQJýDQGýDQDO\]LQJýWKHýVSHFWUDýRIýWKLVýFRPSOH[LW\ñýZHýZHUHýDEOHýWRýDXWRPDWLFDOO\ýSDUWLWLRQ
WKHýWLPHýLQWHUYDOVýE\ýZDYHOHQJWKVïýý7KHýZDYHOHQJWKVýRIýOLQHVýRIýHPLVVLRQýRUýDEVRUSWLRQýZHUHýIRXQGýDQGýUHDO
VSHFWUDOýGHQVLW\ýRIýHPLVVLRQVýIURPýWKHýREMHFWýZHUHýGHWHUPLQHGýõXVLQJýWKHýFRPSDULVRQýZLWKýDýVSHFWUDýRIýD
VWDQGDUGýVRXUFHôï

&RQWUROýRIýWKHý(2&öVýZRUNýZDVýDFFRPSOLVKHGýZLWKýWKHýKHOSýRIýGXDOðEHDPýRVFLOORVFRSHýõ&åðìéýW\SHïôýý6LJQDOV
LQGLFDWLQJý WKHý IXQFWLRQVý RIý WKHý FDPHUDýZHUHý WUDQVPLWWHGý RQý RQHý RIý SKRWRðPXOWLSOLHUý FKDQQHOVý õWKHUHE\
UHJLVWHULQJýHPLVVLRQýDFFRPSDQ\LQJýWKHýVWXGLHGýSURFHVVôï

)LJïýë )LJïýê
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//2ýZHUHýIRXQGýIRUýWKHýILUVWýWLPHýLQVLGHýDýSXOVDWLQJýFDYHUQñýIRUPHGýLQýZDWHUýDIWHUýDýSRZHUIXOýHQHUJ\ýUHOHDVH
>ìñë@ïýý/DWHUýWKHUHýZDVýIRXQGýWKHýZD\ýWRýHMHFWýGLVFKDUJHýSODVPDýRXWýRIýWKHýZDWHUýLQWRýWKHýDWPRVSKHUHý>êñé@ï
8VLQJýWKHýVDPHýFRQGLWLRQVýRIýHQHUJ\ýUHOHDVHñý//2ýGLVFKDUJHVýLQWRýWKHýDWPRVSKHUHýKDGñýRQýWKHýDYHUDJHñýè
WLPHVýJUHDWHUýGLPHQVLRQVýõXSýWRýíïèýFPôýDQGýGXUDWLRQýõWLPHýRIýOXPLQHVFHQFHôýRIýXSýWRýíïìýVïýý)LJïýëýSUHVHQWV
WKHýUHVXOWVýRIýIUDPHðE\ðIUDPHýUHFRUGLQJýRIýWKHýSURFHVVýRIý//2ýIRUPDWLRQýRXWýRIýDQýLUUHJXODUýOXPLQHVFHQW
FORXGïýý7KLVýFORXGýZDVýHMHFWHGýWRýWKHýDWPRVSKHUHýDIWHUýWKHýGLVFKDUJHýLQýZDWHUýõWKHýUHFRUGLQJýZDVýGRQHýXVLQJ
WKHýLOOXPLQDWLRQýRIýWKHý//2ôïýý7KHýSODVPDýZDVýHMHFWHGýXSZDUGVýRXWýRIýWKHýZDWHUïýý7KHýWLPHýODJýIURPýWKHýVWDUW
RIýUHFRUGLQJýWRýWKHýHQGýRIýWKHýHQHUJ\ýUHOHDVHýZDVýèííýPFVïýý7KHýWLPHýRIýH[SRVXUHýZDVýìíPFVñýDQGýWKHýLQWHUYDO
EHWZHHQý WZRý IUDPHVýZDVýìíðéýVïý ý7KHýRUGHUýRIý IUDPHVýZDVýIURPýOHIWý WRýULJKWñý IURPýWRSý WRýERWWRPïý ý7KH
PD[LPXPýGLPHQVLRQVýRIýDQý//2ýZDVýDSSUR[LPDWHO\ýêýPPïýý2QHýFDQýVHHýRQýWKHýLPDJHýWKDWýWZRý//2ýDUH
JUDGXDOO\ýIRUPLQJýIURPýWKHýFORXGýõRQHýELJýDQGýRQHýVPDOOýFOXVWHUýðýVHHýLPDJHVýèýDQGýçôïýý7KHýVPDOOHUýFOXVWHU
GLVDSSHDUVýTXLFNO\ñýKRZHYHUýWKHýODUJHUýFOXVWHUýH[LVWVýXQWLOýWKHýHQGýRIýWKHýUHFRUGLQJýVHTXHQFHï

2QýWKHýILUVWýIUDPHýRQHýFDQýDOUHDG\ýVHHýDýIRUPHGý//2ñýZKLFKýH[SDQGVýODWHUñýUHDFKLQJýLWVýPD[LPXPýRQýIUDPH
çýWRJHWKHUýZLWKýWKHýFORXGý>DVýWKHýFORXGýDSSHDUVýWRýUHDFKýLWVýPD[LPXPýEULJKWQHVVïýý7KHýGHQVLWRPHWU\ýRIýWKH
QHJDWLYHýVKRZVýWKHýGHQVLW\ýRIýWKHýUDGLDWLRQýIOX[ýIURPýWKHý//2ñýZKLFKýZDVýIRUPHGýIURPýWKLVýFORXGïýý7KH
SURFHVVýZKLFKýZDVýUHJLVWHUHGýRQý)LJïýëýUHVHPEOHVýFRQGHQVDWLRQïýý7KHýIRUPDWLRQýRIýWKHý//2ýZDVýIRXQGýDOVR
DWýDýWLPHýZKHQýWKHUHýZDVýDQýLQIOXHQFHýRIýORZýWHPSHUDWXUHýRQýWKHýHMHFWHGýSURGXFWVïýý,QýWKLVýH[SHULPHQWýD
FRSSHUýSODWHñýFRROHGýWRýWKHýERLOLQJýSRLQWýRIýOLTXLGýQLWURJHQñýZDVýSODFHGýLQýWKHýZD\ýRIýHMHFWHGýSODVPDýIO\LQJ
RXWýRIýWKHýILHOGýWKHýFDPHUDïýý,WýZDVýIRXQGñýWKDWýWKHýDOUHDG\ýIRUPHGý//2ýFOXVWHUVýGLVDSSHDUýRQýWKHLUýZD\ýWRýWKLV
FRROHGýVXUIDFHïýý7KDWýLVñýWKHý//2VýFHDVHýWRýVKLQHïýý2QýWKHýRWKHUýKDQGñýWKHUHýZHUHýIRXQGýVRPHýFDVHVýRIýVKLQLQJ
REMHFWVýIRUPLQJýRQýWKLVýFRROHGýVXUIDFHïýý7KHVHýVXUIDFHVýREMHFWVýZHUHýHYLGHQWO\ýIRUPHGýIURPýWKHýSURGXFWVýRI
GLVFKDUJHñýZKLFKýKDGýWUDYHOHGýWRýWKHýVXUIDFHïýý7KHýG\QDPLFVýRIýVXFKýDýSURFHVVýLVýSUHVHQWHGýLQý)LJïêïýý6KRRWLQJ
ZDVýGHOD\HGýIRUýìýPVïýý7KHýVSHHGýRIýUHFRUGLQJýZDVýWKHýVDPHýDVýEHIRUHïýý7KHýVLGHýOLJKWýZDVýSRVLWLRQHGýDQG
XVHGýIRUýGHWHUPLQDWLRQýRIýWKHýORFDWLRQýRQýWKHýFRROHGýVXUIDFHýDQGýRIýWKHýMHWýSRVLWLRQýZLWKýUHVSHFWýWRýWKHýFDPHUDñ
WKXVýVKRZLQJýWKHýVSDFHýEHWZHHQýWKHPïýý2QýHDFKýIUDPHýRIý)LJïýêñýWKLVýVSDFHýLVýVHHQýDVýDýSRRUO\ýVKLQLQJýVTXDUHñ
WKHýûMHWûýLVýFRPLQJýRXWýRIýWKHýFDPHUDýIURPýEHORZïýý3URGXFWVýRIýGLVLQWHJUDWLRQýDUHýPRYLQJýXSýIURPýWKHýERWWRPï
$ýVWDUWýRIýIRUPDWLRQýRIýDQý//2ýREMHFWý>RQýWKHýFKLOOHGýSODWH@ýLVýVHHQýLQýIUDPHýêýõ)LJïýêñýXSSHUýULJKWôýDVýDýVOLJKW
QRQXQLIRUPLW\ýLQýWKHýXSSHUýOHIWýSRUWLRQýRIýIUDPHýêïýý)LJïýêýVKRZVýRQýIUDPHVýéñýèñýçñý÷ýæýWKHýLQFUHDVHýLQ
EULJKWQHVVýRIýWKLVýREMHFWïýý2QýIUDPHýæýRQHýVHHVýDýZHOOðIRUPHGý//2ïýý7KHýVDPHýSURFHVVHVýZHUHýREVHUYHGýXQGHU
WKHýLOOXPLQDWLRQýRIýWKHýREMHFWVýRZQýOLJKWýõZLWKRXWýWKHýXVHýRIýWKHýVLGHðOLJKWôï

)LJïýé )LJïýè
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$QRWKHUýLQWHUHVWLQJýFDVHýRIýORZýWHPSHUDWXUHVýLQIOXHQFHýRQý//2ýLVýSUHVHQWHGýLQý)LJïýéïýý7KHýGHOD\ýRIýUHFRUGLQJ
ZDVýèííýPFVñýDQGýWKHýIUDPHýLQWHUYDOýRIýUHFRUGLQJýWKHýVDPHïýý2QýWKLVýLPDJHýWKHýHORQJDWLRQýRIýWKHý//2öV
WRZDUGýWKHýVLGHýRIýWKHýFRROHGýVXUIDFHýFDQýEHýREVHUYHGïýý7KHýDQDO\VLVýRIýWKHýSKRWRJUDSKýVKRZVýWKDWýWKLV
HORQJDWLRQýLVýFRQQHFWHGýZLWKýEXLOGLQJðXSýRIýWKHý//2öVýVKLQLQJýPDWWHUýIURPýWKHýORZýWHPSHUDWXUHýVLGHïýý7KH
UDWHýRIýJURZWKýLVýFRPSDUDEOHýWRýWKHýVSHHGýRIýPRYHPHQWýRIýWKHýREMHFWVýõRIýWKHýRUGHUýRIýìíýPîVôïýý2QýWKH
SKRWRJUDSKýRQHýFDQýVHHýDQRWKHUý//2ñýZKLFKýJURZVýDQGýGLPLQLVKHVýGXULQJýWKHýUHFRUGLQJýRIý)LJïýéï

7KHýLQIOXHQFHýRIýKLJKýWHPSHUDWXUHVýRQýWKHVHýVKLQLQJýREMHFWVýLVýVKRZQýLQý)LJïèïýý7KHýUHFRUGLQJýZDVýPDGH
XVLQJýWKHýHPLWWHGýOLJKWýIURPýWKHýûVKLQLQJýREMHFWVïûýý7KHýVSHHGýRIýUHFRUGLQJýDQGýWKHýRUGHUýRIýWKHýIUDPHVýZDV
WKHýVDPHïýý7KHýQXPEHUýRIýIUDPHVýZDVýçïýý,QýWKLVýH[SHULPHQWýDýSODQHýWZRðIROGýPHWDOýVSLUDOýZDVýXVHGýLQVWHDG
RIýWKHýFRROHGýVXUIDFHïýý7KHýPHWDOýVSLUDOýZDVýKHDWHGýE\ýDQýHOHFWULFýFXUUHQWïýý7KHýGLDPHWHUýRIýWKHý1Lî&UýDOOR\
ZLUHýZDVýíïìýPPñýZLWKýWKHýVWHSýRIýZLQGLQJý ýìýPPïýý7KHýWHPSHUDWXUHýRIýKHDWHGýZLUHýPHVKýZDVýPHDVXUHG
XVLQJýDýS\URPHWHUýDQGýHTXDOHGýìííí(.ýIRUýWKHýXSSHUýOD\HUýDQGýåíí(.ýIRUýWKHýORZHUýOD\HUïýý7KHýGLVWDQFH
EHWZHHQýOD\HUVýZDVýéýPPïýý7KHý//2VýFRXOGýIUHHO\ýSDVVýWKURXJKýERWKýOD\HUVýRIýZLUHïýý6RPHýILOWHUVýZHUH
GXULQJýWKHýUHFRUGLQJïýý7KHVHýILOWHUVýZHUHýXVHGýWRýEORFNýRXWýDQýLQWHQVHýLQIUDðUHGýHPLVVLRQýIURPýWKHýWZRýZLUHVï
7KHýXSSHUýOD\HUýRIýWKHýVSLUDOýLVýVHHQýRQýHDFKýIUDPHýõ)LJïýèôïýý7KHýORZHUýZLUHýLVýLQGLFDWHGýRQý)LJïýèýZLWKýDQ
DUURZïýý2QHýFDQýFOHDUO\ýVHHýWKDWý//2ýORVHýWKHLUýVSKHULFDOýVKDSHýZKHQýWKH\ýFRPHýXSýWRýWKHý]RQHýRIýKHDWLQJï
7KH\ýGLVDSSHDUýFRPSOHWHO\ýQHDUýWKHýORZHUýOD\HUýRIýWKHýVSLUDOïýý$Q\ýGDUNHQLQJýLQýWKLVýFDVHýLVýRXWýRIýTXHVWLRQï
,QýWKHýVSDFHýEHWZHHQýWZRýOD\HUVýWKHý//2ýDSSHDUVýRQFHýPRUHïýý7KH\ýGLVDSSHDUýDJDLQýZKHQýWKH\ýFURVVýWKH
VHFRQGýOD\HUïýý7KHý//2öVýGLVDSSHDUDQFHýLVýREVHUYHGýDWýDýWLPHýRIýLWVýFURVVLQJýWKHýKHDWHGýVSLUDOýLQýéíøýRIýWKH
FDVHVý REVHUYHGïý ý 6RPHWLPHVý WKHý VKLQLQJý REMHFWVý DSSHDUý RQFHý PRUHñý WKRXJKý WKH\ý DUHý PXFKý VPDOOHUý LQ
GLPHQVLRQVï

$OOýWKHVHýREVHUYDWLRQVýHPSKDVL]HýWKHýGHSHQGHQFHýRIýWKHýSURFHVVHVýRIý//2ýOXPLQHVFHQFHýRQýWKHýWHPSHUDWXUH
DQGýRQýWKHýSUHVHQFHýRIýDýVWURQJýLQWHUSDUWLFOHýLQWHUDFWLRQýZLWKLQýWKHý//2öVýPDWWHUïýý7KLVýLQWHUDFWLRQýFDQýPRGLI\
VRPHýSURFHVVHVñýZKLFKýDUHýDQDORJRXVýWRýSKDVHýWUDQVLWLRQVýDFFRPSDQLHGýE\ýKHDWLQJïýý7KLVýKHDWLQJýPD\ýH[SODLQ
//2öVýOXPLQHVFHQFHýDWýDýWLPHýRIýLWVýIRUPDWLRQýRQýFRROHGýVXUIDFHïýýý7HPSHUDWXUHýLVýVXVWDLQHGýE\ýKHDWLQJñ
ZKLFKýLVýDýUHVXOWýRIýFRQGHQVDWLRQï

,Qý>ìñë@ýWKHýDXWKRUVýSURSRVHýDýFOXVWHUýQDWXUHýIRUýWKHý//2ïýý6WLOOñýDOOýWKHVHýH[SHULPHQWVýVKRZQýDERYHýFRQWUDGLFW
WKLVýK\SRWKHVLVïýý$OOýSDUDPHWHUVýRIýFKDUJHGýZDWHUýFOXVWHUVýDUHýNQRZQý>è@ïýý$WýWKHýWLPHýRIýWKHLUýKHDWLQJýXSýWR
ìííí(.ýWKHýFRYHUVýRIýWKHý//2VýPXVWýGHVWUXFWñýWKXVýFDXVLQJýDýVKDUSýJURZWKýLQýWKHýVSHHGýRIýUHFRPELQDWLRQ
DQGñýDVýDýFRQVHTXHQFHñýWKHýUDSLGýUHOHDVHýRIýHQHUJ\ïýý,QýDOOýRIýWKHýH[SHULPHQWVýXVLQJýKHDWLQJñýWKHUHýZHUHýQR
SKHQRPHQDýZKLFKýZHUHýFRQVLGHUHGýWRýEHýWKHýUHVXOWýRIýWKLVýSURFHVVýõIODVKýRIýOLJKWñýHMHFWLRQýRIýWKHýVXEVWDQFHñ
DQGýVRýRQôïýý7KHýH[SODQDWLRQýRIýWKHýQDWXUHýRIýWKHý//2öVýLVýGLIILFXOWýXVLQJýWKHýFRQFHSWýRIýFOXVWHUVýRIýQRQðLGHDO
SODVPDïýý7KLVýSODVPDñýKDYLQJýDSSHDUHGýDWýGLVFKDUJHñýFRXOGýQRWýGLVLQWHJUDWHýDQGýFRQGHQVHýRQFHýPRUHñýEHFDXVH
DOOýSURSHUWLHVýRIýWKHýQRQðLGHDOýSODVPDýDUHýH[SODLQHGýE\ýFROOHFWLYHýLQWHUDFWLRQýRIýFKDUJHGýSDUWLFOHVïýý$OOýWKH
PRUHýUHDVRQýWKDWýRQHýFDQQRWýH[SODLQýWKHýIRUPDWLRQýRIýDýFORWýRIýQRQðLGHDOýSODVPDýRQýDýFRROHGýVXUIDFHýE\ýWKH
FRQGHQVDWLRQý RQý WKLVý VXUIDFHý E\ý SURGXFWVý RIý GLVLQWHJUDWLRQý DQGý MXVWý UHFRPELQHGý GLVFKDUJHý SODVPDïý ý ,Q
DGGLWLRQñýRQHýFDQýKDUGO\ýH[SODLQýWKHýIDFWýRIý//2öVýSHQHWUDWLRQýIURPýWKHýFDYLW\ýWRýZDWHUý>ìñë@ýDQGýWKHýIDFWýWKDW
WKHý//2VýPDLQWDLQýWKHLUýVSKHULFDOýIRUPýHYHQýZKHQýWKHLUýVSHHGýLQýDLUýLVýKLJKHUýWKDQýèíýPîVýõXVLQJýDýPRGHOýRI
QRQðLGHDOýRUýFOXVWHUýSODVPDïô

&21&/86,21

$OOýWKHýIRUHJRLQJýHQDEOHVýWKHýDXWKRUVýWRýSXWýIRUZDUGýWKHýK\SRWKHVLVýWKDWý//2öVýPDWWHUýFRQVLVWVýRIýSUHYLRXVO\
XQNQRZQýFRPELQDWLRQýRIýR[\JHQýDQGýK\GURJHQñýZKLFKýKDVýDýVWRUHýRIýHQHUJ\ýWKDWýH[FHHGVýWKHUPRG\QDPLF
HTXLOLEULXPýHQHUJ\ïýý7KLVýK\SRWKHVLVýLVýFRQILUPHGýE\ýWKHýUHVXOWVýRIýVSHFWUDOýLQYHVWLJDWLRQïýý$IWHUýëíýPFVýDIWHU
WKHýHQGýRIýHQHUJ\ýUHOHDVHý WKHUHýZDVýIRXQGñýLQýWKHýVSHFWUXPýRIýHPLVVLRQýRIýGLVLQWHJUDWLQJýZDWHUýSODVPDñ
UHJLVWHUHGýDýJURXSýRIýOLQHVýO\LQJýLQýZDYHEDQGVãýæäëðæäåýQPñýDQGýæéìðæééýQPïýý7KLVýJURXSýRIýOLQHVýLVýREVHUYHG
IRUý Dý SHULRGý RIý ìííýPFVý DQGý FDQQRWý EHý LGHQWLILHGý DVý VSHFWUDOý OLQHVý RIý K\GURJHQñý R[\JHQñýZDWHUý RUý WKH
2+ðJURXSïýý7KHýIRUPDWLRQýRIýWKHVHýOLQHVýDOZD\VýSUHFHGHGýWKHýIRUPDWLRQýRIý//2ï
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ýý7KHýIDFWýWKDWýWKHVHýDUHýQRWýDVVRFLDWHGýZLWKýK\GURJHQñýR[\JHQñýRUýZDWHUýXQHTXLYRFDOO\ýVXSSRUWVýWKHýDXWKRUöV
FRQFOXVLRQVï

$ýPHWDðVWDEOHýFRPELQDWLRQýKDYLQJýDýVWRUHýRIýHQHUJ\ýFDQýDSSHDUýIURPýWKHýVWDJHýRIýGLVLQWHJUDWLRQýRIýSODVPD
IURPýH[LWHGýDWRPVýRUýPROHFXOHVïýý0XFKýPRUHýSUREDEOHýLVýWKHýIRUPDWLRQýRIýFRPELQDWLRQVýZLWKýPHWDðVWDEOH
DWRPVýEHFDXVHýRIýWKHLUýORQJýOLIHWLPHVïýý,QýDGGLWLRQýWRýWKHýDERYHðPHQWLRQHGýJURXSýRIýOLQHVñýWKHUHýZHUHýIRXQG
OLQHVýRIýHPLVVLRQýRIýK\GURJHQýDQGýR[\JHQýLQýWKHýHPLVVLRQýVSHFWUXPýRIýWKHýGLVLQWHJUDWLQJýSODVPDïýý7KHVHýOLQHV
DSSHDUýèýPFVýDIWHUýWKHýHQGýRIýWKHýREVHUYHGýHQHUJ\ýUHOHDVHýDQGýDUHýUHJLVWHUHGýIRUýDERXWýèðìíýPFVïýý2QHýRIýWKLV
JURXSýRIýOLQHVýZLWKýZDYHOHQJWKVãýæææìñäéâýæææéñêäýcý>ç@ýLVýDQýHYLGHQFHýRIýPHWDðVWDEOHýDWRPVýRIýR[\JHQ
IRUPDWLRQVýRQýWKLVýVWDJHïýý7KHVHýDWRPVýDUHýLQýDýê6ýVWDWHýDQGýWKHLUýOLQHýRIýHPLVVLRQýLVýìåíýPFVý>æ@ïýý,WýLVýTXLWH
ORJLFDOýWRýVXSSRVHýWKDWýPHWDðVWDEOHýDWRPVýRIýK\GURJHQýDUHýDOVRýIRUPHGýXQGHUýWKHVHýFRQGLWLRQVïýý7KH\ýDUHýLQ
WKHýë6ðVWDWHýDQGýKDYHýDýGXUDWLRQýRIýìíðìýVHFïýý7KHýXSSHUýHOHFWURQýOHYHOVýRIýWKHVHýH[LWHGýDWRPVýDUHýVLPLODUýWR
WKHýYDOHQFHýOHYHOVýRIýDWRPVýRIýDONDOLýPHWDOVïýý7KDWýLVýZK\ýWKHUHýDUHýVRPHýUHDFWLRQVýEHWZHHQýWKHVHýH[LWHGýDWRPV
RIýR[\JHQñýK\GURJHQýDQGýPROHFXOHVýRIýZDWHUïýý7KHVHýUHDFWLRQVýDUHýOLNHýWKRVHýZKLFKýKDSSHQýLQýFHUWDLQýW\SHV
RIýODVHUVý>å@ýEHWZHHQýH[LWHGýDWRPVýRIýLQHUWýJDVHVýDQGýKDORJHQýJDVHVï

6XFKýH[FLWHGýFRPSOH[HVýFDQýKDYHýHQHUJ\ýRIýWKHýRUGHUýRIýDýIHZýHOHFWURQðYROWVïýý7KHLUýGXUDWLRQýFRXOGýEHýORQJ
HQRXJKïýý)RUýH[DPSOHñýWKLVýFRXOGýKDSSHQýEHFDXVHýRIýDýSRWHQWLDOýEDUULHUñýZKLFKýKDPSHUVýWKHýUHEXLOGLQJýRI
HOHFWURQýOD\HUVýRIýH[FLWHGýFRPSOH[HVýLQWRýHOHFWURQýOD\HUVýRIýVWDEOHýH[FLWHGýPROHFXOHVïýý(DFKýVXFKýFRPSOH[ñ
E\ýRXUýHVWLPDWHñýKDVýDýVWRUHýRIýHQHUJ\ñýZKLFKýFRQVLGHUDEO\ýõPRUHýWKDQýìíýWLPHVôýH[FHHGVýWKHýHQHUJ\ýUHOHDVHG
E\ýDýFKHPLFDOýUHDFWLRQï

,WýLVýSHUIHFWO\ýFOHDUýWKDWýPDWWHUñýFRQVLVWLQJýRIýVXFKýKLJKðHQHUJ\ýFRPSOH[HVñýLVýDQýH[DPSOHýRIýDQýHFRORJLFDOO\
FOHDQýIXHOñýEHFDXVHýWKHýILQDOýSURGXFWVýDIWHUýLWVýXVHýDUHýQRWKLQJýEXWýRUGLQDU\ýZDWHUïýý,QýDGGLWLRQñýRQHýFDQýVWDWH
õZLWKýDýODUJHýSUREDELOLW\ýRIýEHLQJýFRUUHFWôýWKDWýVXFKýDýVXEVWDQFHýõLïHïýDQýSUHYLRXVO\ýXQNQRZQýKLJKðHQHUJ\
FRPELQDWLRQýEDVHGýRQý2ýDQGý+ôýLVýKLJKO\ýHIIHFWLYHýDQGñýLQýJHQHUDOñýDýGLIIHUHQWýQDWXUDOýSKHQRPHQDïýý7KLV
SKHQRPHQDý LVýDFFRPSDQLHGýE\ýDýSRZHUIXOýHQHUJ\ý UHOHDVHý IURPýDQ\ýRULJLQý LQýZDWHUðVDWXUDWHGýVWUXFWXUHV
õLQFOXGLQJý(DUWKöVýFUXVWñýDWPRVSKHUHñýRFHDQýDQGýVRýRQôïýý2QHýVXFKýPDQLIHVWDWLRQVýLVýWKHýSKHQRPHQRQýRIýEDOO
OLJKWQLQJýDQGýORQJðOLYLQJýOLJKWQLQJýREMHFWVýLQýWKHýDWPRVSKHUHïýý7KHýLQWHUHVWýLVýVXFKýSKHQRPHQDýKDVýJURZQ
VKDUSO\ýUHFHQWO\ïýý7RýSURYHýWKLVýVWDWHPHQWýZHýPXVWýUHPLQGýWKHýUHDGHUýRIýDýQXPEHUýRIýLQWHUQDWLRQDOýVFLHQWLILF
FRQIHUHQFHVýDQGýV\PSRVLXPVýRQýWKHýDERYHðPHQWLRQHGýSUREOHPVýWKDWýKDYHýEHHQýKHOGýõHïJïýLQý-DSDQñý+XQJDU\ñ
86$ñý$XVWULDôýLQýìäååðìääêï

5()(5(1&(6

>ì@ýý*ROXEQLFKL\ý3ï,ïñý*URPHQNRý9ï0ïñý.UXWRYý<Xï0ïñýû/RQJðOLYLQJýOLJKWQLQJýREMHFWVýLQVLGHýWKHýSXOVDWLQJ
FDYHUQñýLQLWLDWHGýE\ýWKHýSRZHUIXOýHQHUJ\ýHPLVVLRQýLQýZDWHUñûý'RNOïý$1ý6665ñýìääíïýð9ïêììïý1ëïý3ïêèçðêçíï

>ë@ýý*ROXEQLFKL\ý3ï,ïñý*URPHQNRý9ï0ïñý.UXWRYý<Xï0ïñýû)RUPDWLRQýRIýORQJðOLYLQJýOLJKWQLQJýREMHFWVýDIWHUýWKH
FROODSVHýRIýGHQVHýORZýWHPSHUDWXUHýZDWHUýSODVPDñûýð=KXUQDOý7HFKQï)L]LNLïýìääíïðý9ïçíïý1ïìï3ïìåêðìåçï

>ê@ýý*ROXEQLFKL\ý3ï,ïñý*URPHQNRý9ï0ïñý.UXWRYý<Xï0ïñýû)RUPDWLRQýDQGýG\QDPLFVýRIýORQJðOLYLQJýOLJKWQLQJ
REMHFWVýððý/LJKWQLQJýEDOOñýVXPPDU\ýUHSRUWûïýð0RVFRZãý,QVWïý9\VRNLKý7HPSïýìääìïý1ëïý3ïæêðæèï

>é@ýý*ROXEQLFKL\ý3ï,ïñý*URPHQNRý9ï0ïñý.UXWRYý<Xï0ïñýû'\QDPLFVýRIýORQJðOLYLQJýOLJKWQLQJýREMHFWVýWKURZðRXWñ
LQLWLDWHGý E\ý WKHý SRZHUIXOý VSDUNý HQHUJ\ý HPLVVLRQý LQý ZDWHUïðð+LJKðYHORFLW\ý SKRWRJUDSK\ñý SKRWRQLFVý DQG
PHWURORJ\ýRIýIDVWðRFFXULQJýSURFHVVHVïýý6XPPDU\ýRIýUHSRUWVýDWýWKHýìèWKý$OOð8QLRQýFRQIHUHQFHñûýð0RVFRZã
91,,2),ñýìääìïý3ïììêï

>è@ýý.HEDUOHý3ïñý6HDUOHVý6ïñý=ROODý$ïýHWýDOïýðý-ï$PHUïý&KHPïý6RFïñýìäçæñåäý1ëèñý3ïçêäêï
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>ç@ýý*ROXEQLFKL\ý3ï,ïñ*URPHQNRý9ï0ïñ.UXWRYý<Xï0ïñ/LVHQNRý1ï,ïñýû,QYHVWLJDWLRQýRIýDQýLQIOXHQFHýRIýWKHUPDO
ILHOGVýRQýORQJðOLYLQJýOLJKWQLQJýREMHFWVïðð+LJKðVSHHGýSKRWRJUDSK\ñýSKRWRQLFVýDQGýPHWURORJ\ýRIýIDVWðRFFXUULQJ
SURFHVVHVïýý$EVWUDFWVýRIýWKHýìçðWKýVFLïýFRQIïûýðý0RVïý91,,2),ñýìääêïý3ïæëï

>æ@ý ý 5DGLFKý $ï$ïñý 6PLUQRYý %ï0ïñý 3DUDPHWHUVý RIý DWRPVý DQGý PROHFXOHVïý ý 5HIHUHQFHý ERRNñý 0RVFRZñ
(QHUJRL]GDWïìäåçï

>å@ýý*XG]HQNRý/ï,ïñý<DNRYOHQNRý6ï,ïý3ODVPDýODVHUVïýð0ïý$WRPL]GDWïýìäæåñ3ïëèçï
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'(7(&7,21ý2)ý&+$5$&7(5,67,&ý*$00$ý5$<6ý)520
(/(&752'(6ý,1ý3'ð'ý6<67(0ý%<ý+9ý',6&+$5*(

-LQJWDQJý+Hñý<LQJSLQJý=KDQJñý*XR[LDRý5HQý
*XR\Lý=KXñý;LDROLý'RQJý

'XDQEDRý&KHQñý+RQJJXDQJý+DQ
,QVWLWXWHýRIý+LJKý(QHUJ\ý3K\VLFVñý$FDGHPLDý6LQLFDý

3ï2ïý%R[ýäìåñý%HLMLQJýìíííêäñý3ï5ïýRIý&KLQD

/RQJý:DQJñý6XQVKHQJý<L
,QVWLWXWHýRIý3K\VLFVñý$FDGHPLDý6LQLFDý

%HLMLQJýìíííåíñý3ï5ïýRIý&KLQD

6KDQJ[LDQý-LQ
*UDGXDWHý6FKRROñý$FDGHPLDý6LQLFDý
%HLMLQJýìíííêäñý3ï5ïýRIý&KLQD

$%675$&7

(YLGHQFHýLVýSUHVHQWHGýWRýVKRZýWKHýGLIIHUHQWýFKDUDFWHULVWLFýJDPPDýUD\VýIURPýHOHFWURGHVýLQý3Gð'ýV\VWHPñýE\
+9ýGLVFKDUJHïýý,WýPLJKWýEHýH[SODLQHGýDVýWKHýHOHPHQWVýRIýHOHFWURGHVýH[FLWHGýE\ýKLJKýHQHUJ\ýFKDUJHGýSDUWLFOHV
RULJLQDWHGýGXULQJý+9ýGLVFKDUJHýGHðH[FLWLQJýUDGLDWLRQVï

'XULQJý+9ýSXOVHVýQRýQHXWURQýVLJQDOýZDVýGHWHFWHGï

,QýDGGLWLRQñýQHLWKHUýQHXWURQýVLJQDOVýQRUýJDPPDýVLJQDOVýZHUHýGHWHFWHGýLQýWKHýLQWHUYDOVýEHWZHHQýWKHý+9ýSXOVHVï

,1752'8&7,21

6LQFHý0ïý)OHLVFKPDQQñý%ï6ïý3RQVý>ìñë@ýDQGý6ï(ïý-RQHVýHWýDOïý>ê@ýUHSRUWHGýLQýìäåäýWKDWýQXFOHDUýIXVLRQýRI
GHXWHULXPýõ'ëôýRFFXUUHGýDWýURRPýWHPSHUDWXUHýLQý3GýRUý7LýFDWKRGHVýGXULQJýWKHýHOHFWURO\VLVýRIýKHDY\ýZDWHU
õ'ë2ôñýFRQVLGHUDEOHýHIIRUWVýKDYHýEHHQýPDGHýWRýLQYHVWLJDWHýVRýðFDOOHGýCFROGýIXVLRQöýE\ýPDQ\ýODERUDWRULHVýLQ
WKHý ZRUOGïý ý 7KHVHý H[SHULPHQWVý LQFOXGHý VHYHUDOý W\SHVãý (OHFWURO\VLVý RIý KHDY\ý ZDWHUâý FROGðKRWý F\FOHVý RI
GHXWHUDWHGýSDOODGLXPýEHWZHHQýOLTXLGýQLWURJHQýWHPSHUDWXUHýDQGýURRPýWHPSHUDWXUHâýSURFHVVLQJýýGHXWHUDWHG
SDOODGLXPýE\ýPHFKDQLFDOýWUHDWPHQWýDQGýJDVýGLVFKDUJLQJýRIýGHXWHUDWHGýSDOODGLXPý>éñè@ýHWFïýý+RZHYHUýWKH
UHVXOWVýDUHýLQýFRQIOLFWýZLWKýHDFKýRWKHUý>ç@ï

$VýLVýZHOOýNQRZQñýWKHUHýH[LVWVýWKUHHýUHDFWLRQýPRGHVýLQý'ð'ýIXVLRQã

õìôý'ýòý'ý9ýQõëïéè0H9ôýòýê+Hõíïåë0H9ô
õëôý'ýòý'ý9ý3õêïíë0H9ôý ý7õìïí0H9ô
õêôý'ýòý'ý9ýé+Hýòýõýòýëêïåèý0H9ý

)URPýWKHýNQRZOHGJHýRIýWKHUPRQXFOHDUýIXVLRQñýWKHýUHDFWLRQýSUREDELOLW\ýRIýPRGHýêýLVýH[WUHPHO\ýORZñýPRGHýì
DQGýëýKDYHýQHDUO\ýWKHýVDPHýSUREDELOLW\ïýý,IýZHýGHILQH

õUHDFWLRQýUDWHýRIýPRGHýëô
5 ýðððððððððððððððððððððððððððððððððððð

õUHDFWLRQýUDWHýRIýPRGHýìô )RUýQRUPDOý'ð'ýIXVLRQý5ý1ýìïýýýý



228

ýýýýý

7KHýQHXWURQVýRULJLQDWHGýIURPýWKHýUHDFWLRQVýFDQýFRPHýRXWýIURQWýWKHýGLVFKDUJHýFKDPEHUýDQGýFDQýEHýGHWHFWHG
E\ýQHXWURQýGHWHFWRUVñýEXWýWKHýFKDUJHGýSDUWLFOHVýRULJLQDWHGýIURPýWKHýUHDFWLRQVñý3ñ7ñê+HýDQGýé+HýFDQQRWýEH
GLUHFWO\ýGHWHFWHGýEHFDXVHýWKHLUýORZýHQHUJLHVýDUHýLQVXIILFLHQWýWRýSHQHWUDWHýWKHýFKDPEHUýHQYHORSHïýý7KHýFKDUJHG
SDUWLFOHVýZRXOGýFROOLGHýZLWKýWKHýPDWHULDOýRIýWKHýUHDFWRUñýVXFKýDVýWKHý3GýFDWKRGHñýH[FLWLQJýWKHý3GýQXFOHLïýý:KHQ
WKHýH[FLWHGý3GýGHðH[FLWHVñýDýFKDUDFWHULVWLFýJDPPDýUD\ýZRXOGýEHýRULJLQDWHGñýIRUýH[DPSOHã

ìíå3Góý9ýìíå3Gýòýõýõéëè.H9ô

,QýRUGHUý WRý LQYHVWLJDWHý WKHý DQRPDORXVýQXFOHDUý HIIHFWVñýZHýKDYHýGHVLJQHGýDQGýSHUIRUPHGýDýQHZý W\SHýRI
H[SHULPHQWýE\ýXVLQJýKLJKýYROWDJHýGLVFKDUJHïýý:HýVLPXOWDQHRXVO\ñýGXULQJýWKHý+9ýSHULRGýDQGýGXULQJýSHULRGV
RIýQRý+9ñýSURYLGHGýGHWHFWRUVýIRUýERWKýQHXWURQVýDQGýJDPPDýUD\Vï

(;3(5,0(17

7KHýDUUDQJHPHQWýRIýWKHýH[SHULPHQWDOýVHWýXSýLVýVKRZQýLQý)LJïýìïýý7KHýPDLQýSDUWVýLQFOXGHýDýGLVFKDUJHýFKDPEHUñ
+9ýSXOVHýJHQHUDWRUñýJDPPDýFRXQWHUVýDQGýQHXWURQýFRXQWHUVï

óõýFRXQWHU

7KHýVFLQWLOODWRUýLVýDý1DOõ7LôýZLWKýGLDPHWHUýRIýéýFPýDQGýWKLFNQHVVýRIýéýFPïýý,WýZDVýFRXSOHGýGLUHFWO\ýZLWK
307õ*'%ðéé)ôýYLDýVLOLFRQýRLOïý7KHýVSHFWUXPýRIýJDPPDýFRXQWHUýIRUýëë1DýLVýVKRZQýLQý)LJïýëïýý7KHýHQHUJ\
UHVROXWLRQýRIýWKHýõýFRXQWHUýLVýììøýIRUýìëæí.H9ïýý7KHýHIILFLHQF\ýRIýWKHýõýFRXQWHUýLVýDERXWýëïçý;ýìíðêýIRUýìëæí
.H9ï

óý1HXWURQýFRXQWHU

7KHýGLDJUDPýRIýQHXWURQýFRXQWHUýLVýVKRZQýLQý)LJïýêïý,QýWKHýIURQWýWKHUHýLVýDýìæFPý;ýìæFPýSODVWLFýVFLQWLOODWRU
ZLWKýWKLFNQHVVýRIýèýFPñýWKHQýDý0ýìíFPýç/LýJODVVýVFLQWLOODWRUýýZLWKýWKLFNQHVVýRIýíïêFPïýýç/LýJODVVýZDVýGLUHFWO\
FRXSOHGýRQýWRý307õ*'%ðOííôýE\ýVLOLFRQýRLOï

:KHQýç/LýDEVRUEHGýDýVORZýQHXWURQñýç/LõQñûô7ýUHDFWLRQýZLOOýWDNHýSODFHñýWKHQýWKHýJODVVýFDQýSURGXFHýOLJKWýE\
ûýDQGý7ýHPLVVLRQVïýý7KHýOLJKWýLVýYLHZHGýE\ý307ýDQGýDýQHXWURQýVLJQDOýFRPHVýRXWýZKLFKýZLOOýEHýUHFRUGHGýE\
0&$ï

7KHýVORZýQHXWURQýVSHFWUXPýRIýëèë&IýQHXWURQýVRXUFHýZLWKýLQWHQVLW\ýRIýDERXWýêíííîéý%#ýYLHZýLVýVKRZQýLQý)LJï
éïý7KHý):+0ýõIXOOýZLGWKñýKDOIýPDJQLWXGHôýRIýWKHýSHDNýLVýëèøïý7KHýHIILFLHQF\ýRIýWKHýQHXWURQýGHWHFWRUýLV
DERXWýêý;ýìíðêï

)LUVWýWKHýFKDPEHUýZDVýSXPSHGýWRýëïæý;ýìíðëýWRUUñýDQGýWKHQýILOOýZLWKýìýDWPýGHXWHULXPýJDVïý7KHý'ëýZDVýDEVRUEHG
IRUýVRPHýWLPHýE\ýWKHýHOHFWURGHý3Gïý6ZLWFKLQJýRQýìí.9ý+9ñýWKHýSXOVHýJHQHUDWRUýSURGXFHGýSXOVHVýRIýìí.9
LQýDPSOLWXGHñýìèí�VýLQýZLGWKýDQGýìí+]ýLQýUDWHïý$WýWKLVýWLPHñýVSDUNVýDSSHDUHGýLQýWKHýFKDPEHUï

7KHýJDWHý$ýZDVýWULJJHUHGýE\ýWKHýULVLQJýRIýWKHý+9ýSXOVHýDQGýRSHQHGýXQWLOýWKHý+9ýSXOVHýWHUPLQDWHGýõVHHý)LJï
ìôïý ý7KHýVLJQDOýRIýJDWHý$ýWULJJHUHGý0&$Vý$ìýDQGý$ëïýý$ìýDQGý$ëýUHFRUGHGýVLPXOWDQHRXVO\ýJDPPDVýDQG
QHXWURQVýFRPLQJýRXWýIURPýWKHýGLVFKDUJLQJýFKDPEHUýGXULQJýWKHýGLVFKDUJLQJï

