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,QWURGXFWLRQ
7KHğ FRSLKXHğ ˉ/DSDJHULDğ URVHDğ 5γğ HWğ 3γ˚ğ LVğ Dğ FOLPELQJğ HQGHPLFğ EXVKğ IURPğ &KLOHαğ ZKLFKğ EHORQJVğ WRğ WKHğ
3KLOHVLDFHDHğIDPLO�αğLWğLVğGLVWULEXWHGğIURPğWKHğ9DOSDUDLVRğ5HJLRQğWRğ/RVğ/DJRVğ5HJLRQγğ7KHğOHDYHVğKDYHğKHDUWβ
VKDSHGğEDVHğDQGğDSLFXODWHğDSH[ğZLWKğUHWLFXODWHğPLGULEγğ ,WVğÁRZHUVğDUHğ ODUJHğDQGğKDQJLQJαğDUHğLVRODWHGğRUğ
JURXSHGğLQğEXQFKHVğLQğWKHğD[LOVğRIğWKHğOHDYHVγğ7KHğÁRZHULQJğSHULRGğRIğ/γğURVHDğJRHVğIURPğ0DUFKğWRğ0D�γğ7KHğ
IUXLWğLVğDğVPRRWKαğRYRLGğEHUU�ğLQğJUHHQğ²ğ�HOORZğFRORUαğVZHHWğPHVRFDUSğDQGğLQVLGHğLWαğWKHUHğDUHğPDQ�ğ�HOORZğ
VHHGVğZUDSSHGğLQğDğK�DOLQHğDU�Oγ7KHğFRSLKXHğLVğXVHGğLQğDğZLGHğQXPEHUğRIğZD�VğWKDWğJRHVğIURPğWKHğRUQDPHQWDβ
WLRQğWRğPHGLFDOğSXUSRVHVğE�ğWKHğ0DSXFKHVγğ7KHğREMHFWLYHVğRIğWKLVğUHVHDUFKğZHUHğWRğVWXG�ğWKHğELRORJ�ğRIğ/γğURVHDğ
WKURXJKğ WKHğ PRUSKRβDQDWRPLFDOğ FKDUDFWHUL]DWLRQğ RIğ WKHğ GLIIHUHQWğ SKHQRORJLFDOğ VWDWHVαğ XVLQJğ SKRWRJUDSK�ğ
WHFKQLTXHVαğ OLJKWğPLFURVFRS�ğDQGğ HOHFWURQğPLFURVFRS�γğ 9LVLWVğZHUHğ SHUIRPHGğ WRğ WKHğ QXUVHU�ğ İ/Dğ&DVDğGHOğ
&RSLKXHİğ ORFDWHGğ LQğ4XLODFR�DğDQGğ WKHQğFROOHFWHGğELRORJLFDOğPDWHULDOγğ0RUSKRORJLFDOO�αğ WKHğVDPSOHVğZHUHğ
REVHUYHGğ WKURXJKğPDJQLI�LQJğJODVVğDQGğ LWVğZHLJKWαğ OHQJWKğDQGğVL]HğZHUHğHYDOXDWHGğZLWKğGLJLWDOğVFDOHğDQGğ
YHUQLHUğFDOLSHUγğ$QDWRPLFDOO�αğLWğZDVğGHVFULEHGğXVLQJğDğ6FDQQLQJğ(OHFWURQğ0LFURVFRSHγğ7KHğOLIHF�FOHğRIğ/γğURVHDğ
LVğGHWHUPLQHGğE�ğWKHğWKUHHğSKHQRORJLFDOğVWDWHVγğ,WğUHDFKğWKHğUHSURGXFWLYHğVWDWXVğE�ğWKHğÀIWKğ�HDUγ
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