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$Q�DFFRXQW�LV�JLYHQ�RI�UHFHQW�QHXWURQ�GLIIUDFWLRQ�DQG�LQHODVWLF�VFDWWHULQJ�VWXGLHV�RI�D�
QXPEHU�RI�GLIIHUHQW�QHWZRUN�JODVV�IRUPLQJ�V\VWHPV��XVLQJ�D�FRPELQDWLRQ�RI�VWHDG\�VWDWH�
UHDFWRU� DQG� SXOVHG� QHXWURQ� VRXUFHV�� %RWK� R[LGH� DQG� FKDOFRJHQLGH� V\VWHPV� KDYH� EHHQ�
LQYHVWLJDWHG� DQG� WKH� LQWHUUHODWLRQVKLS� EHWZHHQ� WKHLU� YDULRXV� QHWZRUN� VWUXFWXUHV� DUH�
GLVFXVVHG�� 7KH� VDPSOHV� VWXGLHG� E\� GLIIUDFWLRQ� LQFOXGH� VLQJOH� FRPSRQHQW� JODVVHV� DQG�
ELQDU\� V\VWHPV�� FRQVLVWLQJ� RI� D� QHWZRUN�PRGLILHU� SOXV� D� QHWZRUN� IRUPHU�� DQG� WKH� GDWD�
KDYH�EHHQ�H[WHQGHG�WR�KLJK�YDOXHV�RI�WKH�VFDWWHULQJ�YHFWRU��4��WR�DFKLHYH�KLJK�UHDO�VSDFH�
UHVROXWLRQ��3HDN�ILWWLQJ�WHFKQLTXHV�DUH�HPSOR\HG�WR�H[WUDFW�WKH�GHWDLOHG�JHRPHWU\�RI�WKH�
EDVLF� VWUXFWXUDO� XQLWV� DQG� WR� LQYHVWLJDWH� WKH� GLVWRUWLRQV� FDXVHG� E\� WKH� LQWURGXFWLRQ� RI�
QHWZRUN� PRGLILHUV�� 7KH� GDWD� REWDLQHG� DUH� FRPSDUHG� WR� YDULRXV� VWUXFWXUDO� PRGHOV� DQG�
FRPSXWHU�VLPXODWLRQV�WR�VWXG\�WKH�LQWHUPHGLDWH�UDQJH�RUGHU�DQG�WR�WHVW�FXUUHQW�WKHRULHV�
FRQFHUQLQJ�WKH�UROH�RI�QHWZRUN�PRGLILHUV�LQ�ELQDU\�V\VWHPV��7KHVH�FRPSDULVRQV�FRUUHFWO\�
LQFOXGH� WKH� QHFHVVDU\� SHDN� IXQFWLRQV��ZKLFK� GHILQH� WKH� H[SHULPHQWDO� UHVROXWLRQ� LQ� UHDO�
VSDFH��DQG�DUH�PDGH�RQ�D�TXDQWLWDWLYH�EDVLV�E\�WKH�XVH�RI�DQ�DSSURSULDWH�UHOLDELOLW\�IDFWRU��
)RU� D� QXPEHU� RI� JODVVHV�� WKH� GLIIUDFWLRQ� GDWD� DUH� FRPSOHPHQWHG� E\� LQHODVWLF� VFDWWHULQJ�
PHDVXUHPHQWV� RI� WKH� QHXWURQ�ZHLJKWHG� GHQVLW\� RI� YLEUDWLRQDO� VWDWHV� LQ� RUGHU� WR� REWDLQ�
IXUWKHU�VWUXFWXUDO�LQIRUPDWLRQ��VXFK�DV�WKH�UROH�SOD\HG�E\�VPDOO�SODQDU�ULQJ�V\VWHPV�DQG�E\�
VXSHUVWUXFWXUDO�XQLWV�LQ�ERUDWH�JODVVHV��&RQFOXVLRQV�DUH�GUDZQ�QRW�RQO\�ZLWK�UHJDUG�WR�WKH�
YDOLGLW\�RI� WKH�YDULRXV�VWUXFWXUDO�PRGHOV�EXW�DOVR�FRQFHUQLQJ� WKH�QHWZRUN� WRSRORJ\�DQG�
WKH� HQYLURQPHQW� DQG� VSDWLDO� GLVWULEXWLRQ� RI� WKH� QHWZRUN� PRGLI\LQJ� FDWLRQV�� �(�PDLO��
D�F�ZULJKW#UGJ�DF�XN��
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