7KHUHýLVýDýJDWHý%ýLQýWKHýLQWHUYDOýEHWZHHQý+9ýSXOVHVïýý7KHýJDWHý%ýLVýWULJJHUHGýE\ýWKHýIDOOLQJýRIýWKHý+9ýSXOVH
DQGýRSHQHGýXQWLOýDQRWKHUý+9ýSXOVHýULVLQJïý7KHýZLGWKýRIýJDWHý%ýLVýDERXWýíïìýVHFïýý7KHýVLJQDOý%ýWULJJHUHG
0&$Vý%ìýDQGý%ëïý ý%ìýDQGý%ëý UHFRUGHGýVLPXOWDQHRXVO\ý WKHýJDPPDVýDQGýQHXWURQVýZKLFKýFDPHýIURPýWKH
FKDPEHUï
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5(68/7

5HVXOWVýDUHýVXPPDUL]HGýDVýIROORZVã

ìïý7KHýVSHFWUDýRIýERWKýJDPPDVýDQGýQHXWURQVýRXWVLGHý WKHýSHULRGýRIý+9ýSXOVHýGHWHFWHGýE\ýV\VWHPý%ýDUH
FRQVLVWHQWýZLWKýEDFNJURXQGýVSHFWUDýUHFRUGHGýZLWKýQRý+9ýZLWKLQýVWDWLVWLFDOýHUURUï

ëïý'XULQJý+9ýGLVFKDUJLQJñýWKHýQHXWURQýVLJQDOVýDUHýFRPSDUDEOHýZLWKýEDFNJURXQGï

+RZHYHUñýWKHUHýDUHýH[WUDýJDPPDýUD\Vïýý)LJXUHýèõDôýLVýWKHýJDPPDýUD\ýVSHFWUXPýGHWHFWHGýE\ý0&$ý$ìýLQýåKï
)LJXUHýèõEôýLVýWKHýEDFNJURXQGýVSHFWUXPýLQýéKïýý)URPý)LJïýèõDôñýZHýVXEWUDFWHGýWKHýEDFNJURXQGýIRUýåKýWRýREWDLQ
)LJïèõ&ôïý,Qý)LJïèõ&ôýLWýLVýYHU\ýFOHDUýWKDWýWKHUHýH[LVWýWZRýSHDNVïýý$FFRUGLQJýWRýWKHýFDOLEUDWLRQýFXUYHýRIýV\VWHP
$ìñýRQHýSHDNýLVýDWýéëè�éí.H9ñýDQRWKHUýLVýDWýåæí�èí.H9ïýý%HFDXVHýWKHýHOHFWURGHVýDUHýPDGHýRIý3Gñý)HýDQG
DOVRý:ñýWKHýVSHFWUXPýRIýJDPPDýUD\VýPLJKWýEHýUHOHYDQWýWRýWKHýIROORZLQJýQXFOHDUýGHH[FLWDWLRQýSURFHVVHVã

ìíå3Góý 9ýìíå3Gýýýòýõýõ(õý ýéëè.H9ô
èç)Hóý 9ýèç)Hýýýýòýõýõ(õý ýåèé.H9ô
ìåé:óý 9ýìåé:ýýýýòýõýõ(õý ýììí.H9ô

+RZHYHUñýWKHýHQHUJ\ýRIýõýRULJLQDWHGýIURPýìåé:óýLVýWRRýORZýWRýEHýVHHQýDJDLQVWýQRLVHï

3GýZDVýXVHGýDVýFDWKRGHñýDQGý&XýDVýDQRGHýGLVFKDUJLQJýLQýGHXWHULXPýIRUýDQRWKHUýGDWDýUXQïýý:HýPDGHýWZR
EDFNJURXQGýUXQVãýILUVWñý3GýZDVýXVHGýDVýFDWKRGHýDQGý&XýDVýDQRGHýEXWýDLUýZDVýXVHGýLQVWHDGýRIýGHXWHULXPýIRU
GLVFKDUJHñýVHFRQGñý&XýZDVýXVHGýERWKýDVýFDWKRGHýDQGýDQRGHýGLVFKDUJHýLQýGHXWHULXPïýý,QýDGGLWLRQñýZHýPDGH
DQRWKHUýFDOLEUDWLRQýUXQïýý)LJïçýýLVýWKHýQHWýJDPPDýUD\ýVSHFWUXPýDIWHUýEDFNJURXQGýVXEWUDFWLRQïýý7KHUHýDUH
DQRWKHUýWZRýSHDNVýRIýJDPPDýUD\ïýý7KHýHQHUJLHVýRIýWKHýWZRýUD\VýDUHýDWýéêíý.HYýDQGýääíý.HYýUHVSHFWLYHO\ïý,W
PLJKWýEHýH[SODLQHGýDVýìíå3GóýDQGýåê&XóýH[FLWHGýE\ýKLJKýHQHUJ\ýFKDUJHGýSDUWLFOHVýGHðH[FLWLQJýUDGLDWLRQVï

6LQFHýWKHý+9ýLVýRQO\ýìí.9ñýWKHýHOHFWURQîGHXWHURQýZLWKýHQHUJ\ýRIýìí.H9ýFDQýH[FLWHýRQO\ýDWRPVñýEXWýQRW
QXFOHLïýý6RñýWKHýKLJKýHQHUJ\ýJDPPDýUD\ýFRXOGýEHýSURGXFHGýRQO\ýIURPýQXFOHDUý&RXORPEýH[FLWDWLRQýE\ýFKDUJHG
SDUWLFOHVýZLWKýKLJKýHQHUJLHVý>æ@ïý7KHýJDPPDý\LHOGVýDUHýDERXWýìíðçýSHUýêïíý+H9ýSURWRQýDEVRUEHGýLQýSDOODGLXP
>å@ïýý2XUýUHVXOWýFDQýSUREDEO\ýEHýH[SODLQHGýE\ýWKHýH[FLWLQJý3Gñý)HýDQGý&XýLQýWKHýSURGXFWVýIURPýWKHýUHDFWLRQ
PRGHýëïý)URPýWKHýSUHVHQWýH[SHULPHQWñýZHýZRXOGýFRQFOXGHýWKDWýLQý+9ýSXOVHýGLVFKDUJLQJýH[SHULPHQWýZHýRQO\
GHWHFWHGýWKHýFKDUDFWHULVWLFýJDPPDýUD\ýZLWKRXWýQHXWURQVïý,WýVHHPVýWKDWýWKHýUHDFWLRQýUDWHýRIýPRGHýëýLVýPXFK
KLJKHUýWKDQýPRGHýìýLQýWKHýORZýHQHUJ\ý'ð'ýIXVLRQýXQGHUýSDOODGLXPýHQYLURQPHQWï

7DNLQJýWKHýDFFHSWDQFHýLQWRýDFFRXQWñýIURPýRXUýH[SHULPHQWDOýUHVXOWVñýZHýFDQýGHGXFHãý5ý!ýìíäï

$&.12:/('*(0(17

$XWKRUVýZRXOGýWKDQNý3URIïý;LDRZHLý7DQJýIRUýKLVýHQFRXUDJLQJýDQGýVXSSRUWýIURPýWLPHýWRýWLPHïý:HýZLVKýWR
WKDQNýRXUýPDQ\ýFROOHDJXHVýDWý,+(3ýDQGý,QVWLWXWHýRIý3K\VLFVýIRUýDIIRUGLQJýXVýPDQ\ýHTXLSPHQWVýDQGýKHOSIXO
GLVFXVVLRQVï

5()(5(1&(6

>ì@ýý0ïý)OHLVFKPDQQñý%ï6ïý3RQVýDQGý0ïý+DZNLQVñý-ï(OHFWURDQDOï&KHPïñýYROýëçìñýõìäåäôýSýêíìï

>ë@ýý%ï6ïý3RQVýDQGý0ïý)OHLVFKPDQQñý)XVLRQý7HFKQROïñýYROýìæñýõìääíôýSýççäï
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>ê@ýý6ï(ïý-RQHVýHWýDOïñý1DWXUHñýYROýêêåñýõìäåäôýSýæêæï

>é@ýý)ïý&HODQLýHWýDOïñý5HSRUWý,Oý1XRYRý&LPHQWRý&RQIïý9DUHQQDñýìèðìçý6HSWïýìäåäï

>è@ýý(ïý<DPDJXFKLýHWýDOïñý-DSDQïý-ïý$SSOñý3K\VïñýYROýëäñýõìääíôýSý/çççï

>ç@ýý5ï:ïý.XKQHñý3K\Vïý/HWWïý$ñýYROýìèèñýõìääìôýSýìçççï

>æ@ýý.ïý$OGHUýHWýDOïñý5HYï0RGïý3K\VïñýYROýëåñýõìäèçôýSýéêëïý

>å@ýý'DYLGý&ïý%DLOH\ñý8737ðåäðìèï
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02/7(1ý6$/7ý7(&+1,48(6ý)25
(;&(66ý+($7ý352'8&7,21ý$1'ý7+(ý/2$',1*ý,668(

%RUý<DQQý/LDZ
+DZDLLý1DWXUDOý(QHUJ\ý,QVWLWXWH

6FKRROýRIý2FHDQýDQGý(DUWKý6FLHQFHýDQGý7HFKQRORJ\
8QLYHUVLW\ýRIý+DZDLLýDWý0DQRD

ëèéíý'ROHý6WUHHWñý+ROPHVý+DOOýëéç
+RQROXOXñý+,ýäçåëëñý86$

$%675$&7

$QýLQWHUHVWLQJýPROWHQýVDOWý WHFKQLTXHýIRUýHOHYDWHGðWHPSHUDWXUHýH[FHVVýKHDWýSURGXFWLRQýKDVýUHFHQWO\ýEHHQ
UHSRUWHGñýSURPLVLQJýJUHDWýSRWHQWLDOýIRUýFRPPHUFLDOýDSSOLFDWLRQVïýý7KLVýWHFKQLTXHýVKRZVýLPSURYHGýHIILFLHQF\
GXHý WRý Dý KLJKðWHPSHUDWXUHý RSHUDWLRQñý KLJKðJUDGHý KHDWý SURGXFWLRQý DQGý IDVWý NLQHWLFVý LQý PHWDOðK\GURJHQ
UHDFWLRQVïýý7KLVýSDSHUýJLYHVýDQýRYHUYLHZýRIýRXUýZRUNýLQýPROWHQýVDOWýHOHFWURO\VLVýH[SHULPHQWVýXVLQJý7LýDQGý3G
DVýDQRGHVýLQýGHXWHULGHýPHOWVñýLQýZKLFKýVXEVWDQWLDOýH[FHVVýKHDWýZDVýIRXQGïýý7KLVýSDSHUýDOVRýSUHVHQWVýVRPH
SUHOLPLQDU\ýUHVXOWVýXVLQJý1LýDQGýVWHHOýDVýDQRGHVýIRUýHOHFWURO\VLVýLQýK\GULGHýPHOWVïýý%HFDXVHýWKHýGHXWHULXP
ORDGLQJýLQý3GýLVýFRQVLGHUHGýDýFULWLFDOýSDUDPHWHUýIRUýH[FHVVýKHDWýSURGXFWLRQñýWKLVýSDSHUýZLOOýGLVFXVVýWKLVýDVSHFW
DQGýH[WHQGýWRýHOHYDWHGðWHPSHUDWXUHýFRQGLWLRQVï

7+(ý02/7(1ý6$/7ý7(&+1,48(6

'HXWHULGHð%DVHGý6\VWHPV

6LQFHýWKHýDQQRXQFHPHQWýRIýWKHý)OHLVFKPDQQð3RQVýHIIHFWýLQýìäåäñýDýWHDPýOHGýE\ý/LHEHUWýDQGý/LDZýKDVýEHHQ
ZRUNLQJýRQýDýSURMHFWýXVLQJýWKHýPROWHQýVDOWýWHFKQLTXHVýWRýYHULI\ýVXFKýDQýHIIHFWïýý(DUOLHUýH[SHULPHQWVýLQýìäåä
LQYROYHGýWKHýHOHFWURO\VLVýRIý7LýDQGý3GýDQRGHVýLQý/L'ðFRQWDLQLQJýPHOWVý>ìñë@ñýLQýZKLFKýFRPPHUFLDOO\ýDYDLODEOH
$OýDOOR\VýZHUHýXVHGýDVýWKHýFDWKRGHïýý2SHUDWLQJýDWýDERXWýéíí(&ñýWKHVHýPROWHQýVDOWýFHOOVýSURGXFHGýH[FHVV
SRZHUñýUDQJLQJýIURPýêíøýLQýWKHý7Lð'ýV\VWHPýWRýPRUHýWKDQýçííøýLQýWKHý3Gð'ýV\VWHPïýý1RýH[FHVVýSRZHUýRU
KHDWýKDVýHYHUýEHHQýPHDVXUHGýLQýDQDORJRXVýH[SHULPHQWVýXVLQJý/L+ðFRQWDLQLQJýPHOWVïýý+RZHYHUñýUHSOLFDWLRQ
RIýWKHýH[FHVVýKHDWýHIIHFWýLQýWKHý3Gð'ýV\VWHPýKDVýEHHQýGLIILFXOWýGXHýWRýVHYHUDOýSUREOHPVñýLQFOXGLQJýFKORULGH
IRUPDWLRQVýLQYROYLQJýYDULRXVýHOHFWURGHVýDQGýOHDGýPDWHULDOVýXQGHUýDýVWDUYLQJý/L+õ'ôýFRQGLWLRQýLQýWKHýPHOWV
DQGý VHYHUHý FUDFNLQJý DQGý GLVLQWHJUDWLRQý IURPý XQFRQWUROODEOHý VDPSOHý SUHSDUDWLRQVý DQGý XQHYHQý FKDUJLQJ
FRQGLWLRQVýDVVRFLDWHGýZLWKýWKHý3GýHOHFWURGHVï

0ROWHQýVDOWýWHFKQLTXHVýSURYLGHýDQýLQWHUHVWLQJýDOWHUQDWLYHýWRýWKHýDTXHRXVýHOHFWURO\VLVýPHWKRGVýIRUýH[FHVVýKHDW
SURGXFWLRQñýDOWKRXJKýWKHýGHJUHHýRIýFRQWUROýRIýWKHVHýWHFKQLTXHVýQHHGýWRýEHýLPSURYHGïýý7\SLFDOýPROWHQýVDOW
HOHFWURO\WHVý XVHGý LQý RXUý H[SHULPHQWVý DUHý HXWHFWLFý /L&Oð.&OýPHOWVý VDWXUDWHGýZLWKý H[FHVVý /L+õ'ôïý ý 7KLV
HOHFWURO\WHýV\VWHPýKDVýDýPHOWLQJýSRLQWýRIýêèí(&ýDQGýKDVýDýYHU\ýKLJKýLRQLFýFRQGXFWLYLW\ýRIýWKHýRUGHUýRIýìý6ðì

FPðìñýKLJKHUýWKDQýDQ\ýRWKHUýSURWRQðEDVHGýFRQGXFWRUVýDWýWKHVHýWHPSHUDWXUHVïýý7KHýSUHVHQFHýRIý/L+õ'ôýLQýWKH
PHOWVýLQWURGXFHVýDýYHU\ýUHGXFLQJýHQYLURQPHQWñýLQýZKLFKýPRVWýWUDQVLWLRQýPHWDOýR[LGHVýEHFRPHýXQVWDEOHïýý7KLV
XQLTXHý SURSHUW\ý SURYLGHVý DQý HIIHFWLYHý PHWKRGý RIý UHPRYLQJý PHWDOý VXUIDFHý R[LGHVý LQý VLWXñý UHVXOWLQJý LQ
ûK\GURJHQðWUDQVSDUHQWûýPHWDOýVXUIDFHVýZKLFKýIDFLOLWDWHýWKHýPHWDOðK\GURJHQýUHDFWLRQVïý ý7KLVýWHFKQLTXHýLV
SDUWLFXODUO\ýXVHIXOýIRUýWUDQVLWLRQýPHWDOVýVXFKýDVý7Lñý=Uñý9ñý7DñýDQGýWKHLUýDOOR\VñýZKRVHýSRWHQWLDOýIRUýH[FHVVýKHDW
SURGXFWLRQýPLJKWýEHýDWWUDFWLYHýGXHýWRýWKHLUýKLJKýVROXELOLW\ýRIýK\GURJHQýDQGýGHXWHULXPïýýý

7KHýPROWHQýVDOWýWHFKQLTXHVýDUHýEDVHGýRQýWKHýHOHFWURO\VLVýRIý/L+õ'ôýWKURXJKýK\GURJHQðWUDQVSDUHQWýVXUIDFHV
WRýFKDUJHý+ýRUý'ýLQWRýPHWDOýDQRGHVýDQGýSURGXFHýH[FHVVýKHDWýZLWKýHQKDQFHGýNLQHWLFVýDQGýHIILFLHQF\ïýý6HYHUDO
LQWHUHVWLQJýUHVXOWVýZHUHýIRXQGýLQýRXUýVXFFHVVIXOýH[FHVVðKHDWðSURGXFLQJý3Gð'ýH[SHULPHQWVãý
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ü 7KHýH[FHVVýSRZHUýOHYHOñýRIýWKHýRUGHUýRIýäðëèý:ñýZDVýçðìèýWLPHVñýRUýçííðìñèííøñýODUJHUýWKDQýWKHýLQSXW
HOHFWURFKHPLFDOý SRZHUý õ1íïçðìïæý :ñý GHSHQGLQJý RQý FXUUHQWý GHQVLW\ôý ZLWKý QRý FRQVLGHUDWLRQý RI
WKHUPRQHXWUDOýSRWHQWLDOVïýý7KHýH[FHVVýSRZHUýZDVýDýOLQHDUýIXQFWLRQýRIýFXUUHQWýGHQVLW\ïýý7KHýH[FHVVýKHDW
ZDVýRIýWKHýRUGHUýRIýçðæý0-ýPROðìý'ëñýVLJQLILFDQWO\ýODUJHUýWKDQýDQ\ýNQRZQýFKHPLFDOýUHDFWLRQýHQWKDOSLHVï
)LJïýìýVKRZVý WKHý LQSXWýDQGýRXWSXWýSRZHUýH[FXUVLRQýSURILOHVýDWýGLIIHUHQWýFXUUHQWýGHQVLWLHVý LQý WKLV
SDUWLFXODUýH[SHULPHQWïý

ü 7KHýWRWDOýH[FHVVýKHDWýZDVýRIýWKHýRUGHUýRIýèý0-ñýDWýDýUDWHýRIýDERXWýäðëèý:ýIRUýéýGD\Vïýý7KLVýPDJQLWXGH
RIýH[FHVVýSRZHUýLVýGLIILFXOWýWRýEHýH[SODLQHGýE\ýDQ\ýVWRUDJHýPHFKDQLVPVñýFRQWDPLQDWLRQVýRUýRWKHU
DUWLIDFWVïý

ü )RXUýVSHFLPHQVýIURPýWKHýVSHQWý3GýHOHFWURGHýKDYHýEHHQýDQDO\]HGýE\ýKLJKðSUHFLVLRQýPDVVýVSHFWURVFRS\
WRýTXDQWLI\ýWKHLUýUHVLGXDOý+HðéýFRQWHQWïýý$OOýRIýWKHPýKDYHýVKRZQýHQKDQFHGý+HðéýFRQWHQWýDERYHýWKH
OHYHOýRIýWKHýEDFNJURXQGýRUýDýFRQWUROý3GýEODQNý>ê@ïýý$OWKRXJKýWKHýDPRXQWýRIýH[FHVVý+HðéýZDVýQRW
FRPPHQVXUDWHýZLWKýWKHýPDJQLWXGHýRIýH[FHVVýKHDWñýWKHýLQFUHDVHGý+HðéýFRQWHQWýZDVýDýVXUSULVHýWRýXV
VLQFHýDýVLPLODUý+ðEDVHGýH[SHULPHQWýVKRZHGýDQýRSSRVLWHýUHVXOWïýý)LJïýëýVKRZVýWKHý+HðéýHQKDQFHPHQW
LQýWKHý3GýVSHFLPHQVýYHUVXVýWKRVHýRIýWKHýEDFNJURXQGýDQGýWKHýYLUJLQýHOHFWURGHýXVHGýDVýDýFRQWUROïý

)LJXUHý ìïý ý 7KHý SRZHUý H[FXUVLRQý FXUYHVý RIý WKH
LQSXWVýDQGýRXSXWVýGXULQJýDýFKDUJLQJýH[SHULPHQW
XVLQJýDý3GýDQRGHýDQGýDQý$OýDOOR\ýFDWKRGHýLQýDý'ð
PHOWïý ý &KDUJLQJý FXUUHQWý GHQVLWLHVý DUHý LQGLFDWHGï
)RUýGHWDLOHGýH[SHULPHQWDOýSDUDPHWHUVñýSOHDVHýUHIHU
WRýUHIVïýìýDQGýëï

)LJXUHýëïý ý+HðéýDQDO\VLVý UHVXOWVýRIý WKHýVSHQWý3G
DQRGHýDQGýDýFRQWUROýVDPSOHïýý$OOýIRXUýVSHFLPHQV
RIý WKHý DQRGHý VKRZý LQFUHDVHGý +Hðéý FRQWHQWñ
DOWKRXJKýWKHýDPRXQWýZDVýQRWýFRPPHQVXUDWHýZLWK
WKHýH[FHVVýKHDWýPHDVXUHGï

(OHFWURFKHPLFDOý&KDUDFWHUL]DWLRQ

%HFDXVHýRIýWKHýLUUHSURGXFLELOLW\ýRIýWKHýPROWHQýVDOWýWHFKQLTXHVñýVXEVWDQWLDOýHIIRUWýKDVýEHHQýPDGHýWRýVWXG\ýWKH
HOHFWURFKHPLFDOýEHKDYLRUýRIýWKHýHOHFWURGHVýLQýWKHýPROWHQýVDOWýV\VWHPïýý&\FOLFýYROWDPPHWU\ýWHFKQLTXHýDQG
SRODUL]DWLRQýVWXGLHVý>éñè@ýZHUHýFRQGXFWHGýLQýWKHý+ðFRQWDLQLQJýPHOWVýXVLQJýYDULRXVýDQRGHýPDWHULDOVñýLQFOXGLQJ
3Gñý:ñý0Rñý$OýDQGý1Lïýý7KHVHýVWXGLHVýKDYHýOHGýWRýWKHýXQGHUVWDQGLQJýRIýWKHýHIIHFWýIURPýLPSXULWLHVýVXFKýDVý6Lñ
ZKLFKýDFWVýDVýDQýLQKLELWRUýWRýWKHýK\GURJHQýHYROXWLRQýUHDFWLRQïýý7KHýUHVXOWVýDOVRýLQGLFDWHýWKHý/L+ýFRQFHQWUDWLRQ
FDQýDOWHUýHOHFWURFKHPLFDOýEHKDYLRUVýDQGýUHDFWLRQýSDWKVïýý:KHQý/L+ýFRQFHQWUDWLRQýLVýORZñýLQFUHDVHGýFKORULGH
DFWLYLW\ýFDQýSURPRWHýWKHýPHWDOýFKORULGHýIRUPDWLRQýWKDWýFRUURGHV
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ýWKHýHOHFWURGHýDQGýWKHýOHDGñýOHDGLQJýWRýWKHýIDLOXUHýRIýFHOOýRSHUDWLRQïýý,WýLVýLPSRUWDQWýWRýFRQWUROýWKHýW\SHýRI
LPSXULW\ýSUHVHQWýLQýWKHýPHOWýDQGýLWVýFRQFHQWUDWLRQýWRýIDFLOLWDWHýWKHý3GðK\GULGHýIRUPDWLRQñýWKXVýHQKDQFLQJýWKH
ORDGLQJïýýý

+\GULGHð%DVHGý6\VWHPV

7KHVHýHOHFWURFKHPLFDOýVWXGLHVýDOVRýOHGýWRýDýPRUHýUHFHQWýFDORULPHWULFýLQYHVWLJDWLRQýRIýWKHý1Lð+ýV\VWHPýLQýWKH
PROWHQýVDOWý>ç@ñýLQýZKLFKýH[FHVVýSRZHUýZDVýPHDVXUHGñýVLPLODUýWRýWKRVHýUHSRUWHGýE\ýVHYHUDOýJURXSVýXVLQJ
FDUERQDWHðHOHFWURO\WHýOLJKWðZDWHUýHOHFWURO\VLVýDQGý1LýFDWKRGHVýDWýDPELHQWýWHPSHUDWXUHïýý3UHOLPLQDU\ýUHVXOWV
VKRZHGýWKDWýVRPHýORZýOHYHOýRIýH[FHVVýSRZHUýZDVýPHDVXUHGýGXULQJýWKHýJDOYDQRVWDWLFýFKDUJLQJýSURFHVVýZLWK
GLIIHUHQWýFXUUHQWýGHQVLWLHVïýý7KHýH[FHVVýSRZHUýõ1íïèý:ôýZDVýRIýWKHýRUGHUýRIýêíðìííøýRIýWKHýLQSXWýSRZHUïýý,I
ZHýWDNHýWKHýWKHUPRQHXWUDOýSRWHQWLDOýIURPýYDULRXVýSRVVLEOHýFHOOýUHDFWLRQVýLQWRýFRQVLGHUDWLRQñýWKHýJDLQýRIýWKH
H[FHVVýSRZHUýZDVýHYHQýKLJKHUñýRIýWKHýRUGHUýRIýVHYHUDOýKXQGUHGýSHUýFHQWïýý$OWKRXJKýWKHý1Lð+ýH[SHULPHQWV
VHHPýTXLWHýUHSURGXFLEOHñýWKHýPDJQLWXGHýRIýWKHýH[FHVVýSRZHUýKRZHYHUýLVýORZñýXQOLNHýWKHý3Gð'ýUHVXOWVïýý7KH
RULJLQýRIýWKHýH[FHVVýSRZHUýLQýWKLVý1Lð+ýFDVHýLVýXQNQRZQýDQGýPD\ýEHýFDXVHGýE\ýVLGHýUHDFWLRQVýRUýRWKHU
DUWLIDFWVñýZKLFKýQHHGýWRýEHýLQYHVWLJDWHGýIXUWKHUïýý+RZHYHUñýLQýDýVLPLODUýHOHFWURO\VLVýXVLQJýVWHHOýDVýWKHýDQRGHñ
LWýVKRZHGýQRýH[FHVVýSRZHUï

7+(ý/2$',1*ý,668(

,WýKDVýEHHQýGHPRQVWUDWHGýLQýORZðWHPSHUDWXUHýKHDY\ðZDWHUýHOHFWURO\VLVýH[SHULPHQWVý>æñå@ýWKDWýDýWKUHVKROG
ORDGLQJýUDWLRýRIýDERXWýíïåéýLVýHVVHQWLDOýIRUýH[FHVVýKHDWýSURGXFWLRQïýý,QýDOOýPROWHQýVDOWýH[SHULPHQWVýVRýIDUñýZH
KDYHýQRWýEHHQýDEOHýWRýUHSRUWýWKHýORDGLQJýUDWLRýUHODWHGýWRýWKHýFDORULPHWULFýPHDVXUHPHQWVïýý,WýLVýLQKHUHQWO\
GLIILFXOWýLQýRXUýHOHYDWHGðWHPSHUDWXUHýH[SHULPHQWVñýSDUWLFXODUO\ýLQýVLWXñýWRýPHDVXUHýWKHýORDGLQJýUDWLRïýý7KH
UHVLVWLYLW\ýUDWLRýõ5î5(ôýDQGýJDVýYROXPHWULFýWHFKQLTXHVýDUHýWZRýPHWKRGVýRIWHQýXVHGýWRýPHDVXUHýWKHýORDGLQJ
UDWLRý LQýDPELHQWðWHPSHUDWXUHýH[SHULPHQWVïý ý7KHýJDVýYROXPHWULFý WHFKQLTXHýKDVýUHFHQWO\ýEHHQýDGRSWHGýE\
2NDPRWRýDQGý1H]Xý>ä@ýDWýWKHý,05$ý0DWHULDOý5÷'ñý-DSDQñýWRýPHDVXUHýWKHýORDGLQJýUDWLRýRIý+ýLQý3GýLQýWKH
PROWHQýVDOWýHQYLURQPHQWVïýý

7KH\ý UHSRUWHGý Dý YHU\ý VKDOORZý ORDGLQJñý VLPLODUý WRýZKDWýZRXOGý EHý H[SHFWHGý IURPý WKHý HTXLOLEULXPýSKDVH
GLDJUDPñýLQýWKHLUý3GýVDPSOHVýIURPýHOHFWURFKHPLFDOýFKDUJLQJïýý7KHLUýF\FOLFýYROWDPPHWU\ýUHVXOWVñýKRZHYHUñ
VKRZHGýDýVHULHVýRIýDQRGLFýDQGýFDWKRGLFýSHDNVñýTXLWHýGLIIHUHQWýIURPýZKDWýZHýKDYHýUHSRUWHGý>êñé@ñýLQGLFDWLQJ
DýYHU\ýFRPSOLFDWHGýHQYLURQPHQWýLQýWKHLUýHOHFWURO\WHýV\VWHPVïýý$FFRUGLQJýWRýWKHýSKDVHýGLDJUDPýUHSRUWHGýE\
/HYLQHýDQGý:HDOHý>ìí@ýDQGýWKHýRYHUSRWHQWLDOVýRIWHQýPHDVXUHGýLQýRXUýFHOOVýõ1íïçðìïíý9ôñýZHýFDQýHVWLPDWHýWKH
IXJDFLW\ýRIýWKHý3GýDQRGHýWRýEHýDERXWýìíìíðìíìèýDWPïýý7KHýUHODWLRQVKLSýRIýSUHVVXUHýDQGýIXJDFLW\ýUHSRUWHGýE\
%DUDQRZVNLýDQGý:LVQLHZVNLý >ìì@ýFDQý WKHQýEHýXVHGý WRýH[WUDSRODWHý WKHý ORDGLQJý UDWLRýGXULQJýDQý HIIHFWLYH
FKDUJLQJïýý$ýUDQJHýRIý'î3G!íïæýLVýWKXVýREWDLQHGñýZKLFKýLVýTXLWHýGLIIHUHQWýIURPýWKRVHýUHSRUWHGýE\ý2NDPRWR
DQGý1H]Xïý

7KHý JDVý YROXPHWULFý WHFKQLTXHý LVý OHVVý VHQVLWLYHý WKDQý WKHý 5î5(ý WHFKQLTXHý IRUý WLPHðGHSHQGHQWý ORDGLQJ
PHDVXUHPHQWVýLQýDýG\QDPLFýFKDUJLQJýVLWXDWLRQïýý1HYHUWKHOHVVñýUHOLDEOHýGDWDýEHWZHHQýWKHý5î5(ýDQGýWKHýORDGLQJ
UDWLRýDWýHOHYDWHGýWHPSHUDWXUHVýKDYHýQRWýEHHQýHVWDEOLVKHGýH[SHULPHQWDOO\ïýý7KHý5î5(ýWHFKQLTXHýLVýGLIILFXOWýWR
EHýXVHGýLQýWKHýPROWHQýVDOWýHQYLURQPHQWýGXHýWRýWKHýODFNýRIýDýVXLWDEOHýLQVXODWLQJýPDWHULDOýLQýRUGHUýWRýFRQILQH
WKHý FHOOý JHRPHWU\ïý ý ,Qý DGGLWLRQñý WKHýKLJKý FRQGXFWLYLW\ýRIý WKHýPHOWýPDNHVý WKHýSDUDVLWLFý UHVLVWDQFHýRIý WKH
HOHFWURO\WHýFRPSDUDEOHýWRýWKDWýRIýWKHýHOHFWURGHýKHQFHýLQFUHDVHVýWKHýGLIILFXOW\ýRIýDQýDFFXUDWHýPHDVXUHPHQWï
'HVSLWHýWKHVHýSUREOHPVñýWKHýORDGLQJýUDWLRýLVýVWLOOýDQýLPSRUWDQWýSDUDPHWHUýWRýEHýFKDUDFWHUL]HGýIRUýEHWWHUýFRQWURO
RIýWKHýH[FHVVýKHDWýHIIHFWï

7KHýLVVXHýRIýWKHýWKUHVKROGýORDGLQJýIRUýREVHUYLQJýDQRPDORXVýH[FHVVýKHDWýHIIHFWýLVýDQýLQWHUHVWLQJýRSHQýTXHVWLRQ
IRUýERWKýDPELHQWýDQGýHOHYDWHGýWHPSHUDWXUHVïýý$OWKRXJKýWKHýQHFHVVLW\ýRIýVXFKýDýWKUHVKROGýORDGLQJýDWýHOHYDWHG
WHPSHUDWXUHVýKDVýQRWý\HWýEHHQýGHPRQVWUDWHGýRUýYHULILHGýH[SHULPHQWDOO\ñýWKHUHýLVýDýFRQVHQVXVýLQýWKLVýILHOGýWKDW
VXFKýDýWKUHVKROGýORDGLQJýVKRXOGýH[LVWïýýý
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7KHýXQGHUO\LQJýPHFKDQLVPýGLFWDWLQJýKRZýWKHýWKUHVKROGýORDGLQJýFRQWUROýWKHýH[FHVVýKHDWýHIIHFWýKDVýQRWýEHHQ
UHYHDOHGý\HWïýý7KHýPHDQLQJýRIý5î5(ýDQGýLWVýUHODWLRQVKLSýWRýWKLVýWKUHVKROGýORDGLQJýKDYHýQRWýEHHQýGLVFXVVHGýLQ
JUHDWýGHWDLOVñýHLWKHUïýý2QýWKHýRWKHUýKDQGñýH[SHULPHQWDOýHYLGHQFHýVKRZVýWKDWý5î5(ýFRXOGýYDU\ýZLWKýWKHýVWDWHýRI
WKHýHOHFWURGHýWRýVRPHýH[WHQWýDVVRFLDWHGýZLWKýWKHýHOHFWURGHýSUHSDUDWLRQñýKHDWýWUHDWPHQWñýKLVWRU\ñýDQGýRWKHU
PHWDOOXUJLFDOýDQGýPDWHULDOýDVSHFWVýVXFKýDVýPLFURVWUXFWXUHýDQGýPRUSKRORJ\ñýGHIHFWýW\SHýDQGýFRQFHQWUDWLRQñ
PDJQLILFDWLRQýDQGýLQWHUDFWLRQýRIýGHIHFWVñýVWUHVVýVWDWHýDQGýGLVWULEXWLRQñýHWFïýý+RZHYHUñýKRZýZHOOýDUHýWKHVH
IDFWRUVýUHODWHGýWRýWKHýRULJLQýRIýWKHýH[FHVVýKHDWýVKRXOGýSURYLGHýLPSRUWDQWýFOXHVýWRýRXUýXQGHUVWDQGLQJýRIýWKH
H[FHVVýKHDWýSKHQRPHQRQïýý7RýVHHNýVXFKýOLQNVñýZHýKDYHýWRýFDUHIXOO\ýLQYHVWLJDWHýWKHVHýIDFWRUVýDQGýWKHLUýHIIHFW
RQýWKHýORDGLQJýLVVXHïý

7KHýWKUHVKROGýORDGLQJýRIý'î3G íïåéýDWýURRPýWHPSHUDWXUHýGLGýQRWýFRLQFLGHýZLWKýWKHýFU\VWDOORJUDSKLFDOO\ðLGHDOñ
VDWXUDWHGýFRPSRVLWLRQýRIý'î3G ìñýRIýZKLFKýGHXWHULXPýZLOOýRFFXS\ýDOOýWKHýRFWDKHGUDOýVLWHVýLQýWKHýODWWLFHïýý7KLV
WKUHVKROGýORDGLQJýGLGýQRWýFRLQFLGHýZLWKýWKHýPD[LPXPýRIýWKHý5î5(ýFXUYHýDWý'î3G1íïæëñýHLWKHUïýý0RUHýUHFHQWO\ñ
WKHýSRVVLELOLW\ýRIýDýQHZýõðK\GULGHýSKDVHýZDVýSURSRVHGïýý7KHýVWUXFWXUHýRIýWKLVýSKDVHýKDVýQRWýEHHQýUHSRUWHGý\HWï
,WýFRXOGýEHýDVVRFLDWHGýZLWKýWHWUDKHGUDOðVLWHýRFFXSDQF\ïýý,WýFRXOGýDOVRýEHýDVVRFLDWHGýZLWKýDýODWWLFHýGLVWRUWLRQ
LQýZKLFKýRFWDKHGUDOýVLWHVýZHUHýGLVWRUWHGýLQWRýDýGLIIHUHQWýV\PPHWU\ýGXHýWRýSDUWLDOýVLWHýRFFXSDQF\ýRIýGHXWHULXPï
,WýFRXOGýDOVRýFRPHýIURPýDýGLVRUGHUHGðRUGHUHGýODWWLFHýWUDQVLWLRQýZLWKýSUHIHUUHGýVLWHýRFFXSDQF\ïýý,IýWKHýVWUXFWXUH
LVýDQLVRWURSLFñýLWýFRXOGýH[KLELWýDý-DKQð7HOOHUýHIIHFWïýý7KLVýSKDVHñýLIýLWýH[LVWVñýVKRXOGýEHýFRQVLGHUHGýPHWDVWDEOHñ
WRýRQO\ýRFFXUýXQGHUýFHUWDLQýH[WUHPHñýQRQðHTXLOLEULXPýFRQGLWLRQVïý

,QýWKHýFDVHýRIýHOHYDWHGýWHPSHUDWXUHVýVXFKýDVýéíí(&ñýDFFRUGLQJýWRýWKHýSKDVHýGLDJUDPýRIýWKHý3Gð+õ'ôýV\VWHPñ
LWýLVýGLIILFXOWýWRýFRQFHLYHýKRZýDýORDGLQJýUDWLRýRIýRYHUýíïåýFDQýEHýDFKLHYHGýWKURXJKýJDVýORDGLQJýXQOHVVýDQ
H[WUHPHO\ýKLJKýK\GURJHQýSUHVVXUHýZDVýDSSOLHGïýý7KHýSUHVVXUHðFRQFHQWUDWLRQðWHPSHUDWXUHýõSðFð7ôýFXUYHVýRI
WKHýV\VWHPýLQGLFDWHýWKDWýWKHý+õ'ôýFRQFHQWUDWLRQýLQý3GýGHFUHDVHVýZLWKýWHPSHUDWXUHýXQGHUýDQýLVREDULFýFRQGLWLRQï
7KHýHTXLOLEULXPý+õ'ôýFRQFHQWUDWLRQýLQý3GýLVýUDWKHUýORZýõáíïìôýDWýORZýDPELHQWýSUHVVXUHVýõáêíýDWPôýDQGýKLJK
RSHUDWLQJýWHPSHUDWXUHVýVXFKýDVýéíí(&ïýý2QýWKHýRWKHUýKDQGñýHOHFWURO\VLVýLVýDýG\QDPLFýVLWXDWLRQýZKLFKýFRXOG
EHýVLJQLILFDQWO\ýGLIIHUHQWýIURPýWKHýHTXLOLEULXPýFRQGLWLRQïýý,WýLVýJHQHUDOO\ýEHOLHYHGýWKDWýHOHFWURFKHPLFDOO\
FKDUJLQJýFDQýDFKLHYHýFRQGLWLRQVýEH\RQGýWKRVHýIURPýJDVýORDGLQJïýý,IýZHýEHOLHYHýWKHýWKUHVKROGýORDGLQJýLVýUHODWHG
WRýH[FHVVýKHDWýSURGXFWLRQýWKURXJKýVRPHýFU\VWDOýVWUXFWXUHýFKDQJHVýDQGîRUýGHIHFWýLQWHUDFWLRQVñýLWýZRXOGýEH
EHQHILFLDOýWRýFRQVLGHUýWKHýORDGLQJýIURPýDýWKHUPRG\QDPLFýSRLQWýRIýYLHZýWRýUHYHDOýPRUHýLQVLJKWIXOýDVSHFWVýRI
WKHýGHIHFWýFKHPLVWU\ýLQYROYHGïýýý

,WýLVýZHOOýNQRZQýWKDWýFU\VWDOýGHIHFWýVWUXFWXUHýDQGýLQWHUDFWLRQýVWURQJO\ýDIIHFWýWKHýSðFð7ýFKDUDFWHULVWLFVïýý:DJQHU
>ìë@ýKDVýVKRZQñýIURPýWKHUPRG\QDPLFýSULQFLSOHVñýWKHýVLJQLILFDQFHýRIýWKHýFXUYDWXUHýRIýWKHýSðFð7ýFXUYHVñýRUñ
LQýHOHFWURFKHPLFDOýVHQVHñýWKHýFRXORPHWULFýWLWUDWLRQýFXUYHVýLQýWHUPVýRIýVWRLFKLRPHWU\ýRIýDýVROLGýFRPSRXQGñ
ZKLFKýLVýUHDGLO\ýDWWDLQDEOHýIURPýWKHýIROORZLQJýDQDO\VLVãý

&RQVLGHUý WKHý FRPSRXQGý3G+�òóý LQYROYLQJý+ýDWRPVý LQý LQWHUVWLWLDOý VLWHVý õ+Lôý RIý WKHý3Gý ODWWLFHý DQGý WKHLU
YDFDQFLHVýõ9+ôýDVýWKHýHVVHQWLDOýSRLQWýGHIHFWVñýDVýGHVFULEHGýE\ýDý)UHQNHOýGLVRUGHUýPRGHOïýý7KHýH[FHVVý+ýLVýWKH
GLIIHUHQFHýEHWZHHQýWKHýPROHýIUDFWLRQVýRIý+LýDQGý9+ñýý

