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x� KLJKHU� OHYHOV� RI� VRSKLVWLFDWLRQ� RI� DQ� HTXLS�
PHQW��
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WUDQVIRUPHU��
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3UHVXPSWLRQ�VWHPPLQJ�IURP�IRUPXODV�����DQG������

KDV� D�UDWLRQDO�EDVLV��9DOXH� � LV� DIIHFWHG�E\�SK\VLFDO��
PHFKDQLFDO��FKHPLFDO�DQG�WHFKQRORJLFDO�IDFWRUV��XQGHU�
ZKLFK�LQIOXHQFH� �FDQ�H[SRQHQWLDOO\�FKDQJH��7R�VROYH�
WKLV�SUREOHP�LW�LV�SDUWLFXODUO\�VXLWDEOH�WR�DSSO\�DQDO\VLV�
RI� FXUUHQW� SDVVLQJ� WKURXJK� ZLQGLQJV� ZKLFK� FDXVH�
ORVVHV��7KHVH� ORVVHV� VLJQLILFDQWO\� DIIHFW� RSHUDWLRQ�RI�
D�WUDQVIRUPHU�� 7KH� ORVVHV� DUH�PDLQO\� WUDQVIRUPHG� WR�
KHDW��2YHUKHDWLQJ�PLQLPLVHV� XVH� RI� DFWLYH�PDWHULDOV�
DQG�KHQFH�WKH�RYHUDOO�RXWSXW�DV�ZHOO��6KRUW�WLPH�RYHU�
KHDWLQJ� LV� IRU� LQVXODWLRQ�PXFK� OHVV� GHWULPHQWDO� WKDQ�
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SURORQJHG� RYHUKHDWLQJ�� +RZHYHU� LW� LV� QRW� WKH� DYHU�
DJH�WHPSHUDWXUH�RI�ZLQGLQJ��RLO�HWF��EXW�D�WHPSHUDWXUH�
RI� WUDQVIRUPHU� KRWWHVW� SRLQW� WKDW� ZH� VKRXOG� EHDU� LQ�
PLQG���

�
,Q�SUHVHQW�GD\V��WKH�VHFRQG�EXW�HTXDOO\�LPSRUWDQW�

LGHQWLILFDWLRQ� LV�(0&��ZKLFK�KLVWRULFDOO\�XVHG� WR�EH�
XVHG�PDLQO\�WR�SURWHFW�HTXLSPHQW�IURP�UDGLR�VLJQDOV��
EXW�QRZ�LQYROYHV�D�EURDG�VSHFWUXP�RI�HOHFWURQLF�DQG�
HOHFWULFDO� HQJLQHHULQJ� SULQFLSOHV�� ,QYHVWLJDWLQJ�(0&�
RQH�DOZD\V�WKH�EDVLF�(0&�IORZFKDUW��GHSLFWHG�LQ�ILJ�����
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)LJ����� %DVLF�(0&�IORZFKDUW�
��� $QDO\VLV�RI�7UDQVIRUPHU�&RQVXPSWLRQ�&RQVXPHU�LV�FRQQHFWHG�WR���N9�SXEOLF�GLVWULEXWLRQ�
QHWZRUN� WKURXJK�GLVWULEXWLRQ� WUDQVIRUPHU��������N9��
���������$�ZLWK�QRPLQDO�RXWSXW�RI�����N9$��6XSSO\�
RI�HOHFWULFDO�HQHUJ\�LV�PHDVXUHG�DW�WKH�VHFRQGDU\�VLGH�RI�
D�WUDQVIRUPHU� YLD� FXUUHQW� PHDVXULQJ� WUDQVIRUPHUV�
������$� LQFRUSRUDWHG�ZLWKLQ� EXV� V\VWHP����9�±� LQ�
RZQ�GLVWULEXWLRQ�SODQW��&RQQHFWLRQ�RI�GLVWULEXWLRQ�SODQW�
IURP�PDVW�WUDQVIRUPHU�VWDWLRQ�LV�UHDOLVHG�ZLWK�$<.<�
FDEOH��

$QDO\VLV�RI�HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ�ZLWK�IR�
FXV�RQ�PLQLPLVLQJ� UHRUGHUHG�ó�KRXU�PD[LPXP�ZDV�
FDUULHG�RXW�E\�7KH�6ORYDN�5HSXEOLF�(QHUJ\�,QVSHFWRU�
DWH��7KH�PHWKRG�DQG�LWV�SULQFLSOHV�RI�WKLV�PHDVXUHPHQW�
DUH�GRFXPHQWHG��)URP�WKH�HQHUJHWLF�SRLQW�RI�LQWHUHVW�
DUH�LPSRUWDQW�PDLQO\�ó�KRXU�PD[LP�DQG�WKHLU�YDOXHV�LQ�
WKH�LQYHVWLJDWHG�SHULRG��:KDW�DPRXQW�DQG�LQ�ZKDW�SDU�
WLFXODU�WLPHV�ZDV�FRQVXPHG�WR�PDLQWDLQ�FRQWLQXRXV�DQG�
VPRRWK�RSHUDWLRQ�LV�GHSLFWHG�LQ�JUDSKV�LQ�ILJ������� $IWHU�WKH�DQDO\VLV�FDUULHG�RXW�E\�7KH�6ORYDN�5HSXE�
OLF�(QHUJ\�,QVSHFWRUDWH�LQ�WKH�HVWDEOLVKPHQW�ZH�GLG�WKLV�
ZRUN��LQVWDOOHG�RXWSXW�ZDV�QRW�LQFUHDVHG��7KH�VXUYH\�
UHFRPPHQGHG� WKH� FRQVXPHU� WR� LQVWDOO� PHDQV� RI� ó�
PD[LP�UHJXODWLRQ��XWLOL]LQJ�HOHFWURQLF�UHJXODWRU�(.6��$IWHU�LQVWDOPHQW�RI�(.6�UHJXODWRU��WKHUPDO�RYHUORDG�RFFXUUHG�DJDLQ�DQG�VR�GLG� IDXOWV�RQ� WUDQVIRUPHU�����N9$��
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)HHG�RI�WHFKQRORJ\�(TXLSPHQW�DQG�LWV�0HDVXUH�
PHQW�
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)LJ����� 2XWSXW�&XUUHQWV�DQG�9ROWDJHV�DW�WKH�2XWSXW�6LGH�

RI�D�'LVWULEXWLRQ�7UDQVIRUPHU�

�
)LJ����� +DUPRQLF�$QDO\VLV�
��� +DUPRQLF�$QDO\VLV�DW�WKH�2XWSXW�6LGH�RI�D�

7UDQVIRUPHU�$SSOLFDWLRQ� RI� IXOO\� UHJXODWHG� HOHFWULF� GULYHV� UH�TXLUHV� ZDWFKLQJ� SDUDPHWHUV� RI� HQHUJ\� QHWZRUN� DOVR�IURP�WKH�SRLQW�RI�KDUPRQLF�DQDO\VLV��7KH�SUREOHP�RI�FOHDU� IXQFWLRQ�RI�HOHFWULF�HQHUJ\� LV� LPSRUWDQW�FKLHIO\�EHFDXVH�RI��
x� HIIHFW�RI�D�QRQ�VLQXV�IXQFWLRQ�RQ�DQ�LQKHUHQW�

HTXLSPHQW��
x� HIIHFW�RI�D�QRQ�VLQXV�IXQFWLRQ�RQ�RWKHU�HOHFWUR�

WHFKQLFDO�HTXLSPHQW���,Q�KLJKHU�EDQGV�LPSDFWV�IRU�SRZHU�DSSOLFDWLRQ�DUH�PLQLPDO� DQG� IRU� WKLV� UHDVRQ�ZH�FRQFHQWUDWHG�RQ� WKH�DQDO\VLV�RI�HQHUJ\�VSHFWUXP�RQO\���*UDSKLFDO�SUHVHQWD�WLRQ�RI�WKLV�DQDO\VLV�IRU�I� ��·�����+]�LV�LQ�ILJ����,W�LV�

REYLRXV� WR� VHH� LQWHUSKDVH� DV\PPHWU\�� ZKLFK� FRPHV�IURP�FRPSDULVRQ�RI�SKDVHV�DQG�WKHLU�OLPLW�YDOXHV������&RQFOXVLRQV�,Q�WKLV�SDSHU�ZH�VKRZHG���GLIIHUHQW�DQDO\VLV�FDUULHG�RXW� RQ� WKH� VDPH� GLVWULEXWLRQ� WUDQVIRUPHU� ���� N9$��������N9��'\Q��ZLWK�WKH�VDPH�FKDUDFWHULVWLFV�RI�FRQ�VXPHG�SRZHU��2QH�DQDO\VLV�LV�IURP�WKH�SRLQW�RI�RSWLPL�VDWLRQ�RI�ó�KRXU�PD[LP�DQG�WKH�VHFRQG�LQYHVWLJDWHV�WKH�V\PPHWU\�RI�ORDG�RQ�/ � ��/ � DQG�/ � ���:KLOH� DW� WKH� RSWLPLVDWLRQ� RI� ó� KRXU� PD[LP� ZH�PHDVXUHG� WKH�PHDQ� YDOXH� DQG� WKH� UHVXOWV� VXJJHVWHG�D�IDXOW� �ZLWK� DXWRPDWLF� UHJXODWLRQ��� DQDO\VLV� RI� ORDG�V\PPHWU\� VKRZHG� GHYLDWLRQV� XS� WR� ���� EHWZHHQ�SKDVHV� / � �� / � DQG� / � �� 6XFK� DV\PPHWULF� ORDG� IRU�D�WUDQVIRUPHU�FRQQHFWHG�LQ�'\Q��LV�TXLWH� ODUJH���)RU�VLPLODU�DV\PPHWULF�ORDGV�RYHU�����LW�LV�PRUH�DGYLVDEOH�WR�XVH�FRQQHFWLRQ�<]Q����$V\PPHWULF� ORDG� RQ� SKDVHV� LV� DFFRPSDQLHG� E\�JUHDWHU�ORVVHV��%\�KLJKHU�SRZHU�XVDJH�RI�D�WUDQVIRUPHU��WKH� RYHUORDGHG� SKDVH� FDXVHV� RYHUKHDWLQJ� RI� FRLOLQJ��IDVWHU�DJHLQJ�RI�LQVXODWLRQ�DQG�KHQFH�KLJKHU�IDXOW�IUH�TXHQF\��$QRPDOLHV�ZH�IRXQG�ZHUH�FDXVHG�E\�XQEDO�DQFHG���SKDVH�ORDG��,Q�RUGHU�WR�DFKLHYH�UHVXOWV�RI�HOHFWURHQHUJHWLFDO�VWDWH�DV�DFFXUDWH�DV�SRVVLEOH��LQ�RXU�PHDVXULQJ�SHULRG�RI���ZHHN��ZKLFK�PHDQV����WHFKQRORJLFDO�F\FOHV��ERWK�YROW�DJH�DQG�FXUUHQW�ZHUH�PHDVXUHG�RQ�SULPDU\�DQG�VHFRQ�GDU\�VLGH�WRR��)URP�WKH�UHVXOWV�IRXQG�LQ�RXU�DQDO\VLV�ZH�FDQ�VD\�WKDW�LI�WKH�VDPH�WHFKQRORJ\�RSHUDWLRQ�LV�PDLQWDLQHG�DQG�WKH�HQHUJ\�GLVWULEXWLRQ�EDODQFHG�LV�WXQHG�PRUH�ILQHO\�±�WKLV�GLVWULEXWLRQ�WUDQVIRUPHU�LV�DEOH�WR�SURYLGH�UHOLDEOH�RSHUDWLRQ�DQG�IXOILO�(0&�FULWHULD�DW�WKH�VDPH�WLPH���$FNQRZOHGJHPHQWV�7KLV�SDSHU�LV�SDUW�RI�SURMHFW�9(*$�����������±�'L�DJQRVWLFV� RI�3RZHU�7UDQVIRUPHUV�� ,PSDFWV� RI� 6KRUW�FXUUHQWV�DQG�2YHU�FXUUHQWV���5HIHUHQFHV�
��� .RYiþLN��-���1HZ�GLDJQRVWLF�PHWKRG�LQ�WKH�DUHD�RI�

SRZHU�WUDQVIRUPHUV��,Q��1HZ�GLUHFWLRQV�LQ�GLDJQRVWLFV�
RI�HOHFWULF�PDFKLQHV�D�HTXLSPHQWV��äLOLQD�������

��� -H]LHUVNL��(���7UDQVIRUPHUV��,Q��$FDGHPLD�3UDKD������
��� 5DGD��-���%DODQFLQJ�XQLWV�IRU�WKUHH�SKDVH�QHWZRUNV��,Q��

(OHNWURWHFKQLFNê�RE]RU��������
��� .RVD��3���7HFKQLFDO�UHSRUW��,Q��â7,�IRU�6ORYDNLD��äLO�
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