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+\GUDQ�0��>�@�
%DVHG�RQ�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH��DQDO\VLV�%DVHG�RQ�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DQDO\VLV�RI�VFDQQLQJ�JDVHV�LW�LV�SRVVLEOH�WR�FRQVLGHU�QRW�RQO\�WKH�GHJUHH�RI�KHDW�DJLQJ��EXW�DOVR�WKH�NLQG�RI�IDXOW��PXWXDO��UHODWLRQ�RI�JLYHQ�JDVHV��ZKLFK�FDXVHG�WKH�DFFHOHUDWLRQ�RI�DJLQJ��SDUWLDO�GLVFKDUJHV��HOHFWULF�DUFV��ORFDO�RYHU�KHDWLQJ���,I�YHU\�ZHDN�±�SDUWLDO�GLVFKDUJHV�DUH�HPHUJLQJ�DW�ZKLFK�WKH�RLO�WHPSHUDWXUH�VKLIWV�ZLWKLQ�WKH�UDQJH�RI�����&�WR������&��RQO\�K\GURJHQ�DSSHDUV�LQ�WKH�JDV��$W�WKH�WHPSHUDWXUHV�ZLWKLQ�WKH�UDQJH�RI������&�WR������&�DOVR�PHWKDQH� �&+ � �� DQG�HWK\OHQH� �& � + � �� FDQ� EH�RE�VHUYHG��$W�WKH�WHPSHUDWXUHV�LQ�WKH�UDQJH�IURP������&�XS�WR������&��SDUWLDO�GLVFKDUJH�RI�KLJK�HQHUJ\��WKH�JDV�LV� EHLQJ� HQULFKHG� ZLWK� KLJKHU� K\GURFDUERQV�� $W� WKH�WHPSHUDWXUHV�H[FHHGLQJ������&��VSDUN�RU�DUF��DOVR�PRUH�FRPSOH[�K\GURFDUERQV�HPHUJH���7KH�NH\�VWUHQJWKV�RI�WKH�VHQVRU�+\GUDQ�>�@��
x� LW�ZDUQV�HDUO\�DERXW�WKH�FUHDWLRQ�DQG�GHYHORS�PHQW� RI� GDPDJH� ZKLFK� FRXOG� VXEVHTXHQWO\�OHDG�WR�WKH�GDPDJH�RQ�WKH�WUDQVIRUPHU��

x� KRXUO\�DQG�GDLO\�WUHQG��SSP�FKDQJH�GXULQJ�WKH�SHULRG��ZLWK�DODUP�SRVVLELOLWLHV��
x� PHPRU\�RI�ILOHV�GDWHG�XS�WR�RQH�\HDU�EDFN�DQG�XS�WR�����HYHQWV�ZLWK�WLPHG�DQG�GDWHG�PDUN��
x� VHWWDEOH�DODUPV�WR�RLO�OHYHO�DQG�LWV�WUHQGV��
x� QHWZRUN�SRVVLELOLWLHV���
x� VHQVRU�DQG�WKH�V\VWHP�KDYH�DXWR�WHVW�DQG�GLDJ�QRVWLFV���
x� FDOLEUDWLRQ� LV� H[HFXWHG�ZLWK� WKH� KHOS� RI� WKH�VRIWZDUH��
x� UHPRWH� RU� ORFDO� FRQILJXUDWLRQ�� FDOLEUDWLRQ� RI�WKH�VHQVRU�DQG�XSJUDGH�RI�WKH�VRIWZDUH���
x� WKH�SRVVLELOLW\�RI� WKH�RSHUDWLRQ�HYHQ�ZLWKRXW�WKH�FRQQHFWLRQ�RI�H[WHUQDO��� ,Q�DGGLWLRQ�LW�FRQWDLQV�XS�WR���DQDORJXH�LQSXWV�XVHG�IRU�PHDVXULQJ�TXDQWLWLHV�DV�FXUUHQW�RU�YROWDJH��WR�PHDV�XUH� WKH� ORDG�� WHPSHUDWXUH� IURP�YDULRXV� SDUWV� RI�PD�FKLQH�� HYHQWXDOO\� WKH� HQYLURQPHQW� WHPSHUDWXUH���7KDQNV�WR�WKLV�IDFW�LW�LV�SRVVLEOH�LQ�UHDO�WLPH�GLUHFWO\�LQ�WKH�+\GUDQ�V\VWHP�WR�DSSO\�FRPSXWLQJ�PRGXOHV�VXFK�DV�WKH�KRWWHVW�ZLQLQJ�SRLQW�DQG�LWV�PRLVWXUH��EXEEOH�FUHD�WLRQ�WHPSHUDWXUH��WUDQVIRUPHU�FXPXODWLYH�DJLQJ��FRRO�LQJ�HIIHFWLYHQHVV�HWF���7KH�GDWD�LV�DXWRPDWLFDOO\�ZRUNHG�XS��DUFKLYHG�DQG�LQ�FDVH�RI�UHDFKLQJ�RU�H[FHHGLQJ�WKH�YDOXHV��VHW�E\�D�XVHU���ELQDU\�RXWSXWV�DQG�FRPPXQLFDWLRQ�LQ�QXPHULF�IRUP�DUH�DFWLYDWHG��7KH�V\VWHP�DOORZV�ORFDO�DV�ZHOO�DV�UHPRWH�DGPLQLVWUDWLRQ�WKURXJK�56�����56�����PRGHP�RU�SURWRFRO�7&3�,3��� 7KDQNV� WR� LWV� UREXVWQHVV�� UHVLVWDQFH�� VSHHG� RI� UH�VSRQVH�� FRPSOH[LW\� RI� IXQFWLRQV� ZH� GHDO� ZLWK� LGHDO�PRQLWRULQJ�IRU�DOO�NLQG�RI��WUDQVIRUPHUV��GLVWULEXWLRQDO��������N9���������N9��WUDQVPLWWLQJ���������N9�DQG�UHJXODWLQJ���(DV\�PRQWDJH�DOVR�DOORZV�HDV\�UHORFDWLRQ�LQ�FDVH�RI�QHHG��7KH�V\VWHP�LV�FRQYHQLHQW�DOVR�IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�IXWXUH�GHYHORSPHQW�ZKHQ�LW�LV�SRV�VLEOH�WR�H[WHQG�LWV�IXQFWLRQV�RU�LQFOXGH�WKHP�LQWR�WKH�H[WHQVLYH�PRQLWRULQJ�V\VWHPV�DV�WKH�VHQVRU�LWVHOI�FDQ�QRW�PDNH�SHUFHQWDJH�GLVFHUQPHQW��LW�LV�QRW�GHDOW�ZLWK�JDV�FKURPDWRJUDSK\������� 'HVFULSWLRQ�RI�H[SHULPHQWDO�PHDVXUHPHQW�7KH�H[DPSOH�IURP�SUD[LV�FDQ�EH�WKH�XVDJH�RI�WKH�VHQVRU� +\GUDQ� 0�� RQ� WKH� GLVWULEXWLRQ� WUDQVIRUPHU��������N9�����N9$�LQ�WKH�'LDJQRVWLFV�/DERUDWRU\�RI�GLDJQRVWLFV�RI�HOHFWULF�PDFKLQHV�DW�WKH�'HSDUWPHQW�RI�0HDVXUHPHQW�DQG�$SSOLHG�(OHFWULFDO�(QJLQHHULQJ�DW�WKH�8QLYHUVLW\�RI�äLOLQD��)LJ������2QO\�RQH�YDOYH�SLHFH� �RQH�HIIOXHQW� ORFDWHG�DW� WKH�YHU\�ERWWRP�SDUW� RI� WKH�FRYHU��ZDV�XVHG� WR�PHDVXUH�JDVHV�FRQFHQWUDWLRQ�DQG�PRLVWXUH�LQ�WKH�RLO��)LJ���RU�����7KH�PDFKLQH�ZDV�LQVWDOOHG�ZLWKRXW�DGGLWLRQDO�RLO�KRVH��ZKLOH�LW�ZDV�QRW�QHFHVVDU\�WR�XVH�DGGLWLRQDO�SXPSV�RU�RWKHU�PRYDEOH� FRPSRQHQWV�� 7KH� RLO� FLUFXODWLRQ�ZDV�HQVXUHG�ZLWK�SDVVLYH�FLUFXODWLRQ�LQIOXHQFHG�E\�WKH�SXOV�LQJ�RI�LWV�WHPSHUDWXUH���
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QRVWLFV�/DERUDWRU\�DW�WKH�8QLYHUVLW\�RI�äLOLQD�
7ZR�RSWLFDO� UHDGHUV�ZLWK�PHDVXULQJ�XQLW�1HRSWL[�ZHUH�XVHG�IRU�PHDVXUHPHQW�RI�WKH�ZLQGLQJ�WHPSHUD�WXUH��7KHVH�ZHUH�LQVWDOOHG�RQ�WKH�XSSHU�DQG�PLGGOH�SDUW�RI�SULPDU\�SKDVH�%�EHIRUH�WKH�RSHUDWLRQ��&XUUHQWV��YROW�DJHV��SRZHUV�DQG�KDUPRQLF�DQDO\VLV�RQ�WKH�ORDG�VLGH�ZHUH�PRQLWRUHG�E\�SRZHU�DQDO\VHU�'0.���GHYHORSHG�E\�WKH�FRPSDQ\�/RYDWR��>�@��� %HIRUH�WKH�ODXQFK�RI�³FROG´�WUDQVIRUPHU�WR�WKH�RS�HUDWLRQ��WKH�FKURPDWRJUDSK\�DQDO\VLV�RI�WUDQVIRUPHU�RLO�KDG�EHHQ�FDUULHG�RXW��7DE����WRJHWKHU�ZLWK�LWV�EUHDN�GRZQ�DQG�LQVXODWLRQ�SUREHV��$IWHU�WZR�ZHHNV�RI�RSHUD�WLRQ� RI� ³KRW´� WUDQVIRUPHU� DW� DSSUR[LPDWHO\� ��·����ORDG��RLO�FRQWUROOLQJ�WHVWV�ZHUH�FDUULHG�RXW�EDVHG�RQ�WKH�

VL]H�RI�EUHDNGRZQ�YROWDJH�DQG�RWKHU�LQVXODWLRQ�SDUDPH�WHUV���7DE���GHSLFWV�WKH�FRPSDULVRQ�RI�YDOXHV�RI�WUDQV�IRUPHU�RLO� WHVWV�³EHIRUH� WKH� ODXQFK´�DQG�³GXULQJ�WKH�RSHUDWLRQ´�RI�PDFKLQH����)LJ���GHSLFWV�WKH�PRQLWRUHG�YDOXHV�RI�JDV�DPRXQWV��DQG�ZDWHU�LQ�SSP�PHDVXUHG�E\�WKH�VHQVRU�+\GUDQ�DQG�YDOXHV�RI�ZLQGLQJ�WHPSHUDWXUH�PHDVXUHG�ZLWK�RSWLFDO�DQDO\VHU���,W�QHHGV�WR�EH�XQGHUOLQHG�WKDW�³EHIRUH�WKH�ODXQFK´�WKH� WUDQVIRUPHU�KDG�EHHQ�RXW�RI�EXVLQHVV�IRU�VHYHUDO�\HDUV���
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��� 7KH�DQDO\VLV�RI�PHDVXUHG�YDOXHV�%DVHG�RQ�WKH�PHDVXUHG�YDOXHV�ZH�YHULILHG�WKH�IRO�ORZLQJ�VWDWHPHQWV����� %HIRUH� WKH� RSHUDWLRQ� WRR� ELJ� DPRXQW� RI� FDUERQ�
PRQR[LGH� KDG� EHHQ�PHDVXUHG�ZKLFK� VKRZV�KLJK�
GHJUDGDWLRQ�RI�LQVXODWLQJ�SDSHU�DV�D�FRQVHTXHQFH�RI�
ORQJWLPH�WUDQVIRUPHU�V�OD\RII���7DE�����$V�GXULQJ�
WKH�PHDVXUHPHQW�RI�LQVXODWLQJ�UHVLVWDQFH�WKH�SRODUL�
]DWLRQ�LQGH[�RI�WKH�PDFKLQH�ZDV�RYHU�WKH�YDOXH������
LW�ZDV�SRVVLEOH�WR�VHW�WKH�WUDQVIRUPHU�JRLQJ��

��� $IWHU�WKH�ODXQFK�RI�WUDQVIRUPHU�DQG�DW�����ORDG�ZH�
FDQ�REVHUYH�JUDGXDO�JURZWK�RI�JDV�DPRXQW��VOLJKW�
JURZWK� RI� K\GURJHQ��� ,W� ZDV� WKH� FRQVHTXHQFH� RI�
KHDWLQJ�RI�WUDQVIRUPHU�E\�WKH�SUHYLRXV�FXUUHQWV�DQG�
SRVVLEOH�ZHDN�WKHUPDOO\�IODW�SDUWLDO�GLVFKDUJHV�>�@��
ZKHUH�K\GURJHQ�HPHUJHV�DV�D�SURGXFW�RI�ILVVLRQ�RI�
DURPDWLF�K\GURFDUERQV��7KH�LQIOXHQFH�RI�DFHW\OHQH�
DQG�HWK\OHQH�DW�VXFK�D�ORZ�ORDG�FDQ�EH�QHJOHFWHG��
%RWK�JDVHV�HPHUJH�EDVHG�RQ�KLJK�WHPSHUDWXUHV�DV�D�
FRQVHTXHQFH�RI�KLJK�DFWLYLW\�RI�SDUWLDO�GLVFKDUJHV�
�IDXOW\�FRQWDFWV��DUFV��SDUWLDO�GLVFKDUJHV���

��� $IWHU�WKH�ODXQFK�RI�WUDQVIRUPHU�DQG�LWV�VXEVHTXHQW�
ORDG�WKH�WHPSHUDWXUH�EHJDQ�WR�LQFUHPHQW�IURP�WKH�
RULJLQDO�HQYLURQPHQW�WHPSHUDWXUH�RI�����&�WR�WKH�
WHPSHUDWXUH�RI����&�ZLWKLQ���GD\V���2QFH�WKH�WUDQV�
IRUPHU�ZDV�VZLWFKHG�RII�RQ��� � � �GD\�ZH�REVHUYH�IDVW�
H[SRQHQWLDO�GHFUHDVH�RI�WHPSHUDWXUH�E\�XS�WR������
$IWHU�WKH�UHSHDWHG�VZLWFKLQJ�RQ�RI�WUDQVIRUPHU�WKH�
WHPSHUDWXUH�ZDV�VWDELOL]HG�DW�RULJLQDO�����&��$IWHU�
WKH� FKDQJH� RI� ORDG� WR� ���� UHSHDWHG� LQFUHDVH� RI�
WHPSHUDWXUH�DSSHDUV�DJDLQ��7UDQVIRUPHU�UHDFKHV�LWV�
FKDUDFWHULVWLF�UXQQLQJ�WHPSHUDWXUH�DW�WKH�IXOO�ORDG����

��� 2QH�RI�RWKHU�SDUDPHWHUV�ZH�FRXOG�REVHUYH�ZDV�ZD�
WHU�FRQWHQW�LQ�WUDQVIRUPHU�RLO��:H�FDQ�ZDWFK�YHU\�
ZHOO�KHUH�WKH�DFFXPXODWLRQ�RI�ZDWHU�DIWHU�WKH�ODXQFK�
RI�WUDQVIRUPHU���7KH�DFFXPXODWLRQ�RI�ZDWHU�FRQWHQW�
LV�FRQQHFWHG�ZLWK�WUDQVPLVVLRQ�RI�ZDWHU�VWRUHG�LQ�
LQVXODWLQJ�SDSHU�GXULQJ�LWV�KHDWLQJ��,QFUHDVHG�SUHV�
HQFH�RI�ZDWHU�LV�RQH�RI�WKH�FUXFLDO�IDFWRUV�LQIOXHQF�
LQJ� WKH� ZRUVHQLQJ� GLHOHFWULF� SURSHUWLHV� RI� WUDQV�
IRUPHU� RLO� �VHH� 7DE����� 7KH� GHSHQGHQFH� RI� WKH�
DPRXQW�RI�ZDWHU�LQ�RLO�FRSLHV�WKHUPDO�GHSHQGHQFH�
ZLWK�YHU\�VOLJKW�GHOD\�ZLWK�YLVLEOH�HIIHFWV��)DVW�GH�
FOLQH�DW�WKH�PRPHQW�RI�VZLWFKLQJ�RII�WKH�WUDQVIRUPHU�
DQG�WKH�LQFUHDVH�DW�WKH�FKDQJH�RI�ORDG�WR������

��� $IWHU�D�IHZ�KRXU�GHFUHDVH�RI�WHPSHUDWXUH�XS�WR�����
RI�WKH�VWDEOH�YDOXH��WKH�JDV�ZDV�VKRZLQJ�GHOD\HG��E\�
XS�WR����KRXUV��YHU\�PDUJLQDO�GHFUHDVH�LQ�SSP��7KH�
SURFHVV�RI�FKDQJH�LQ�SURSRUWLRQ�RI�K\GURJHQ�DQG�
FDUERQ�R[LGH�LV�WKXV�YHU\�VORZ��,W�LV�D�FRQVHTXHQFH�
RI�WKH�IDFW�WKDW�ZDWHU�LQ�RLO�GURSSHG�����DV�D�FRQ�
VHTXHQFH�RI�UHSHDWHG�WUDQVPLVVLRQ�LQWR�SDSHU�LQVXOD�
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9(*$�IURP�WKH�0LQLVWU\�RI�(GXFDWLRQ�RI�6ORYDN�5H�
SXEOLF�XQGHU�FRQWUDFW�������������5HIHUHQFHV���� 0DUWRQ��.���.XULPVNê��-���%DORJK��-���3DUWLDO�GLV�

FKDUJHV�DW�WUDQVIRUPHU�GLDJQRVWLFV��,Q��0RQLWRULQJ�
DQG� GLDJQRVWLF� V\VWHPV�RI� WUDQVIRUPHUV��7HSOLþND�
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WUDQVIRUPHU���QHZ�DSSURDFK�IRU�UHSDLU�SODQWLQJ�RI�
RSHUDWLRQ�UHOLDELOLW\��,Q��$XWRPD����������&=�

��� *XWWHQ�� 0��� 7UXQNYDOWHU�� 0��� 7KHUPDO� HIIHFWV� RI�
VKRUW�FLUFXLW�FXUUHQW�RQ�ZLQGLQJ�LQ�WUDQVIRUPHU�RLO��
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�����9RO�����1R����������,661������������3/�

��� 0HQWOtN��9���0LFKDOtN��-���3RODQVNê��5���3URVU��3���
%UDQGW��0���3URSHUW\�&KDQJHV�RI�7UDQVIRUPHU�2LO�
GXULQJ� /LPLWLQJ� 6WDWHV� RI� 7UDQVIRUPHU�� ,(((�
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JLQHHULQJ��äLOLQD��1R����9RO����S��������������6.�

��� $VRNDQ��$��� 6LYDNXPDU��'��� ,QWHJUDWLRQ� RI�)DXOW�
'HWHFWLRQ�DQG�'LDJQRVLV�ZLWK�FRQWURO�IRU�D�7KUHH�
7DQN� 6\VWHP� XVLQJ� 5REXVW� 5HVLGXDO� *HQHUDWRU��
-RXUQDO�RI�(OHFWULFDO�(QJLQHHULQJ��9ROXPH����������
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