óý ý;õ+Lôýðý;õ9+ôñ õìô

ZKHUHý;õ+LôýHTXDOVýWKHýORDGLQJýUDWLRñýDQGý3G+�ýLVýSUHVXPDEO\ýWKHýVWRLFKLRPHWULFýFRPSRVLWLRQýRIýWKHýK\GULGH
SKDVHýDWýDýSDUWLFXODUýWHPSHUDWXUHïýý:KHQýWKHýGHIHFWýFRQFHQWUDWLRQVýDUHýORZñýLQWHUDFWLRQýDPRQJýGHIHFWVýPD\
EHýQHJOHFWHGïýý:HýFDQýWKHQýDVVXPHýWKDWý

;õ+Lôý1ýD+ñýDQG õëô

;õ9+ôý1ýD+
ðì

õêô

)RUýWKHýVWRLFKLRPHWULFýFRPSRVLWLRQý3G+�ñýZKHUHýóý ýíñý
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;(õ+Lôý ý;(õ9+ôï õéô

:HýFDQýUHZULWH

;õ+Lôý ý;(õ+LôõD+îD(+ôñýDQG õèô

;õ9+ôý ý;(õ+LôõD+îD(+ô
ðìï õçô

6XEVWLWXWLQJýõèôýDQGýõçôýLQýõìôñýZHýREWDLQ

óý ý;(õ+Lô>õD+îD(+ôýðýõD+îD(+ô
ðì@ý ýë;(õ+LôVLQK>OQõD+îD(+ô@ï õæôý

$ýSORWýRIýOQõD+îD(+ôýYHUVXVýóý\LHOGVýDQýDQWLV\PPHWULFýFXUYHýZLWKýDQýLQIOHFWLRQýSRLQWýDWýWKHýLGHDOýVWRLFKLRPHWULF
FRPSRVLWLRQïýý:HýFDQýWKXVýGHWHUPLQHýWKHýVWRLFKLRPHWULFýSRLQWýIRUýDýVROLGýSKDVHýDWýWKHýLQIOHFWLRQýSRLQWýRIýWKH
FRXORPHWULFý WLWUDWLRQý FXUYHïý ý 7KLVý EHKDYLRUý DSSOLHVý WRý WKHý SðFð7ý FXUYHVý RIý WKHý 3Gð+ý V\VWHPý DWý KLJK
WHPSHUDWXUHVýDERYHýWKHýêíí(&ýFULWLFDOýSRLQWñýDQGñýLQGHHGñýGLVWLQFWýLQIOHFWLRQýSRLQWVýDUHýLGHQWLILDEOHïýý7KXVñ
DWýéíí(&ñýWKHýVWRLFKLRPHWULFýSRLQWýLVýDWýDERXWý+î3G1íïêåñýDFFRUGLQJýWRýWKHýSðFð7ýFXUYHVýUHSRUWHGýE\ý/HYLQH
DQGý:HDOHý>ìí@ïýý

%HORZýWKHýFULWLFDOýSRLQWñýZKHUHýWKHýûð�ýPLVFLELOLW\ýJDSýSUHVHQWVñýWKHýSðFð7ýFXUYHýLQýWKHý�ðSKDVHýUHJLRQýLV
FRQFDYHýDERYHýWKHýSKDVHýERXQGDU\ýõ+î3G!íïèäýDWýëè(&ôý>ìê@ïýý1HXWURQýGLIIUDFWLRQýPHDVXUHPHQWñýKRZHYHUñ
LQGLFDWHGýWKDWýWKHýK\GURJHQýRFFXSLHVýWKHýRFWDKHGUDOýVLWHVýLQý3GñýWKXVýOHDGLQJýWRýWKHýEHOLHIýWKDWñýDWýVDWXUDWLRQñ
+î3G ìýLVýWKHýVWRLFKLRPHWULFýFRPSRVLWLRQýRIýWKHý�ðSKDVHïýý7KHUHýLVýQRýLQGLFDWLRQýLIýWKHýSðFð7ýFXUYHýWXUQV
FRQYH[ýDQGýDQýLQIOHFWLRQýSRLQWýH[LVWVýWKDWýUHSUHVHQWVýWKHýVWRLFKLRPHWU\ýDVýGHVFULEHGýDERYHïýý7KHUHIRUHñýLW
VHHPVýWKDWýWKHýGHIHFWýFKHPLVWU\ýPD\ýEHýGLIIHUHQWýDWýORZýDQGýKLJKýWHPSHUDWXUHVïýý'HVSLWHýWKHýGLIIHUHQFHñýKRZ
WKHýGHIHFWýFKHPLVWU\ýUHODWHVýWRýWKHýPD[LPXPýõ+î3G1íïæëôýRIýWKHý5î5(ýYHUVXVýORDGLQJýUDWLRýFXUYHýDQGýWKH
WKUHVKROGýORDGLQJýõ'î3G íïåéôýIRUýWKHýDQRPDORXVýH[FHVVýKHDWýHIIHFWýLVýDQýLQWULJXLQJýVXEMHFWýIRUýIXWXUHýVWXGLHVï

&21&/86,21

7KHýPROWHQýVDOWýWHFKQLTXHýLVýDýXQLTXHýDSSURDFKýWRýH[FHVVýKHDWýSURGXFWLRQýDWýHOHYDWHGýWHPSHUDWXUHVñýSURPLVLQJ
KLJKýJUDGHýKHDWýDQGýLPSURYHGýHIILFLHQF\ïýý%RWKýWKHý3Gð'ýDQGý1Lð+ýV\VWHPVýZHUHýLQYHVWLJDWHGñýDQGýH[FHVV
SRZHUýZDVýREVHUYHGñýDOWKRXJKý WKHýRULJLQýRIý WKHVHýDQRPDOLHVýZHUHýQRWý LGHQWLILHGïý ý7KHýHOHFWURFKHPLFDO
EHKDYLRUýRIýWKHýPROWHQýVDOWýV\VWHPýLVýFRPSOLFDWHGýE\ýWKHýSUHVHQFHýRIýLPSXULWLHVïýý&RQWUROýRIýWKHýHOHFWURGH
PDWHULDOýSURSHUW\ýDQGýWKHýLPSXULWLHVýDUHýFULWLFDOýIRUýUHSURGXFLELOLW\ïýý$OWKRXJKýGHPRQVWUDWLRQýRIýDýWKUHVKROG
ORDGLQJý WRý WKHýH[FHVVýKHDWýHIIHFWý LQýHOHYDWHGðWHPSHUDWXUHýHOHFWURO\VLVý LVý ODFNLQJñý WKHý LPSRUWDQFHýRIý WKLV
SDUDPHWHUýLVýVSHFXODWHGïýý:HýDUHýLQWHUHVWHGýLQýLQYHVWLJDWLQJýWKHýWHPSHUDWXUHðGHSHQGHQWýUHODWLRQVKLSVýDPRQJ
WKHý VWRLFKLRPHWULFý FRPSRVLWLRQýRIý WKHýK\GULGHýSKDVHñý WKHý ORDGLQJýRIý WKHýPD[LPXPý5î5(ý YDOXHý DQGý WKH
WKUHVKROGýORDGLQJýRIýWKHýH[FHVVýKHDWýHIIHFWïýý7KHýFRUUHODWLRQýRIýWKHVHýWKUHHýORDGLQJýYDOXHVýZLWKýWKHýXQGHUO\LQJ
GHIHFWýFKHPLVWU\ýPD\ýUHYHDOýVRPHýLPSRUWDQWýFU\VWDOýVWUXFWXUHýYDULDWLRQVýDQGýDVVRFLDWHGýGHIHFWýLQWHUDFWLRQV
WKDWýPD\ýEHýUHODWHGýWRýWKHýH[FHVVýKHDWýSKHQRPHQRQï

$&.12:/('*(0(17

7KLVýZRUNýKDVýEHHQýVXSSRUWHGýE\ýWKHý8QLYHUVLW\ýRIý+DZDLLñý8ïý6ïý2IILFHýRIý1DYDOý5HVHDUFKñýDQGý)XVLRQ
5HVRXUFHVñý,QFïî(1(&2ïýý,ýZRXOGýDOVRýOLNHýWRýDFNQRZOHGJHýWKHýFRQWULEXWLRQVýIURPýP\ýFROOHDJXHVñý3URIHVVRU
%UXFHý(ïý/LHEHUWñý'Uïý5REHUWý$ïý+XJJLQVñý'Uïý'HEUDý5ïý5ROLVRQñý'Uïý5REHUWý-ïý1RZDNñý'Uïý7DOERWý&KXEEñýDQG
PDQ\ýRWKHUVï
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5()(5(1&(6

>ì@ýý%ïý<ïý/LDZýHWýDOïñýLQýWKHý3URFHHGLQJVýRIýWKHý6\PSRVLXPýRQýû&ROGý)XVLRQñûýWKHýåWKý:RUOGý+\GURJHQ
(QHUJ\ý&RQIHUHQFHñý+RQROXOXî:DLNRORDñý+DZDLLñý-XO\ýëëðëæñýìääíñýSýéäïý
>ë@ýý%ïý<ïý/LDZýHWýDOïñý-ïý(OHFWURDQDOïý&KHPïñýYROýêìäýõìääìôñýSýìçìï
>ê@ýý%ïý<ïý/LDZýHWýDOïñý)XVLRQý7HFKïñýYROýëêýõìääêôñýSýäëï
>é@ýý%ïý<ïý/LDZýDQGý%ïý(ïý/LHEHUWñý3URFïýRIýWKHýåWKý,QWHUQDWïý6\PSïýRQýû0ROWHQý6DOWVñûýHGïý5ïý-ïý*DOHñý*ï
%ORPJUHQýDQGý+ïý+RMLPDñý(OHFWURFKHPïý6RFïñý39ýäëðìçñýSýìïý
>è@ýý%ïý<ïý/LDZýDQGý<ïý'LQJñýWRýEHýSXEOLVKHGýLQý6ROLGý6WDWHý,RQLFVïý
>ç@ýý%ïý<ïý/LDZýDQGý<ïý'LQJñýWRýEHýSXEOLVKHGýLQý3URFïý,&&)ðéñý0DXLñý+DZDLLñý'HFïýçðäñýìääêïý
>æ@ýý0ïý&ïý+ïý0F.XEUHýHWýDOïñýLQý)URQWLHUVýRIý&ROGý)XVLRQñýHGïý+ïý,NHJDPLñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñ
7RN\RñýSýèïý
>å@ýý.ïý.XQLPDWVXýHWýDOïñýLQý)URQWLHUVýRIý&ROGý)XVLRQñýHGïý+ïý,NHJDPLñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñý7RN\Rñ
Sýêìïý
>ä@ýý+ïý2NDPRWRýDQGý6ïý1H]XñýWRýEHýSXEOLVKHGýLQý3URFïý,&&)ðéñý0DXLñý+DZDLLñý'HFïýçðäñýìääêïý
>ìí@ý3ïý/ïý/HYLQHýDQGý.ïý(ïý:HDOHñý-ïý&KHPïý6RFïý)DUDGD\ý7UDQVïñýYROýèçýõìäçíôñýSýêèæïý
>ìì@ý%ïý%DUDQRZVNLýDQGý5ïý:LVQLHZVNLñý3K\Vïý6WDWïý6ROïñýYROýêèýõìäçäôñýSýèäêïý
>ìë@ý&ïý:DJQHUñýLQý3URJUHVVýLQý6ROLGý6WDWHý&KHPLVWU\ñý9ROïýçñýHGïý5HLVVýDQGý0F&DOGLQñý3HUJDPRQý3UHVVñ
2[IRUGñýìäæìñýSýìïý
>ìê@ý-ïý5ïý/DFKHUñý3URFïý5R\ïý6RFïñýYROýìçìýõìäêæôñýSýèëèï
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7+(ý;ð5$<ý(0,66,21ý)520ý(/(0(176ý2)ý),567ý3(5,2'ý
$1'ý&2/'ý)86,21

5HQðEDRý/X

%HLMLQJý,QVWLWXWHýRIý$SSOLHGý3K\VLFVý
DQGý&RPSXWDWLRQDOý0DWKHPDWLFVý
%HLMLQJýìíííååñý3ï5ïý&+,1$

.H\ZRUGVãýSKRWRHOHFWULFýHIIHFWñý;ðUD\ñýEUHPVVWUDKOXQJñýFROGýIXVLRQñýERXQGýVWDWH

$%675$&7

7KHýHOHPHQWVýRIýILUVWýSHULRGýDQGýWKHLUýLVRWRSHVýFDQýSURGXFHý$òðLRQýZKHQýWKH\ýDUHýHOHFWURO\]HGýRUýLRQL]HGýRU
XQGHUýWKHýDFWLRQýRIýSKRWRHOHFWULFýHIIHFWïý,IýWKHVHý$òðLRQVýUXQýLQWRýýWKHýUDQJHýRIý%RKUýRUELWýUDGLXVýRIýWKH
$ðDWRPýRUý+HòñýXQGHUýWKHýHOHFWURPDJQHWLFýLQWHUDFWLRQýWKH\ýFDQýIRUPýWKHýERXQGýVWDWHVý$òðHð$òñý$òðHð+Hòòñ
+HòòðHð+HòòñïïïñýDQGýWKHQýHPLWý;ðUD\VýIURPýEUHPVVWUDKOXQJïýý7KHýSUREDEOHýGLVWDQFHýEHWZHHQýWKHýFDWLRQVýLV
QHDUO\ýìíðìëFPýDWýWKLVýWLPHïý)RUýWKHýSDUWLFOHVýDPRQJýZKLFKýWKHýQXFOHDUýDWWUDFWLYHýIRUFHýH[LVWVñýFROGýIXVLRQýFDQ
KDSSHQýIURPýWKHýVWURQJýLQWHUDFWLRQýDQGýWKHýHOHFWURPDJQHWLFýLQWHUDFWLRQïý)RUýH[DPSOHñý'òð7ñý'òð'ñý7òð'ñ
'òðê+HòñýïïïñýDQGýVRýRQïý$VýDQýH[DPSOHñýFRQVLGHULQJý'òð'ýZHýKDYH

ýýñY +[,ö ÷
4ø !

5+4÷ !,
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4ø !

5+4÷ ! ,
�
�H

�H

K 5
H 5

ýý( ö ÷
4
7

4ø !
4÷ !

5 �
�H

(4

:KHUHý�ýLVýWKHýFRQYHUWHGýPDVVïýý�HýLVýWKHýPDVVýRIýHOHFWURQñý(ìýLVýWKHýHQHUJ\ýRIýWKHýEDVLFýVWDWHýRIýK\GURJHQï
:KHQý!ý ýêîåýZHýKDYHý(ý ýðêíïìæNH9ýDQGýNý ýíïêåóìíìëFPðìïý7KHQýWKHýIROORZLQJýUHVXOWVýFDQýEHýREWDLQHGã

5Rýõìí
ðìêFPô N5R : :ðì

ìïí íïíêå çïäì[ìíðè ìïéè[ìíé

íïè íïíìä åïåä[ìíðç ìïìê[ìíè

íïëè íïííäè ìïìëæ[ìíðæ íïåä[ìíçý
ýýýýýýýýýýýýýýýýýýýýý
,IýWKHýHQHUJ\ýRIý;ðUD\ýLVýêíNHYñýWKHýHQHUJ\ýRIýDýêíNHYñýWKHýHQHUJ\ýRIýWKHýIXVLRQýLVýêïè0HYñýWKHýUDQJHýýRI
QXFOHDUýIRUFHýLVýíïèIPýðýíïëèIPñýWKHQýWKHýUDWLRýRIýWKHýHQHUJ\ýRIýERXQGýVWDWHýWRýWKHýHQHUJ\ýRIýIXVLRQýLVýQHDUO\
ìíêýðýìíéïýý7KXVýLWýFDQýEHýFRQFOXGHGýWKDWýWKHýH[FHVVýKHDWýFRPHVýPDLQO\ýIURPýWKHýHQHUJ\ýýUHOHDVHýRIýERXQG
VWDWHïýý,WýGRHVýQRWýFRPHýIURPýWKHýHQHUJ\ýRIýQXFOHDUýIXVLRQï
:KHQýFROGýIXVLRQýKDSSHQVýIURPý'òýðý'ñýWKHýUHDFWLRQVýRIýILUVWýRUGHUýDUH
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Qýòýê+HýðýH
'òýòý'ý9 'ýòý7ýðýH

ûýòýõýðýH
ZKHUHýCðýHöýPHDQVýDQýHOHFWURQýLVýFDSWXUHGïý7KHýUHDFWLRQVýRIýVHFRQGýRUGHUýDUH

'òýòýê+Hòý9ýûýòýSýðýH

'òýòý7ýõRUý7òýòý'ôý9ýûýòýQýðýH

0RUHRYHUñýWKHUHýDUHýõQñýõôñýWKHýDEVRUSWLRQýDQGýH[FLWDWLRQýRIý;ðUD\ñýïïïïñýDQGýVRýRQïýý$OOýRIýWKHVHýýFRPSOLFDWHG
SURFHVVHVýRIýUHDFWLRQýPDNHýWKHýH[SHULPHQWýDQDO\VLVýGLIILFXOWï

2IýFRXUVHñýWKHýQXFOHDUýUHDFWLRQýPD\ýQRWýKDSSHQýDPRQJýWKHýSDUWLFOHVñýýHïJïýWKHýSRO\ZDWHUýLVýIRUPHGýIURPý+ò

DQGý+ïý>èñç@ïýý6LQFHýWKHýSURWRQýRIýSRO\ZDWHUýLVýFRQQHFWHGýE\ýWKHýHOHFWURQLFýERQGñýLWýPD\ýEHýPRUHýýVXLWDEOHýWR
XVHýWKHýQDPHýCZDWHUýRIýHOHFWURQLFðFKDLQïöýý3RVVLEO\ñýLWVýFRQVWUXFWLRQýLV

+ 2 +
H H RUýý+ýðýHýðý+ýðý2ýðý+ýðýHýðý+

+ 2 +

,WýZDVýIRXQGýWKDWýZKHQýWKHýQHJDWLYHýHOHFWURGHýRIý3GýLVýXVHGýWRýHOHFWURO\]HýWKHýKHDY\ýZDWHUñý'î3GýPXVWýýEH
ODUJHUýWKDQýíïåéýIRUýWKHýDSSHDUDQFHýRIýDQRPDORXVýHIIHFWVïý7KLVýPHDQVýWKDWý WKHUHýDUHýDQýDYHUDJHýRIýêïêç
'ðDWRPVýLQýDý3GýFU\VWDOýFHOOïýý6HYHUDOý'ðDWRPVýLQýDý3GýFU\VWDOýFHOOýLVýWKHýFRQGLWLRQýIRUý'òýð'ýWRýVDWLVI\ýýWKH
GHPDQGýRIý%RKUýRUELWýUDGLXVï

)RUýWKHýH[SHULPHQWVýLQýZKLFKýFROGýIXVLRQýKDSSHQVýõHïJïýXVHý3GýQHJDWLYHýHOHFWURGHýWRýHOHFWURO\]HýWKHýKHDY\
ZDWHUñýWKHý'îPHWDOýV\VWHPýRIýJORZýGLVFKDUJHñïïïôñýýWKHýHVVHQWLDOýIDFWýLVýWKDWý'òýð'ýIRUPVýDýERXQGýýVWDWHýDQG
HPLWVýý;ðýUD\ñýPHDQZKLOHñýWKHUHýLVýDýSUREDELOLW\ýRIýìíðèýðýìíðçýWKDWýQXFOHDUýIXVLRQVýZLOOýRFFXUï

5()(5(1&(6

>ì@ýý0ïý)OHLVFKPDQQñý6ïý3RQVýHWýDOïñý-ïý(OHFWURDQDOïý&KHPïñýYROýëçìñýSýêíìýõìäåäôï

>ë@ý ý 'ï/ïý:DQJý HWý DOïñý û2Qý WKHý 1HXWURQñýõý DQGý ;ðUD\ý RIý WKHý *DVý:KLFKý *ORZVý'LVFKDUJHñûý&KLQHVH
-ïý$WRPLFýDQGý0ROHFXODUý3K\VLFVñýõìääêïæôï

>ê@ý ý 5ï%ïý /Xñý û7KHý ;ðUD\ý (PLWWHGý IURPý Dý &ODVVý RIý *DVHVý:KLFKý *ORZVý 'LVFKDUJHý DQGý WKHý 3RVVLEOH
0HFKDQLVPý RIý 'ð'ý DQGý 'ð7ý 1XFOHDUý )XVLRQý 8QGHUý 1RUPDOý 7HPSHUDWXUHñûý WRý DSSHDUý LQý &KLQHVH

-ïý+LJKý3RZHUýDQGý3DUWLFOHý%HDPVñýìääéï

>é@ý ý<ïý.XFKHURYñý$ïý.DUDEXWý DQGý ,ïý 6DYYDWLPRYDñý û&DORULPHWULFý DQGý1XFOHDUý3URGXFWVý0HDVXUHPHQWV
DWý*ORZý'LVFKDUJHýLQý'HXWHULXPñý,&&)ýéñý1RWHERRNýëñý1ìïìñýìääêï

>è@ýý%ï9ïý*HU\DJLQñý1ï9ïý&KXUD\HYñý3ULURGDñýQRïýéý3îçðëëýõìäçåô

>ç@ýý(ï5ïý/LSSLQFRWWýHWýDOïñý6FLHQFHñýYROýìçéñýQRýêååæñýSýìéåëýõìäçäôï
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(;75$25',1$5<ý75$&(6ý21ý18&/($5ý(08/6,216
2%6(59('ý'85,1*ý(/(&75,&$/ý',6&+$5*(ý,1ý:$7(5

7DNDDNLý0DWVXPRWR

'HSDUWPHQWýRIý1XFOHDUý(QJLQHHULQJ
+RNNDLGRý8QLYHUVLW\
6DSSRURýíçíñý-$3$1

$%675$&7

([SHULPHQWVýRIýFROGýIXVLRQýZHUHýSHUIRUPHGýXVLQJýHOHFWULFDOýGLVFKDUJHýLQýZDWHUïý$&ýVKRWVýRIýXSýWRýìííý9ýZHUH
DSSOLHGý WRýZLUHý HOHFWURGHVý RIý SDOODGLXPñý SODWLQXPý DQGý QLFNHOý LQý RUGLQDU\ýZDWHUýPL[HGýZLWKý SRWDVVLXP
FDUERQDWHïý7KHýUHDFWLRQVýZHUHýREVHUYHGýE\ýQXFOHDUýHPXOVLRQVýDQGýDýV\VWHPýXWLOL]LQJýDýPLFURWHOHVFRSHýDQG
Dý975ýõYLGHRýWDSHýUHFRUGHUôïý,WýZDVýVKRZQýWKDWýFROGýIXVLRQýUHDFWLRQVýZHUHýHDVLO\ýLQGXFHGýRQýWKHýVXUIDFHýRI
WKHýPHWDOïý6WUDQJHýWUDFHVýLQGLFDWLQJýFROGýIXVLRQýUHDFWLRQVýZHUHýUHFRUGHGýRQýWKHýQXFOHDUýHPXOVLRQVï

,1752'8&7,21

7KHý1DWWRKý0RGHOý>ì@ýSURSRVHVýWKDWýFROGýIXVLRQýUHDFWLRQVýRFFXUýZKHQýDýK\GURJHQýFOXVWHUýLVýFRPSUHVVHGýLQWR
DýWLQ\ýSDUWLFOHïý,QýWKHýFRPSUHVVHGýVWDWHñýLQWHUQXFOHDUýGLVWDQFHVýDUHýVRýVKRUWýWKDWýYDULRXVýNLQGVýRIýIXVLRQðOLNH
UHDFWLRQVý FDQý WDNHý SODFHãý õìôý Dý QHZý WZRðERG\ý IXVLRQý UHDFWLRQý WKDWý SUHGRPLQDQWO\ý FRQWULEXWHVý WRý KHDW
SURGXFWLRQýDQGýPDLQO\ýSURGXFHVýKHOLXPðéýLQVWHDGýRIýKHOLXPðêñ
õëôýPXOWLERG\ý IXVLRQý UHDFWLRQVý WKDWý FRQWULEXWHý WRý WKHý SURGXFWLRQý RIý QHZý HOHPHQWVý DQGý õêôý LQý WKHýPRVW
VLJQLILFDQWý FDVHñý WKHý SURGXFWLRQý RIý WLQ\ý EODFNý KROHVý DQGýZKLWHý KROHVïý 7KHý FRPSUHVVLRQý SURFHVVý FDQý EH
VLJQLILFDQWO\ýHQKDQFHGýE\ýHOHFWULFDOýGLVFKDUJHýWKDWýLQGXFHVýDGGLWLRQDOýHOHFWURQVýLQWRýWKHýK\GURJHQýFOXVWHUV
>ë@ï

7KLVý SDSHUý GHVFULEHVý FROGý IXVLRQý H[SHULPHQWVý XVLQJý HOHFWULFDOý GLVFKDUJHý LQý ZDWHUïý 7KHý UHDFWLRQVý ZHUH
REVHUYHGýE\ýDýV\VWHPýXWLOL]LQJýDýPLFURWHOHVFRSHýDQGý975ýDQGýQXFOHDUýHPXOVLRQVï

(;3(5,0(17

7ZRýNLQGVýRIýFROGýIXVLRQýH[SHULPHQWVýZHUHýSHUIRUPHGýXVLQJýHOHFWULFDOýGLVFKDUJHãýFROGýIXVLRQýGLUHFWO\ýLQGXFHG
E\ýHOHFWULFDOýGLVFKDUJHýDQGýLPSORVLYHýFROGýIXVLRQýLQGXFHGýE\ýWKHýH[SORVLRQVýRIýWKHýFROGýIXVLRQýUHDFWLRQVïý%RWK
H[SHULPHQWVýZHUHýPDGHýE\ýDSSO\LQJý$&ýVKRWVýõèíý+]ýDQGýXSýWRýDERXWýìííý9ôýWRýZLUHýHOHFWURGHVýLQýZDWHUï

7KHýHOHFWURO\WHýVROXWLRQýFRQVLVWHGýRIýRUGLQDU\ýZDWHUýPL[HGýZLWKýíïçý0ROîOýSRWDVVLXPýFDUERQDWHïý:LUHVýRI
SDOODGLXPñýSODWLQXPýDQGýQLFNHOýZHUHýXVHGýIRUýWKHýHOHFWURGHVïý7ZRýNLQGVýRIýHOHFWURGHýDUUDQJHPHQWVýZHUH
HPSOR\HGýIRUýWKHýGLUHFWýGLVFKDUJLQJýFROGýIXVLRQãýYHUWLFDOýDQGýSDUDOOHOïý,QýWKHýIRUPHUñýDýSLQýRIýWKHýSODWLQXP
ZLUHýõíïêýPPýGLDïý[ýëýPPýORQJôýZDVýYHUWLFDOO\ýORFDWHGýDERXWýëýRUýêýPPýGLVWDQFHýIURPýWKHýZLUHýRIýSDOODGLXP
õíïèýðýëïíýPPýGLDïý[ýDERXWýëèýPPýORQJôïý,QýWKHýODWWHUñýWZRýZLUHVýRIýSDOODGLXPñýQLFNHOýDQGýSODWLQXPýõíïêýðýëïí
PPýGLDïý[ýDERXWýëèýPPýORQJôýZHUHýORFDWHGýSDUDOOHOýWRýRQHýDQRWKHUýZLWKýDýJDSýRIýëýðýêýPPïýý)RUýWKHýLPSORVLYH
FROGýIXVLRQýWKDWýQHHGVýWRýFRQFHQWUDWHýRQýWKHýHOHFWULFDOýILHOGñýRQýWKHýRWKHUýKDQGñýDýKHOLFDOýHOHFWURGHýRIýQLFNHO
õíïèýGLDïôýZDVýSODFHGýDURXQGýDýSLQýHOHFWURGHýRIýSDOODGLXPýõíïèýGLDïý[ýDERXWýêýPPýORQJôïý7KHýGLDPHWHUýRIýWKH
KHOLFDOýHOHFWURGHýZDVýDERXWýìíýPPïýý7KHýHOHFWULFDOýGLVFKDUJHýZDV
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ýHPSOR\HGýZLWKýSXOVHGý$&ýXSýWRýìííý9ýõëíýðýåíýPVHFý21ýDQGýìýðýìèýVHFý2))ôïýý7KHýSKDVHýZDVýIL[HGýVXFK
WKDWýWKHýYROWDJHýDWýWKHýDQRGHýVWDUWHGýWRýLQFUHDVHýSRVLWLYHO\ï

5HDFWLRQVýZHUHýGLUHFWO\ýREVHUYHGýZLWKýDýV\VWHPýXWLOL]LQJýDýPLFURWHOHVFRSHýDQGý975ñý WKDWýZHUHý ORFDWHG
RXWVLGHýWKHýERWWRPýõDFU\OLWHýSODWHýRIýëýPPýWKLFNôýRIýDýF\OLQGULFDOýJODVVýFHOOïý7KHýFHOOýZDVýORFDWHGýVXFKýWKDW
WKHýERWWRPýZDVýYHUWLFDOïý3LFWXUHVýIURPýWKHýPLFURWHOHVFRSHýõìíýðýìííýWLPHVýDPSOLILFDWLRQôýZHUHýUHFRUGHGýRQ
WKHý975ïý,PSRUWDQWýSLFWXUHVýZHUHýWKHQýSLFNHGýXSýVWHSZLVHýZLWKýDýFRORUýFRSLHUï

5HDFWLRQýSURGXFWVýRIýFROGýIXVLRQýZHUHýUHFRUGHGýXVLQJýQXFOHDUýHPXOVLRQVñýWKDWýZHUHýVLPLODUýWRýWKDWýSUHYLRXVO\
XVHGý>ê@ïý$OWKRXJKýLWýWDNHVýDýORQJýWLPHýWRýVHDUFKýIRUýWUDFHVýRQýWKHýQXFOHDUýHPXOVLRQVñýWKH\ýDUHýYHU\ýVHQVLWLYH
DQGýWKHýWUDFHVýFRQWDLQýDýORWýRIýFUHGLEOHýLQIRUPDWLRQýWKDWýFDQýFRQWULEXWHýWRýLGHQWLI\ýWKHýUHDFWLRQýSURGXFWVïý7KH
QXFOHDUýHPXOVLRQVýõPDGHýE\ý)XMLý)LOPý,QFïâý0$ðæ%ôýRIýìííý�PýWKLFNýZHUHýFRDWHGýRQýERWKýVLGHVýRIýDQýDFU\OLWH
SODWHýRIýìýPPýWKLFNý[ýèíýPPý[ýèíýPPïý7KHýQXFOHDUýHPXOVLRQVýFRDWHGýRQýWKHýDFU\OLWHýSODWHVýZHUHýSDUWO\
SURYLGHGý E\ý )XMLý )LOPý ,QFïý 6RPHý QXFOHDUý HPXOVLRQVýZHUHý FRDWHGý LQý RXUý ODERUDWRU\ý LQý RUGHUý WRý UHGXFH
EDFNJURXQGýWUDFHVïý7KHýQXFOHDUýHPXOVLRQVýZHUHýLUUDGLDWHGýE\ýQDWXUDOýUDGLDWLRQýVRýWKH\ýVKRXOGýEHýXVHGýDVýVRRQ
DVýSRVVLEOHýDIWHUýWKHýFRDWLQJñýDWýOHDVWýZLWKLQýDýPRQWKïý$IWHUýLUUDGLDWLRQñýWKHýQXFOHDUýHPXOVLRQVýZHUHýWUHDWHG
LQýVROXWLRQVýWKDWýDUHýDYDLODEOHýIRUýXVXDOýSURFHVVLQJýRIýILOPVïý6LQFHýWKHýQXFOHDUýHPXOVLRQVýZHUHýWKLFNñýWKH
SURFHVVLQJýWLPHýZDVýORQJãýëèýPLQýLQýDýGHYHORSLQJýVROXWLRQñýìèýPLQýLQýDýVWRSSLQJýVROXWLRQýDQGýìèíýPLQýLQýD
IL[LQJýVROXWLRQñýUHVSHFWLYHO\ïý7UDFHVýRQýWKHýQXFOHDUýHPXOVLRQVýZHUHýVHDUFKHGýE\ýDýPLFURVFRSHýõèííýWLPHV
DPSOLILFDWLRQôýWKDWýSURYLGHGýDýWUDQVPLVVLRQýDQGýUHIOHFWLRQýOLJKWVïý7KHýIRUPHUýZDVýXVHGýZKHQýWKHýWUDFHVýZHUH
ORFDWHGýLQVLGHýWKHýQXFOHDUýHPXOVLRQVïý7KHýODWWHUýZDVýXVHIXOýQRWýRQO\ýIRUýWUDFHVýUHFRUGHGýRQýWKHýVXUIDFHýEXW
DOVRýIRUýGLVWLQJXLVKLQJýQRLVHïý7RýGLVWLQJXLVKýWKHýQRLVHýWUDFHVñýUHIHUHQFHýQXFOHDUýHPXOVLRQVýZHUHýORFDWHGýDERXW
èýPýIURPýWKHýFHOOýLQýWKHýVDPHýURRPï

5(68/76ãýõDôý'LUHFWý'LVFKDUJLQJý&ROGý)XVLRQ

)LJïýìýVKRZVýDýVHTXHQFHýRIýSLFWXUHVýWDNHQýE\ýWKHý975ýV\VWHPýRIýWKHýGLVFKDUJHýLQýWKHýYHUWLFDOýDUUDQJHPHQWï
7KHýWLPHýVWHSýZDVýêêýPVHFïý$QýH[SORVLRQýZDVýLQGXFHGýRQýWKHýVXUIDFHýRIýWKHýSDOODGLXPýSLQýõíïèýPPýGLDïý[
êýPPýORQJôýDQGýOHIWýLWýKRWïýý$ýFRXSOHýRIýZDYHýIURQWVýWKDWýZHUHýUHIOHFWHGýE\ýWKHý$&ýF\FOHýFRXOGýEHýFOHDUO\ýVHHQ
LQýWKHýSLFWXUHVñýDQGýSDUWLFOHVýZLWKýKLJKýHQHUJ\ýVHHPýWRýKDYHýEHHQýHPLWWHGïý7KHýREVHUYDWLRQýRIýWKHýQXFOHDU
HPXOVLRQVýVKRZHGýWKDWýWKHýH[SORVLRQýZDVýDýFROGýIXVLRQýUHDFWLRQýDQGýWKDWýWKHýSLQýHOHFWURGHýZDVýKHDWHGýWRýD
UHGýWHPSHUDWXUHýE\ýWKHýUHOHDVHGýHQHUJ\ïý7KHý975ýV\VWHPýDOVRýUHFRUGHGýH[SORVLYHýUHDFWLRQVýLQGXFHGýLQýWKH
SDUDOOHOýDUUDQJHPHQWïý+HUHýLWýLVýFOHDUO\ýVKRZQýWKDWýH[SORVLYHýUHDFWLRQVýWRRNýSODFHýRQýWKHýVXUIDFHýRIýWKHýZLUHï

6HYHUDOýH[WUDRUGLQDU\ýWUDFHVýZHUHýUHFRUGHGýRQýWKHýQXFOHDUýHPXOVLRQVýORFDWHGýRXWVLGHýWKHýDFU\OLWHýZLQGRZï
7KHýILUVWýLVýDýVWDUýWKDWýHPLWWHGýDýORWýRIýIUDJPHQWVñýVKRZQýLQý)LJïýëïý6LPLODUýWUDFHVýZHUHýDOVRýREVHUYHGýLQýD
SUHYLRXVýH[SHULPHQWý>é@ïýý$ýVWDUýFDQýEHýFUHDWHGýLQVLGHýWKHýQXFOHDUýHPXOVLRQýE\ýDýPXOWLERG\ýILVVLRQýUHDFWLRQ
RIý Dý KHDY\ý QXFOHXVý VXFKý DVý VLOYHUñý WKDWý EHFRPHVý Dý KLJKO\ý H[FLWHGý FRPSRXQGý QXFOHXVý E\ý FDSWXULQJý D
PXOWLSOHðQHXWURQýHPLWWHGýIURPýWKHýFHOOï

7KHý VHFRQGý LVý WKHý REVHUYDWLRQý RQý H[SORVLYHý WUDFHVý WKDWý FDQý EHý JHQHUDWHGý E\ý WKHý JUDYLW\ðGHFD\ý RI
PXOWLðQHXWURQVïý6LPLODUýWUDFHVýZHUHýDOVRýREVHUYHGýLQýWKHýSUHYLRXVýH[SHULPHQWVý>O@ïý7KLVýWUDFHýLVýRQHýRIýWKH
PRVWý FUHGLEOHý SLHFHVý RIý H[SHULPHQWDOý HYLGHQFHý LQGLFDWLQJý WKDWý FROGý IXVLRQý KDVý WDNHQý SODFHïý:KHQý WKH
K\GURJHQðFOXVWHUý LVý FRPSUHVVHGý WRý LQGXFHý Dý FROGý IXVLRQý UHDFWLRQñý K\GURJHQý DWRPVý WKDWý DUHý QRWý GLUHFWO\
LQYROYHGýLQýDýIXVLRQýUHDFWLRQýVKRXOGýVFDWWHUïý7KRVHýWUDFHVýFRXOGýEHýFOHDUO\ýVHHQïý6LPXOWDQHRXVýSOXUDOýUHDFWLRQV
PLJKWýWDNHýSODFHýLQýWKHýFRPSUHVVHGýK\GURJHQðFOXVWHUïý)RUWXQDWHO\ñýSLFWXUHVýLQGLFDWLQJýVXFKýUHDFWLRQVýZHUH
WDNHQýE\ýFKDQFHýZLWKýPLVPDGHýQXFOHDUýHPXOVLRQVýWKDWýZHUHýWKLQQHUï

7KHýWKLUGýSKHQRPHQDýDUHýVWUDQJHýFRPELQHGýULQJVýWKDWýZHUHýILUVWýREVHUYHGýLQýWKLVýH[SHULPHQWïý7KHýULQJV
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ýFDQýEHýFOHDUO\ýGLVWLQJXLVKHGýIURPýWKHýSUHYLRXVýH[SORVLYHýWUDFHVýEHFDXVHýWKH\ýZHUHýUHFRUGHGýRQO\ýRQýWKH
VXUIDFHýDQGýKDGýFRPELQHGýZLWKýHDFKýRWKHUïý7KHýGLDPHWHUýRIýWKHýFRPELQHGýULQJVýLVýGLIIHUHQWýLQýHDFKýHYHQWýEXW
VLPLODUýZLWKLQýWKHýVDPHýHYHQWïý7KHýHYHQWVýZHUHýGHQVHO\ýFRQFHQWUDWHGýEHWZHHQýWKHýILUVWýDQGýVHFRQGýQXFOHDU
HPXOVLRQVï

õEôý,PSORVLYHý&ROGý)XVLRQ

,PSORVLYHýFROGýIXVLRQýH[SHULPHQWVýZHUHýDWWHPSWHGýE\ýDSSO\LQJý$&ýVKRWVýWRýDýKHOLFDOýZLUHýZLWKLQýZKLFKýD
VWURQJý HOHFWULFDOý ILHOGýZDVý FRQFHQWUDWHGý WRý WKHý WLSý RIý WKHý SLQý HOHFWURGHïý$ý VHTXHQFHý RIý WZRý H[SORVLRQV
RFFXUUHGïý7KHýILUVWýH[SORVLRQýZDVýGLUHFWO\ýLQGXFHGýE\ýWKHýGLVFKDUJHïý7KHýVHFRQGýH[SORVLRQýZDVýQRWýLQGXFHG
E\ýWKHýHOHFWULFDOýGLVFKDUJHñýEXWýE\ýWKHýILUVWýFROGýIXVLRQýUHDFWLRQVïý7KLVýZDVýFDXVHGýE\ýWKHýGXUDWLRQýRIýWKH
GLVFKDUJHýZKLFKýZDVýåíýPVHFñýDQGýWKHýVHFRQGýH[SORVLRQýRFFXUUHGýDIWHUýìííýPVHFïý$IWHUýWKHýH[SORVLRQVñýILQH
EODFNýPDWHULDOVýUHPDLQHGï

',6&866,216

,QýWKLVýSDSHUñýWZRýNLQGVýRIýFROGýIXVLRQýH[SHULPHQWVýZHUHýDWWHPSWHGïý,QýWKHýGLUHFWýGLVFKDUJHýH[SHULPHQWñý$&
VKRWVýRIýXSýWRýìííý9ýZHUHýDSSOLHGýWRýZLUHýHOHFWURGHVýWKDWýZHUHýORFDWHGýSDUDOOHOýWRýRQHýDQRWKHUýDQGýYHUWLFDOO\ï
:HýFRXOGýDFWXDOO\ýVHHýWKHýFROGýIXVLRQýUHDFWLRQVýRQýWKHýVXUIDFHýRIýWKHýPHWDOýE\ýWKHý975ýV\VWHPïý7KLVýPHDQV
WKDWýWKHýK\GURJHQýFKDUJLQJýLQWRýWKHýPHWDOýLVýQRWýDOZD\VýQHHGHGýIRUýLQGXFLQJýFROGýIXVLRQýDVýWKHý1DWWRKýPRGHO
SUHGLFWHGïý7KHýWUDFHVýRQýWKHýQXFOHDUýHPXOVLRQVýVKRZHGýWKHýSURGXFWLRQýRIýVWDUVýDQGýWKHýJUDYLW\ðGHFD\VýRI
PXOWLSOHðQHXWURQVïý$OOýRIýWKRVHýWUDFHVýZHUHýDOUHDG\ýREWDLQHGýLQýSUHYLRXVýH[SHULPHQWVý>O@ï

7KHýVWUDQJHýWUDFHVýRIýWKHýFRPELQHGýULQJVñýILUVWýREVHUYHGýLQýWKLVýH[SHULPHQWñýVXJJHVWýWKHýSURGXFWLRQýRIýWLQ\
EODFNýKROHVïý7KHýWLQ\ýEODFNýKROHVýWKDWýZHUHýSURGXFHGýLQýWKHýFHOOýGURSSHGýGRZQýWRýWKHýVSDFHýEHWZHHQýWKHýILUVW
DQGýVHFRQGýQXFOHDUýHPXOVLRQVïý7KH\ýVHHPýWRýKDYHýFRQWLQXHGýKRSSLQJýWKHUHýDQGýUHPDLQHGýDVýWKHýFRPELQHG
ULQJVï

6HFRQGO\ñýLPSORVLYHýFROGýIXVLRQýZDVýVXFFHVVIXOO\ýDWWHPSWHGïý,WýFDQýEHýH[SHFWHGýWRýUHOHDVHýKLJKHUýHQHUJ\ï

5()(5(1&(6

>ì@ý ý7ïý0DWVXPRWRñýû0HFKDQLVPVýRIý&ROGý)XVLRQãý&RPSUHKHQVLYHý([SODQDWLRQVýE\ý WKHý1DWWRKý0RGHOñû
6XEPLWWHGýWRý)XVLRQý7HFKQRORJ\ýLQý0DUFKýDQGýGLVWULEXWHGýDWýWKHý+DZDLLýFRQIïýLQý'HFHPEHUýõìääêôï
>ë@ýý7ïý0DWVXPRWRñýû([SHULPHQWVýRIý2QHð3RLQWý&ROGý)XVLRQñûý)XVLRQý7HFKQRORJ\ñýYROýëéñýSýêêëýõìääêôï
>ê@ýý7ïý0DWVXPRWRñýû2EVHUYDWLRQýRIý1HZý3DUWLFOHVý(PLWWHGýRQý&ROGý)XVLRQñûý)XVLRQý7HFKQRORJ\ñýYROýìåñýS
êèçýõìääíôï
>é@ýý7ïý0DWVXPRWRñýû2EVHUYDWLRQýRIý6WDUVý3URGXFHGýGXULQJý&ROGý)XVLRQñûý)XVLRQý7HFKQRORJ\ñýYROýëëñýSýèìå
õìääëôï
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'(7(&7,21ý2)ý,521ý$7206ý21ý*2/'ý(/(&752'(6ý86('ý)25ý
(/(&752/<6,6ý2)ý1(875$/ý$1'ý$/.$/,1(ý+ë2ý$1'ý'ë2ý62/87,216

7DGD\RVKLý2KPRULýDQGý0LFKLRý(Q\R

&DWDO\VLVý5HVHDUFKý&HQWHUñý
+RNNDLGRý8QLYHUVLW\ñý.LWDýììý1LVKLýìíñý

.LWDNXñý6DSSRURñýíçíý-DSDQ

$%675$&7

'HWHFWLRQýRIýDQ\ýSURGXFWVýSRVVLEO\ýSURGXFHGýGXULQJýWKHýH[FHVVýKHDWýHYROXWLRQýE\ýHOHFWURO\VLVýZDVýýDWWHPSWHG
RQý$XýHOHFWURGHVñýLQýSDUDOOHOýZLWKýWKHýH[FHVVýKHDWýREVHUYDWLRQVïý7KHýHOHFWURO\WHVýXVHGýZHUHýý.ë&2êñý1Dë&2êñ
1Dë62éñý.2+ýDQGý1D2+ïý7KHýHOHFWURO\VLVýZDVýSHUIRUPHGýIRUýæýGD\VýZLWKýDýFRQVWDQWýýFXUUHQWýRIýìý$ïý7KH
HOHFWURGHýVXUIDFHýZDVýWKHQýDQDO\]HGýE\ýPHDQVýRIý$(6ýVSHFWURVFRS\ïý,QýHYHU\ýVROXWLRQVýDýQRWDEOHýDPRXQWýRI
)HýDWRPVýZHUHýGHWHFWHGñýEHLQJýLQýWKHýUDQJHýRIýìïìýWRýäïäý[ýìíìçýDWRPVïýý7KHVHýYDOXHVýDUHýPXFKýODUJHUýWKDQ
WKRVHýFRQWDLQHGýDVýLPSXULWLHVýLQýWKHýUHDJHQWVýXVHGýõFDïýæý[ýìíìéýDWRPVýIRUý1Dë62éôýRUýSRVVLEO\ýRULJLQDWHGýIURP
WKHýFHOOýPDWHULDOVïý7KHýPHDQýH[FHVVýKHDWýREVHUYHGýZDVýLQýWKHýUDQJHýRIýìåæýWRýæëêýP:ïý7KHýDPRXQWVýRIý)H
DWRPVýREVHUYHGýZHUHýDSSUR[LPDWHO\ýSURSRUWLRQDOýWRýWKHýWRWDOýDPRXQWVýRIýWKHýH[FHVVýHQHUJ\ýREVHUYHGýGXULQJ
WKHýHOHFWURO\VLVïý7KHVHýUHVXOWVýVXJJHVWýWKDWýWKHýLURQýIRUPDWLRQýUHDFWLRQýPD\ýEHýUHVSRQVLEOHýIRUýWKHýH[FHVVýKHDW
HYROXWLRQï

,1752'8&7,21

7KHýLGHQWLILFDWLRQýRIýDQ\ýSURGXFWýFDXVHGýE\ýWKHýFROGýIXVLRQýUHDFWLRQýLVýHVVHQWLDOýWRýFRQFOXGHýZKHWKHUýWKLV
UHDFWLRQý UHDOO\ý H[LVWVý RUý QRWïý 6HYHUDOý DXWKRUVý KDYHý UHSRUWHGý WKDWý 7ý RUý &Dý DWRPVý ZHUHý GHWHFWHGý LQý WKH
HOHFWURO\VLVýLQý1Lî.ë&2êîý+ë2ýV\VWHPVý>ìðë@ï

,QýDGGLWLRQñýWKHýODWWHUýDXWKRUýFODLPHGýGHWHFWLRQýRIý6UýLQý1Lî5E&2êîý+ë2ýV\VWHPý>ê@ïý7KHVHýUHVXOWVýVXJJHVWýWKDW
YDULRXVýW\SHVýRIýQXFOHDUýIXVLRQýUHDFWLRQVýPLJKWýEHýWDNLQJýSODFHýLQýWKHýHOHFWURO\VLVýLQýYDULRXVýPHWDOîHOHFWURO\WH
V\VWHPVï

,QýWKHýSUHYLRXVýZRUNýZHýKDYHýREVHUYHGýHYDOXDWLRQýRIýWKHýH[FHVVýKHDWýUDQJLQJýIURPýíïëýWRýíïäý:ýGXULQJýWKH
HOHFWURO\VLVýZLWKý6Qñý$Xñý1LýDQGý$JýHOHFWURGHVýLQýYDULRXVýDONDOLýPHWDOýVDOWVýõ.ë&2êñý1Dë62éñýHWFïôýîý+ë2
V\VWHPVý>éðè@ïý,WýPD\ýWKHQýEHýFRQFHLYDEOHýWKDWýDQ\ýQXFOHDUýIXVLRQýUHDFWLRQýSURGXFWVñýDSDUWýIURPýQHXWURQñý+H
DQGý7ñýDUHýIRUPHGýDWýWKHýHOHFWURGHï

,QýWKLVýVWXG\ñýZHýWULHGýWRýGHWHFWýVXFKýSURGXFWVýRQý$XýHOHFWURGHýDIWHUýWKHýHOHFWURO\VLVýLQýDONDOLðPHWDOýVXOIDWHVñ
FDUERQDWHVýDQGýK\GUR[LGHVýîý+ë2ýDQGý'ë2ýV\VWHPVýXVLQJý$(6ýVSHFWURVFRS\ï

(;3(5,0(17$/

7KHýHOHFWURO\WLFýFHOOýXVHGýZDVýDýIODWðERWWRPHGýF\OLQGHUýPDGHýRIýTXDUW]ýJODVVýõFDïýëêýFPëý[ýìèýFPñý)Hýýáýíïê
SSPñýQRPLQDOôýZLWKýDýèýFPðWKLFNýVLOLFRQHýUXEEHUýVWRSSHUýKROGLQJýDýWHVWýHOHFWURGHñýDýFRXQWHUýHOHFWURGHñýD
WKHUPRFRXSOHñýDQGýDýTXDUW]ýJODVVýLQOHWýWXEHýIRUýK\GURJHQýJDVïý7KHýFHOOýZDVýSODFHGýLQýDQýDLUýýWKHUPRVWDW
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ýZKRVHýWHPSHUDWXUHýZDVýUHJXODWHGýDWýëìý�ýì(&âýWKHýYDULDWLRQýZDVýSHULRGLFDOýZLWKýìíýF\FOHVîKïýý7KHýSUHFLVLRQ
RIýWKHýVROXWLRQýWHPSHUDWXUHýPHDVXUHPHQWýZDVýíïíê(&ïý7KHýZRUNLQJýHOHFWURGHýXVHGýLVýDý$XýVKHHWýõèýFPëýDUHDñ
íïìýPPýWKLFNñýääïääøýSXULW\ñý)HýáìýSSPôñýZKRVHýVXUIDFHýZDVýVFUDSHGýZLWKýHGJHýýRIýDýFOHDQHGýJODVVýIUDJPHQW
DQGýWKHQýZDVKHGýZLWKýDFHWRQHñýPHWK\OýDOFRKROýDQGý04ýZDWHUïý7KHýWUXHýýVXUIDFHýDUHDýGHWHUPLQHGýIURPýWKH
GRXEOHýOD\HUýFDSDFLWDQFHý>ç@ýZDVýìíïíýFPëïýý7KHýFRXQWHUýHOHFWURGHýZDVýDýìý[ýæFPñýåíðPHVKýSODWLQXPýQHW
õääïäåøýSXULW\ñý)HýáìçýSSPôïý7KHýZRUNLQJýDQGýFRXQWHUýHOHFWURGHVýýZHUHýSODFHGýQHDUýWKHýERWWRPýRIýWKHýFHOO
WRýPLQLPL]HýWKHýWHPSHUDWXUHýJUDGLHQWýLQýWKHýHOHFWURO\WLFýVROXWLRQýýE\ýVWLUULQJýýZLWKý+ëýDQGý2ëýEXEEOHVýHYROYHG
IURPýWKHVHýHOHFWURGHVïý7KHýHOHFWURO\VLVýFHOOýZDVýFOHDQHGýýFDUHIXOO\ýZLWKýKRWýPL[HGýDFLGýõìãìý+ë62éýòý+12êô
DQGýWKHQýULQVHGýZLWKý04ýZDWHUýXOWUDVRQLFDOO\ýDQGýýILQDOO\ýULQVLQJýIRUýFDïýìíýWLPHVýZLWKý04ýZDWHUýEHIRUH
FRQGXFWLQJýWKHýHOHFWURO\VLVïý7KHýHOHFWURO\WLFýVROXWLRQVýXVHGýZHUHýíïèý0ý.ë&2êñý1Dë&2êñý1Dë62éñý.2+ýDQG
1D2+ýZKLFKýDUHýSUHSDUHGýIURPý0HUFNýýVXSUDSXUHýJUDGHýFKHPLFDOVïý+HDY\ýZDWHUýZDVýDOVRýREWDLQHGýIURP
0HUFNýõääïåøýSXULW\ôýZKLFKýZDVýýGRXEO\ýGLVWLOOHGýXQGHUýYDFXXPïý7KHýYROXPHýRIýHOHFWURO\WLFýVROXWLRQýXVHG
ZDVýìííýPOï

$QýHOHFWULFýKHDWHUýXVHGýIRUýPHDVXULQJýWKHýFDOLEUDWLRQýFXUYHýEHWZHHQýVROXWLRQýWHPSHUDWXUHýDQGýLQSXWýSRZHU
ZDVýDýíïêýPP1ýGLDPïñýìïç6ýQLFKURPHýVSLUDOñýFRQQHFWHGýWRýFRSSHUýZLUHVýDWýERWKýHQGVñýZKLFKýZDVýLQVHUWHGýLQWR
Dý3\UH[ðJODVVýWXEHýõçýPPýGLDPïñýìèýFPýORQJôýFRQWDLQLQJýVLOLFRQHýRLOýDQGýVHWýLQýWKHýPLGGOHýSRVLWLRQýRIýWKHýFHOOï
'XULQJýWKHýPHDVXUHPHQWñýWKHýVROXWLRQýZDVýVWLUUHGýE\ý+ëýZLWKýWKHýVDPHýIORZýUDWHýDVýWKHýUDWHýRIýWKHýHYROXWLRQ
RIý+ëýDQGý2ëýJDVHVýGXULQJýWKHýHOHFWURO\VLVï

7KHýHOHFWURO\VLVýZDVýFRQGXFWHGýJDOYDQRVWDWLFDOO\ýIRUýæýGD\VýZLWKýDýFRQVWDQWýFXUUHQWýRIýìý$ñýDQGýWKHýYDULDWLRQV
RIýWKHýDSSOLHGýFHOOýYROWDJHýDQGýWKHýVROXWLRQýWHPSHUDWXUHýJURZWKýZHUHýPRQLWRUHGýE\ýSHQUHFRUGHUVï

5(68/76ý$1'ý',6&866,21ý
([FHVVýKHDW

)LJïýìýVKRZVýDýW\SLFDOýFDOLEUDWLRQýFXUYHýEHWZHHQýLQSXWýSRZHUýRIýWKHýHOHFWURO\VLVýFHOOýDQGýVROXWLRQýWHPSHUDWXUHï
$VýVHHQñýDýYHU\ýUHSURGXFLEOHýOLQHDUýUHODWLRQVKLSýZDVýREWDLQHGýXSýWRýëí(&ïý7KHýFHOOýýFRQVWDQWýNýFDOFXODWHGýIURP
WKHýJUDGLHQWýZDVýêïëèý�ýíïíé(&î:ïýý7KHýUDWHVýRIýH[FHVVýKHDWýHYROXWLRQý5H[ýýLQý+ë2ýDQGýLQý'ë2ýVROXWLRQVýZHUH
GHWHUPLQHGýIURPýWKHýVROXWLRQýWHPSHUDWXUHýJURZWKý$7ñýFHOOýYROWDJHýý(ýDQGýWKHýSRODUL]DWLRQýFXUUHQWý,ýE\ýWKH
IROORZLQJýHTXDWLRQý>ç@ñýUHVSHFWLYHO\ï

5H[ý ýô7îNýðýõ(ýðýìïéåô, õìô
5H[ý ýô7îNýðýõ(ýðýìïèéô, õëô

ZKHUHýWKHýYDOXHVýRIýìïéåýDQGýìïèéýDUHýWKHýWKHUPRQHXWUDOýSRWHQWLDOVýIRUý+ë2ýDQGý'ë2ýGHFRPSRVLWLRQýUHDFWLRQVñ
UHVSHFWLYHO\ï

)LJïýëýVKRZVýW\SLFDOýYDULDWLRQVýRIýWKHýVROXWLRQýWHPSHUDWXUHýZLWKýSRODUL]DWLRQýWLPHýREWDLQHGýLQý1Dë62éî+ë2
DQGýý1Dë&2êî+ë2ýV\VWHPVïý7KHýYDULDWLRQVýRIýWKHýFHOOýYROWDJHýZHUHýDOVRýVKRZQýLQýWKLVýILJXUHïý$VýVHHQñýWKH
LQFUHDVHýRIýWKHýVROXWLRQýWHPSHUDWXUHýLQý1Dë62éýZDVýODUJHUýWKDQýLQý1Dë&2êýDOWKRXJKýWKHýFHOOýYROWDJHVýZHUH
QHDUO\ý WKHýVDPHýZLWKýHDFKýRWKHUïý7KHýGLIIHUHQFHýZDVýHVVHQWLDOO\ýXQFKDQJHGýGXULQJý WKHýZKROHýSHULRGýRI
SRODUL]DWLRQïý7KLVýUHVXOWýLQGLFDWHVýWKDWýQRWLFHDEOHýDPRXQWýRIýH[FHVVýKHDWýLVýSURGXFHGýLQýWKHý$Xî1Dë62éî+ë2
V\VWHPï

7KHýH[FHVVýKHDWýREWDLQHGýLQýYDULRXVýVROXWLRQVýZDVýOLVWHGýLQý7DEOHýìïý7KHýPD[LPXPýH[FHVVýKHDWýREVHUYHGýZDV
äìéýP:ýõLQý.ë&2êî'ë2ôñýZKLFKýFRUUHVSRQGHGýWRýìæïëøýRIýWKHýLQSXWýSRZHUýõ(,ýìïéåìôïý7KHýPHDQýH[FHVVýKHDW
HYROYHGýGXULQJýæýGD\VýRIýSRODUL]DWLRQýLQýììýNLQGVýRIýHOHFWURO\WHýV\VWHPVýZDVýLQýWKHýUDQJHýRIýëíéýWRýæëêýP:ñ
WKHýDPRXQWVýRIýZKLFKýVHHPHGýWRýEHýUDWKHUýLQGHSHQGHQWýRIýWKHýQDWXUHýRIýHOHFWURO\WHVïý7KHVHýYDOXHVýRIýH[FHVV
KHDWýZHOOýUHSURGXFHGýWKHýUHVXOWVýUHSRUWHGýSUHYLRXVO\ýLQý
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$Xî.ë&2êñý1Dë&2êýDQGý/Lë62éî+ë2ýýV\VWHPVý>éðè@ï

7KHýUHVXOWVýRIýWKHýH[FHVVýKHDWýPHDVXUHPHQWýRQý$XýDQGý3WýHOHFWURGHVýLQý+ë62éî+ë2ýVROXWLRQVýDUHýOLVWHGýLQ
7DEOHý,,ïý7KHýH[FHVVýKHDWýZDVýQHJDWLYHñýEXWýYHU\ýFORVHýWRýíïíýLQýHYHU\ýFDVHâýLWýFDQýEHýUHJDUGHGýWKDWýQRýH[FHVV
KHDWýZDVýHYROYHGïý1RýREVHUYDWLRQýRIýH[FHVVýKHDWý LQýHOHFWURO\VLVý LQý+ë62éýVROXWLRQVýZLWKRXWý ý H[FHSWLRQ
VXSSRUWVýUHOLDELOLW\ýRIýRXUýPHDVXUHPHQWVýRIýH[FHVVýKHDWï

7KHýWRWDOýH[FHVVýKHDWýHYROYHGýGXULQJýæýGD\VýRIýSRODUL]DWLRQýUDQJHGýEHWZHHQýìêíýDQGýéêæý.-ýLQýWKHýHOHFWURO\WH
V\VWHPVýVKRZQýLQý7DEOHý,ïý7KLVýPHDQVýWKDWýDWýOHDVWýVHYHUDOýPROHVýRIýUHDFWLRQýSURGXFWVýVKRXOGýýEHýSURGXFHG
GXULQJýWKHýHOHFWURO\VLVýLIýWKHýH[FHVVýKHDWýLVýFDXVHGýE\ýDQ\ýFRQYHQWLRQDOýFKHPLFDOýýUHDFWLRQVïý+RZHYHUñýQRýVXFK
ODUJHýDPRXQWVýRIýWKHýUHDFWLRQýSURGXFWVýZHUHýREWDLQHGýH[FHSWýIRUý+ëýDQGý2ëñýVXJJHVWLQJýWKDWýVRPHýQXFOHDU
IXVLRQýUHDFWLRQýPLJKWýEHýUHVSRQVLEOHýIRUýWKHýH[FHVVýKHDWï

7KHýUHDFWLRQýSURGXFWV

)LJïýêýVKRZVý$(6ýVSHFWUDýIURPýWKHý$XýHOHFWURGHýVXUIDFHýDIWHUýæýGD\VýRIýSRODUL]DWLRQýLQý1Dë62éî+ë2ýV\VWHPï
,QýWKHýVSHFWUXPýRQýWKHýWRSðVXUIDFHýõQRý$UòýLRQýERPEDUGPHQWôñý)HýDQGý2ýVLJQDOVýZHUHýREVHUYHGýRWKHUýWKDQý$X
RQHVïý2QýFDUU\LQJýRXWý$UòýLRQýERPEDUGPHQWñýWKHýLQWHQVLW\ýRIý)HýDQGý2ýVLJQDOVýGHFUHDVHGýýZKLOHýWKDWýRIý$X
VLJQDOVýLQFUHDVHGñýDQGýWKHýIRUPHUýVLJQDOVýGLVDSSHDUHGýFRPSOHWHO\ýDIWHUýëýPLQXWHVýRIýERPEDUGPHQWïý)LJïýé
VKRZVýVLPLODUý$(6ýVSHFWUDýREWDLQHGýRQýWKHý$XýHOHFWURGHýXVHGýLQý1Dë62éî'ë2ýV\VWHPïý7KHý)HýDQGý2ýVLJQDOV
ZHUHýDJDLQýREVHUYHGýLQýWKLVýFDVHñýZKRVHýLQWHQVLW\ýZDVýVRPHZKDWýODUJHUýWKDQýWKRVHýLQý1Dë62éî+ë2ýV\VWHPï
6XFKý)HýDQGý2ýVLJQDOVýZHUHýREVHUYHGýLQýHYHU\ýHOHFWURO\WHýV\VWHPVýýXVHGñýZKLOHýQRýVLJQDOVýRWKHUýWKDQý)Hñý2
DQGý$XýZHUHýGHWHFWHGïýý$VýVHHQýIURPý)LJïýêýDQGý)LJïýéñýWKHý2ýVLJQDOýýLVýSUHVHQWýWRJHWKHUýZLWKýWKHý)HýVLJQDOV
DQGýWKHýUDWLRýRIýWKHýVLJQDOýLQWHQVLW\ýRIýWKHVHýVSHFLHVýLVýQRWýPXFKýýGLIIHUHQWýLQýHYHU\ýVSHFWUDýREVHUYHGïýý7KLV
VXJJHVWVýWKDWýWKHVHý2ýDWRPVýDUHýSUHVHQWýRQO\ýRQý)HýDWRPVïýý3HUKDSVñýWKH\ýDUHýFRQWDLQHGýRULJLQDOO\ýLQý$UýJDV
DVýLPSXULW\ýDQGýERXQGýZLWKýVXUIDFHý)HýDWRPVýGXULQJýýWKHý$UòýLRQýERPEDUGPHQWïýý7KHUHIRUHñýWKHýDWRPLF
FRQWHQWVýRIý2ýRQý$XýVXUIDFHVýHVWLPDWHGýIURPý2ýVLJQDOVýFDQýEHýUHSODFHGýE\ýWKRVHýRIý)HñýDVVXPLQJýWKDWý2ýDWRPV
ELQGýZLWKý)HýDWRPVýZLWKýWKHýUDWLRýRIýìãìñýVRýýWKDWýWKHýFRQWHQWVýRIý)HýFDQýEHýHVWLPDWHGýE\ýVXPPLQJýXSýWKH
QXPEHUýRIý)HýDQGý2ýDWRPVï

,WýLVýLQWHUHVWLQJýWRýVHHýWKHýGLVWULEXWLRQýRIý)HýDWRPVýLQýWKHýOD\HUVýFORVHýWRýWKHýHOHFWURGHýVXUIDFHýDQGýWRýýHVWLPDWH
WKHý WRWDOýDPRXQWVýRIý)Hý DWRPVïý ý7KHýQXPEHUýRIý LURQýDWRPVñý1)Hñý VSXWWHUHGý IURPý WKHýVXUIDFHýE\ý$U

òý LRQ
ERPEDUGPHQWýZDVýHVWLPDWHGýE\ýWKHýIROORZLQJýHTXDWLRQý>ç@ï

1)Hý ýI)Hý;ý1$Uòý ý õêô
I)H  ,$Uø  W

419 43÷4<

ZKHUHý1$Uòý LVýQXPEHUýRIý$U
òý LRQýERPEDUGHGýSHUýXQLWýVXUIDFHýDUHDñý ý ,$Uòý LVý LWVýFXUUHQWýGHQVLW\ñý I)Hý LVý WKH

VSXWWHULQJý\LHOGýIRUý)HñýDQGýWýLVýDýGXUDWLRQýRIýWKHýERPEDUGPHQWïý,QýWKLVýFDVHý,$UòýZDVýëìý�$îFPëýDQGýýI)HýZDV
HVWLPDWHGýDWýëïéý>æ@ïýý7KHýQXPEHUýRIýOD\HUVýVSXWWHUHGýZDVýHVWLPDWHGýURXJKO\ýE\ýGLYLGLQJý1)HýZLWKýìí

ìèï

7KHýGLVWULEXWLRQVýRIý)HýDWRPVýLQýWKHýOD\HUVýFORVHýWRýWKHýVXUIDFHñýDVýFDOFXODWHGýRQýWKHýEDVLVýRIýWKHýUHVXOWVýýLQ
)LJïýêýDQGý)LJïýéñýDUHýVKRZQýLQý)LJïýèïýý7KHýFRQWHQWýRIý)HýDWRPVýLQýWKHýWRSýOD\HUýRIýWKHýVXUIDFHýDPRXQWVýýWR
æåýDQGýééýDWïøýLQý1Dë62éî'ë2ýDQGý1Dë62éî+ë2ýVROXWLRQVñýUHVSHFWLYHO\ïýý7KHý)HýDWRPVýGLVWULEXWHGýýGRZQýWR
VHYHUDOýWHQýOD\HUVïýý6LPLODUýUHVXOWVýZHUHýREWDLQHGýLQýRWKHUýHOHFWURO\WHýV\VWHPVïýý7KHýWRWDOýýQXPEHUVýRIý)HýDWRPV
IRUPHGýRQý$XýHOHFWURGHVýLQýHDFKýHOHFWURO\WHýV\VWHPñýUDQJLQJýEHWZHHQýìïìý[ýìíìçýýDQGýäïäý[ýìíìçýDWRPVñýDUH
OLVWHGýLQý7DEOHý,,,ýWRJHWKHUýZLWKýWKHýPHDQýH[FHVVýKHDWïý7KHVHýYDOXHVýýFRUUHVSRQGýWRýìýðýìíýOD\HUVýRIý)HýDWRPVï
7KHýWRWDOýDPRXQWVýRIý)HýDWRPVýDJDLQVWýWKHýPHDQýH[FHVVýKHDWýLQýHYHU\ýHOHFWURO\WHýV\VWHPVýDUHýSORWWHGýLQý)LJï
çïýý$OWKRXJKýWKHýGDWDýREWDLQHGýZHUHýUDWKHUýVFDWWHUHGñýýLWýLVýVHHQýWKDWýWKHýWRWDOý
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DPRXQWVýRIý)HýDWRPVýLVýOLNHO\ýWRýEHýSURSRUWLRQDOýWRýýWKHýPHDQýH[FHVVýKHDWïýý7KLVýýUHVXOWýPD\ýVXJJHVWýWKDWýWKH
)HýLVýSURGXFHGýDORQJýZLWKýWKHýH[FHVVýKHDWýHYROXWLRQï

7KHýSRVVLELOLW\ýRIýWKHý)HýDWRPVýFRPLQJýIURPýLPSXULWLHVýLQýFKHPLFDOýUHDJHQWVýRUýLPSXULWLHVýRIýFHOOýýPDWHULDOV
DUHýFRQVLGHUHGýXQOLNHO\ýEHFDXVHýRIý WKHýIROORZLQJýUHDVRQVâý õLôý WKHýQXPEHUýRIý)HýDWRPVýIURPýWKHýUHDJHQW
LPSXULW\ýLVýEHOLHYHGýWRýEHýDWýPRVWýæý[ýìíìéýDWRPVñýHïJïñýLQýìííýPOýRIýíïèý0ý1Dë62éýõ0HUFNýýVXSUDSXUHýJUDGH
DJHQWôýVROXWLRQñýDQGýõLLôýWKHýQXPEHUýRIý)HýDWRPVýIURPýWKHýTXDUW]ýPDWHULDOýE\ýLWVýýGLVVROXWLRQýGXULQJýæýGD\V
RIýHOHFWURO\VLVýVKRXOGýDPRXQWýRQO\ýìíììýDWRPVïýý+HQFHñýWKHýDPRXQWýRIý)HýýDWRPVýDFWXDOO\ýIRUPHGýRQý$X
HOHFWURGHýLVýURXJKO\ýëýRUGHUVýRIýPDJQLWXGHýODUJHUýWKDQýWKHýYDOXHVýýHVWLPDWHGýDERYHïýý(YHQýLIýDOOýWKHý)HýDWRPV
DVýLPSXULWLHVýZHUHýGHSRVLWHGýRQýWKHý$XýHOHFWURGHýLWýFDQQRWýýJLYHýWKHý)HýVLJQDOVýVKRZQýLQý)LJïýêýDQGý)LJïýéï

)XUWKHUñýQHDUO\ýWKHýVDPHýDPRXQWVýRIý3Eñý&Gñý&Xñý&Rñý1Lñý0Qñý7LýDQGý=QýDVýWKDWýRIý)HýDUHýFRQWDLQHGýDV
LPSXULWLHVýLQý1Dë62éñýEXWýQRýVLJQDOýRWKHUýWKDQý$Xñý2ýDQGý)HýZDVýGHWHFWHGýLQý$(6ýVSHFWUDï

)URPýWKHýFRQVLGHUDWLRQVýSUHVHQWHGýDERYHñýZHýEHOLHYHýWKDWýWKHUHýLVýDýKLJKýSRVVLELOLW\ýWKDWýWKHýIRUPDWLRQýRIý)H
DWRPVýLVýFDXVHGýE\ýDýQXFOHDUýIXVLRQýUHDFWLRQïýý+RZHYHUñýQRýUHDFWLRQýVFKHPHýPD\ýEHýVXJJHVWHGýýDWýWKHýSUHVHQW
VWDJHïýý,WýPD\ýRQO\ýEHýPHQWLRQHGýWKDWý2ñý+ýDQGîRUý'ýDWRPVýPLJKWýEHýWDNLQJýSDUWýLQýWKHýýSUHVHQWýFDVHñýMXGJLQJ
IURPýWKHýLQGHSHQGHQFHýRIýWKHý)HýDWRPýSURGXFWLRQýXSRQýDONDOLðPHWDOýLRQVï

5()(5(1&(6

>ì@ýý0ïý6ULQLYDVDQñý$ïý6K\DPñý7ï.ïý6DQNDUDQDUD\DQDQñý0ï%ïý%DMSDLñý+ïý5DPDPXUWK\ñý8ï.ïý 0XNKHUMHHñ
0ï6ïý.ULVKQDQñý0ï*ïý1D\DUýDQGý<ï3ïý1DLNïýý3UHVHQWHGýDWýêUGý$QQXDOý&RQIïý&ROGý )XVLRQñý1DJR\Dñ
-DSDQñý2FWREHUýëìýðýëèýõìääëôïý

>ë@ýý5ï7ïý%XVKñý)XVLRQý7HFKQROïñýYROýëìñýSýìçêýõìääëôïý

>ê@ýý5ï7ïý%XVKýDQGý5ïý(DJOHWRQñýSUHVHQWHGýDWýéWKý$QQXDOý&RQIïý&ROGý)XVLRQñý/DKDLQDý+DZDLLñýý'HFHPEHUýç
ðýäýõìääêôïý

>é@ý ý 7ïý 2KPRULý DQGý 0ïý (Q\Rñý SUHVHQWHGý DWý êUGý $QQXDOý &RQIïý &ROGý )XVLRQñý 1DJR\Dñý -DSDQñý 2FWREHU
ëìýðýëèýõìääëôïý

>è@ýý7ïý2KPRULýDQGý0ïý(Q\Rñý)XVLRQý7HFKQROïñýYROýëéñýSýëäêýõìääéôïý

>ç@ýý7ïý2KPRULñý(OHFWURDQDOïý&KHPïñýYROýìèæñýSýìèäýõìäåêôïý

>æ@ýý$ïý7DNHXFKLñý.ïý7DQDNDñý,ïý7R\RVKLPDýDQGý.ïý0L\DKDUDñý-ïý&DWDOïýYROýéíñýSýäéýõìäæèôïý

>å@ýý0ïý.DPLQVN\ñý$WRPLFýDQGý,RQLFý,PSDFWý3KHQRPHQDýRQý0HWDOý6XUIDFHVñý6SULQJHUð9HUODJñýý %HUOLQñ
ìäçèï
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),*85(ý&$37,216

)LJïýì

&DOLEUDWLRQýFXUYHýEHWZHHQýVROXWLRQýWHPSHUDWXUHýDQGýLQSXWýSRZHUï

)LJïýë

9DULDWLRQVýRIýLQSXWýSRWHQWLDOýDQGýVROXWLRQýWHPSHUDWXUHýZLWKýSRODUL]DWLRQýWLPHãýýõìôýDQGýõìöôý1Dë62éî+ë2âýýõëô
DQGýõëöôý1Dë62éî'ë2ï

)LJïýê

$(6ýVSHFWUDýRIýWKHý$XýHOHFWURGHýVXUIDFHýDIWHUýHOHFWURO\VLVýLQý1Dë62éî+ë2ýV\VWHPïý

)LJïýéý
$(6ýVSHFWUDýRIýWKHý$XýHOHFWURGHýVXUIDFHýDIWHUýHOHFWURO\VLVýLQý1Dë62éî'ë2ýV\VWHPïý

)LJïýè

'LVWULEXWLRQý RIý )Hý DWRPVý RQý WKHý $Xý HOHFWURGHý LQý WKHý OD\HUVý FORVHý WRý LWVý VXUIDFHãý õìôý 1Dë62éî+ë2âý õëô
1Dë62éî'ë2ï

)LJïýç

3ORWVýRIýWKHýWRWDOýDPRXQWVýRIý)HýDWRPVýDJDLQVWýWKHýPHDQýH[FHVVýKHDWã

õ)ôýõ0ôý1Dë62éâýõcôý1Dë&2êâýõaôýõbôý.ë&2êâýõ/ôý1D2+âýõ°ôýõ°ôý.2+ïý
2SHQýPDUNñý+ë2ýVROXWLRQVâýILOOHGýPDUNñý'ë2ýVROXWLRQVï
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7$%/(ýý,

$PRXQWýRIýH[FHVVýKHDWýLQýYDULRXVýHOHFWURO\WHýV\VWHPV

V\VWHP ( 5H[ñPHDQ 5H[ñPD[ HIILFLHQF\ý
õ9ô õP:ô õP:ô
ø

1Dë62éî+ë2 éïåå ëìè êíí éïé
1Dë62éî+ë2 èïíä èêè åéä ìíïè
1Dë62éî+ë2 èïíæ æëê åíè ìéïè
.ë&2êî+ë2 éïäè ëåì éìæ èïæ
.ë&2êî+ë2 èïìí éçì èæê äïí
1Dë&2êî+ë2 èïëí ëíé ëåè êïä
1D2+î+ë2 éïåë êäì éæí åïì
.2+î+ë2 éïèì èëç åìè ììïæ
1Dë62éî'ë2 èïìè èëê ææí ìíïë
.ë&2êî'ë2 èïëä çåä äìé ìêïí
.2+î'ë2 èïìì ìåæ ëåí êïæ

7$%/(ý,,

$PRXQWýRIýH[FHVVýKHDWýLQýíïèý0ý+ë62éî+ë2ýV\VWHPV

HOHFWURGH ( $7H[ 5H[ý
õ9ô õ(&ô õP:ôý

$X êïìí ðíïíê ðä
$X êïìí ðíïíé ðìë
$X ëïåê ðíïíê ðä
3W ëïäè ðíïìí ðêí
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7$%/(ý,,,

$PRXQWýRIý)HýDWRPVýDQGýPHDQýH[FHVVýKHDWýLQýYDULRXVýHOHFWURO\WHýV\VWHPV

V\VWHP 1)H 5H[ñPHDQý
õDWRPô õP:ô

1Dë62éî+ë2 êïíý[ýìíìç ëìèý
1Dë62éî+ë2 êïìý[ýìíìç æëêý
.ë&2êî+ë2 êïìý[ýìíìç ëåìý
.ë&2êî+ë2 ìïåý[ýìíìç éçìý
1Dë&2êî+ë2 ìïèý[ýìíìç ëíéý
1D2+î+ë2 ìïìý[ýìíìç êäìý
.2+î+ë2 çïèý[ýìíìç èëçý
1Dë62éî'ë2 äïäý[ýìíìç èëêý
.ë&2êî'ë2 êïåý[ýìíìç çåäý
.2+î'ë2 ìïèý[ýìíìç ìåæý
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5(352'8&,%,/,7<ý2)ý75,7,80ý*(1(5$7,21ý)520ý
18&/($5ý5($&7,216ý,1ý&21'(16('ý0(',$

9ï$ïý5RPRGDQRYñý9ï,ïý6DYLQñý9ï9ïý(ONVQLQ
RIý65,ýRIý63$ý/87&+

ìéëìííý3RGROVNñý0RVFRZý5HJLRQñý=KHOHQRGRUR]KQD\Dýëéñ

<Dï%ïý6NXUDWQLN
RIý653&,ýQDPHGýDIWHUý.DUSRYñý2EXNKDýìíñý0RVFRZ

$%675$&7

,Qý WKLVýZRUNñýEDVHGýRQý WKHýSURSRVHGýPRGHOñý WKHý UHVXOWVýRIýSUDFWLFDOý DFWLYLW\ý LQý WKHýQXFOHDUý UHDFWLRQVý LQ
FRQGHQVHGýPHGLDýõ15&0ôýILHOGýDUHýJLYHQïýý:HýDOVRýVSHFLI\ýWKHýUHTXLUHPHQWVýIRUýWKHVHýUHDFWLRQVýDQGýIRUýWKH
VHOHFWLRQýRIý WKHýPDWHULDOVý WRýEHýXVHGý IRUý WKHýSXUSRVHýRIýREWDLQLQJýJRRGý UHSURGXFLEOHý UHVXOWVýRQý WULWLXP
JHQHUDWLRQïýý,QýDGGLWLRQñýZHýGLVFXVVýWKHýOLPLWVýRIýWKHýPDLQýSDUDPHWHUVýRIýWKHýLRQýERPEDUGPHQWýE\ýXVLQJýD
JORZýGLVFKDUJHýDVýDQýH[DPSOHï

,1752'8&7,21

7KHýQXFOHDUýUHDFWLRQVýLQýFRQGHQVHGýPHGLDýõ15&0ôýKDYHýEHHQýVWXGLHGýPRUHýLQýEUHDGWKýUDWKHUýWKDQýLQýGHSWKï
$VýDýUHVXOWñýDWýSUHVHQWý UHOLDEOHýUHVXOWVýRIý LQYHVWLJDWLRQVýRIýSUDFWLFDOO\ýDOOý W\SHVýGRýQRWýPXFKýH[FHHGý WKH
EDFNJURXQGïýý7KHýSRZHUIXOýJORZýGLVFKDUJHýV\VWHPñýWKDWýZHýKDYHýXVHGýIRUýWKHýVLPLODUý15&0ýLQYHVWLJDWLRQñ
KDYHýDOORZHGýXVýWRýREWDLQýUHOLDEOHýGDWDýRQýWULWLXPýDQGýQHXWURQýJHQHUDWLRQýDQGýHOHPHQWýWUDQVPXWDWLRQý>ì@ïýý2QH
RIýWKHýPDLQýIHDWXUHVýRIýRXUýJORZýGLVFKDUJHýV\VWHPýLVýWKHýXVHýRIýKLJKHUýSODVPDðJHQHUDWLQJýJDVýSUHVVXUHVýZKLFK
PDNHVýLWýUHODWLYHO\ýHDV\ýWRýREWDLQýKLJKýIOX[ýGHQVLWLHVýIRUýWKHýGHXWHULXPýLRQVýERPEDUGLQJýWKHýWDUJHWýVDPSOH
õFDWKRGHôï

(;3(5,0(17$/ý352&('85(

7KHýGHVLJQýRIýWKHýSODVPDðGLVFKDUJHýXQLWýDQGýWKHýH[SHULPHQWDOýSURFHGXUHýRQýWULWLXPýGHWHFWLRQýLVýVLPLODUýWRýWKDW
GHVFULEHGýLQý>ì@ïýý3ODWHVñýSLSHVýKDYLQJýWKHýZDOOýRIýíïëðèïíýPPýWKLFNñýDQGýURGVýKDYLQJýëðëíPPýLQýGLDPHWHU
ZHUHýXVHGýDVýVDPSOHVïýý7KHýVDPSOHVýZHUHýPDLQO\ýPDGHýRIýWXQJVWHQýDQGýQLRELXPï

',6&+$5*(ý3$5$0(7(5ý())(&7ý21ý75,7,80ý*(1(5$7,21

,21ý(1(5*<ïý ý$FFRUGLQJý WRý WKHý HVWLPDWHGý FDOFXODWLRQVý õ7DEOHýìñý >ì@ôý WKHý RSWLPDOý LQWHUDFWLRQý HQHUJ\
GHSHQGVýRQýWKHýPDWUL[ýPDWHULDOïýý7KLVýHQHUJ\ýLVýDERXWýêíýH9ýIRUýWKHýGHXWHULXPýPHGLXPýDQGýUHDFKHVýèýNH9
IRUýKHDY\ýHOHPHQWVýRIý0HQGHOH\HYöVýSHULRGLFýWDEOHïýý7KHýORZHUýHQHUJ\ýUDQJHýLVýYHULILHGýE\ý)LJïýìý>ì@ýDQG
7DEOHýëýLQýWKLVýDUWLFOHïýý,Qý7DEOHýëýRQHýFDQýVHHýWKDWñýZKHQýRSHUDWLQJýLQýWKHýQHDUðWKUHVKROGýHQHUJ\ýUDQJHñýWKH
WULWLXPýJHQHUDWLRQýHIILFLHQF\ýõWKHýQXFOHDUýLQWHUDFWLRQýFRHIILFLHQWôýGHFUHDVHGýE\ýDERXWýDQýRUGHUýRIýPDJQLWXGH
DVýDýUHVXOWýRIýVRPHýLRQýHQHUJ\ýGHFUHDVHñýLQýVSLWHýRIýWKHýIDFWýWKDWýWKHýFXUUHQWýGHQVLW\ýKDVýLQFUHDVHGýE\ýDýIDFWRU
RIýêíïýý3HUKDSVñýWKHýUDSLGýGHFUHDVHýLQýWKHýWULWLXPýJHQHUDWLRQýHIILFLHQF\ýZKHQýWKHýLRQýHQHUJ\ýH[FHHGVýWKHýPRGHO
SUHGLFWLRQVýõ)LJïýìñý>ì@ôýLVýFRQQHFWHGýZLWKýWKHýIDFWýWKDWýDFFRUGLQJýWRýWKHýH[SHULPHQWDOýFRQGLWLRQVýWKHýHQHUJ\
LQFUHDVHýLVýDFFRPSDQLHGýZLWKýDýGHQVLW\ýGHFUHDVHï
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7DEOHýìï 15&0ý(IILFLHQF\ýYHUVXVý'LVFKDUJHý3DUDPHWHUV

'LVFKDUJHý3DUDPHWHUV 1XFOHDU 7ULWLXP
0DWHð ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð LQWHUDFð IOX[ï
ULDO 9ROð &XUUHQW 7HPSHð 3UHVð 7LPHñ WLRQýFRð DWRQïVðì

WDJHñ GHQVLð UDWXUHñ VXUHñ ýK HIILFLð
ý9 W\ñ ý. ìíêý3D HQWñ

$ïFPðë DWRPïLRQðì

ì ë ê é è ç æ å

1E ìèçí ýíïíè ìíæí ëí ëë èïê#ìíðìê ëïç#ìíç

1E ìäíí ýíïìí ìëæí êí ëê èïí#ìíðìê ëïæ#ìíç

1E ýæçí ýíïìí ììæí ìë ìçë êïå#ìíðìê ìïí#ìíæ

1E ìåíí ýíïëí ìçæí éí å ëïè#ìíðìë ìïæ#ìíæ

1E ëìíí ýíïêí ìææí èí ýýç êïì#ìíðìë ëïç#ìíæ

1E ìíåí ýëïíí ìçæí ëí ýýç æïì#ìíðìì íïå#ìíä

1E ìííí ýëïíí ìçæí éí ýýå ìïë#ìíðìí íïä#ìíä

1Eìô ýåëí ìíïíí ììæí ëí ýçí çïå#ìíðìì ìïæ#ìíä

:>ììì@ ýçéí ýíïíå ìéæí ìí ýëí çïé#ìíðìé íïæ#ìíç

:>ììì@ ýçéí ýíïíå ìëæí ìí ýìå æïê#ìíðìé íïæ#ìíç

:ëô ìèèí ýíïëí ýäíí êí ýéé ìïì#ìíðìê ìïè#ìíç

: ìëíí ýíïêí ìçæí éí ýéë ëïå#ìíðìê éïë#ìíç

: ìíåí ýìïíí êèíí èí ýýæ éïå#ìíðìë éïè#ìíæ

: ýåíí ýìïèí êçíí çè ýýç åïì#ìíðìë åïé#ìíæ

:ìô ýæëí ìíïíí ìèíí ëì ììè äïì#ìíðìë ëïè#ìíç

: ýåíí ýìïíí ìçæí ëí ýýå êïí#ìíðìì ëïè#ìíå

: ììèí ýåïíí ìçæí éí ýëí ëïè#ìíðìì ìïæ#ìíå

ìôýðý'LVFKDUJHýLQýWKHýPDJQHWLFýILHOG
ëôýðý3XOVHGýGLVFKDUJH

,21ý)/8;ïýý7KHýQXFOHDUýLQWHUDFWLRQýFRHIILFLHQWýYHUVXVýWKHýFXUUHQWýGHQVLW\ýDWýDýVOLJKWýGHYLDWLRQýRIýWKHýUHVW
RIýWKHýSDUDPHWHUVýFDQýEHýGHWHUPLQHGýIURPý7DEOHýìïýý7KHýFXUUHQWýGHQVLW\ýLQFUHDVHýLQýWKHýGLVFKDUJHýFDQýEH
RSWLRQDOO\ý DFFRPSDQLHGý E\ý WKHý15&0ýHIILFLHQF\ý LQFUHDVHý LIý LWý UHVXOWVý LQý GHFUHDVLQJý WKHý HQHUJ\ý RIý WKH
GHXWHULXPýLRQVýERPEDUGLQJýWKHýWDUJHWïýý,QýSDUWLFXODUñýWKLVýHIIHFWýLVýREVHUYHGýXQGHUýKLJKHUýSUHVVXUHVýLQýWKH
QHDUðWKUHVKROGýHQHUJ\ýUDQJHýõ6HHý7DEOHýëôïýý$FFRUGLQJýWRý7DEOHýìñýRQHýFDQýFRQVLGHUýWKHýFXUUHQWýGHQVLW\ýDERXW
èííý$PSïPðëýWRýEHýWKHýORZHUýOLPLWýWRýGHWHFWýWKHý15&0ýUHOLDEO\ï
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7DEOHýëï 15&0ý(IILFLHQF\ýYHUVXVý'LVFKDUJHý3DUDPHWHUVýDWý+LJKHUý3UHVVXUHï

'LVFKDUJHý3DUDPHWHUV 1XFOHDU 7ULWLXP
0DWHð ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð LQWHUDFð IOX[ï
ULDO 9ROð &XUUHQW 7HPSHð 3UHVð 7LPHñ WLRQýFRð DWRQïVðì

WDJHñ GHQVLð UDWXUHñ VXUHñ ýK HIILFLð
ý9 W\ñ ý. ìíêý3D HQWñ

$ïFPðë DWRPïLRQðì

ì ë ê é è ç æ å

: äíí íïë ìíæí ëí ëë äïé#ìíðìê ìïì#ìíæ

:ìô ìêíí íïç ììæí éí ýéç êïë#ìíðìê éïí#ìíç

:ìô ëèéí ëïí ììæí åí ììè ìïí#ìíðìê ìïè#ìíç

:ìô ìêåí çïí ììæí ìëí èë ìïç#ìíðìê ëïè#ìíç

ìôýðýSXOVHGýGLVFKDUJH

35(6685(ïýý7KHýSODVPDðJHQHUDWLQJýJDVýSUHVVXUHýKDVýDQýHIIHFWýRQýWKHýK\GURJHQýVROXELOLW\ýDQGýWKHýPHDQ
HQHUJ\ý RIý WKHý LRQVý ERPEDUGLQJý WKHý VXUIDFHïý ý 7KHý SUHVVXUHý LQFUHDVHý UHVXOWVý LQý LQFUHDVLQJý WKHý K\GURJHQ
FRQFHQWUDWLRQýLQýWKHýWDUJHWýDQGýGHFUHDVLQJýWKHýPHDQýLRQýHQHUJ\ïýý7KHýQRUPDOýFXUUHQWýGHQVLW\ýLQýWKHýGLVFKDUJH
LVýSURSRUWLRQDOýWRýaý3ëýXQGHUýQRUPDOýDQGýDEQRUPDOýFRQGLWLRQVýWKDWýDUHýFORVHðWRðQRUPDOïýý7KHUHIRUHñýLWýLV
GLIILFXOWýWRýREWDLQýWKHýUHTXLUHGýK\GURJHQýDWRPýFRQFHQWUDWLRQýLQýWKHýPDWUL[ýDQGýWRýSURYLGHýDýVXIILFLHQWýFXUUHQW
GHQVLW\ýXQGHUýWKHýVSHFLILFýSUHVVXUHýRSWLPXPïýý$QGýXQGHUýKLJKHUýSUHVVXUHVýWKHýLQFUHDVHýLQýWKHýFXUUHQWýGHQVLW\
DQGýFRQFHQWUDWLRQýFDQQRWýFRPSHQVDWHýIRUýWKHý15&0ýHIILFLHQF\ýGHFUHDVHýE\ýUHGXFLQJýWKHýHQHUJ\ýRIýWKHýLRQV
ERPEDUGLQJýWKHýWDUJHWýõ)LJïýìôïýý,Qý)LJïýìñýRQHýFDQýVHHýWKDWýWKHýSUHVVXUHýRSWLPXPýIRUýPRO\EGHQXPñýWDQWDOXPñ
DQGýWXQJVWHQýDFFRUGLQJýWRýWKHýPD[LPXPýYDOXHýRIýWKHýQXFOHDUýLQWHUDFWLRQýFRHIILFLHQWVýLVýZLWKLQýõëíýWRýéíôý[
ìíííý3Dïýý)RUýQLRELXPñýWKHýRSWLPXPýLVýPRVWýSUREDEO\ýVKLIWHGýGRZQýWRýõìíýWRýêíôý[ýìíííý3Dï

7$5*(7ý7(03(5$785(ïýý$VýWKHýWDUJHWýLVýERPEDUGHGýE\ýWKHýGHXWHULXPýLRQVýKDYLQJýDýPLQLPXPýHQHUJ\
RIýWHQVýRIýHOHFWURQýYROWVýõKXQGUHGVýRIýWKRXVDQGVýRIý.HOYLQVôñýWKHýWDUJHWýWHPSHUDWXUHýVKRXOGýKDYHýDýVOLJKWýGLUHFW
HIIHFWýRQýWKHý15&0ýHIILFLHQF\ïýý+RZHYHUñýWKHýWHPSHUDWXUHýKDVýDýGLUHFWýHIIHFWýRQýWKHýK\GURJHQýFRQFHQWUDWLRQ
LQý WKHý WDUJHWïý ý 7KHUHIRUHñý IRUý WKHý K\GULGHðJHQHUDWLQJý PDWHULDOVý õQLRELXPñý ]LUFRQLXPñý SDOODGLXPñý HWFïô
WHPSHUDWXUHý LQFUHDVHVý VKRXOGý UHVXOWý LQý Dý WULWLXPýJHQHUDWLRQýGHFUHDVHý DQGý IRUý WKHýQRQK\GULGHðJHQHUDWLQJ
PDWHULDOVýõQLFNHOñýPRO\EGHQXPñýWXQJVWHQñýHWFïôýðýLQýWULWLXPýLQFUHDVHïýý7KHýQRQK\GULGHðJHQHUDWLQJýPDWHULDOV
KDYHý WKHý RSWLPDOý WHPSHUDWXUHý DERXWý íïèý7PHOWý õìêííðìåíí(.ý IRUýPRO\EGHQXPýDQGý WXQJVWHQôñý EHFDXVH
WHPSHUDWXUHý LQFUHDVHý LVý DFFRPSDQLHGý E\ý WKHý H[SRQHQWLDOý WKHUPLRQLFý HPLVVLRQý LQFUHDVHïý ý 7KHý K\GULGHð
JHQHUDWLQJýPDWHULDOVýDOVRýKDYHýWKHýRSWLPDOýWHPSHUDWXUHï

7$5*(7ý0$7(5,$/ý$1'ý685)$&(ý67$7(ïýý$FFRUGLQJýWRýRXUýPRGHOý>ì@ýWZRýGHXWHURQVýRIý&RXORPE
SRWHQWLDOýDUHýHIILFLHQWO\ýVKLHOGHGýE\ýWKHýH[FLWHGýDWRPVýRIýWKHýWDUJHWýPDWUL[ñýPRVWýSUREDEO\ýDVýDýUHVXOWýRIýVRPH
DGGLWLRQDOO\ý UHOHDVHGýHOHFWURQVñýZKLFKý õWKHýGHXWHURQVôýFDQýJHQHUDWHýDVýTXDVLðSODVPDïý ý)RUýH[DPSOHñý VHH
UHIHUHQFHý>ë@ïýý7KHUHIRUHñýRQHýFDQýFRPHýWRýWZRýLPSRUWDQWýFRQFOXVLRQVïý)LUVWñýWKHýKHDY\ýHOHPHQWVýZLOOýKDYH
DýKLJKHUýVKLHOGLQJýHIILFLHQF\ýEHFDXVHýWKHLUýDWRPVýKDYHýPRUHýHOHFWURQVýDWýDýORZHUýELQGLQJýHQHUJ\ýH[FHSWýIRU
.ðFODGGLQJïýý6HFRQGO\ñýWKHý15&0ýDUHDýZRQöWýH[FHHGýWKHýYDOXHýRIýWKHýSURMHFWHGýLRQýUXQýSDWKýLQýWKHýFRQGHQVHG
PHGLDâýDERXWýõìíðìôýQPýIRUýWKHýHQHUJLHVýRIýDERXWýìýNH9ïýý,QýWKLVýFDVHýGLIIHUHQWýVXUIDFH
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ýFRPSRVLWLRQVýZLWKýOLJKWHUýHOHPHQWVñýHïJïýFDUELGHVñýQLWULGHVýRUýR[LGHVñýZLOOýFRQVLGHUDEO\ýFRYHUýWKHý15&0
HIILFLHQF\ýERWKýE\ýGHFUHDVLQJýWKHýK\GURJHQýVROXELOLW\ýLQýWKHýQHDUðVXUIDFHýOD\HUýDQGýE\ýUHGXFLQJýWKHýHIILFLHQF\
RIý &RXORPEý SRWHQWLDOý VKLHOGLQJïý ý ,Wý LVý YHULILHGý E\ý WKHý H[SHULPHQWý WKDWý ZKHUHý WKHý UHYHUVHý GHXWHULXP
FRXQWHUFXUUHQWýIORZVýWKRXJKýWKHýZDOOýRIýWKHýWLJKWýVDPSOHýWKHýIRUHLJQýPDWHULDOýILOPýIRUPDWLRQýZDVýLQKLELWHG
DWýWKHýVXUIDFHýIDFLQJýWKHýSODVPDýõ7DEOHýêôï

7DEOHýêï 15&0ý(IILFLHQF\ýYHUVXVý'HXWHULXPý)OX[ý7KURXJKýWKHý6DPSOHý:DOOï

'LVFKDUJHý3DUDPHWHUV 1XFOHDU 7ULWLXP
0DWHð ðððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððððð LQWHUDFð IOX[ï
ULDO 9ROð &XUUHQW 7HPSHð 3UHVð 7LPHñ WLRQýFRð DWRQïVðì

WDJHñ GHQVLð UDWXUHñ VXUHñ ýK HIILFLð
ý9 W\ñ ý. ìíêý3D HQWñ

$ïFPðë DWRPïLRQðì

ì ë ê é è ç æ å

=LUFRð 6WHDG\ åëí ìíæí ìè ç ìïæ#ìíðìë ìïì#ìíæ

QLXP VWDWH
=LUFRð 'HXWHULð äèí ìëæí êí è ìïé#ìíðìì ìïé#ìíå

QLXP XPýóô

óôýFRXQWHUFXUUHQWýIORZñýô3ý ýçí#ìíêý3D

&21&/86,216

)RUýWKHýVLPSOHVWýUHSURGXFLELOLW\ýRIýWKHýDERYHðPHQWLRQHGýUHVXOWVýRQHýFDQýXVHýWKHýJORZýGLVFKDUJHýRIýGLUHFW
FXUUHQWýDWýDýGHXWHULXPýSUHVVXUHýRIýDERXWýëíý[ýìíííý3Dïýý2QHýFDQýXVHýHLWKHUýURGVýKDYLQJýèðìíýPPýLQýGLDPHWHU
RUýSODWHVýíïëðìïíýPPýWKLFNýPDGHýRIýPRO\EGHQXPñýWXQJVWHQñýRUýQLRELXPýDVýDýWDUJHWýVDPSOHýõFDWKRGHôïýý7KH
VDPSOHýWHPSHUDWXUHýVKRXOGýEHýNHSWýZLWKLQýììííðìèíí(.ýDWýWKHýH[SHQVHýRIýWKHýJORZýGLVFKDUJHýSRZHUïýý,QýWKLV
FDVHýIRUFHGýFRROLQJýLVQöWýUHTXLUHGïýý7KHýGLVFKDUJHýYROWDJHýZLWKLQýçííðìíííý9ýFDQýEHýDGGLWLRQDOO\ýFRQWUROOHG
E\ýWKHýGLVWDQFHýEHWZHHQýDQRGHýDQGýFDWKRGHïýý&XUUHQWýDOVRýGHSHQGVýRQýWKHýVDPSOHýGLPHQVLRQVýDQGýFRROLQJ
GHJUHHïýý7KHýYDOXHýRIýìðèý$ýZLOOýEHýVXIILFLHQWïýý:HýWKLQNýWKDWýLIýRQHýIROORZVýWKHVHýUHFRPPHQGDWLRQVñýWKH
WULWLXPýZLOOýEHýJHQHUDWHGýDWýDýOHYHOýRIýìñíííñíííðìíñíííñíííýDWRPVýSHUýVHFRQGýZKHQýWKHýHIILFLHQF\ýLVýDWýOHDVW
ìíýðýìéýDWRPVýSHUýLRQïýý)ROORZLQJýWKHýDERYHýUHFRPPHQGDWLRQýZHýKDYHýPDGHýRYHUýçíýH[SHULPHQWVýGXULQJýWKH
ODVWý\HDUïýý,QýDOOýWKHýH[SHULPHQWVýWKHýWULWLXPýIOX[HVýZHUHýDWýDýOHYHOýRIýìíðçýWRýìíðæýDWRPVýSHUýLRQñýZKHQýWKH
QXFOHDUý LQWHUDFWLRQý FRHIILFLHQWVýZHUHý DWý OHDVWý ìíðìéý DWRPVýSHUý LRQý IRUý VXFKý WDUJHWýPDWHULDOVý DVý QLRELXPñ
PRO\EGHQXPñýDQGýWXQJVWHQï

5()(5(1&(6
>ì@ýý9ïý5RPRGDQRYñý9ïý6DYLQñý<Dïý6NXUDWQLNýDQGý<Xïý7LPRIH\HYñýû1XFOHDUý)XVLRQýLQý&RQGHQVHGý0DWWHUñû
)URQWLHUVýRIý&ROGý)XVLRQïý3URFHHGLQJVýRIýWKHý7KLUGý,QWHUQDWLRQDOý&RQIHUHQFHýRQý&ROGý)XVLRQïý2FWREHUýëìðëèñ
ìääëñý1DJR\Dñý-DSDQïý(GïýE\ïý+ïý,NHJDPLïýý8QLYHUVDOý$FDGHP\ý3UHVVý,QFïñý7RN\Rñý-DSDQñýìääêñýSSýëìæðëëäï

>ë@ýý+ïý+RUDñý-ï&ïý.HOO\ñý-ï8ïý3DWHOýHWýDOïñýû6FUHHQLQJýLQý&ROGý)XVLRQý'HULYHGýIURPý'ð'ý5HDFWLRQVñûý3K\VLFV
/HWWHUVý$ñýìääêñýYROýìæèñýQRýëñýSSýìêåðìéêï
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(;&(66ý+($7ý$1'ý75,7,80ý0($685(0(176ý,1
1Lð+ë2ý(/(&752/<7,&ý&(//6

0ïý6ULQLYDVDQ#ñý3ïý$GLý%DEX�ýñý0ïý%ïý%DMSDLóñý'ïý6ïý*XSWDóñ
8ïý.ïý0XNKHUMHH�ñý+ïý5DPDPXUWK\�ñý7ïý.ïý6DQNDUQDUDLQDQóñ

$ïý6LQKD#ñý$ïý6K\DP#ý

#1HXWURQý3K\VLFVý'LYLVLRQñýó&KHPLFDOý(QJLQHHULQJý'LYLVLRQñ
�3URFHVVý,QVWUXPHQWDWLRQý6\VWHPVý'LYLVLRQ

%KDEKDý$WRPLFý5HVHDUFKý&HQWUH
7URPED\ñý%RPED\ýéíííåèñý,QGLD

%5,()ý'(6&5,37,21ý2)ý7+(ý&(//6ý$1'ý&$/25,0(75,&ý7(&+1,48(ý

$ýODUJHýQXPEHUýRIýRSHQýFHOOýHOHFWURO\VLVýH[SHULPHQWVýRIýWKHý0LOOVýDQGý.QHL]\Vý>ì@ý>DQGýWKHý%XVKð(DJOHWRQ
ìçðìå@ýW\SHýKDYHýEHHQýFDUULHGýRXWýLQýOLJKWýZDWHUýVROXWLRQVýRIýíïç0ý.ë&2êñýíïì0ý/Lë&2êýõQDWXUDOýDQGýHQULFKHG
LQý/LçôýDQGýíïç0ý1Dë&2êýXVLQJý1LýDVýFDWKRGHýDQGý3WýDVýDQRGHñýDWýWKHý%KDEKDý$WRPLFý5HVHDUFKý&HQWUHýLQ
%RPED\ïýý7KHýFHOOVýZHUHýIDEULFDWHGýRIýGRXEOHýZDOOHGýJODVVýGHZDUVýZLWKýHLWKHUýYDFXXPýRUýDLUýEHWZHHQýWKH
LQQHUýDQGýRXWHUýJODVVýYHVVHOVïýý,QýWKHýPRUHýUHFHQWýH[SHULPHQWVýWKHUHýZDVýQRýVLOYHUýFRDWLQJýLQýWKHýGHZDUñ
UHQGHULQJýWKHýFHOOVýWUDQVSDUHQWïýý$ýYDULHW\ýRIýQLFNHOýVDPSOHVýZHUHýWHVWHGýDVýFDWKRGHVãýýVRPHýZHUHýVROLGýQLFNHO
IRLOVâý RWKHUVýZHUHý LQý WKHý IRUPýRIýSRURXVý VKHHWVý VLQWHUHGý IURPý ILQHýQLFNHOýSRZGHUâý VRPHýFDWKRGHVýZHUH
SURGXFHGýE\ýHOHFWURGHSRVLWLQJýQLFNHOýRQWRýDýVWDLQOHVVýVWHHOýURGýDQGýODWHUýSHHOLQJýLWýRIIâý\HWýRWKHUVýZHUHýLQýWKH
IRUPýRIýDýPHVKýPDGHýRIý1LýILEUHVýõSURFXUHGýIURPý1DWLRQDOð6WDQGDUGý&Rïñý86$ýDVýXVHGýE\ý%XVKýDQGý(DJOHWRQ
>ìçðìå@ôïýý:KLOHýPRVWýRIýWKHýH[SHULPHQWVýGHSOR\HGýSODQDUýJHRPHWU\ýIRUýWKHýHOHFWURGHýDVVHPEO\ñýDýIHZýFHOOV
XVHGýF\OLQGULFDOýJHRPHWU\ïýý,QýVRPHýFHOOVýDýPL[WXUHýRIý+ë2ýDQGý'ë2ýZDVýXVHGïýý1RýH[WHUQDOýVWLUUHUýZDV
HPSOR\HGïýý+RZHYHUýGXULQJýWKHýHOHFWURO\VLVýUXQVñýWKHýYLJRURXVýEXEEOLQJýFDXVHGýE\ýWKHýHVFDSLQJý+ëýDQGý2ë

JDVHVýVHUYHGýWRýPL[ýWKHýVROXWLRQýZHOOýDQGýUHGXFHýWHPSHUDWXUHýJUDGLHQWVïýý7\SLFDOO\ýDýEDQNýRIýILYHýRSHUDWLQJ
FHOOVýDQGýRQHýGXPP\ýFHOOýZDVýUXQýDWýDýWLPHïýý([SHULPHQWVýZLWKýDýJLYHQýEDQNýODVWHGýIRUýWZRýWRýVL[ýZHHNVýHDFKï
7ZRýW\SHð7ýFRSSHUðFRQVWDQWDQýWKHUPRFRXSOHVñýHLWKHUýEDUHýRUýHQFDVHGýLQýDýVWDLQOHVVýVWHHOýRUýJODVVýWXELQJýZHUH
GHSOR\HGýLQýHDFKýFHOOýIRUýWHPSHUDWXUHýPHDVXUHPHQWVïýý7KHýGLIIHUHQFHýõô7ôýLQýDYHUDJHýWHPSHUDWXUHýDWýVWHDG\
VWDWHýEHWZHHQýWKHýRSHUDWLQJýFHOOýõ7FôýDQGýWKDWýRIýWKHýUHIHUHQFHýFHOOýõ7UHIôýZDVýWDNHQýDVýDýPHDVXUHýRIýWKHýKHDW
JHQHUDWLRQýLQýWKHýFHOOïýý7KHýDFFXUDF\ýRIýWKHýGLIIHUHQWLDOýWHPSHUDWXUHýPHDVXUHPHQWVýLVýHVWLPDWHGýWRýEHýEHWWHU
WKDQý�ýíïè&ïýý7KHýFHOOVýZHUHýFDOLEUDWHGýXVLQJýUHVLVWDQFHýKHDWHUVïýý)RUýHDFKýFHOOýô7ýZDVýPHDVXUHGýDWýVWHDG\
VWDWHýIRUýGLIIHUHQWýLQSXWýMRXOHýSRZHUVïýý7KHýPD[LPXPýLQSXWýMRXOHýSRZHUý>õ9ðìïéåëôýóý,@ýYDULHGýIURPýìïíýWR
çïè:ýGHSHQGLQJýRQýWKHýFHOOýGHVLJQýDQGýFDOLEUDWLRQýFRQVWDQWïýý&HOOýFXUUHQWVýYDULHGýIURPýý,ý1ýíïì$ýWRýìïè$ïý

&DORULPHWULFýPHDVXUHPHQWVýKDYHýVRýIDUýEHHQýFDUULHGýRXWýLQýRYHUýæíýFHOOVñýVLQFHý-DQXDU\ýöäëïýý5HVXOWVýDVýRI
2FWREHUýöäëýZHUHýUHSRUWHGý>ë@ýDWý,&&)ðêýLQý1DJR\DýDQGýWKRVHýRIýWKHýIXUWKHUýVWXGLHVýõXSýWRý$XJXVWýöäêôýZHUH
SUHVHQWHGý>ê@ýDWý,&&)ðéýLQý0DXLïýý$ýIHZýVLPLODUýRSHQýFHOOýPHDVXUHPHQWVýKDYHýDOVRýEHHQýFDUULHGýRXWýE\ýRQH
RIýWKHýDXWKRUVýõ06ôýDWý65,ý,QWHUQDWLRQDOýLQý0HQORý3DUNñý>é@ý&DOLIRUQLDñýGXULQJýWKHýZLQWHUýRIýäêðäéýHPSOR\LQJ
YHU\ýVHQVLWLYHý57'VýIRUýWKHýWHPSHUDWXUHýPHDVXUHPHQWVïý

$VýDýJHQHUDOýREVHUYDWLRQýLWýZDVýQRWHGýWKDWýIRUýWKHýUHVXOWVýWRýEHýUHOLDEOHñýWKHýDPELHQWýDLUýDQGýUHIHUHQFHýFHOO
WHPSHUDWXUHýYDULDWLRQVîIOXFWXDWLRQVýVKRXOGýEHýPXFKýVPDOOHUýWKDQýWKHýô7ýJLYHQýE\ýõ7Fýðý7UHIôýEHLQJýPHDVXUHGï
/LNHZLVHñýWKHýGLIIHUHQFHýLQýUHDGLQJýEHWZHHQýWKHýWZRýWHPSHUDWXUHýVHQVRUVýRIýDýFHOOñýZKLFKýLVýDýPHDVXUHýRI
WHPSHUDWXUHýJUDGLHQWVýLQýWKHýFHOOñýVKRXOGýEHýááýô7ýEHLQJýPHDVXUHGïýý,WýZDVýREVHUYHGýWKDWýHYHQýPLQRUýFKDQJHV
LQýHOHFWURGHýDVVHPEO\ýGHVLJQñýRUýWKHýKHLJKWðWRðGLDPHWHUýUDWLRýRIýWKHýVROXWLRQýUHJLRQýRIýWKH
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ýFHOOýõWKLVýLQIOXHQFHVýWKHýSDWWHUQýRIýFRQYHFWLRQýFXUUHQWVôñýWKHýSUHVHQFHýRIýVWUXFWXUDOýFRPSRQHQWVñýLIýDQ\ñýZKLFK
PD\ýLPSHGHýFRQYHFWLRQýLQGXFHGýPL[LQJñýHWFïýFDQýUHVXOWýLQýXQDFFHSWDEO\ýODUJHýõ7ìýðý7ëôýYDOXHVñýJLYLQJýULVHýWR
SRRUýUHOLDELOLW\ýRIýWKHýô7ýPHDVXUHPHQWVïýý7KLVýDVSHFWýZDVýJLYHQýGXHýDWWHQWLRQýLQýFHOOýGHVLJQýDVýWKHUHýZDVýQR
VHSDUDWHýPHFKDQLFDOýVWLUUHUýLQýRXUýFHOOVïý

6800$5<ý2)ý&$/25,0(75,&ý5(68/76ý

$ýVXPPDU\ýRIýWKHýPDLQýILQGLQJVýRIýWKHýFDORULPHWULFýVWXGLHVýLVýJLYHQýEHORZãý

õìôýý2IýWKHýæíýRUýVRýFHOOVýLQYHVWLJDWHGýWRýGDWHýURXJKO\ýKDOIýKDYHýVKRZQýûGHWHFWDEOHûýDPRXQWVýRIýûH[FHVV
SRZHUûñýW\SLFDOO\ý&ýìïí:ýZLWKýUHVSHFWýWRýWKHýTXDQWLW\ýõ9ýðýìïéåëôýóý,ïýý+RZHYHUñýWKHýIDFWýWKDWýWKHUHýZHUH
LQGHHGýPDQ\ýFHOOVýZKLFKýGLGýQRWýLQGLFDWHýDQ\ýûH[FHVVýSRZHUûýDQGýZKHUHLQýWKHýHOHFWURO\VLVýSRLQWVýIHOOýQHDWO\
RQýWKHýFDOLEUDWLRQýOLQHýJLYHVýXVýFRQILGHQFHýLQýWKHýYDOLGLW\ýRIýWKHýFDORULPHWULFýWHFKQLTXHýHPSOR\HGïýý,QýWKH
%$5&ýPHDVXUHPHQWVýWKHýORZHUýOLPLWýRIýGHWHFWDEOHýH[FHVVýSRZHUýZDVý1ýíïë:ñýZKHUHDVýLQýWKHýH[SHULPHQWV
FRQGXFWHGýE\ý06ýDWý65,ý,QWHUQDWLRQDOñýDSSDUHQWýH[FHVVýSRZHUýYDOXHVýGRZQýWRýêíP:ýFRXOGýEHýPHDVXUHG
EHFDXVHýRIýWKHýXVHýRIýYHU\ýVHQVLWLYHý57'VýIRUýWHPSHUDWXUHýPHDVXUHPHQWVïýý2QýWKHýRWKHUýKDQGýWKHýPD[LPXP
H[FHVVýSRZHUýREVHUYHGýDWý65,ýZDVýRQO\ý1ýíïë:âýSRVVLEOHýUHDVRQVýIRUýWKLVýDUHýEHLQJýH[DPLQHGïý

õëôýý7KHýûH[FHVVýSRZHUûýH[SUHVVHGýDVýDýIUDFWLRQýRIýWKHýLQSXWýMRXOHýSRZHUýYDULHGýEHWZHHQýìíøýDQGýììíøï
,QýPRVWýFDVHVýWKHýSHUFHQWýûH[FHVVýSRZHUûýGLPLQLVKHGýZLWKýLQFUHDVLQJýLQSXWýSRZHUïý

õêôý ý,QýWKHýPDMRULW\ýRIýWKHýFHOOVý LQYHVWLJDWHGñý WKHýDEVROXWHýûH[FHVVýSRZHUûýZDVýDOPRVWýFRQVWDQWýDERYHýD
WKUHVKROGýYDOXHýRIýLQSXWýSRZHUýZKLFKýYDULHGýIURPýíïìè:ýWRý1ýíïç:ïýý,QýWKHýPRUHýUHFHQWýGHVLOYHUHGýIODVN
H[SHULPHQWVýDWý%$5&ýWKHýHOHFWURO\VLVýUXQVýGLGýQRWýVFDQýWKHýUHJLRQýEHORZýDERXWýìïíýWRýìïè:âýKHQFHýZHýGR
QRWýNQRZýZKHUHýWKHýWKUHVKROGýIRUýûH[FHVVýSRZHUûýZDVýLQýWKHVHýUXQVïýý,QýWKHVHýQHZýFHOOVýWKHýHOHFWURO\VLVýGDWD
SRLQWVýIHOOýRQýDýOLQHýQHDUO\ýSDUDOOHOýWRýWKHýFDOLEUDWLRQýOLQHïý

õéôýý1HLWKHUýDý1Lð1LýFHOOýQRUýDý3Wð3WýFHOOýKDVýHYHUýLQGLFDWHGýDQ\ýûH[FHVVýSRZHUûýLQýRXUýH[SHULPHQWVýVRýIDUïý

õèôý ý ,Qý PRVWý FDVHVñý LIý DQ\ý ûH[FHVVý SRZHUûý ZDVý SUHVHQWñý LWý ZDVý GHWHFWDEOHý RQý WKHý YHU\ý ILUVWý GD\ý RI
FRPPHQFHPHQWýRIýHOHFWURO\VLVïýý,IýWKHýHOHFWURO\VLVýZDVýLQWHUUXSWHGýIRUýDýGD\ýRUýWZRýIRUýDýKHDWHUýFDOLEUDWLRQ
UXQýDQGýUHVXPHGýVXEVHTXHQWO\ñýWKHýûH[FHVVýSRZHUûýUHDSSHDUHGýRQFHýDJDLQïýý7KHýûH[FHVVýSRZHUûýHSLVRGHV
õZLWKýLQWHUUXSWLRQVýIRUýKHDWHUýFDOLEUDWLRQýUXQVôýKDYHýEHHQýREVHUYHGýIRUýXSýWRýçýZHHNVïý

õçôýý,QýVRPHýFHOOVýLIýQRýûH[FHVVýSRZHUûýZDVýREVHUYDEOHýZLWKLQýWKHýILUVWýIHZýGD\VñýVXEMHFWLQJýWKHý1LýHOHFWURGH
WRýKLJKýFXUUHQWýDQRGLFýVWULSSLQJýõHOHFWURO\VLVýZLWKýUHYHUVHGýYROWDJHýDWýDýFXUUHQWýRIý1ýìýWRýëýDPSVýIRUýDýSHULRG
RIýìíýWRýëéýKRXUVôýUHVXOWHGýLQýDSSHDUDQFHýRIýVRPHýûH[FHVVýSRZHUûñýODVWLQJýIRUýGD\VýWRýZHHNVýWKHUHDIWHUïý

õæôýý/LNHZLVHýLQýRWKHUýFHOOVýQRWýVKRZLQJýûH[FHVVýSRZHUûñýWDNLQJýWKHýHOHFWURGHýDVVHPEO\ýRXWýDQGýKDYLQJýLW
FOHDQHGýIRUýDýIHZýKRXUVýLQýDQýXOWUDVRQLFýFOHDQLQJýEDWKýõXQGHUýGLVWLOOHGýZDWHUôýKDGýDýVLPLODUýEHQHILFLDOýHIIHFWï
+RZHYHUñýXQIRUWXQDWHO\ýIRUýXVñýWKHVHýSURFHGXUHVýGLGýQRWýDOZD\VýVXFFHHGýLQýVZLWFKLQJýRQýDýûGHDGûýFHOOïý

õåôýý2QHýRIýWKHýUHPDUNDEOHýREVHUYDWLRQVýZDVýWKHýUROHýRIýFHUWDLQýDGGLWLYHVýRQýWKHýûH[FHVVýKHDWûýSKHQRPHQRQï
)RUýH[DPSOHýZKHQýWKHý39&ýVKHDWKHGýFRSSHUðFRQVWDQWDQýWKHUPRFRXSOHVýZLWKýEDUHýMXQFWLRQýH[SRVHGýWRýWKH
HOHFWURO\WHýZKLFKýZHUHýXVHGýIRUýWHPSHUDWXUHýPHDVXUHPHQWVýZHUHýUHSODFHGýE\ýVLPLODUýWKHUPRFRXSOHVýHQFDVHG
LQýVWDLQOHVVýVWHHOýWXEHVñýQRQHýRIýWKHýFHOOVýVKRZHGýûH[FHVVýKHDWûïýý%XWýWKHýPRPHQWýZHýZHQWýEDFNýWRýWKHýEDUH
FRSSHUðFRQVWDQWDQýWKHUPRFRXSOHVýRUýXVHGýJODVVýHQFDSVXODWHGý7&VñýWKHýûH[FHVV
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ýKHDWûýUHDSSHDUHGïýý:HýFRQFOXGHýWKDWýVWDLQOHVVýVWHHOýLVýDýûSRLVRQûýõRUýLQKLELWRUôýDQGýFRSSHUýDýSURPRWHUýIRUýWKH
ûH[FHVVýKHDWûýSKHQRPHQRQñýZKDWHYHUýLWVýQDWXUHýPD\ýEHïý

,QýWKLVýFRQWH[WýLWýLVýVLJQLILFDQWýWRýSRLQWýRXWýWKDWýWKHýûVXFFHVVýUDWHûýRIýREVHUYLQJýûH[FHVVýKHDWûýZKLFKýZDVýRYHU
äíøýLQýRXUý1DJR\DýSDSHUý>ë@ýGURSSHGýWRýDERXWýèíøýLQýWKHýUHVXOWVýUHSRUWHGýDWý0DXLïý>ê@ýý7KHýIRUPHUýFHOOV
XVHGýFRSSHUðFRQVWDQWDQýWKHUPRFRXSOHVýZLWKýWKHLUýEDUHýKRWýMXQFWLRQýGLSSLQJýGLUHFWO\ýLQWRýWKHýHOHFWURO\WLF
VROXWLRQýZKLOHýWKHýODWWHUýFHOOVýHPSOR\HGýJODVVýHQFDSVXODWHGý7&Vïýýõ,WýZDVýYHULILHGýE\ýXVLQJýPHUFXU\ýLQýJODVV
WKHUPRPHWHUVýWKDWýWKHýWHPSHUDWXUHýPHDVXUHPHQWVýRIýWKHýEDUHýWKHUPRFRXSOHVýZDVýJHQXLQHýDQGýQRWýGXHýWRýVRPH
HOHFWURFKHPLFDOýDUWLIDFWôïý

7KHýEHQHILFLDOýHIIHFWýRIýDGGLQJýVPDOOýTXDQWLWLHVýRIýFRSSHUýZDVýSRLQWHGýRXWýE\ý5ïý%XVKýRIýWKHý&DOLIRUQLDý6WDWH
3RO\WHFKQLFý8QLYHUVLW\ñý3RPRQDýDWýWKHý0DXLýPHHWLQJïýý$GGLWLRQýRIýWUDFHýDPRXQWVýRIýFRSSHUýLQýWKHýIRUPýRI
FXSULFýQLWUDWHýFU\VWDOVýLQWRýKLVýHOHFWURO\WHñýVLJQLILFDQWO\ýLPSURYHGýWKHýH[FHVVýKHDWýPDUJLQýLQýWKHLUý1Lð+ë2
FHOOVïýý$IWHUýWKHý0DXLýPHHWLQJý%XVKöVýVXJJHVWLRQýRIýDGGLQJýFRSSHUýGLUHFWO\ýLQWRýWKHýHOHFWURO\WHýZDVýWHVWHG
GXULQJý-DQXDU\ýöäéýLQýWZRý.ë&2êýFHOOVýDWý%$5&ïýý,QýERWKýWKHVHýFHOOVýWKHUHýZDVýDýGUDPDWLFýLQFUHDVHýLQýWKH
ûH[FHVVýSRZHUûýPDUJLQýIURPýDERXWýìíøýOHYHOýWRý1ýèíøýOHYHOýDIWHUýFRSSHUýZDVýDGGHGýLQýWKHýIRUPýRIýFXWýZLUH
SLHFHVïýý2QHýRIýWKHVHýFHOOVýõZLWKý)LEUH[ýWïPïý1LýFDWKRGHôýKDVýVKRZQýDQýH[FHVVýSRZHUýPDUJLQýRIýë:ýDWýDQýLQSXW
HOHFWURO\WLFýMRXOHýSRZHUýRIýé:ïýý6LPLODUýFRSSHUýDGGLWLRQýWHVWVýLQýVHYHUDOýFHOOVýFDUULHGýRXWýE\ý06ýDWý65,
KRZHYHUýGLGýQRWýVKRZýDQ\ýLPSURYHPHQWýLQýUDLVLQJýûH[FHVVýSRZHUûýOHYHOVïý
õäôýý6RPHýFHOOVýZKLFKýVKRZHGýûH[FHVVýSRZHUûýLQýWKHý%$5&ýH[SHULPHQWVýXVHGýDýSDUDOOHOýSODWHýHOHFWURGH
DUUDQJHPHQWýZLWKýDý3WýIRLOýDQRGHýRQýRQHýVLGHýRIýWKHý1LýIRLOýFDWKRGHýõLQWHUHOHFWURGHýJDSý1ýåýPPôýLQVWHDGýRI
WKHý QRUPDOý 3Wý ZLUHý DQRGHý ZRXQGý DURXQGý Dý FHQWUDOý 1Lý FDWKRGHïý ý 6LPLODUO\ý ûVDQGZLFKûý W\SHý HOHFWURGH
DVVHPEOLHVýZKHUHLQýDýSODQDUý1LýHOHFWURGHýLVýVDQGZLFKHGýEHWZHHQýDýSDLUýRIýSHUIRUDWHGýWHIORQýSODWHVýDQGýERXQG
WLJKWO\ýE\ýPHDQVýRIýDý3WýZLUHýDQRGHýFRLOýKDYHýDOVRýVKRZQýûH[FHVVýKHDWûýLQýVHYHUDOýFHOOVïýýý

õìíôýý)LQDOO\ñýDýUHPDUNýPD\ýEHýLQýRUGHUýUHJDUGLQJýWKHýXVHýRIýDQRGLFýRSHUDWLRQýRIýWKHýQLFNHOýHOHFWURGHýIRU
SXUSRVHVýRIýFHOOýFDOLEUDWLRQïýý:HýRIWHQýILQGýWKDWýWKHýô7ýSRLQWVýLQýVXFKýUXQVýIDOOýEHORZýWKHýKHDWHUýFDOLEUDWLRQ
FXUYHïý ý+RZHYHUñý LQýVHYHUDOýRWKHUý UXQVý WKHVHýûUHYHUVHýHOHFWURO\VLVûýSRLQWVý IDOOýFORVHý WRýRUýRQý WKHýKHDWHU
FDOLEUDWLRQýOLQHïýý7KHýUHDVRQýIRUýWKLVýEHKDYLRUýKDVýQRWý\HWýEHHQýXQGHUVWRRGïý

75,7,80ý0($685(0(176ý

$WýWKHý1DJR\DýPHHWLQJýZHýUHSRUWHGý>ë@ýWKDWýPRUHýWKDQýèíøýRIýWKHýFHOOVýDQDO\]HGýVKRZHGýWULWLXPýDWýOHYHOVýRI
'ýìíý%TîPOïýý2EVHUYDWLRQýRIýWULWLXPýHYHQýZKHQýWKHýHOHFWURO\WHýGLGýQRWýFRQWDLQýDQ\ý'ë2ýõRWKHUýWKDQýQDWXUDO
DEXQGDQFHôýZDVýDýVXUSULVLQJýQHZýILQGLQJýZKLFKýKDVýEHHQýPHWýZLWKýFRQVLGHUDEOHýVNHSWLFLVPïýý:HýRXUVHOYHV
ZRXOGýKDYHýKDGýOHVVýIDLWKýLQýWKHVHýUHVXOWVýZHUHýLWýQRWýIRUýWKHýIDFWýWKDWýDWýOHDVWýRQHýFHOOýõ&HOOýúý20ðêýZLWKýèéø
/LçýHQULFKPHWQýDQGýZLWKý/Lë&2êýVROXWLRQýLQý+ë2ôýZKLFKýZDVýVDPSOHGñýGLVWLOOHGýDQGýFRXQWHGýHYHU\ýIHZýGD\V
VKRZHGýDýVWHDGLO\ýLQFUHDVLQJýWULWLXPýDFWLYLW\ýUHDFKLQJýDýPD[LPXPýYDOXHýRIýëëèý%TîPOñýDWýWKHýHQGýRIýDERXW
DýPRQWKýõ6HHý)LJXUHýåýRIýRXUý1DJR\DýSDSHUý>ë@ôïýý7KHýWULWLXPýUHVXOWVýUHSRUWHGýDWý1DJR\DýZHUHýIURPýWKH
DQDO\VLVýFDUULHGýRXWýDWýWKHý,VRWRSHý'LYLVLRQýRIý%$5&ýZKLFKýKDQGOHVýWULWLXPýVDPSOHVýRIýYDU\LQJýVWUHQJWKV
UHFHLYHGý IURPýRWKHUý UHVHDUFKýJURXSVýRIý%$5&ýDOVRïý ý7KHUHý LVý WKHUHIRUHý VFRSHý IRUý VXVSLFLRQý WKDWý FURVV
FRQWDPLQDWLRQýFRXOGýKDYHýRFFXUUHGýGXULQJýGLVWLOODWLRQîFRXQWLQJýRIýVDPSOHVýWKHUHïýý7KLVýLVýRQHýRIýWKHýUHDVRQV
ZK\ýZHýUHSRUWHGýWULWLXPýUHVXOWVýRQO\ýDERYHýDýUDWKHUýKLJKýYDOXHýRIýìíý%TîPOñýDWýWKDWýWLPHïýý7KHýEDFNJURXQG
FRXQWýUDWHýLQýWKHýVFLQWLOODWLRQýFRXQWLQJýVHWýXSýXVHGýWKHUHLQýZDVý1ýéåýFSPýZKLFKýFRUUHVSRQGVýWRý1ýêý%TîPOñ
VLQFHýFRXQWLQJýHIILFLHQF\ýZDVý1ýëåøïýýý

,QýRUGHUýWRýDYRLGýDQ\ýOLNHOLKRRGýRIýFURVVýFRQWDPLQDWLRQñýZHýDFTXLUHGýõLQý0D\ýöäêôýDýQHZýORZýQRLVHýOLTXLG
VFLQWLOODWLRQýFRXQWLQJýVHWýXSñýH[FOXVLYHO\ýIRUýWKHýDQDO\VLVýRIýRXUýHOHFWURO\VLVýVDPSOHVïýý7KLVýHTXLSPHQWýKDV
EHHQýLQVWDOOHGýLQýDýODERUDWRU\ýZKHUHýQRýRWKHUýWULWLXPýRUýUDGLRDFWLYLW\ýLVýKDQGOHGïýý7KLVýXQLWýKDVýDýEDFNJURXQG
FRXQWýUDWHýRIý1ýëæýFSPýHTXLYDOHQWýWRýDýWULWLXPýDFWLYLW\ýRIý1ýëý%TîPOýõRUýìëíýGSPîPOôïýý7KLV
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ýQHZýVHWýXSýLVýIRXQGýWRýEHýFDSDEOHýRIýGHWHFWLQJýWULWLXPýOHYHOVýLQýWKHýHOHFWURO\WHýGRZQýWRýíïèý%TîPOýõ1ýêí
GSPîPOôïýý7KHýWULWLXPýUHVXOWVýUHSRUWHGý>ê@ýDWý,&&)ðéýLQý'HFHPEHUýöäêýZHUHýREWDLQHGýXVLQJýWKLVýQHZýVHWýXSï
3ULRUýWRýORDGLQJýDQ\ýFHOOýZLWKýHOHFWURO\WHýLWýZDVýHQVXUHGñýWRýEHJLQýZLWKñýWKDWýWKHýHOHFWURO\WLFýVROXWLRQýGRHVýQRW
FRQWDLQýDQ\ýWULWLXPýFRQWDPLQDWLRQïýý7KHýPDLQýILQGLQJVýõGXULQJý0D\ð$XJXVWñýöäêôýUHJDUGLQJýWULWLXPýSURGXFWLRQ
LQý1Lð+ë2ýFHOOVñýDVýUHSRUWHGýDWýWKHý0DXLýPHHWLQJñýDUHýDVýIROORZVãý

õDôýýìíýRXWýRIýëêýõURXJKO\ýéíøôýRIýWKHý1Lð+ë2ýFHOOVýDQDO\]HGýVKRZHGýWULWLXPïý

õEôý ý1RýSUHIHUHQFHý LVý VHHQý IRUý7ðSURGXFWLRQñýZLWKý UHVSHFWý WRýHOHFWURO\WHý W\SHñý+ë2ýYVïý'ë2ñýQDWXUDOýYVï
HQULFKHGý/LñýRUýW\SHýRIý1LýFDWKRGHýPDWHULDOïý

õFôýý7KHýPD[LPXPýDPRXQWýRIýWULWLXPýPHDVXUHGýLQýWKHýSRVWý1DJR\DýH[SHULPHQWVýLVýRQO\ý1ýëííýGSPîPOýõ1ýêïè
%TîPOôïý

õGôýý(OHFWURO\WLFýHQULFKPHQWýRIýWKHýWULWLXPýLVRWRSHýFDQQRWýDFFRXQWýIRUýWKHýWULWLXPýREVHUYHGýE\ýXVñýVLQFHýWKH
FXUUHQWVýZHUHýáýìïèýDPSñýWHPSHUDWXUHVýRIýFHOOýRSHUDWLRQýDERYHýDPELHQWñýDQGýDGGLWLRQýRIýPDNHýXSýZDWHUýZDV
FDUULHGýRXWýIUHTXHQWO\ïýý

õHôýý6XUSULVLQJO\ýWKHýWULWLXPýDFWLYLW\ýRIýWKHýHOHFWURO\WHýLQýVHYHUDOýFHOOVýZDVýIRXQGýWRýYDU\ýLQýDýVDZWRRWKýIDVKLRQï
&ORVHýVFUXWLQ\ýRIýWKHýVDPSOLQJîGLVWLOOLQJýDQGýFRXQWLQJýWHFKQLTXHVñý LQýFRQMXQFWLRQýZLWKýVHYHUDOýDX[LOLDU\
PHDVXUHPHQWVñýVWURQJO\ýVXJJHVWVýWKDWýWKHýWULWLXPýOHYHOýLQýWKHýHOHFWURO\WLFýVROXWLRQýDFWXDOO\ýLQFUHDVHGýDQG
GHFUHDVHGñýDQGýWKDWýLWýZDVýQRWýDýPHDVXUHPHQWýDUWLIDFWýRUýH[SHULPHQWDOýHUURUïýý:KLOHýDýVXGGHQýVKDUSýLQFUHDVH
RIýWULWLXPýDFWLYLW\ýFDQýEHýXQGHUVWRRGýDVýDýSURGXFWLRQýõRUýEXUVWôýSKDVHñýWKHýGHFUHDVLQJýSKDVHýODVWLQJýIRUýWHQV
RIýGD\VýDWýWLPHVñýFDQQRWýEHýDFFRXQWHGýIRUýHDVLO\ïýý:HýDUHýWKXVýIRUFHGýWRýFRQFOXGHýWKDWýWKHUHýLVýDýVWURQJýDVý\HW
XQLGHQWLILHGýPHFKDQLVPýFOHDQVLQJýWKHýHOHFWURO\WHýRIýWULWLXPýSHULRGLFDOO\ïýý,WýFRXOGýEHýDQýHOHFWURFKHPLFDO
DGVRUSWLRQîGHVRUSWLRQýSKHQRPHQRQýRQýWKHýQLFNHOýFDWKRGHýVXUIDFHïý

',6&866,21ý$1'ý&21&/86,216ý

([FHVVýSRZHUýPHDVXUHPHQWVýLQýRSHQý1Lð+ë2ýFHOOVýKDYHýDOVRýEHHQýFDUULHGýRXWýE\ýDWýOHDVWýILYHýRWKHUýJURXSV
VRýIDUñýQDPHO\ý1RQLQVNLý>è@ñý1RWR\Dý>çñæ@ñý2KPRULýDQGý(Q\Rý>åñä@ñý&ULGGOHý>ìíñìì@ñýDQGý%D]KXWRYýHWýDOïý>ìë@
EHVLGHVý WKHýRULJLQDWRUVýRIý WKLVýFRQFHSWñýQDPHO\ý0LOOVýHWýDOïý >ìñìê@ïý ý7KHUHýKDVýKRZHYHUýEHHQýSHUVLVWHQW
FULWLFLVPîVXVSLFLRQýWKDWýWKHýûH[FHVVýKHDWûýLQýRSHQýFHOOVýFRXOGýEHýGXHýWRýUHFRPELQDWLRQýHIIHFWVïýý$Wý%$5&ñ
HDUO\ýRQñýZHýGLGýFDUU\ýRXWý)DUDGD\ýHIILFLHQF\ýPHDVXUHPHQWVýLQýVRPHýFHOOVýE\ýPHDVXULQJýWKHýYROXPHýRI
HOHFWURO\WLFýJDVHVýHYROYHGýDQGýIRXQGýLWýWRýEHý!ýäèøýEXWýVLQFHýRXUýH[FHVVýKHDWýPDUJLQVýZHUHýXSýWRýæíøýRUýHYHQ
ìííøýDWýWLPHVñýZHýFRQFOXGHGýWKDWýUHFRPELQDWLRQýHIIHFWVýFDQQRWýDFFRXQWýIRUýWKHýH[FHVVýSRZHUýUHSRUWHGýE\ýXVï
8QWLOýQRZýZHýKDYHýQRWýFDUULHGýRXWýDQ\ý)DUDGD\ýHIILFLHQF\ýPHDVXUHPHQWVýVLPXOWDQHRXVO\ýZLWKýFDORULPHWU\
WRýFRQILUPýWKDWý)DUDGD\ýHIILFLHQF\ýLVýFORVHýWRýìííøýLQýDýKHDWýSURGXFLQJýFHOOïýý$OVRýWKHýIDFWýWKDWýZHýKDYHýQHYHU
PHDVXUHGý H[FHVVý SRZHUý RYHUý DQGý DERYHý 9ó,ý LQý DQ\ý RIý RXUý RSHQý FHOOVý KDVý OHGý WRý VXJJHVWLRQVý WKDW
UHFRPELQDWLRQîOHDNDJHýFXUUHQWýHIIHFWVýQHHGýWRýEHýDGGUHVVHGýE\ýXVïý

5HFHQWO\ý-ïý(ïý-RQHVýHWýDOïý>ìé@ýRIý%ULJKDPý<RXQJý8QLYHUVLW\ñý3URYRñý8WDKýDQGý=YLý6KNHGLýHWýDOïý>ìè@ýRIý%RVH
&RUSRUDWLRQñý0DVVDFKXVHWWVñýKDYHýUHSRUWHGýPHDVXULQJý)DUDGD\ýHIILFLHQF\ýVLPXOWDQHRXVO\ýZLWKýFDORULPHWU\
DQGýFODLPýWKDWýWKHýDSSDUHQWýH[FHVVýSRZHUýLQýWKHLUýRSHQý1Lð+ë2ýFHOOVýFDQýEHýDFFRXQWHGýIRUýE\ýUHFRPELQDWLRQ
HIIHFWVïýý2IýWKHVHñýWKHý-RQHVýH[SHULPHQWýZDVýFDUULHGýRXWýDWýVXFKýORZýFXUUHQWVýõíïäçýP$ýWRýåïíåýP$ôýDQG
SRZHUýOHYHOVýõáýììýP:ôýWKDWýWKH\ýDUHýQRWýSHUKDSVýSDUWLFXODUO\ýUHOHYDQWýWRýWKHýKLJKHUýFXUUHQWýUHJLPHVýõ!ýìíí
P$ôý RIýPRVWý RWKHUý RSHQý FHOOý H[SHULPHQWVïý ý$Wý YHU\ý ORZý FXUUHQWVý WKHUHý DUHý FRPSHWLQJý HOHFWURFKHPLFDO
SKHQRPHQDý ZKLFKý FRPHý LQWRý SOD\ý DQGý ZKLFKý QHHGý WRý EHý FRQVLGHUHGý WRý LQWHUSUHWý )DUDGD\ý HIILFLHQF\
PHDVXUHPHQWVïýý+RZHYHUýWKHý%RVHýH[SHULPHQWVýZHUHýDWýDýFXUUHQWýRIýíïêèýDPSVýõFHOOýYROWDJHý1ýê9ôïýý7KH\
PHDVXUHGýWKHýPDVVýRIýZDWHUýUHIRUPHGýLQýDýVHSDUDWHýWHVWýWXEHýFRQWDLQLQJý3WýFDWDO\VWñýLQWRýZKLFK
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ýWKHýHOHFWURO\WLFýJDVHVýZHUHýGLUHFWHGïýý6LQFHýWKHýDPRXQWýRIýZDWHUýUHIRUPHGýZDVýOHVVýõE\ý1ýêíøýWRýéíøôýWKDQ
WKDWýH[SHFWHGýRQýWKHýEDVLVýRIýFRXORPEVýSDVVHGýõ1ýìýPOýRIýZDWHUýLVýH[SHFWHGýIURPýêý$KýRIýFKDUJHýSDVVHGôñýE\
SUHFLVHO\ýWKHýTXDQWLW\ýWKDWýFRXOGýDFFRXQWýIRUýWKHýH[FHVVýSRZHUýõêíøýWRýéíøôýPHDVXUHGýLQýWKHLUýRSHQýFHOOVñ
WKH\ýFRQFOXGHýWKDWýWKHýDSSDUHQWýH[FHVVýSRZHUýLQýWKHLUýFHOOVýFRXOGýEHýDFFRXQWHGýIRUýE\ýUHFRPELQDWLRQýRU
OHDNDJHýFXUUHQWýHIIHFWVýZLWKLQýWKHýFHOOVïýý+RZHYHUñýLWýLVýLQVWUXFWLYHýWRýQRWHýDWýWKLVýSRLQWñýWKDWý0LOOVýHWýDOïýILQG
WKDWýLQýWKHLUý1Lð+ë2ýFHOOVýZLWKý.ë&2êýVROXWLRQýZKLFKýJHQHUDWHýH[FHVVýSRZHUñýZKLOHýWKHý)DUDGD\ýHIILFLHQF\
PHDVXUHGýIURPýJDVýSURGXFWLRQýZDVýFORVHýWRýìííøýõVHHý7DEOHý,,,ýRIý5HIïýìêôñýû7KHýFRPEXVWLRQýRIýWKHýJDVHV
ïýïýïýïýïýZDVýLQFRPSOHWHûýõVHHýSïýììåýRIý5HIïýìêôñýVXSSRVHGO\ýGXHýWRýIRUPDWLRQýRIýûGLK\GULQRýPROHFXOHVûñýZKLFK
GRýQRWýFRPELQHýZLWKýR[\JHQïý

7KHýFUXFLDOýWHVWýLQýRSHQýFHOOVýWKHUHIRUHýDSSHDUVýWRýEHýWRýSHUIRUPýVLPXOWDQHRXVO\ýFDORULPHWU\ñýPHDVXUHPHQW
RIýPDVVHVýRIýZDWHUýORVWýGXHýWRýHOHFWURO\VLVýDQGýZDWHUýUHIRUPHGýFDWDO\WLFDOO\ýLQýDQýDGMDFHQWýYHVVHOïýý7KHUHýDUH
WKUHHýSRVVLEOHýRXWFRPHVãýý,IýUHFRPELQDWLRQýZHUHýWKHýVRXUFHýRIýH[FHVVýSRZHUñýPDVVýRIýZDWHUýORVWýZRXOGýEH
HTXDOýWRýWKHýPDVVýRIýZDWHUýUHIRUPHGýEXWýERWKýZLOOýEHýOHVVýWKDQýWKHý)DUDGD\ýYDOXHïýý2QýWKHýRWKHUýKDQGýLIýWKH
H[FHVVýSRZHUýZHUHýRIýQXFOHDUýRULJLQñýPDVVýRIýZDWHUýORVWýIURPýFHOOýZLOOýEHýHTXDOýWRýWKDWýUHIRUPHGýDQGýERWKýZLOO
FRUUHVSRQGýWRýWKHý)DUDGD\ýYDOXHïýý,QýFRQWUDVWýLIý0LOOöVýGLK\GULQRýPROHFXOHýIRUPDWLRQýWKHRU\ýZHUHýYDOLGñýPDVV
RIýZDWHUýORVWýZLOOýFRUUHVSRQGýWRýWKHý)DUDGD\ýYDOXHýEXWýPDVVýRIýZDWHUýUHIRUPHGýZLOOýEHýPXFKýOHVVýLQýWKHýFDVH
RIýDýKHDWýSURGXFLQJýFHOOïýý,WýZRXOGýEHýDGYDQWDJHRXVýWRýDOVRýPHDVXUHýWKHýUDWHýRIýHYROXWLRQýRIýHOHFWURO\WLFýJDVHV
LQýRUGHUýWRýKDYHýDQýLQGHSHQGHQWýFKHFNýRQýWKHý)DUDGD\ýHIILFLHQF\ïýý6XFKýH[SHULPHQWVýDUHýFXUUHQWO\ýXQGHUZD\
DWý65,ý,QWHUQDWLRQDOýZLWKýDýYLHZýWRýUHVROYLQJýVRPHýRIýWKHVHýLVVXHVïý

7KHýRWKHUýDSSURDFKý LVý WRýFDUU\ýRXWýFORVHGýFHOOý H[SHULPHQWVñý DOWKRXJKý0LOOVýHWýDOïý VHHPý WRý LQGLFDWHý WKDW
DFFRUGLQJýWRýWKHLUýWKHRU\ýRIýFRPSDFWýK\GURJHQýDWRPýIRUPDWLRQñýH[FHVVýKHDWýZLOOýQRWýEHýREVHUYDEOHýLQýFORVHG
FHOOVïýý2QýWKHýRWKHUýKDQGñýLIýWKHýH[FHVVýKHDWýLVýQXFOHDUýLQýRULJLQýDVý5REHUWý%XVKýKDVýVXJJHVWHGñýFORVHGýFHOO
H[SHULPHQWVýVKRXOGýLQGLFDWHýH[FHVVýKHDWýXQDPELJXRXVO\ïýý)XUWKHUýWKHýH[FHVVýKHDWýVKRXOGýSUREDEO\ýQRWýGHSHQG
RQýZKHWKHUýFDUERQDWHýRUýK\GUR[LGHý LVýXVHGýRUýZKHWKHUý WKHýDONDOLýVDOWý LVýRIý1Dñý.ñý5EýRUý&Vïý ý%XVKýDQG
(DJOHWRQý>ìç@ýDUHýSHUKDSVýWKHýRQO\ýJURXSýWRýGDWHýWRýKDYHýFDUULHGýRXWýH[WHQVLYHýFDORULPHWULFýVWXGLHVýLQý1Lð+ë2
V\VWHPVýXVLQJýFORVHGýFHOOVïýý7KH\ýKDYHýH[SHULPHQWHGýZLWKýRYHUýêíýFHOOVýGXULQJýWKHýSHULRGý$XJXVWýöäìýWR
)HEUXDU\ýöäéý>ìæ@ïýý%XVKýZDVýWKHýILUVWýWRýSURSRVHýDQGýSUHVHQWýH[SHULPHQWDOýHYLGHQFHýWRýVXJJHVWýWKDWýWKHýOLJKW
ZDWHUýH[FHVVýKHDWýHIIHFWýLVýRIýQXFOHDUýRULJLQïýý$QýHOHJDQWýRYHUYLHZýRIýWKHý&DOý3RO\ýZRUNý>ìå@ýWUDFHVýWKH
KLVWRULFDOý HYROXWLRQý RIý%XVKöVý FRQFHSWý WKDWý WKHý H[FHVVý KHDWý LQý WKHVHý OLJKWýZDWHUý FHOOVý LVý GXHý WRý QXFOHDU
WUDQVPXWDWLRQýUHDFWLRQVýLQYROYLQJýDýSURWRQýõIURPý+ë2ôýDQGýDQýDONDOLýPHWDOýDWRPýRIýWKHýHOHFWURO\WHýVXFKýDV
.ñý5EýRUý&Vïýý6RýIDUý1RWR\DýDQGý(Q\Rý>ç@ýDUHýWKHýRQO\ýRWKHUýJURXSýZKRýKDYHýSURYLGHGýH[SHULPHQWDOýVXSSRUW
WRý%XVKöVýWKHRU\ýWKDWýLQýDý.ë&2êýFHOOý&DýLVýEHLQJýIRUPHGýIURPýSRWDVVLXPïý

7KHýRWKHUý HYLGHQFHý LQGLFDWLQJý WKDWý VRPHýQXFOHDUý SKHQRPHQRQý LVý LQGHHGýRFFXUULQJý LQý WKHVHý FHOOVý LVý WKH
GHWHFWLRQýRIýWULWLXPýLQýWKHýHOHFWURO\WHýE\ýWKHý%$5&ýJURXSïýý$VýGLVFXVVHGýHDUOLHUýLQýWKLVýSDSHUñý1RWR\Dý>æ@ýKDV
VLQFHýDOVRýSUHVHQWHGýHYLGHQFHýWKDWýWULWLXPýLVýIRUPHGýLQýVRPHýRIýWKHLUý1Lð+ë2ýFHOOVïýý,QWHUHVWLQJO\ýKRZHYHU
QHLWKHUý%XVKýDQGý(DJOHWRQý>ìæ@ýQRUý%D]KXWRYýHWýDOïý>ìë@ýGHWHFWHGýDQ\ýWULWLXPýLQýWKHLUýFHOOVýLQýVSLWHýRIýFDUHIXO
DQDO\VLVýRIýWKHýHOHFWURO\WHýVDPSOHVïýý7KHýRSHQýFHOOýH[SHULPHQWVýFRQGXFWHGýE\ý06ýDWý65,ýKDYHýDOVRýQRWýVKRZQ
DQ\ýWULWLXPýWRýGDWHïýý>5HDGHUVýVKRXOGýFRQVLGHUýWKHýFRQFHSWýRIýWKHýWULWLXPýGHVHUWýPHQWLRQHGýE\ý5ï7ïý%XVKïýý6HH
SDSHUVýE\ýERWKý5ï7ïý%XVKýDQGý(DJOHWRQýLQýWKLVýYROXPHïýý(Gï@

,QýFRQFOXVLRQñýLWýWKXVýDSSHDUVýWKDWýIXUWKHUýFDUHIXOO\ýSODQQHGýH[SHULPHQWVýDUHýZDUUDQWHGýLQýERWKýRSHQýDQG
FORVHGýFHOOVýWRýGHILQLWLYHO\ýVHWWOHýWKHýLVVXHýRIýWKHýRULJLQýRIýWKHýDSSDUHQWýH[FHVVýSRZHUýLQý1Lð+ë2ýFHOOVïýý7KH
TXHVWLRQýRIýWULWLXPýSURGXFWLRQýDOVRýQHHGVýWRýEHýLQGHSHQGHQWO\ýYHULILHGïýý
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5()(5(1&(6ýý

ìï 0LOOVñý5ïý/ïýDQGý.QHL]\Vñý.ïñý)XVLRQý7HFKQROïñýYROýëíñýSýçèýõìääìôïý
ëï 6ULQLYDVDQñý0ïýHWýDOïñý)URQWLHUVýRIý&ROGý)XVLRQñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñý7RN\RñýSSïýìëêðìëå

õìääêôïý
êï 5DPDPXUWK\ñý+ïýHWýDOïñý3DSHUýúý&ýêïåýSUHVHQWHGýDWý,&&)ðéñý0DXLñýõ+DZDLLôñý'HFHPEHUýçðäñýìääêïý
éï 6ULQLYDVDQñý0ïýHWýDOïñý,QWHUQDOý1RWHñý65,ý,QWHUQDWLRQDOñý0HQORý3DUNñý&DOLIRUQLDñý0DUFKýìääéïý
èï 1RQLQVNLñý9ïñý)XVLRQý7HFKQROïñýYROýëìñýSýìçêýõìääëôïý
çï 1RWR\Dñý5ïýDQGý(Q\Rñý0ïñý)URQWLHUVýRIý&ROGý)XVLRQñý8QLYHUVDOý$FDGHP\ý3UHVVñý ,QFïñý7RN\RýSS

éëìðéëçýõìääêôïý
æï 1RWR\Dñý5ïñý3DSHUýúý1ýëïìýSUHVHQWHGýDWý,&&)ðéñý0DXLýõ+DZDLLôñý'HFHPEHUýçðäñýìääêïý
åï 2KPRULñý7ïýDQGý(Q\Rñý0ïñý)XVLRQý7HFKQROïñýYROýëéñýSSýëäêðëäèýõìääêôïý
äï 2KPRULñý7ïýDQGý(Q\Rñý0ïñý3DSHUýúý1ýëïêýSUHVHQWHGýDWý,&&)ðéñý0DXLñýõ+DZDLLôñý'HFHPEHUýçðäñýìääêï
ìíï &ULGGOHñý(ïý(ïñý)URQWLHUVýRIý&ROGý)XVLRQñý8QLYHUVDOý$FDGHP\ý3UHVVñý,QFïñý7RN\RñýSSýéìæðéëíýõìääêôï
ììï &ULGGOHñý(ïý(ïñý3DSHUýúý0ýëïäýSUHVHQWHGýDWý,&&)ðéñý0DXLñýõ+DZDLLôñý'HFHPEHUýçðäñýìääêïý
ìëï %D]KXWRYñý<Xïý1ïýHWýDOïñý3DSHUýúý&ýéïêýSUHVHQWHGýDWý,&&)ðéñý0DXLñýõ+DZDLLôñý'HFHPEHUýçðäñýìääêï
ìêï 0LOOVñý5ïý/ïýHWýDOïñý)XVLRQý7HFKQROïñýYROýëèñýSSýìíêðììäýõìääéôïý
ìéï -RQHVñý-ïý(ïýHWýDOïñý%ULJKDPý<RXQJý8QLYHUVLW\ñý3URYRñý8WDKñý3UHSULQWñýìéWKý2FWREHUñýìääêïý
ìèï 6KNHGLñý=ïýHWýDOïñý3UHSULQWýGDWHGý0DUFKýöäéýõWRýEHýSXEOLVKHGôïý
ìçï %XVKñý5ïýDQGý(DJOHWRQñý5ïñý3DSHUýúý&ýêïçýSUHVHQWHGýDWý,&&)ðéñý0DXLñýõ+DZDLLôñý'HFHPEHUýçðäñýìääêï
ìæï %XVKñý5ïýDQGý(DJOHWRQñý5ïñý6XPPDU\ý5HSRUWýRIý:RUNý'RQHýDWý&DOý3RO\ý'XULQJý-DQXDU\ýìääíýWKURXJK

-XO\ýìääêñýõXQSXEOLVKHGôïý
ìåï %XVKñý5ïñýëìVWý&HQWXU\ý6FLHQFHýDQGý7HFKQRORJ\ñý)DOOýìääêñýSSýæèðæäïýý
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83*5$'(ý2)ý7+(ý)(50,ý$33$5$786ý:,7+ý'(7(&7,21ý$1'ý,'(17,),&$7,21ý2)
3527216ý,1ý7+(ýêý0H9ý(1(5*<ý5(*,21ï

)ï)ïý.D\XPRYñý%ï1ïý/RPRQRVRYñý*ï,ïý0HU]RQñ
'ï,ïý0LQDV\DQñý9ï$ïý7VDUHY

3ï1ïý/HEHGHYý3K\VLFDOý,QVWLWXWHñý5XVVLDQý$FDGHP\ýRIý6FLHQFHñ
/HQLQVN\ý3URVSHNWýèêñý0RVFRZýðý5XVVLDâý'LSDUWïýGLý)LVLFDý8QLYHUVLWjýGLý5RPDý,,,

DWý8QLYHUVïýû/Dý6DSLHQ]Dûñý5RPDâý,1)1ý5RPDýìýðý,WDO\

$ïý$VPRQHñý0ïý&RUUDGLñý)ïý)HUUDURWWRñ
%ïý6WHOOD

,1)1ý5RPDýìýDQGý'LSDUWïýGLý)LVLFDý8QLYïý5RPDý,,,ñ
8QLYHUVLWjýû/Dý6DSLHQ]Dñûý3ï$ïý0RURýëñýííìåèý5RPDýðý,WDO\

)ïý&HODQLñý$ïý6SDOORQHñý3ïý7ULSRGL
/DEïý1D]ïý,1)1ýðý9LDý(ïý)HUPLýéíðíííééý)UDVFDWLýõ5RPDôýðý,WDO\

$%675$&7

7KHý)(50,ýDSSDUDWXVýLVýPDLQO\ýDýQHXWURQýPRGHUDWRUðGHWHFWRUýGHYHORSHGýIRUýFROGýIXVLRQýUHVHDUFKñýVLWXDWHG
LQýWKHý*UDQý6DVVRý,1)1ýXQGHUJURXQGýODERUDWRU\ïý,WýKDVýéíøðåøýGHWHFWLRQýHIILFLHQF\ýIRUýQHXWURQVýLQýWKH
UDQJHýìýNH9ðëíý0H9ýõëèøýDWýëïèý0H9ôñýORZýEDFNJURXQGñýSXOVHýVKDSHýDFTXLVLWLRQýDQGýJRRGýWLPHýUHVROXWLRQ
IRUýQHXWURQýEXUVWVâýLWýDOVRýDOORZVýXVýWRýSHUIRUPýDýJRRGýUHFRQVWUXFWLRQýRIýWKHýDYHUDJHýRULJLQDOýQHXWURQýHQHUJ\ï
*DPPDýUD\VýDUHýUHYHDOHGýPRVWO\ýE\ýDýFRPSOHPHQWDU\ýORZýEDFNJURXQGý1D,ýGHWHFWRUýZLWKýDýëçøýVROLGýDQJOH
FRYHUDJHïýý7KHýSHUIRUPDQFHVýDUHýFRQWUROOHGýE\ýDýIXOOý0&ýVLPXODWLRQñýH[SHULPHQWDOO\ýWHVWHGï

7KHýVDPSOHVýDUHýSXWýLQýWKHýFHQWUDOýD[LDOýJDSïýý$VLGHñýFORVHýWRýWKHýVDPSOHýõDýVSHFLDOO\ýGHVLJQHGýHOHFWURO\]HU
ZLWKýDýWKLQý3GýFDWKRGHîZDOOôñýWZRý0:3&öVýDQGýDý&V,ýVFLQWLOODWRUýSURYLGHýFKDUJHGýSDUWLFOHVýGHWHFWLRQñýG(îG[
DQGý(ýPHDVXUHPHQWñýZLWKýLGHQWLILFDWLRQýRIýSURWRQVýõKDGURQVôýLQýWKHýUHJLRQýRIýêý0H9ïýý7KHýSHUIRUPDQFHVýDUH
WHVWHGýZLWKýûýSDUWLFOHVñýJLYLQJýaìíøý):+0ýIRUýHDFKýRIýWZRý0:3&ýDQGýëíøýIRUýWKHýVFLQWLOODWLRQýFRXQWHU
õëèøýDQGýìèøýUHVSHFWLYHO\ýDUHýH[SHFWHGýIRUýSURWRQVôïýý$ýWKUHHðIROGýFRLQFLGHQFHýZLWKýYHU\ýORZýEDFNJURXQG
GULYHVýWKHýGDWDýDFTXLVLWLRQýIRUýFKDUJHGýKDGURQVï

,1752'8&7,21

7KHý)(50,ýDSSDUDWXVýLVýGHVFULEHGýHOVHZKHUHý>ì@ýDQGýKDVýEHHQýVXPPDUL]HGýLQýWKHýDEVWUDFWýRIýWKLVýSDSHUï
3UHYLRXVýUHVHDUFKýDFWLYLWLHVýRIýWKHý)(50,ýFROODERUDWLRQýDUHýOLVWHGýLQý>ë@ïýý+HUHýZHýZLOOýRQO\ýGHVFULEHýWKH
XSJUDGLQJýZLWKýDýPXOWLSOHýGHWHFWRUýVSHFLDOO\ýGHVLJQHGýIRUýSURWRQVýRIýWKHýGG9S7ýIXVLRQýUHDFWLRQï

7+(ý352721ý6<67(0

7KHýFKDUJHGýSDUWLFOHVýGHWHFWRUVýõ)LJïýìôýFRQVLVWýRIýWZRýPXOWLZLUHýSURSRUWLRQDOýFKDPEHUVýõ0:3&ôñýILOOHGýE\
äèøý+Hýòýèøý&+éñýDQGýDý&V,ýVFLQWLOODWLQJýFRXQWHUïýý3URWRQVýõRUýRWKHUýKDGURQVôýFRPLQJýIURPýDýSDOODGLXPýIRLOñ
WKURXJKýDýFHOOXODUýEUDVVýFROOLPDWRUýRIýèýPPýWKLFNQHVVýõFHOOVýGLDPHWHUýEHLQJýëïæýPPýGULOOHGýZLWKýêýPPýVWHSVôñ
SDVVýWKURXJKý0:3&öVýõHDFKýEHLQJýäýPPýWKLFNôýDQGýVWRSýLQýWKHý&V,ýFU\VWDOýõìýPPýWKLFNôïýý,QýWKLVýZD\ýWKH
SXOVHýKHLJKWýRIýWKHýWZRý0:3&ýJLYHýWKHýG(îG[ýRIýWKHýSDUWLFOHVýDQGýWKHý&V,ýSKRWRPXOWLSO\HUýSURYLGHVýWKHLU
UHVLGXDOýHQHUJ\ï
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$ýSHUPDQHQWýFDOLEUDWLRQýRIýWKHýV\VWHPýLVýSURYLGHGýE\ýDýëéì$PýûýSDUWLFOHýVRXUFHýõRIý1ìíðìýSHUýPLQXWHýLQWHQVLW\ô
SODFHGýRXWVLGHýWKHýGHWHFWRUïýý$OSKDýSDUWLFOHVýSDVVýLQWRýGHWHFWRUýWKURXJKýæý�PýP\ODUýZLQGRZýõRUýéðçý�P
DOXPLQXPôýLQýWKHýVDPHýSODQHýRIýWKHý3GýIRLOñýDQGýWKURXJKýDýFROOLPDWLQJýKROHýõêýPPýGLDPHWHUñýìéýPPýOHQJWKô
GULOOHGýLQýWKHý$OýERG\ýRIýWKHý0:3&ýZLWKýGHFOLQDWLRQýDQJOHýRIýéèýGHJUHHVï

7KUHHIROGýFRLQFLGHQFHýWULJJHUýõ:&ìó:&ëó&V,ôýUHGXFHVýWKHýSURWRQðOLNHýEDFNJURXQGýUHFRUGVýGRZQýWRýáíïíé
SHUýKRXUýõQRýSURWRQVýIRUýëéýKRXUVýREVHUYDWLRQôï

$ýW\SLFDOýSORWýRIýHQHUJ\ýORVVHVýLQý0:3&VýYHUVXVýHQHUJLHVýPHDVXUHGýLQý&V,ýIRUýDOSKDýSDUWLFOHVýLVýVKRZQýLQ
)LJïýëýõLQýDUELWUDU\ýXQLWVôïýý)RUýèïèý0H9ýLQLWLDOýHQHUJ\ýRIýûöVñýWKH\ýDUHýH[SHFWHGýWRýKDYHý1ëïëý0H9ýDWýWKH
HQWUDQFHýRIý&V,ï

$ýFDOLEUDWLRQýõZLWKýDýVOLJKWO\ýGLIIHUHQWýJDVôýZDVýSHUIRUPHGýE\ýXVHýRIýDOSKDýSDUWLFOHVýIURPýDýëêå3XýVRXUFHýRI
1ìíðëýSHUýVHFRQGýLQWHQVLW\ïýý,QýWKLVýZD\ýWKHýUHVROXWLRQýZDVýIRXQGýWRýEHý1ìíøý):+0ýIRUýHDFKýRIýWZRý0:3&
DQGýëíøýIRUýVFLQWLOODWLRQýFRXQWHUýõëèøýDQGýìèøýUHVSHFWLYHO\ýDUHýH[SHFWHGýIRUýSURWRQVýLQýWKHýVDPHýHQHUJ\
UHJLRQôïýý,QýDGGLWLRQýWRýDOSKDýSDUWLFOHVýIURPýVRXUFHñýZHýKDYHýREVHUYHGýZLWKýWKHýSUHVHQWýJDVýWKHýZHDNýSURWRQ
IORZýRIýìýSHUýKRXUýLQWHQVLW\ýZKHQýDOSKDýSDUWLFOHVýSDVVýWKURXJKýP\ODUýZLQGRZýõ)LJïýêôïýý7KLVýSURWRQýIORZýLV
WRýEHýUHIHUUHGýPDLQO\ýWRýHODVWLFýVFDWWHULQJýRIýDOSKDýSDUWLFOHVýRQýK\GURJHQýLQýP\ODUýõ&è+é2ëôñýDVýZHýKDYH
GHPRQVWUDWHGý E\ý GRXEOLQJý WKHý WKLFNQHVVý RIý WKHýP\ODUýZLQGRZïý ý ,Wý SURYLGHVý Dý KDQG\ý SURWRQý VRXUFHý IRU
FDOLEUDWLRQñýZLWKýDSSUR[LPDWHO\ýWKHýVDPHýHQGýHQHUJ\ýRIýWKHýVSHFWUXPýDVýRQHýH[SHFWHGýIURPýFROGýIXVLRQñýEXW
IRUýREYLRXVýEDFNJURXQGýUHDVRQVýLWýFDQQRWýEHýXVHGýIRUýSHUPDQHQWýFDOLEUDWLRQýZKHQýVHDUFKLQJýIRUýFROGýIXVLRQ
SURWRQVïý ý:HýZLOOýXVHýDQýDOXPLQXPýZLQGRZý LQVWHDGñýDYDLODEOHýDWý WKHý VDPHý WLPHý LQýDQRWKHUýKROHýRIý WKH
GHWHFWRUï

,QýWKHýODVWýFRQGLWLRQVýWKHýSURWRQýEDFNJURXQGýLVýIRXQGýWRýEHý1ìîGD\ñýLIýZHýH[FOXGHýEDFNJURXQGýFRQWULEXWLRQV
õWKHýIHZýSRLQWVýLQýWKHýFRUQHUýRIý)LJïýêýDUHýGXHýWRýQRLVHýIURPýSXOVHýJHQHUDWRUýDQGýKDYHýEHHQýVXEWUDFWHGýRII
OLQHôïýý:LWKRXWýDQýDOSKDýVRXUFHýWKHýûýSDUWLFOHýEDFNJURXQGýLVýIRXQGýWRýEHý1ìîKRXUýLQýWKHýRXWVLGHýODERUDWRU\ï

7KHýVSHFLDOýHOHFWURO\]HUýLVýPDGHýRIýWHIORQýõ)LJïýéôïýý2XWVLGHýVXUIDFHýRIý3GýVDPSOHýõRIýìííý�PýWKLFNQHVVýRU
OHVVôýLVýFRYHUHGýE\ýVLOYHUýõRIýìðèý�PýWKLFNQHVVôýWRýSUHYHQWýGHXWHULXPýOHDNDJHýIURPýWKHýVDPSOHïýý(OHFWURO\]HU
DQGýSURWRQýGHWHFWRUýDUHýFRXSOHGýVRýWKDWýHPLWWHGýSURWRQVýOHDYHýWKHýVDPSOHýDQGýLPPHGLDWHO\ýSDVVýLQWRýGHWHFWRU
ZLWKRXWýFURVVLQJýDQ\ýPDWHULDOýH[FOXGLQJýVLOYHUýFRDWLQJï

0:3&ý RFFXUVý WRý EHý YHU\ý VHQVLWLYHý WRý K\GURJHQý OHDNDJHãý LWVý VLJQDOý DPSOLWXGHý VKDUSO\ý GHSHQGVý RQý WKH
IUDFWLRQDOýK\GURJHQýFRQWHQWýLQýWKHýJDVýPL[WXUHïýý6HYHUDOýFRDWLQJVýZHUHýLQYHVWLJDWHGýWRýILQGýWKHýDSSURSULDWH
RQHý õVXUIDFHý FRDWHGýE\ýPHUFXU\ý DPDOJDPDñýSRLVRQHGýE\ý LRGLQHñý FRDWHGý E\ý YDFXXPýHYDSRUDWLRQýRIýåíí
$QJVWURPýJROGýDQGýRWKHUVôï

7LPHýGHSHQGHQFLHVýRIýPHDQý0:3&ýVLJQDOýDPSOLWXGHýIURPýDOSKDýSDUWLFOHýVRXUFHýDUHýVKRZQýLQý)LJïýèýIRUýWKUHH
VDPSOHVãýýDôýWKHýRQHýFRYHUHGýE\ý1èý�PýVLOYHUâýEôýSXUHýSDOODGLXPýVDPSOHâýFôýWKHýRQHýFRYHUHGýE\ýSDOODGLXP
R[LGHï

'HXWHULXPýORDGLQJýRIýWKHýSDOODGLXPýVDPSOHýLVýSHUIRUPHGýE\ýXVHýRIýFXUUHQWýSXOVHýJHQHUDWRUýDQDORJRXVýWRýWKH
RQHýSUHVHQWHGýLQýWKLVýERRNýE\ý&HODQLýHWýDOïýý(OHFWURO\WHýXVHGýLVýíïêý0ý/L2'ýVROXWLRQýLQýKHDY\ýZDWHUïýý&XUUHQW
SXOVHýDPSOLWXGHýJRHVýIURPýìèý$ýXSýWRýìííý$ýRQýèý.+]ýIUHTXHQF\ï

(OHFWURO\WHýOHYHOýLVýFRQWUROOHGýE\ýFDSDFLW\ýVHQVRUýDQGýSHULVWDOWLFýSXPSïýý&DSDFLW\ýVHQVRUýFRQVLVWVýRIýWZRýWHIORQ
ZLUHVñýLPPHUVHGýLQWRýHOHFWURO\]HUñýWKHýHOHFWULFýFDSDFLW\ýGHSHQGLQJýRQýHOHFWURO\WHýOHYHOïýý7KHýHOHFWURO\WHýOHYHO
FRQWUROýõFRPSXWHUL]HGôýLVýDYDLODEOHýZLWKý�ìýPPýDFFXUDF\ýDQGýDXWRPDWLFDOO\ýGULYHVýWKHýSHULVWDOWLFýSXPSï
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&21&/86,216

7KHýSURWRQýV\VWHPýLVýVWLOOýEHLQJýGHYHORSHGïýý$ýILUVWýH[SHULPHQWýZLOOýEHýUXQQLQJýDWýWKHýWLPHýRIýWKHýFRQIHUHQFHï
2QFHýDVVHPEOHGýWRJHWKHUýZLWKýWKHýH[LVWLQJýGHWHFWRUñýWKHýIXOOý)(50,ýV\VWHPýZLOOýKDYHýWKHýSRVVLELOLW\ýWRýGHWHFW
PXOWLSOHýFRUUHODWLRQVýRIýQHXWURQVñýJDPPDVñýSURWRQVñýDOSKDýSDUWLFOHVñýWULWLXPñýWKHUPDOýHIIHFWVýDQGýGHXWHULXP
ORDGLQJïýý6HDUFKýIRUýé+HýFRXOGýEHýSRVVLEOHýLQýWKHýIXWXUHï

5()(5(1&(6

>ì@ýý%ïý6WHOODýHWýDOïñýû7KHý)(50,ý$SSDUDWXVñûý3URFHHGLQJVýRIýWKHý5RPHý:RUNVKRSýRQýWKHý6WDWXVýRIý&ROG
)XVLRQýLQý,WDO\ñý8QLYïýGLý5RPDý,,,ñýìéðìçý)HEïýìääêñýSSýëèðéìïýõ'LSïýGLý)LVLFDñý3ï$ïý0RURýëñýííìåèý5RPDô

ýýýýý%ïý6WHOODýHWýDOïñýû7KHý)(50,ý$SSDUDWXVãýDýKLJKýHIILFLHQF\ñýORZýEDFNJURXQGýQHXWURQýDQGýJDPPDýGHWHFWRU
IRUýFROGýIXVLRQýH[SHULPHQWVñûý6XEPLWWHGýWRý1XFOHDUý,QVWUXPHQWVýDQGý0HWKRGVý$ï

>ë@ýý%ïý6WHOODýHWýDOïñýû(YLGHQFHýIRUý6WLPXODWHGý(PLVVLRQýRIý1HXWURQVýLQý'HXWHUDWHGý3DOODGLXPñûý)URQWLHUVýRI
&ROGý)XVLRQýõHGïý+ïý,NHJDPLñý8QLYHUVDOý$FDGHP\ý3UHVVñýìääêñýSýéêæôñý3URFHHGLQJVýRIý,&&)êñý1DJR\Dñý-DSDQñ
ëìðìèý2FWïýìääëï
ýýýýý0ïý$OHVVLRýHWýDOïñýû0HDVXUHPHQWýRIý7ULWLXPñý1HXWURQVñýDQGý*DPPDý5D\Vý3URGXFHGýLQýDQý(OHFWURO\WLFý3Gð'
([SHULPHQWñûý3URFHHGLQJVýRIýWKHý5RPHý:RUNVKRSýRQýWKHý6WDWXVýRIý&ROGý)XVLRQýLQý,WDO\ñý8QLYïýGLý5RPDý,,,ñ
ìéðìçý)HEïýìääêñýõHGïýE\ý%ïý6WHOODôýSSýäêðìíäï
ý ý ý ý ý0ïý&RUUDGLýHWýDOïñýû([FHVVýRIý1HXWURQVý&RPLQJýRXWýRIý'HXWHUDWHGý3DOODGLXPý6DPSOHVý,UUDGLDWHGýE\
3UHYDOHQWý7KHUPDOý1HXWURQVñûýLELGïýSSýììíðìëèï
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$/7(51$7,9(ý(1(5*<ý6<67(06ý$1'ý6833257,1*ý7(&+12/2*<

7KHýIROORZLQJýSDSHUVýUHSRUWýRQýDýYDULHW\ýRIýWRSLFVãýDOWHUQDWLYHýHQHUJ\ýV\VWHPVñýWHFKQRORJ\ýLQýVXSSRUWýRIýQHZ
HQHUJ\ýV\VWHPVñýDQGýVRQROXPLQHVFHQVHïýý5HFHQWO\ñý-XOLDQý6FKZLQJHUýVXJJHVWHGýWKDWýVRQROXPLQHVFHQFHýLV
FDXVHGýE\ýDýEXEEOHýRIýYDSRUýEHLQJýFRPSUHVVHGýE\ý&DVLPLUýIRUFHVýDQGýWKHUHE\ýH[WUDFWLQJýHQHUJ\ýIURPýWKH
=HURð3RLQWý(QHUJ\ýWKDWýILOOVýDOOýVSDFHïýý

=HURðSRLQWýHQHUJ\ýPD\ýDOVRýEHýWKHýVRXUFHýRIýHQHUJ\ýIRUýWKHýH[FHVVýKHDWýDSSDUHQWO\ýSURGXFHGýE\ý*ULJJVýLQýKLV
VSHFLDOO\ðGHVLJQHGý+\GURVRQLFýSXPSïýý7KHýH[SODQDWLRQýDGYDQFHGýE\ýWKLVýHGLWRUýLVýWKDWýFDYLWDWLRQýEXEEOHVýFDQ
DOVRýEHýFRPSUHVVHGýE\ý&DVLPLUýIRUFHVýDVýH[SODLQHGýE\ý6FKZLQJHUýDQGýUHVXOWýLQýWKHýSURGXFWLRQýRIýDQRPDORXV
KHDWï

7HZDULýWHOOVýXVýDERXWýDQRWKHUýHQKDQFHGýHQHUJ\ýGHYLFHýZKLFKýREWDLQVýDQRPDORXVýDPRXQWVýRIýHQHUJ\ïýý7KH
H[SODQDWLRQýDJDLQýLVýWKDWýWKLVýURWDWLQJýGHYLFHýPD\ýEHýWDSSLQJýWKHýHQHUJ\ýRIýVSDFHïýý)RUýWKRVHýZKRýDUHýVNHSWLFDO
DERXWýH[WUDFWLQJýHQHUJ\ýIURPýWKHýHQYLURQPHQWýDURXQGýXVñýLWýLVýVXJJHVWHGýWKDWýWKH\ýUHDGýWKHýSDSHUVýRIý%R\HUñ
:KHHOHUñýDQGýHVSHFLDOO\ýWKHýSDSHUVýRIý+DUROGý(ïý3XWKRIIï

:Hý DOVRý ZHOFRPHý WKHý UHSRUWVý RIý GHYLFHVý WKDWý ZLOOý DGYDQFHý WKHý FRQYHUVLRQý RIý WKHUPDOý WRý HOHFWULFDOý RU
PHFKDQLFDOýHQHUJ\ýLQýWKHýSDSHUVýWKDWýIROORZï
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6(0,&21'8&725ý7+(50$/ð0(&+$1,&$/ý(1(5*<ý&219(57(5

/ï3ïý%XODWñý9ï6ïý=DNRUGRQHWV
7HUQRSLOý0HFKDQLFDOý(QJLQHHULQJý,QVWLWXWH
5XVNDý6Wïýèçñý7HUQRSLOýëåëííìñý8NUDLQH

$%675$&7

$PRQJýXQXVXDOýDXWRQRPRXVýV\VWHPVýIRUýFRQYHUVLRQýRIýHQHUJ\ñýWKHýPRVWýLQWHUHVWLQJýLVýWKHýFRQYHUVLRQýRIýORZ
SRWHQWLDOý WKHUPDOý HQHUJ\ý LQWRýPHFKDQLFDOý HQHUJ\ïý ý 7KDWý LVýZK\ý VXFKý VRXUFHVý RIý HQHUJ\ý DUHý SUDFWLFDOO\
LQH[KDXVWLEOHýDQGýHFRORJLFDOO\ýFOHDQï

',6&866,21

5HIHUHQFHVý>ìñë@ýGHVFULEHýWKHUPRHOHFWULFýPRWRUVýõ7(0ôýZKHUHýDQýLQWHUDFWLRQDOýSULQFLSOHýRIýWKHUPRHOHFWULF
FXUUHQWVý DSSHDULQJý LQý Dý FRQGXFWRUý LVý XVHGïý ý7KHý FRQGXFWRUý FDQý UHYROYHýRQý LWVý D[LVý LQý DýPDJQHWLFý ILHOGï
+RZHYHUñýEHFDXVHýRIýORZýHIILFLHQF\ýDQGýVRPHýLPSHUIHFWLRQýLQýFRQVWUXFWLRQñýWKLVýNLQGýRIýPRWRUVýLVýQRWýXVHGï
$VýFRPSDUDWLYHýDQDO\VLVýKDVýVKRZQñýWKHýEHVWýSURVSHFWýIURPýWKHýHQHUJHWLFýSRLQWýRIýYLHZýFRXOGýEHýFRQYHUWHUV
ZKLFKýPDNHýXVHýRIýWKHýDGYDQWDJHVýRIýVKRUWðFLUFXLWHGý>êñé@ýWKHUPRHOHFWULFýJHQHUDWRUVýõXQGHUýVPDOOýGLIIHUHQFHV
RIýWHPSHUDWXUHVýí7ôï

:HýSURSRVHýWKDWýDýVKRUWðFLUFXLWHGýWKHUPRHOHFWULFýFRQYHUWHUýRIýWKHUPDOýHQHUJ\ýLQWRýPHFKDQLFDOýRQHýFDQýEH
SURGXFHGý>è@ïýý6HHý)LJïýìïýý,QýF\OLQGULFDOýIUDPHýõVWDWRUôýRQýWKHýFRQGXFWLQJýD[LVýLQýDýPDJQHWLFýILHOGýõQRWýLQýWKH
ILJXUHôýWKHUHýLVýDýIHUURPDJQHWLFýGLVNýõURWRUôïýý(OHFWULFýFXUUHQWýLVýJHQHUDWHGýE\ýWKHUPRHOHFWULFýEDWWHU\ïýý7KH
HOHFWULFýFXUUHQWýJRHVýWRýWKHýD[LVýõVHHýWKHýDUURZýDQGýLýRQýWKHýGUDZLQJôýIURPýWKHýFXUUHQWýFRQGXFWLQJýEXVEDUýDQG
WKURXJKýWKHýOLTXLGýPHWDOýFRQWDFWýWRýURWRUýDQGýVSUHDGVýDURXQGýWKHýURWRUýUDGLDOO\ïýý2ZLQJýWRý$PSqUHöVýIRUFHVñ
WKHýURWRUýZLOOýSLYRWýDURXQGýLWVýD[LVï

7KHýPRWRUýZRUNýLQýVWDWLRQDU\ýUHJLPHýDVýFDQýEHýGHVFULEHGýZLWKýWKHýKHOSýRIý0D[ZHOOöVýHTXDWLRQý>ç@ýDQGýWKH

JHQHUDOL]HGýODZýRIýHOHFWULFDOýFRQGXFWLYLW\ý>ê@ýý6HHýHTXDWLRQVýõìôñýõëôýZKHUHý ýDQGý ýDUHýWKHýHOHFWULF3( / 3% / 3M
ILHOGñýPDJQHWLFý DQGýFXUUHQWýGHQVLW\ý UHVSHFWLYHO\ñý)ñýûý DUHý FRHIILFLHQWýRIý HOHFWULFDOý FRQGXFWLYLW\ý DQGý WKH
6HHEHFNýFRHIILFLHQWï

ýñ õìôURW 3( ö ÷
G 3%
GW

ýñ õëô3M ö ) 3( ÷ )û /7

8VLQJý WKHý H[SUHVVLRQVý õìôý DQGý õëôý DQGý LQWHJUDWLQJý DURXQGý WKHý FLUFXLWý DðEðFðGý õ)LJïý ìôý WRý FRPSXWHý WKH
PHFKDQLFDOýSRZHUýRIýWKHýFRQYHUWHUýZHýREWDLQýHTXDWLRQýõêô

ýñ õêô3 ö
+ûSQ ô7,

USQ +4ø ',
6 +4÷ 6,

ZKHUHý'ý ýUíîUSQñýûSQýDQGýUSQýDUHý6HHEHFNýFRHIILFLHQWýDQGýWKHýHOHFWULFDOýUHVLVWDQFHýSðQýWKHUPRFRXSOHñýUíýLVýD
VXPPDU\ýUHVXOWýRIýURWRUýUHVLVWDQFHñýOLTXLGýPHWDOýFRQWDFWñýDQGýFXUUHQWýFRQGXFWLQJýEXVEDUâý6ý ýõQPD[ýð
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ýQôýîQPD[ýLVýVOLGLQJñýQýLVýURWRUýURWDWLRQýIUHTXHQF\ñýQPD[ýLVýURWRUýURWDWLRQýIUHTXHQF\ýXQGHUýLGOLQJïý

0D[LPXPýSRZHUýRIýFRQYHUWHUýLVýREWDLQHGýZKHQý6ý ýìîëýDQGýLWýLVýJLYHQýE\ýHTXDWLRQ

ýï õéô3PD[ ö
+ûSQ ô7 ,

7USQ +4ø ',

8VLQJýõéôýIRUýWKHýHOHFWURPDJQHWLFýPRPHQWýRQHýFDQýREWDLQý

ýñ õèô0 ö
4
5%

ûSQ ô 70

USQ +4ø ',
6

ZKHUHý0ýLVýWKHýPDJQHWLFýIORZýJRLQJýWKURXJKýURWRUýRIýWKHýýPRWRUï

2EYLRXVO\ñýWKHýPD[LPXPýPRPHQWýõèôýLVýUHDFKHGýXQGHUýUHJLPHýRIýVKRUWýFLUFXLWñýZKHUHý6ý ý,ïýý)RUýURWDWLRQ
IUHTXHQF\ýRIýURWRUýZHýKDYHýWKHýIXQGDPHQWDOýH[SUHVVLRQý

ýñ õçôïQ ö
ûSQ ô 7

0
+4÷ 6,

7KLVýH[SUHVVLRQýUHDFKHVýPD[LPXPýYDOXHýXQGHUýLGOLQJýõZKHUHý6ý ýíôï

8VLQJýDýFDOFXODWLRQýPHWKRGýIRUýWKHýHIILFLHQF\ýRIýWKHUPRHOHFWULFýJHQHUDWRUVý>é@ýIRUýHIILFLHQF\ýRIýFRQYHUWHUýZH
JHWý

ýñ õæôí ö
ô7
74

6 +4÷ 6,

+]F 74 ,
÷4 ø 6 ø 6 5 +ô72574 ,

ZKHUHý]Gý ý]Qýõìýòý'ôðìãýLVýDýWKHUPRHOHFWULFýILJXUHýRIýPHULWýRIýWKHýSðQýFRXSOHý>ê@ý]Pý ýûSQ
ëýîý>ýõ�Sýîý)Sô

ìîëýòýõ�Q

îý)Qô
ìîëý@ëïýý7ìýðýLVýKRWýMXQFWLRQýWHPSHUDWXUHï

7KHýPD[LPXPýHIILFLHQF\ýRIýWKHýPRWRUýLVýUHDFKHGýZKHQý6ý ý6íýDQGýLVýJLYHQýE\ý

ýñ õåôíPD[ ö
ô7
74

4÷ 563

4÷ 63 ø 63 75 274

ZKHUHý7ëýLVýWKHýFROGýMXQFWLRQýWHPSHUDWXUHñý

õäô63 ö
4

+]G7D ø 4,425 ø 4
1 7D ö

74 ø 75

5
1

:HýKDYHýFRPHýWRýWKHýFRQFOXVLRQýWKDWýXVLQJýW\SLFDOýWKHUPRHOHFWULFýPDWHULDOVýEDVHGýXSRQý%Lð6Eð7Hð6HýZRUNLQJ
XQGHUýDýPLGðUDQJHýWHPSHUDWXUHýRIýDERXWý7ý êíí(.ýDQGýXQGHUýWHPSHUDWXUHýGLIIHUHQFHýRIýDERXWýí7ý ýëí(.ñ
WKHý HIILFLHQF\ý RIý FRQYHUWHUý LVý RQO\ý VHYHUDOý SHUFHQWïý ý ,Wý LVý DSSUR[LPDWHO\ý ILYHý WLPHVý OHVVý WKDQý WKH
WKHUPRG\QDPLFýHIILFLHQF\ýRIýDQýLGHDOýUHYHUVLEOHýHQJLQHýXQGHUýWKHýVDPHýWHPSHUDWXUHVïýý7KHýHIILFLHQF\ýRI
FRQYHUWHUýZLOOýLQFUHDVHýZLWKýDQGýLQFUHDVHýLQýWKHýWHPSHUDWXUHýGLIIHUHQFHýDQGñýRIýFRXUVHñýLIýWKHýWKHUPRHOHFWULF
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ýFKDUDFWHULVWLFVýRIýPDWHULDOVýFDQýEHýLPSURYHGï

,QýDGGLWLRQýWRýSRZHUýDSSOLFDWLRQýLQýDXWRQRPRXVýV\VWHPVñýWKLVýVXJJHVWHGýFRQYHUWHUýFDQýEHýXVHGýIRUýPDNLQJ
DXWRQRPRXVýFRXQWHUýPHDVXUHPHQWVýRIýWKHUPDOýHQHUJ\ï

5()(5(1&(6

>ì@ýý)ïý3HWHUVñýý7KHUPRHOHPHQWHýXQGý7KHUPRVRXOHQñý+DOOHñýìäíåñýìåéVý
>ë@ýý%ï6ïý3R]GQ\DNRYñý(ï$ïý.RSWHNRYñý7KHUPRHOHFWULFý(QHUJ\ý3URGXFWLRQïý0RVFRZñýìäæéñýëçéýSSï
>ê@ýý/ï,ïý$QDW\FKXNñý7KHUPRHOHPHQWVýDQGý7KHUPRHOHFWULFý'HYLFHVñý.L\HYñýìäæäñýæçåýSSï
>é@ýý$ï6ïý2NKRWLQýHWýDOïñý7KHUPRHOHFWULFý*HQHUDWRUVïý0RVFRZñýìäæçñýêëíýSSï
>è@ýý9ï6ïý=DNRUGRQHWVý9ï6ïý$XWKRUöVýFHUWLILFDWHýRIý8665ý1Rýìçæíæëêýõìääìôï
>ç@ýý,ï3ïý.RS\ORYñý(OHFWULFDOýPDFKLQHVïý0RVFRZñýìäåçñýêçíýSSï

)LJïýìïýý6FKHPHýRIýWKHUPDOðPDFKDQLFDOýHQHUJ\ýFRQYHUWHUï
ìýðý7KHUPRHOHPHQWýEUDQFKýSðW\SHâýëýðýWKHUPRHOHPHQWýEUDQFKýQðW\SHâýêýðý&XUUHQWýFRQGXFWLQJýEXVEDUâý
éýðýVWDWRUâýèýðýLQVXODWRUâýçýðýD[LVâýæýðýURWRUâýåýðýOLTXLGýPHWDOýFRQWDFWï
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7+(ý'(6&5,37,21ý2)ý6(/)ð26&,//$7,21ý352&(66(6
2)ý(1(5*<ý75$16)(5ð&219(56,21ý$6ý$ý/,1($5ý$3352;,0$7,21

$ï9ïý%XO\JD
,QVWLWXWHýRIý3K\VLFRð&KHPLFDOý3UREOHPVñý%HODUXVVLDQý6WDWHý8QLYHUVLW\

/HQLQJUDGVND\Dýìéñý0LQVNýëëííåíñý%HODUXVï

$ï*ïý6KDVKNRY
/XLNRYý+HDWýDQGý0DVVý7UDQVIHUý,QVWLWXWHñý%HODUXVý$FDGHP\ýRIý6FLHQFH

3ïý%URYNLýìèñý0LQVNñýëëíæëåñý%HODUXVï

$%675$&7

,WýLVýSRLQWHGýRXWýWKDWýWKHýSDUWLDOýGLUHFWýHQHUJ\ýFRQYHUVLRQýWUDQVSRUWHGýE\ýKHDWýFRQGXFWLRQýLQýKHDYLO\ýQRQð
HTXLOLEULXPýV\VWHPVýZKLFKýDUHýFKDUDFWHUL]HGýE\ýWKHýXQDWWDLQDELOLW\ýRIýORFDOýWKHUPRG\QDPLFýHTXLOLEULXPýLQ
WKHPýLVýSRVVLEOHïýý7KHýPHWKRGVýRIýGHVFULSWLRQýRIýWKLVýFRPSOH[ýSURFHVVýZLWKýWKHýKHOSýRIýWKHýERXQGVýRIýWKH
DSSOLFDEOHýODZýDQGýWKHýH[SHGLHQF\ýRIýWKHLUýFRPELQHGýXVHýDUHýHPSKDVL]HGïýý:LWKýKHDWýFRQGXFWLRQýLQýQRQð
HTXLOLEULXPýV\VWHPVý WDNHQýDVýDQýH[DPSOHñýRQHýFDQýVKRZý WKHýSRVVLELOLW\ýRIýDGHTXDWHý VXEVWLWXWLRQýRIý WKH
QRQOLQHDUýKHDWýWUDQVIHUýHTXDWLRQýZLWKýDýOLPLWHGýYHORFLW\ýIRUýDýOLQHDUýGLIIHUHQWLDOýHTXDWLRQýRIýDýKLJKHUýRUGHUï
7KLVýHTXDWLRQýLVýEDVHGýRQýDýZLGHUýXVHýRIýG\QDPLFýODZVýZKLFKýJLYHVýWKHýRSSRUWXQLW\ýWRýGHVFULEHýWKHýFRPSOH[
SURFHVVHVýRIýHQHUJ\ýWUDQVIHUðFRQYHUVLRQýZLWKýWKHýKHOSýRIýDýVLPSOHUýWKHRU\ï

,1752'8&7,21

'HYHORSPHQWýRIýDýQHZýHQHUJ\ýVRXUFHñýLQFOXGLQJýWKRVHýEDVHGýRQýWKHýFROGýQXFOHDUýIXVLRQýSKHQRPHQRQñýLV
FORVHO\ý FRQQHFWHGý ZLWKý VROXWLRQý RIý WKHý SUREOHPý RIý HQHUJ\ý WUDQVIHUñý LQý SDUWLFXODUñý E\ý KHDWý FRQGXFWLRQñ
DFFRPSDQLHGýE\ýHQHUJ\ýGLVVLSDWLRQïýý$SSDUHQWO\ýKHDWýFRQGXFWLRQýSURFHVVHVýDUHýPRVWýORJLFDOO\ýLQYHVWLJDWHG
LQýWKHýERRNý>ì@ýGHYRWHGýWRýKHDWýSURSDJDWLRQýZLWKýDý ILQLWHýUDWHïý ý+RZHYHUñýZLWKýKLJKO\ýLQWHQVLYHýWUDQVIHU
SURFHVVHVýLQýQRQðVWDWLFýV\VWHPVýLQýZKLFKýORFDOýWKHUPRG\QDPLFýHTXLOLEULXPýEHFRPHVýXQIHDVLEOHý>ë@ñýHQHUJ\
LVýWUDQVIHUUHGýQRWýRQO\ýDVýKHDWýEXWýDVýVRPHýRWKHUýIRUPVñýIRUýH[DPSOHñýDVýDýPHFKDQLFDOýGLVSODFHPHQWýZRUNýRU
HOHFWULFýFXUUHQWïýý7KHVHýWUDQVIHUðFRQYHUVLRQýSURFHVVHVýDUHýW\SLFDOýRIýGLUHFWýHQHUJ\ýFRQYHUVLRQýLQWRýWKHýZRUN
RIýUDQGRPýW\SHVïýý7KLVýFRQYHUVLRQýLVýSRVVLEOHñýIRUýH[DPSOHñýZLWKýWKHýKHOSýRIýWKHUPLRQLFýFRQYHUWHUVý>êñé@ïýý,Q
WKHVHýFDVHVýPRGHUQýHQHUJ\ýWUDQVIHUýDQGýFRQYHUVLRQýWKHRULHVýDUHýEDVHGýRQýWKHýLGHDýWKDWýVWDWLVWLFDOýODZVýõ6/ôñ
GHWHUPLQLQJýDPELJXRXVýFDXVDOýUHODWLRQVKLSVýLQýVWUXFWXUDOO\ýFRPSOH[ýPDQ\ðSDUWLFOHýV\VWHPVýSOD\ýWKHýPDLQ
UROHïýý$VýIRUýG\QDPLFýODZVýõ'/ôýZKLFKýFDQñýWRJHWKHUýZLWKýWKHýJLYHQýLQLWLDOýFRQGLWLRQVñýFRUUHFWO\ýSUHGLFWýDOO
VXEVHTXHQWýVWDWHVýRIýJOREDOýQRQðHTXLOLEULXPýV\VWHPVñýWKH\ýDUHýJLYHQýDýVHFRQGDU\ýSDUWï

,QGHHGñýWKRXJKý'/ýDUHýFRPSDUDWLYHO\ýVLPSOHýDQGýHDVLO\ýXQGHUVWRRGýWRýEHýSK\VLFDOO\ýLQWHUSUHWHGñýLWýLVýHYLGHQW
WKDWýWRýDOVRýLQWHUSUHWý6/ýLVýLPSRVVLEOHýPDLQO\ýEHFDXVHýLWýLVýGLIILFXOWýWRýDGHTXDWHO\ýWDNHýLQWRýDFFRXQWýWKHýIDFW
WKDWýLQýRSHQýVWUXFWXUDOO\ýFRPSOH[ýV\VWHPVýWKHUHýFRPHýLQWRýEHLQJýTXDOLWDWLYHO\ýQHZýVWDWHVýDQGýWKHýWHQGHQFLHV
IRUýWKHLUýGHYHORSPHQWïýý7KDWýLVýZK\ýZKHQýGHVFULELQJýFRPSOH[ýSKHQRPHQDýLQýPDFURVFRSLFñýPXOWLðSDUWLFOH
V\VWHPVýRQHýFDQýFRQVLGHUý'/ýWRýEHýRQO\ýDSSUR[LPDWHïýý2QýWKHýRWKHUýKDQGñýWKHýQRQðDPELJXLW\ýRIý'/ýDIILUPV
WKHLUýKHXULVWLFýYDOXHïýý,QýFRQQHFWLRQýZLWKýWKLVñýWKHýPHWKRGVýRIýVROYLQJýFRPSOH[ýSUREOHPVýRIýHQHUJ\ýWUDQVIHU
DQGýFRQYHUVLRQýZKLFKýDUHýEDVHGýRQýWKHýXVHýERWKýRIý6/ýDQGý'/ýSURYHýWRýEHýPRVWýHIIHFWLYHïýý'HSHQGLQJýRQýWKH
FKDUDFWHUý DQGý VSHFLILFý DLPVý RIý WKHý SUREOHPVýEHLQJý VROYHGñý WKHý ERXQGDULHVý EHWZHHQý6/ý DQGý'/ý FDQý EH
PDUNHGO\ýGLIIHUHQWï



275

385326(

7KHýSXUSRVHýRIýWKLVýSDSHUýLVýWRýWU\ýWRýVKRZýWKHýSRVVLELOLW\ýRIýIRUPXODWLQJýOLQHDUýGLIIHUHQWLDOýHTXDWLRQVýIRU
GHVFULSWLRQýRIýWKHýVHOIðRVFLOODWLQJýSURFHVVýRIýHQHUJ\ýWUDQVIHUðFRQYHUVLRQýLQýKHDYLO\ýQRQðHTXLOLEULXPýV\VWHPV
RIýQHXWUDOýDQGýFKDUJHGýSDUWLFOHVïýý7KHýUHDOL]DWLRQýRIýVXFKýDýSRVVLELOLW\ýGHSHQGVýRQýWKHýXVHýPRELOLW\ýRIýWKH
ERXQGDULHVýEHWZHHQý6/ýDQGý'/ñýDWýZKLFKýQRQOLQHDUýHIIHFWVýUHVSRQVLEOHýIRUýVHOIðRVFLOODWLRQVýDUHýWDNHQýLQWR
FRQVLGHUDWLRQýE\ýLQFUHDVLQJýWKHýRUGHUýRIýWKHýGLIIHUHQWLDOýHTXDWLRQVïýý7KHýEHVWýNQRZQýH[DPSOHýRIýWKHýFRPELQHG
XVHýRIý6/ýDQGý'/ýLVýWKHýPHWKRGýRIýVROXWLRQýRIýWKHý%ROW]PDQQýLQWHJURðGLIIHUHQWLDOýHTXDWLRQý>è@

ýñ õìô
0I
0-

ö ÷
3S

P3

3/U I ÷ 3) õ 3/S I ø
0I
0- FRO

E\ýLWVýOLQHDUL]DWLRQýDQGýSUHVHQWDWLRQýLQýWKHýUHODWLRQýIRUP

ýõëô
0I
0-

ö ÷
3S

P3

3/U I ÷ 3) õ 3/S I ø
I ÷ I3
U

ZKHUHýIíñýIýDUHýHTXLOLEULXPýDQGýQRQðHTXLOLEULXPýGLVWULEXWLRQýIXQFWLRQVâýPíñý ýDUHýWKHýXQPRYDEOHý>VLF@3S / 3) õ

SDUWLFOHVýPDVVñýWKHLUýPRPHQWXPýDQGýH[WHUQDOýIRUFHýUHVSHFWLYHO\âýõ0Iî0-ôFROýLVýWKHýFROOLVLRQýLQWHJUDOýQRQðOLQHDUO\
UHODWHGýWRýI1I1ìðIIìñýZKHUHýI1ñýI1ìýDUHýWKHýGLVWULEXWLRQýIXQFWLRQVýDIWHUýPXWXDOýFROOLVLRQýRIýWKHýSDUWLFOHVñý-UýLVýWKH
UHOD[DWLRQýWLPHýFKDUDFWHUL]LQJýWKHýYHORFLW\ýRIýWKHýQRQðHTXLOLEULXPýV\VWHPýFRPLQJýEDFNýLQWRýHTXLOLEULXPýVWDWH

DIWHUýWKHýIRUFHý ýVWRSVýDFWLQJýRQýLWï3) õ

,QýWKLVýFDVHýWKHýVXEVWLWXWLRQýRIýQRQðOLQHDUýHTXDWLRQýõìôýE\ýPRGHOýOLQHDUL]HGýHTXDWLRQýõëôýFDQýEHýFRQVLGHUHG
QRWýRQO\ýDVýRQHýRIýWKHýZD\VýRIýWKHýVLPSOLILFDWLRQýRIýWKHýSUREOHPýDWýWKHýFRVWýRIýWKHýORVVýRIýVRPHýLPSRUWDQW
LQIRUPDWLRQýFRQWDLQHGýLQýWKLVýHTXDWLRQñýIRUýH[DPSOHñýWKHýSRVVLELOLW\ýRIýWKHýGHVFULSWLRQýRIýQRQðHODVWLFýFROOLVLRQ
RIýSDUWLFOHVïýý,QýUHDOLW\ýWKHýILHOGýRIýDSSOLFDWLRQVýRIý>ë@ýFDQýEHýGHILQHGýDQGýVXEVWDQWLDOO\ýH[SDQGHGñýUHJDUGOHVV
RIýHTXDWLRQýõìôñýLIýWKHýGLVWULEXWLRQýIXQFWLRQýIýDQGýHVSHFLDOO\ýWKHýSDUDPHWHUVýDUHýSURYLGHGýZLWKýQHZýYDOXHVñ
PDGHýVXLWDEOHýIRUýWKHýFKDUDFWHUýRIýWKHýSKHQRPHQDýVWXGLHGýDQGýWDNLQJýLQWRýDFFRXQWýWKHýSUDFWLFHýRIýDQDO\]LQJ
DQGý VROYLQJýHTXDWLRQý õìôïý ý7KLVý DSSURDFKý WRý WKHý VROXWLRQýRIý WKLVý HTXDWLRQý LVýZHOOý NQRZQâýKRZHYHUñý WKH
DSSURDFKñýXVHGýLQý>ç@ñýFDQQRWýEHýH[FOXGHGïýý,WVýDXWKRUýFRQVLGHUVýWKHýVROXWLRQýRIý%ROW]PDQQöVýPRGHOýHTXDWLRQ
LQýKLVýVWDWHPHQWýDQGýLQWHUSUHWDWLRQýWRýEHýDFFXUDWHï

:KHQýIRUPXODWLQJý%ROW]PDQQöVýPRGHOýHTXDWLRQVñýLWýLVýLPSRUWDQWýWRýWU\ýWRýXVHý'/ýDVýPXFKýDVýSRVVLEOHýEHFDXVH
WKH\ýVXEVWDQWLDOO\ýH[SDQGýWKHýUDQJHýRIýDSSOLFDELOLW\ýRIýHTXDWLRQVñýEDVHGýRQý&/ñýDQGýVLPSOLI\ýWKHLUýSK\VLFDO
LQWHUSUHWDWLRQïýý7KHUHIRUHñýLWýLVýQRWýDýFRLQFLGHQFHýWKDWýLWýLVýWKHýODZýRIýHQHUJ\ýGHJUDGDWLRQýEXWýQRWý%ROW]PDQQîV
+ðWKHRUHPýWKDWýLVýZLGHO\ýXVHGýWRýH[SODLQýDQýH[SHULPHQWDOýIDFWïýý7KLVýIDFWñýDVýDýEDVLFýDVVXPSWLRQýDFWLQJýDVýD
G\QDPLFýSULQFLSOHñýLQýWKHýGHYHORSPHQWýRIýLUUHYHUVLEOHýWKHRULHVñýLQýV\QHUJHWLFVñýDQGýLQýDýUHFHQWý3ULJRJLQHöV
SXEOLFDWLRQýððýVHHýPRQRJUDSKý>æ@ïýý,QýDQ\ýFDVHýWKHUHýDUHýQRýUHDVRQVýWRýQHJOHFWýWKHýKHXULVWLFýUROHýRIý'/ñýZKHQ
GHYHORSLQJýQHZýWKHRULHVýIRUýWKHýGHVFULSWLRQýRIýFRPSOH[ýSKHQRPHQDýHYHQýLIýRQHýFDQýVXFFHVVIXOO\ýXVHýWKH
PHWKRGVýRIýVWDWLVWLFýSK\VLFVï

8QOLNHýSDSHUý>ç@ýLQýZKLFKý%ROW]PDQQöVýPRGHOýHTXDWLRQýLVýVROYHGýE\ý/RUHQW]ýGLIIXVLRQýDSSUR[LPDWLRQý>è@ñýLQ
ZKLFKýWKHýSDUDPHWHUý-UýLVýWDNHQýDVýWKHýPHDQýWLPHý-/ýEHWZHHQýWKHýSDUWLFOHVýFROOLVLRQñý-Uý2ý-/ïýý,Qý>êñé@ýWKLV
SDUDPHWHUýLVýGHILQHGýZLWKýWKHýKHOSýRIý'/ýDQGýLQýDýPRUHýFRPSOLFDWHGýZD\ýGHSHQGLQJýRQýDýFRQFUHWHýVWDWHPHQW
RIýWKHýSUREOHPïýý7KLVýPHWKRGýPDNHVýLWýSRVVLEOHýWRýREWDLQýPRUHýSUHFLVHýUHVXOWVýIRUýDýVSHFLILFýSUREOHPýVROXWLRQ
DQGýPDNHýWKHPýPRUHýYDOXDEOHýIURPýWKHýLQIRUPDWLRQýSRLQWýRIýYLHZïýý)RUýH[DPSOHñýWKH
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ýLQWHQVLW\ýDQGýTXDOLWDWLYHýSHFXOLDULWLHVýRIýHQHUJ\ýWUDQVIHUýSURFHVVHVýGXULQJýWKHýSHULRGýRIýWLPHý-�-/ýõZKLFKýLV
PXFKýORQJHUýWKDQýWKHýPHDQýWLPHýRIýWKHýSDUWLFOHVýSDWKý-/ýXQGHUýFRQGLWLRQVýRIýVWDWLRQDU\ýKHDWýFRQGXFWLYLW\ýLQ
QRQðVWDWLFýV\VWHPVýRIýQHXWUDOýSDUWLFOHVôýGHSHQGVýQRWýRQO\ýRQýWKHýNLQHWLFýHQHUJ\ýH[FKDQJHýEHWZHHQýWKHýDGMDFHQW
/ðVXEV\VWHPVñýPHDVXULQJýWKHýPHDQðIUHHðSDWKýOHQJWKýõ/ôýRIýSDUWLFOHVýLQýWKHýSHULRGýRIýWLPHý-ñ!-/ñýEXWýDOVRýRQ
WKHýG\QDPLFýH[FKDQJHýRIýSDUWLFOHýPRPHQWXPýLQýWKHýSHULRGýRIýWLPHý-Sá-ñýDQGýDOVRýRQýWKHýGLIIXVLRQýH[FKDQJH
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ýWKHýORJLFDOýEDVHVýRIýVWDWLVWLFDOýSK\VLFVïýý0RUHRYHUñýWKHýSUHOLPLQDU\ýDQDO\VLVýSURYHGýWKHýH[SHGLHQF\ýRIýWKH
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SDUWLFOHVýDVýDýVLPSOHýPRGHOýRIýDýVHOIðRUJDQL]DWLRQýSURFHVVýRIýQRQðHTXLOLEULXPýV\VWHPVï

)8785(ý3/$16

,Qý WKHý IXWXUHý WKHý SURSRVHGý PHWKRGý LVý VXSSRVHGý WRý EHý DSSOLHGý WRý WKHý VROXWLRQý RIý WKHý SUREOHPý RIý KLJK
WHPSHUDWXUHýVXSHUFRQGXFWLYLW\ýDQGý WRý WU\ý WRýVXEVWDQWLDWHý WKHýSRVVLELOLW\ýRUý LPSRVVLELOLW\ýRIý WKHýSUDFWLFDO
DSSOLFDWLRQýRIýDýFROGýQXFOHDUýIXVLRQýLQýHQHUJHWLFVïýý,WýLVýVXSSRVHGýWRýXVHýWKHýPHWKRGñýSURSRVHGýE\ýGHý%URJOLH
>ìíñýìì@ýDQGýGHYHORSHGýE\ýKLVýIROORZHUVýðý%RKPý>ìíñýìë@ñý9LJLHUý>ìíñýìê@ñý/RFKDNý>ìé@ýDQGýRWKHUVïýý7KH
HVVHQFHýRIýWKLVýPHWKRGýOLHVýLQýWKHýWDNLQJýLQWRýDFFRXQWýRIýFRPSOH[ýQDWXUDOýSKHQRPHQDýRQýWKHýVXEðTXDQWXP
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Fig. 1.  The maximum radius Rmax vs. the initial radius R0.  There is no appreciable difference between
an ideal gas and a van der Waals one for Rmax.  The values of parameters are shown in (5).

Next turn to the contraction phase. It turns out to be a very tough job to numerically calculate the collapse
process because it occurs in a very short time.

So let us try to analytically solve (2) by use of the fact that the collapse takes place around

P(7,t) 1 Pm 2 P0 + PA,

as Walton [4] did. Multiplying  and integrating over t from the time when R reaches the maximum5 5  5
value Rmax, (2) may reduce to

 5 5
ö

5
6N

4
4÷õ

5P

5

6õ

÷
5P

5

6

÷
6)
5

4÷
5P

5

5

÷3P 4÷
5P

5

6

/

where the adiabatic process ( kappa = gamma ) is assumed since the contraction occurs very rapidly and Q
is the pressure when R=Rmax.
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Fig. 2. The minimum radius Rmin vs. R0.  The broken line and solid one correspond to an ideal gas and
a van der Waals one (D2), respectively.

The minimum value Rmin is obtainable by equating  to zero in (6) and it may follow that 5

 (6)= 2
5PD[
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4

4
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The maximum temperature and pressure are achieved when R=RMIN and may result in

7PD[ ö 73 =
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Figs. 2 and 3 depict Rmin and Tmax against R0, where we have used values of Rmax calculated in Fig. l. The
dashed and solid lines in Fig. 2 correspond to an ideal gas and a van der Waals one (D2), respectively. No
appreciable difference is recognized between both kinds of gas in Fig. 3.

As seen from Fig. 3, it is remarkable that for cavities which have radii of a few microns the maximum
temperatures reached are high enough for nuclear fusion to take place.
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Fig. 3. The maximum temperature Tmax vs. R0.  Both types of gas yield no appreciable difference for
Tmax.

DISCUSSIONS

As mentioned in Section 2, we have made a lot of simplifications to calculate the maximum temperature.
Among them the assumption of the incompressibility seems crucial, since the speed of wall of the cavity
exceeds the sound velocity of water in the collapse process. This fact means the invalidity of the
incompressibility assumption.

Furthermore we neglected the diffusion of mass, which is usually ignored in the application of the bubble
dynamics because the speed of wall is very large as compared to the diffusion velocity and then the effect
is negligible in a few periods of the oscillation. The linear response theory however, would not be valid for
such extreme condition that is realizable for cavities with initial radii of order of micron. We have to take
account of the thermal radiation too.

Lastly the phase transition from a gas phase to a plasma phase and the instability of a spherical cavity should
be taken into account.

After all, to obtain quantitatively acceptable results, we have to examine the above-mentioned in detail and
then seek for the optimum condition for the realization of the upper bound of hot-spot temperatures. The
present work, therefore, constitutes a preliminary step of the whole task and detailed calculations will appear
in another place.
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CALORIMETRIC STUDY OF EXCESS HEAT PRODUCTION WITHIN THE HYDROSONIC
PUMP SYSTEM USING LIGHT WATER

James L. Griggs
Hydro Dynamics Inc.
611 Grassdale Road

Cartersville, Georgia 30120
404-386-2649  Fax 404-386-8139

ABSTRACT

The Hydrosonic pump is a device that has shown "excess heat" in steady state running conditions continually
for a number of years. The basic premise of the pump is that when shock waves are generated in a fluid, a
small amount of energy would be given off in the form of heat. The pump has been specifically designed to
create millions of controlled shock waves per minute, which in turn generates an acoustical wave in the range
of 36K Hertz.

The pump's excess output varies as input parameters are intentionally varied and the phenomenon can be
controlled.

In this paper three different experiments will be presented to show the pump in its different stages of
production.

1. An experiment where all the input supply water provided to the systems will be converted to a gas (steam).
2. An experiment where the output from the pump is a combination of gas and liquid.
3. An experiment where a liquid state is maintained throughout the entire experiment.

A complete overview of the pump and its related system will be given with a complete description of the
experimental procedure. The calorimetry for the experiments will be a combination of computer generated
and human data collection and reported in detail.

A BRIEF INTRODUCTION TO THE HYDROSONIC PUMP
AND "EXCESS ENERGY" PHENOMENON TESTING

HISTORY OF THE PUMP

The Hydrosonic Pump was invented by Jim Griggs, an electrical engineer, who has specialized in the field
of energy conservation. Jim is a member of the Association of Energy Engineers and a member of the
National Society of Professional Engineers. He has received numerous awards in the field of energy
conservation and has been a consultant to several national companies.

The first production model of the Hydrosonic Pump was completed in 1989.  Hydro Dynamics was
incorporated in 1990, and the first patent was issued in February of 1993, with a number of U.S. and
international patents pending.

OPERATIONAL PRINCIPLES
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Although called a "pump", the Hydrosonic pump is not a pump in the conventional sense of the word. While
fluid will move through the Hydrosonic Pump unassisted to a minor extent, it requires a conventional
circulation pump to achieve satisfactory results in most applications.  It is called a pump for marketing
reasons.  Company management preferred not to associate the Hydrosonic Pump with the negative
connotations arising from the term "steam boiler"

The Hydrosonic Pump uses shock waves to generate sufficient energy to produce hot water (fluids) or steam.
Physics books state that when water or other liquids flowing in a restriction are suddenly stopped, pressure
of approximately 63.4 PSI is created for each foot of extinguished velocity.  This pressure wave then travels
back up the conduit to the reservoir or other source of the liquid, and cycles are established and repeated.
Normally, the waves dissipate in a short period of time.  The term used to describe this wave and cycle effect
is commonly called "water hammer".  It is also stated in textbooks that as the shock waves pass through the
liquid, a portion of the energy is converted into heat energy and is dissipated into the mass.  The
thermodynamic aspects of this effect were considered small and of no significant harm or value.  However,
this is where the Hydrosonic Pump achieves its objective.

The pump was designed to accomplish a more energy efficient and environmentally safe way of producing
hot water and steam. The basic premises of operation are as follow:  Water (basically any aqueous solution
or fluid) is injected through an opening and is moved across a spinning rotor which is powered by an external
source.  The rotor is designed as a sphere with numerous cavities drilled in a specific pattern around the
surface.  This patented design causes several things to occur.  There is a shearing stress created as the water
first enters the chamber and a small amount of heat energy is created and released into the water. Because
the water enters the chamber under a specified amount of pressure, additional heat is generated and absorbed
into the water.  The shearing stress (dynamic viscosity) increases as the water continues its movement across
the rotor to the outlet port. As the water moves across the rotor surface it is being drawn into the numerous
dead end openings because of the centrifugal force created by the moving rotor.  Millions of shock waves
are generated thereby producing heat.

As the shock waves are produced a standing wave effect is established and a resonance is set up within the
water.  As the rotor continues to spin these waves are intensified and resonances of 25 kilo hertz and higher
(frequencies vary with rotor size and design) are produced continuously.

It also appears that tiny air bubbles are formed at some point in the process and the formation and eventual
collapse of those bubbles may aid the heat transfer process.

As the heated water leaves the outlet side of the Hydrosonic Pump, it will leave as a combination of steam
and condensate, or hot water (liquid).  The temperature at which it exits and the state (liquid or gas) in which
it exits depends on rotor speeds, hole designs, tolerances between the rotor and housing, water flow rate into
the Hydrosonic Pump, and several other design items.  An exhaust pressure is also created at this point which
can be varied to satisfy the end user's process requirements.

"ENERGY PHENOMENON"

Testing completed to date by both the Company and independent agencies indicates that the Hydrosonic
Pump has a significant energy efficiency advantage over conventional boiler(s) or heat transfer processes.
Numerous tests conducted by the Company as well as independent third parties continue to reveal an as yet
unexplained phenomenon occurring within the patented process relating to energy input and output.  Shortly
after the Hydrosonic Pump is operational, the "measurable energy" required to operate the Hydrosonic Pump
is less than the measured energy output of the Pump.  Present during such tests have been representatives
from large utility companies as well as independent engineers and consultants. Two 
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of these recent tests will be presented in this paper.

The initial reaction from the "experts" when reviewing these results is almost always the same--impossible!
On the surface, these results would seem to violate the second law of thermodynamics; however, the
Company believes that because of ultrasonic fields and other unknown forces possibly affecting fluids
flowing through the Hydrosonic Pump, it is possible that an energy source is being tapped that has to date
not been identified.  We at Hydro Dynamics believe that further testing will prove that such an additional
source does exist and, most importantly, will identify the source.

TESTING

When the idea for using shock waves to produce heat was conceived, it was thought that such a process
might be highly efficient and environmentally clean.  The possibility that COP's greater than one could be
achieved became apparent immediately, but because this contradicted the laws of thermodynamics the results
were viewed with skepticism. However, the phenomenon has continued to persist throughout the years and
is still evident in the tests that will be discussed.

It should be noted that these test results on the Hydrosonic System show efficiencies with ratios greater than
1:1. The tests being presented follow a procedure we have recently been requested to use. We perform other
tests with different procedures, routinely, in a continuing effort to find the best combination of energy
efficiency, reduced capital cost, ease of maintenance, etc., for our market place. We believe that these tests,
along with all the others performed for the past three years, may not be representative of the best possible
results that can be obtained from the Pump from purely an energy efficiency standpoint.

When Hydro Dynamic Inc. was formed, the working prototypes at that time were bulky and could possibly
require considerable maintenance and repairs. It was not unusual to get efficiency ratios of 2:1. It was
believed at that time that the Pump should be basically simple to operate and "maintenance free".  The
housing and bearing configuration was completely redesigned with that concept in mind and, in so doing,
reduced the Pump efficiency.

It was thought at this time that the reduced efficiency would not affect the company's specialty marketing
effort, which emphasized other features of the Pump. However, because there has been extreme interest in
the "energy phenomenon" and the manner in which the Hydrosonic Pump achieves it, the company began
production of a pump with a design similar to the original prototype for energy testing purposes only. This
pump was completed and testing began in late December 1993.

At this point it has been shown that, with or without the "excess energy" phenomenon, there are numerous
applications for the Pump. The Company is continuing its intensified research and development efforts and
welcome any suggestions by phone, mail, or personal visits to our operations in Cartersville, Georgia.

FORCED STEAM BARREL TEST 1 and 2

On January 6, 1994 two tests were conducted at the offices of Hydro Dynamics Inc. to determine the
efficiency of a Hydrosonic Pump system producing steam. The coefficient of performance (COP) is the basic
parameter used to compare the performance of heating systems, and is defined in the Handbook of Energy
Engineers, The Fairmont Press, 1989, page 249, as follows:

"COP = RATE OF NET HEAT REMOVAL - divided by -TOTAL ENERGY INPUT"
energy out
energy in
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The test was conducted by Jim Griggs, Kelly Hudson, Phillip Griggs and Marvin Dawkins, with the
assistance of Jed Rothwell, author and co founder of Cold Fusion Research Advocates, and Dr. Eugene
Mallove. Dr. Mallove is the former Chief Science Writer for MIT news office, a noted author holding
advanced degrees in astronautical engineering and environmental science, and is presently Editor in Chief
of "Cold Fusion" magazine, according to the following procedures:

Before the test begins, a 55 gallon open steel drum weighing 30.5 lbs. empty is placed on a factory weight
scale. It is filled with 350 lbs of tap water and temperature and weight are recorded.

Water is fed to the Hydrosonic pump from a 16 gallon feed water tank. A large clear plastic bucket mounted
at the top of the tank serves as a hopper. It is marked in two scales: tenth-gallon up to one gallon; and pounds
up to 8 lbs. (One U.S. gallon weighs 8.33 lbs.).  Care is taken and water is added in 8 lb increments to the
hopper making it easy to record the flow and total water added.

Water from the feedwater tank is forced through the Hydrosonic pump by a small auxiliary pump. The flow
rate is regulated and displayed with a flowmeter.

The pump is turned on and allowed to reach a steady state of operation with steam being exhausted through
a valve to the atmosphere. At the beginning of the test the steam is re-routed into the drum of water through
a secondary valve and electrical input power is recorded.

The test was continued for a specific period of time with continual temperature and energy input
measurements being recorded.

The results were as follows:

TEST 1

Starting mass and temperature of water in the drum: 350 lbs, 53 degrees F.
Ending mass and temperature in steel drum: 381 lbs, 103 degrees
Water temperature Delta T: 50 degrees F.

Energy added to water: 50 degrees x 381 lbs. = 19050 BTU's = 5.58 KWH
Electrical input power recorded: 4.80 KWH

C.O.P. computation--
Input KWH C.O.P. 

Apparent 4.80 117% 
Adjustment for power factor (apparent-true) 
and motor efficiency (82.5%) 3.33 168%
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TEST 2

Starting mass and temperature of water in steel drum: 350 lbs, 53 degrees F.
Ending mass and temperature in steel drum: 392 lbs, 122 degrees F.
Water temperature Delta T: 69 degrees F.

Energy added to water: 69 degrees F x 392 lbs. = 27048 BTU's = 7.92 KWH
Electrical input power recorded: 7.26  KWH
(test 2 was ran for 10 minutes longer than test 1)

C.O.P. computation--
Input KWH C.O.P.

Apparent 7.26 109%
Adjustment for power (apparent-true)
and motor efficiency (82.5%) 5.03 157%

Conclusion: excess heat energy was detected at levels far beyond any reasonable limits for error from the
instrumentation used in the test.

FORCED STEAM BARREL TEST 3

On February 15,1994, Mr. Ron Dubose on behalf of ENECO visited our plant to participate in two
additional tests of the Hydrosonic Pump. Mr. Dubose is a P.E. in mechanical engineering and President
of Emprise Corporation in Marietta, Georgia. Emprise Corporation specializes in the design, construction
and installation of testing facilities throughout the world.

The same test procedure was followed as in the two previous tests conducted earlier in the report, with
the following results:

TEST 3

Starting mass and temperature of water in the drum: 325 lbs, 48 degrees F.
Ending mass and temperature in steel drum: 412 lbs, 124 degrees F.
Water temperature Delta T: 76 degrees F.

Energy added to water: 76 degrees x 412 lbs. = 31312 BTU's = 9.17 KWH
Electrical input power recorded: 8.39 KWH

C.O.P. computation--
Input KWH C.O.P.

Apparent 8.39 109%
Adjusted for power factor (apparent-true)
and motor efficiency (82.5%) 6.23 147%

Conclusion: once again excess heat was recorded in excess of possible instrumentational error. Mr.
Dubose stated in his report to ENECO dated February 16, 1994, "I could find no fault with the test
technique or instrumentation. Some factors such as heat sink losses were neglected that would improve
measured pump performance if they could be included. "

As stated earlier, we at Hydro Dynamics Inc., do feel that this phenomenon is real and that at some
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 point in the near future it will be fully explained.

To quote from the great physicist, Albert Einstein, "All the laws of physics are absolute, not in the sense
of being unalterable by the progress of research but in the sense I have already noted--they are consistent
throughout the universe."

The two tests that have been examined in this paper were conducted under the strictest control conditions
available to the researchers. Manufacturers' specifications as to the accuracy of all test equipment has
been supplied in appendix B, and based on the company's interpretation of these specifications,
instrumentation error cannot possibly explain away the large amounts of excess heat energy produced by
the Hydrosonic Pump.

During the past three years the tests performed at Hydro Dynamics continue to indicate COP's greater
than one.  We believe additional research in this area must continue.

AUTHOR'S NOTE

Hydro Dynamics Inc. as a company and I myself personally invite any input in the form of
recommendation, possible explanations, and criticism as to our process or testing techniques. We realize
that we do not have the final answer, but the question remains open, what is the source of the "excess?" 
We invite anyone to our facility at anytime for a demonstration, or an attempt to prove us wrong.
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DESIGN CONSIDERATIONS FOR
SUPER-CONDUCTING MAGNET N-MACHINE JPI-II

by

Shiuji Inomata, Ph.D.*
and Yoshiyuki Mita, M.S. **

ABSTRACT

The successful confirmation of the so-called incremental over-unity phenomena in the JPI-I N-machine
(Inomata and Mita, 1993) has led the authors to design the system over-unity machine JPI-II, which is
composed of a super-conducting magnet N-machine, and a super-conducting magnet Faraday motor.
This combination on the same axle, after being started by the outside electrical power source, is expected
to feed some 30 to 40 KW AC power.  This power is in addition to the required cooling energy of the
vaporized coolant which is essentially negligible if sufficient heat insulation is provided for the
super-conducting coils. The N-machine theory, the experimental data (JPI-I) and the design details of the
super-conducting magnet N-machine, JPI-II, will be described in this paper.

INTRODUCTION

Recently, there has been increasing interest in the N-machine "space power generator", because it has the
possibility of producing electrical energy with significantly less mechanical power input.  Furthermore,
the possibility of system over-unity operation could be envisaged.  The constructed JPI-I machine is a
small Neodymium magnet twin N-machine.  Having carried out several experimental measurements, we
had confirmed the so-called incremental over-unity or local violation of energy conservation law. That is,
in case of one experiment, at 6000 rpm, the electrical power extracted from vacuum is 5.81 watt, and the
increased electrical power to the drive motor, in that time, is 3.24 watt.  Therefore, we have 2.57 watt
surplus of energy.  The experimental results had been presented at Japan Psychotronics Institute (JPI)
monthly meeting on 27 March, 1993, Tokyo.  On the other hand, the back-torque was found rather big. 
This suggests that improvements are necessary.

Nevertheless, we have found very surprising phenomena, in which electrical current increases
nonlinearly as rotational speed increases.  It is as if copper-carbon brushes were cooled down more than
100(C.  This decreasing resistance phenomenon has occurred in the copper-carbon brush materials
around the rotating magnets disc with high speed.  This phenomenon might be one of the most important
evidence of shadow energy extraction from the vacuum.  Inomata's vacuum theory (Inomata, 1987)
requires the reexamination of Dirac's vacuum theory. The absolute vacuum is considered as a balanced
sea of both positive and negative "shadow energy"   Both positive and negative shadow energy are
described by shadow Dirac equation.  We consider that the sea of shadow charge corresponds to
non-material ether.

Furthermore, we can obtain probability density flows between real world and shadow (imaginary) world,
which coincide with what the consciousness-electrical charge, complex matter, complex energy triangle
claims.  Because matter is energy in conventional physics, so the energy extraction becomes legitimate in
this paradigm of new science.

In this paper we describe the design of a New N-machine (JPI-II) aiming at system over-unity, which
uses super-conducting coils for the construction.  It is shown that there exists the possibility of system
over-unity operation by showing the detailed design and estimating output-power.
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THEORETICAL CONSIDERATIONS

According to the Dirac's vacuum theory, a vacuum consists of a sea of electrons in negative energy
levels.  We consider here that this viewpoint of a vacuum should be abandoned.

From our new paradigm viewpoint, the absolute vacuum is considered as a sea of non-material ether
which transcends space-time.  We consider that the ether consists of a balanced sea of both positive and
negative "shadow" energy of infinite magnitude.  This corresponds to the stationary ether, which H.A.
Lorentz assumed in his theory.  In this theoretical considerations, the CGS system will be used.

We shall consider the S reference frame, which is a stationary frame for the observers and the ether, and
the S1 frame, which is moving with constant velocity relative to the S.  For simplicity, we shall consider
the S1 to be moving with speed v along x (or x') axis relative to S.  We think that the Maxwell equations
of the same forms are satisfied in the reference frames S and S'

Figure 1. Coordinate Reference Frames S and S1

We can obtain the transformation formulae for E and H.  We will do this only for the particular Lorentz
transformation described by Equation (1).

E1x = Ex H1x = Hx 
E1y = õ (Ey - ùHz) H1y = õ (Hy + ùEz) (1)
E1z = õ (Ez + ùHy) H1z = õ (Hz - ùEy)
(where õ = 1/(1 - v2/c2)½, ù = v/c)

If v is far smaller than c, we can obtain the relations õ ´ 1, ù « 1. Moreover when there exists only H
field perpendicular to the moving direction, we can obtain the transformation formulae of
Electromagnetic Field described by (2).

E1x =   0 H1x =   0
E1y = - ùHz H1y = Hy (2)
E1z =   ùHy H1z = Hz

               <                            < 
E1  = ù X H  (3) H1  =  H   (4)

These results clearly show that the electric and magnetic field vectors E and H are really
non-independent existence.  The resolution into electric and magnetic components is due to the motion
relative to the observer and the ether.  Moreover, if there exists a completely uniform magnetic field,
there is no meaning of distinction between H and H1 field.  However, in S1 moving frame,  electric
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 field E1 appears due to H field in S1 frame. In the paradigm of the absolutism EM, E1  is thought to be
created by the H field moving in the stationary frame.

From (3), we can obtain the EMF for N-machine.  Thus, we consider a plane conducting disk with
magnets of radius r rotating with constant angular speed 7. The uniform H field is perpendicular to the
plane of the disk.

E1r = (v/c) × H = (7/c)Hzr (5) 
(where  v ] H,  v = (7 × r))

In the paradigm of relativistic EM, E1 (x,t) only exists in the mind of an observer of S frame.  On the
contrary, in the paradigm of the absolutism EM, E1 (x,t) is thought to be "real", irrespective of the
existence of an observer (Inomata, 1991).  This expression is the same as the Faraday generator.  If the
rotation is reversed, the equation changes the sign.

The potential difference between the center and the periphery of a copper disk become as below.  R is the
radius of a copper disk.

V1(EMF) = ,0
RE1rdr = (7/c)Hz , 0

Rrdr = (½)(7/c)HzR
2 (6)

Thus, the quantity of the potential difference are equal to the case of Faraday generator.  The exact place
where EMF is created is in a copper disk, and is not in a conducting wire, as relativistic EM (Einstein
theory) predicts.  H.A. Lorentz's theory which presupposes the stationary ether can supply the correct
answer.

In Oriental philosophy, beside the cosmological view of "what is form that is emptiness, what is
emptiness that is form", the idea of "real and imaginary, Yin and Yang" is also considered to be very
important.  Thus, in existing vacuum, if any amount of positive shadow energy exists, exactly the same
amount of negative shadow energy should exist and they should offset each other.  From new paradigm
viewpoint, the vacuum is considered as a sea of non-material energy which transcends space-time.
Mathematically, this concept is described by complexified Dirac equation [real and imaginary (shadow)
equations] using natural unit.

Dirac equation 

i#  = (-i û # / + ù m) 5 (7)
0 5
0 W

Shadow Dirac equation 

-  = (-i û # / + ù m) 5 (8)
0 5
0 W

where 5 is a wavefunction.  We can obtain probability density flows from an imaginary Dirac equation. 
Inomata's theory goes beyond the contemporary conventional statement which relates mass and energy
(Einstein; E=Mc2), conservation of energy and charge. This theory introduces complexfied mass, energy,
charge and develops mathematical relationships for each one and their relatedness.

Here we would like to discuss the interdependency of real and shadow (imaginary) world.  In general,
Schrodinger equation in quantum mechanics is obtained from the conventional relation between energy
and momentum, E=p2/2m.  After replacing by the operators; E 9 i · 0/0t, p 9 -i ·/, Schrodinger  equation
becomes

 (9)L # 0

0W
5 ö ÷

4
5P

/5 5 ö+ 5
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where H is called Hamiltonian.  When the eigenfunction of Equation (9) changes with time as 5(x,t) =
50(x)e-iEt, it becomes H 5 = E 5.  On the other hand, to the relation which is E = p2/2m multiplied by i,
and replacing by the operators, then we obtain

 (10)÷
0

0W
5 ö ÷ L 4

5P
/5 5 ö L+ 5

and we obtain iH 5 = iE 5.  This is "shadow Schrodinger equations".  Generally speaking, it may be
possible to regard iH 5 = iE 5 as the quantum system to express vacuum as "void".  But as iE indicates
only positive shadow energy, it does not match the Yin and Yang property of shadow energy which we
require. P.A.M. Dirac supposed the following linear equation for both 0/0t and / to obtain positive and
finite probability density ''0.

i#  = (-i û # / + ù m) 5 (x,t) (11)
0 5
0 W

Dirac required that Equation (11) fulfills real Klein-Gordon's equation.

-  = (- /2 + m2) 5 (12)
05 5

0 W 5

From this, Dirac's equation allows not only positive but also negative energy.  The free solution of
Dirac's equation is obtained in the form of 5 = 7 e-ip · x when 5 is a column with 4 components and 7 is a
spinor with 4 components.  Where, p · x = pµx

µ = Et-p · x.  Since the details of mathematical treatments is
explained in the literature (Inomata, 1987), we limit ourselves to state here that two values are allowed
for E, as follows,

E = ± (m2 + p2)½ (13)

On the other hand, how does the probability of Dirac's equation flow?  Here, the flow of probability can
be obtained in relation with the following probability density.

' = 5*(x,t) 5 (x,t) (14)

In Dirac's equation, the probability density of four dimensional wave function is definite and positive,
and this is where it is different from Klein-Gordon's equation.  Here we try to obtain shadow Dirac's
equation.  For this, we start from the following equation.  That is:

-  = (-i û # / + ù m) 5 (15)
0 5
0 W

After theoretical treatments, regarding a certain value of p, we obtain the same results as shadow
Klein-Gordon's equation:

E = ± i(m2+p2)½ (16)

This means we can obtain the sea of positive and negative shadow energies.  Now let's look for the flow
of probability density of shadow Dirac's equation.  After mathematical treatments, we can show
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-iE iE

E

0

-E

 that there is a flow of probability density from the state of shadow energy.  Thus, we can obtain the
probability density:

' = exp  {±2(m2 + p2)½ t} +c± (17)

where c± is an integration constant.  When shadow energy level is positive, we select c+ = -1,

' = exp  {+2(m2+p2)½ t} -1 (18)

and it indicates the probability density flow from shadow energy level to real energy level, thus, inflow
of particles.  However, this equation has no meaning when '>1.  On the other hand, when shadow energy
level is negative, selecting c- = 0, we obtain

' = exp  {-2(m2+p2)½ t} (19)

and this indicates probability density flow from real world to shadow world, thus, outflow of particles.

By transferring from shadow Klein-Gordon's equation to shadow Dirac's equation, we could obtain the
basic equations of micro-world which coincides with real and imaginary world as being interdependent
and correlated, but not conventionally connected.

Thus, shadow Dirac's equation gives manifestation of vacuum as "void", which is lacking in
contemporary physics.  Now we want to discuss the problem of pair creation and pair annihilation of
electron and its antiparticle, i.e. positron, using real Dirac's equation and shadow Dirac's equation
simultaneously.  In this case, we have two kinds of energy levels (in case p=0).  Thus: (1) continuous
state of positive (E ' + m0), negative (E & -m0) real energy, (2) continuous state of positive (E ' +im0),
negative (E & -im0) shadow energy.  If we suppose that negative real energy exists as Dirac did, we have
to unreasonably equate negative infinite energy to zero energy and to equate infinite negative charge
with zero charge.  So we discard this level.  And we suppose that shadow negative and positive energy
levels exist. When these levels are occupied, it is clear that they bring no effect which can be observed
externally as positive and negative shadow energy levels offset with each other exactly.

Figure 2. Complexified Energy Level

Now we suppose complexified energy level as indicated in Fig. 2.  As it became clear through this
section, positive shadow energy level acts in creation of probability density (particles), and negative
shadow energy acts in annihilation of probability density (particles).  It is known experimentally that 2m
of energy (photon) is required for pair creation of electron and positron.  We rewrite 2m as follows:
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2m = m + m - im + im (20)

That means, to transfer one electron from shadow positive energy level to real positive energy level,
complexified energy m - im is required.  At the same time, from the law of charge conservation, the hole
indicates positive charge, m supplies mass and im repairs the hole made in the sea of shadow energy (see
Fig. 2). On the other hand, it is known that 2m photon is freed in case of pair annihilation of electron and
positron.  In this case, too, 2m is rewritten as Equation (20).  An electron annihilates after freeing m + im
complexified energy.  At the same time, positive charge of positron disappears, and its mass is freed as
energy m.  On the other hand, -im is freed, and the equilibrium of positive shadow energy level and
positive energy level is restored.  What we explained so far is for the case when the law of usual energy
conservation is maintained.  However, as we analyzed in this chapter, there is a possibility of creation
and annihilation of particles in line with "the super law of energy conservation" according to the
consciousness-matter-energy triangle.  The creation and annihilation of particles as matter, at the same
time, indicates a possibility of energy creation and annihilation from vacuum as "void".

This preliminary study on vacuum indicates that the concept of "void" in Oriental philosophy is also
correct scientifically. Now we are confident that the universe is formed from non-material primary
substance, which may be described as the shadow charge (Chi or prana in Oriental philosophy) that gives
birth to all things.

Now, we modify Newton's laws regarding two complexified masses, M = Ml + iM2  and  
m = m1 + iM2. That is, using CGS system,
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(21)
where  G is Newton's constant, r0 is the unit vector to indicate the direction of r and i is the imaginary
unit.  When we compare this with the equation of Coulomb force referring to complexified charge Q =
Q1 + iQ2, q = q1 + iq2, using esu system;

(22)I5 ö
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the conditions to equate f1 and f2 for one branch are the following equations.

Q1 = -G½M2 , q1 = -G½m2 (23)
iQ2 = iG½M1 , iq2 = iG½m1 (24)

when (23),(24) are fulfilled, f1 and f2 become equivalent, and it becomes more consistent, if we take
Newton's constant G as real number from psychotronics viewpoint.  The meaning of (23),(24) is that the
real part of the complexified gravitational mass functions as shadow charge and that its imaginary part
functions as real charge.  The origin of positive and negative charge is, then, imaginary part of negative
and positive gravitational mass.  The origin of positive gravitational mass is imaginary part of positive
charge.  Furthermore, we consider that gravitational mass and energy have only positive property.  Thus,
the imaginary part of charge is only positive.  In real and imaginary part, we can obtain mass and energy
relations by Einstein's famous formula (E=mc2). We have reached the conversion formulae of complex
charge, complex mass, complex energy triangle.  These conversion formulae and relationships are
summarized as following in Figure 3.
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Figure 3.
Conversion Formulae of Complex Charge, Mass and Energy Triangle

In this triangle, every element, that is, charge, energy and mass, are complexified.  The imaginary 
elements compose the imaginary world or shadow world.  The real elements compose the real world,
which we perceive.  From our new paradigm viewpoint, we can understand the real and imaginary
worlds as being interdependent and correlated, but not conventionally connected. Although there exist
separate conservation laws of energy and charge in contemporary physics, we should recognize the
violation of conservation laws for energy and charge in the real world, if we consider the shadow world. 
In the N-machine experiments, the electrical output energy is from the vacuum itself.  This phenomenon
indicates the conversion law from imaginary charge to real energy,

. (25)(4 ö
F 5

* 425
45

We believe that the imaginary charge corresponds to "Chi" or "Prana" in Oriental philosophy.  We
consider that the positive and negative states of imaginary energy corresponds to "Yin and Yang" in
Oriental philosophy.

We also believe that the most fundamental element in universe is imaginary charge, which we call
"panpsychic consciousness." Here, we have considered that imaginary charge is described by shadow
Dirac neutrino equation.

(26) ÷
0 5
0 W

ö ÷ L û # / 5

Thus, we believe that the basic oneness of yhe universe is not only the central characteristic of the
mystical experience, but is also one of the most important revelations of modern science and technology.
The result of the paradigm shifts are shown in the Appendix: New versus Old Paradigms.

Here, we would like to discuss the integration of fundamental forces in nature, that is, gravitational,
electromagnetic, strong and weak forces.  It is widely known that at present physicists are studying this
type of problem under the title of so-called "gauge theory" in relation to cosmology.  However, this
gauge theory misses the point how these four basic forces are interrelated in the universe in which we are
existing.  We consider that it is very significant to seek these mutual relationships in the
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 universe in which we are living.  In these paradigm shifts, we can obtain the integrated theory.  The core
theory is the complexified EM theory, and this theory is an integrated theory of EM force and gravity.

EXPERIMENTAL RESULTS

An illustration of the JPI-I machine is shown in Fig. 3.  This machine is a two-rotor series machine and
the driving force is supplied by a DC motor.  The details of the JPI-I  are given in Table 1.  This test
machine was fabricated by using four 9.0cm permanent magnets; two on each side of copper disks, four
copper-carbon brushes are used.  These brushes are mounted in aluminum blocks (Fig. 5).  The rotation
of the DC motor was transmitted to the N-machine by 1 to 2 ratio belt and pulley system.

The N-machine equivalent circuits for the measurements are shown in Fig. 6.  According to the theory,
an open circuit voltage (EMF) is linearly proportional to the magnet area, the strength of the magnet and
the angular velocity.  Using MKSA system,

V(EMF) = ½ · 7 · B · (r1
2 - r2

2) (27) 

where 7 is the angular velocity of a disk.  B is the magnetic field perpendicular to the disk and r is the
radius of the disk.  The effective strength of the magnetic field is supposed to be 0.4 Tesla, according to
the experimental date of the JPI-I machine. Furthermore, we have confirmed that the EMF has been
produced in a magnets-copper disk, not in an electric conducting wire from the disk edge (Fig. 7). 
Moreover, we think that the magnetic shield to the conducting wire from the disk edge was especially
very important to minimize the back torque.  Yokogawa Electric shunt resistance (1m6) was used for
accurate current measurements.  The maximum capacity of this shunt resistance is 100 Amp.
Furthermore, it is known that an N-machine behaves exactly as a regulated voltage source does.  Thus,
when tested at a fixed speed, the EMF remains the same no matter how much current is drawn from a
generator (Valone, 1991).

Now, we present the experimental results.  The measurements were carried out on 14 February and 7
March, 1993.  The measurement data are shown in Table 2,3.  The following measurements were carried
out under the conditions shown in Fig. 6 unless otherwise specified.  The experimental results are shown
in Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig. 12, and Fig. 13.  Next, we made the experiments to clarify the
shadow energy extraction from the vacuum.  We carried out the measurements about two different
circuits, thus, open circuit and closed circuit modes.  As Table 4 shows, we have made the comparison
between the N-machine output power and the power increment of motor DC supply at same rotational
speed.  According to the energy conservation law, the N-machine output power should be less than the
incremental power of the drive motor.  In our N-machine measurement, even if the efficiency of the
drive motor were 100%, one of four cases apparently shows incremental over-unity.  However, we
consider that the efficiency of the drive motor is less than 80% in these high rotational velocity range. 
Therefore, we conclude that all cases have shown the incremental over-unity phenomena.

Summarizing the measurement results of the JPI-I , we have obtained the following results and
phenomena.  (1) Linearly increasing EMF proportional to the rotational velocity.  (2) Nonlinearly
increasing load current as the rotational velocity increases.  (3) The decreasing electrical resistance
phenomenon in the copper-carbon brush materials around the rotating magnets disk in high rotational
velocity range.  (4) The confirmation of the incremental over-unity or local violation of energy
conservation law in high rotational velocity range.
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From our experimental results and experiences, we consider that there are three major improvement
items for constructing a system over-unity machine.  Those are: (1) a producing stronger magnetic flux
density, (2) an expansion of rotor disk diameter and effective area, (3) a magnetic shielding to the
conducting wires to extract current from the disk edge.

Design Specifications of JPI-II

Based on the knowledge obtained from the design, manufacture, and experiments with JPI-I machine,
this machine (JPI-II) has been designed to be a system over-unity machine or a self-rotating electrical
generator.

For this purpose, full utilization of super-conducting magnets and technology is planned.  In the
N-machine - Faraday motor combination, such a situation is realized, if the electrical energy created
from the vacuum is bigger than the energy needed for no-load  rotation of the N-machine plus the loss in
the Faraday motor (Inomata, 1991).  Moreover, the energy needed for reliquidization of vaporized
coolant will be negligible, if sufficient heat insulation is provided for the N-machine-Faraday motor
combination.

We begin our discussion of basic design specifications of JPI-II, based on the experimental data obtained
from the JPI-I. The conceptual figure of JPI-II is shown in Fig. 14 and the specifications of JPI-II are
shown in Table 5.
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DC power supply: A DC power supply of low voltage and large current is used to energize the
super-conducting coils and for starting the machine.

The vacuum electrical power vs. rotational velocity were estimated for two cases (30cm and 50cm
diameter, 4 Tesla magnet) in Table 6, 7 and Fig. 15.  Moreover, we estimated the expected torque of
Faraday motor for 30cm diameter case (Table 8).  We estimate that the self-sustaining condition would
be met in 5,000 (rpm) in this case.
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Conditions for output power estimation:
Open EMF : V = (1/2) 7 B (r2

2-r1
2) (V) 

Magnetic flux density : B = 4.0 (T) 
Load resistance : R = 1  (m6)

(using MKSA unit system)

On the other hand, recent astronomical findings indicate that our earth travels with speed 600 km/sec
relative to the Lorentz ether.  As rotational motion is "absolute", N-machine theory is valid for the
experiments on the earth as confirmed by our experiments.
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Conclusions

In view of the experimental results and theoretical considerations which were obtained and described
above, we have concluded that the N-machine provides a basis for "space power generation", in that
under certain conditions the extraction of electrical output energy is not reflected as a corresponding
mechanical load to the driving source.  The complaint of small EMF of JPI-I is not the case for a
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 bigger and stronger magnet N-machine, which utilizes not only neodymium magnets, but also
super-conducting magnets.

All these experimental and theoretical developments strongly indicated that the simple mechanistic
picture of basic building blocks of nature had to be abandoned.  Furthermore, we are confident that this
new paradigm and its application may bring the technological breakthrough for solving the energy crisis
and the environmental holocaust.
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SONOLUMINESCENCE, COLD FUSION, AND BLUE WATER LASERS

Thomas V.  Prevenslik

Consultant, Tokyo, Japan

The blue light observed in sonoluminescence experiments with water is explained, in this model, by
Rayleigh scattered ambient UV light reflected in a blue Raman line of water.  The ambient UV light
incident on the spherical liquid geometry is concentrated to a high intensity and reflected in a Raman line
that appears to the observer as blue light.  The spherical liquid geometry functions as a spherical UV lens
that concentrates ambient UV light at the center of the water compression field.   By providing an
external spherical UV laser cavity driver concentric to the spherical liquid lens, the concept of a cold
fusion blue water laser is developed where the laser driver is pulsed with the acoustic field to fuse the
deuterium in heavy water molecules.  Therefore (according to this model) the blue water laser is a cold
fusion device because the liquid structure required in concentrating the UV light would only operate
below about 50 C, say in an application as a residential heater, even though the local hot fusion reaction
is actually producing the heat.

Sonoluminescence (SL) is described [1] as a non-equilibrium phenomenon in which the energy in a
sound wave becomes highly concentrated so as to generate synchronous repetitive flashes of blue light in
liquid water at room temperature.  With regard to cold fusion, SL as a significant mechanism of energy
focusing in combination with a heavy D-O-D water target [2] is important because it would offer the
prospect of a mechanism of fusing deuterium at room temperature.

In the standard model [3] for SL, bubble collapse energy is delivered to a number of molecules and the
molecules are excited to emit blue light upon recombination.  However, it is possible that the blue light
observed in SL is nothing more than concentrated Rayleigh scattered light reflected in the blue Raman
line of water.  The Raman effect is the phenomenon of light scattering from the material medium
whereby the light undergoes a frequency change in contrast to Rayleigh scattering where a frequency
change does not occur.

The SL explanation given here is that the low intensity ambient UV light scattered inside the spherical
water geometry is concentrated at the center of the compression field and reflected to the observer as a
visible blue Raman line of water.  This SL explanation is referred hereinafter as the Light Scattering (LS)
model.

In contrast, the standard SL model contends the blue light is generated in the water.  Since the ambient
UV light is not visible, the appearance of blue light alone may have led the observers [1] to conclude that
the blue light was being emitted from the water consistent with the standard SL model when, according
to the LS model, the blue light is reflected ambient UV light.

In the standard SL model, light absorption for hydrogen takes place on the order of 10 ns.  However, the
data [1] shows that duration of the blue light < 100 ps.  The LS model response based on Rayleigh and
Raman scattering does not involve light absorption and takes place within the period of vibration.  For
blue light the response is < 1 fs, and may explain why the flashes cannot be resolved with the
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 fastest photomultiplier tubes available.

Raman emission data [4] of water for various frequencies of exciting mercury light shows that for blue
light to be emitted in a prominent Raman at 470 nm, the Rayleigh scattered incident UV line is required
to be about 405 nm.  The Raman lines are caused by totally symmetric O-H vibrations of the water
molecule.  The LS model contends that the 470 nm blue light observed during SL in water is actually a
Raman line corresponding to incident UV light at 405 nm.

The standard SL model finds difficulty in explaining the data [1] which reports a 3.3 ev photon energy at
a frequency of 8.014 Hz which corresponds to a wavelength of 375 nm, but the observer sees a blue light
at 470 nm.  The LS model contends that in addition to reflected blue light, ambient UV light may also be
also reflected to produce a UV spectrum of Raman emission, and the 375 nm wavelength is the spectrum
average.  This lowering may be due to a prominent Raman line at 350 nm in water that corresponds to a
313 nm UV exciting line [4].

With regard to verification of the LS model, polarization measurements of the reflected blue light in the
SL experiment [1] should be made.  Since Raman emissions from water are highly polarized, the LS
model predicts that the intensity of the blue light as viewed through the polarizer will be significantly
diminished.  If so, not only is the correctness of the LS model verified, but more importantly, the
spherical liquid lens formed in the compression field of the water offers a controllable mechanism for the
concentration of the ambient UV light.

The concept of the cold fusion blue water laser finds basis in the observation of the significant
concentration of ambient UV light by the spherical water lens during SL and is illustrated in Fig. 1.  A
surrounding UV laser cavity congruent to the spherical compression field lined with mercury lamps
emitting UV radiation in the 300 to 400 nm range is flashed in sync with the SL acoustic frequency. 
Diametrically opposite inlet and outlet openings in the spherical arrangement may be made without
affecting the isotropic irradiation of the water molecules to provide a through flow of heavy water to
transfer the fusion energy to a heat sink.  During blue water laser operation using heavy water, the water
molecules at the center of the spherical compression field may be ionized to high temperatures causing
the fusion of deuterium in the molecules and a possible fusion energy release.  The fusion plasma may be
contaminated by the oxygen in the water molecule itself, but this may not be a problem because the very
large concentration of UV energy may accommodate the radiation loss and still achieve local fusion
temperatures for deuterium.  In this arrangement, the blue water laser may find application as a
residential heater by increasing ambient water temperature to about 50 C without a loss of the spherical
liquid lens structure.

The cold fusion blue water laser is similar to the Inertially Confined Fusion Reactor (ICFR) hot fusion
concept [5] where fabricated D-T fuel pellets are ignited at fusion temperatures by imploding the fuel
pellets through laser ablation of the exterior pellet surface.  The ICFR requires the fuel pellet to be
repetitively fabricated and precisely positioned at the center of the reactor prior to ignition.  Further, the
ICFR requires high energy MJ lasers because the minimal pellet size is limited by the fabrication and
positioning process.  However, the blue water laser is a far simpler concept because the water molecules
at the center of the compression field function as the pellet and are continually replenished in repetitive
ignitions.  Since the fusing deuterium water molecules are very small quantities of fuel, the required UV
laser energy for ignition is similarly a very small fraction of the ICFR laser energy, and therefore the
blue water laser would make possible ignition of the neutron free D-D reaction, instead of opting for the
lower energy D-T reaction with attendant radioactivity problems.  Instead of the large size of laser
drivers common with the ICFR, the mercury lamp arrangement is a simple and compact laser driver, and
therefore miniature blue water lasers providing a limitless supply of low
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 temperature water < 50 C for residential home heating may be envisioned.
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Fig. 1  Cold Fusion Blue Water Laser Concept
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