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DUH�UDSLGO\�FRROHG�E\�XVLQJ�D�SUHVVXUL]HG�JDV�VXFK�DV�1LWURJHQ�RU�+HOLXP��+DUGHQLQJ�LV�D�KLJKO\�QRQOLQHDU�SURFHVV�
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'XULQJ�TXHQFK�KDUGHQLQJ��WKH�LQWHUQDO�VWUHVVHV�JHQHUDWHG�E\�
WKH�WKHUPDO�JUDGLHQW�DQG�SKDVH�WUDQVIRUPDWLRQ�FUHDWH�SODVWLF�
GHIRUPDWLRQ��7KLV�SODVWLF�GHIRUPDWLRQ� HQGV�XS� DV� GLVWRUWLRQ�
LQ� WKH� ILQDO� KDUGHQHG� SDUWV�� +DUGHQHG� FRPSRQHQWV� ZLWK�
GLVWRUWLRQ� LQ� WKH� DOORZDEOH� UDQJH� FDQ� EH� VWUDLJKWHQHG� RU�
JURXQG��+RZHYHU�� WKH� VWUDLJKWHQLQJ� DQG� JULQGLQJ� SURFHVVHV�
FDQ�DIIHFW� WKH�EHQHILFLDO�VXUIDFH�FRPSUHVVLYH�UHVLGXDO�VWUHVV�
DQG� WKH� XQLIRUPLW\� RI� WKH� FDUEXUL]HG� FDVH�� ,W� LV� FULWLFDO� WR�
UHGXFH� WKH�PDJQLWXGH� RI� GLVWRUWLRQ�� VR� WKDW� RQO\� D�PLQLPDO�
DPRXQW�RI�JULQGLQJ�RU�HYHQ�QR�JULQGLQJ�ZLOO�EH�QHHGHG��

'LVWRUWLRQ� FDXVHG�E\� TXHQFK� KDUGHQLQJ� FDQ� EH�GLYLGHG� LQWR�
VKDSH� FKDQJH� DQG� VL]H� FKDQJH�� EDVHG� RQ� WKHLU� GLIIHUHQW�
PHFKDQLVPV�� ZKLFK� FDQ� EH� FKDUDFWHUL]HG� E\� FRPSXWHU�
PRGHOLQJ� >5HI� ��� �@�� 6KDSH� FKDQJH� LV� WKH� SDUW� GLPHQVLRQDO�
GLIIHUHQFH�EHIRUH�DQG�DIWHU�KDUGHQLQJ�ZLWK�WKH�DVVXPSWLRQ�RI�
QR�YROXPH�FKDQJH��7KH�VL]H�FKDQJH�LV�WKH�SDUW�VL]H��YROXPH��
GLIIHUHQFH�EHIRUH�DQG�DIWHU�KDUGHQLQJ��6L]H�FKDQJH�LV�FDXVHG�
E\� WKH� PDWHULDO� PLFURVWUXFWXUH� FKDQJH�� ZLWK� WKH� GLIIHUHQW�

3UHVHQWHG� DW� WKH� $+6� ,QWHUQDWLRQDO� ��WK� $QQXDO� )RUXP� 	�
7HFKQRORJ\� 'LVSOD\�� 3KRHQL[�� $UL]RQD�� 86$�� 0D\� ������� ������
&RS\ULJKW��������E\�$+6�,QWHUQDWLRQDO��,QF��$OO�ULJKWV�UHVHUYHG��

³'LVWULEXWLRQ� 6WDWHPHQW� $�� $SSURYHG� IRU� SXEOLF� UHOHDVH��
GLVWULEXWLRQ�XQOLPLWHG�´�

PLFURVWUXFWXUDO� SKDVHV� KDYLQJ� GLIIHUHQW� GHQVLWLHV�� )RU�
H[DPSOH��ZLWK�IHUULWH�SHDUOLWH�PLFURVWUXFWXUH�DV�LQLWLDO�SKDVHV�
SULRU� WR� KDUGHQLQJ�� DQG� PDUWHQVLWH� SKDVH� EHLQJ� WKH� ILQDO�
SKDVH�DIWHU�KDUGHQLQJ�� WKH�SDUW�YROXPH�ZLOO�H[SDQG�EHFDXVH�
WKH�PDUWHQVLWH�KDV�D�ORZHU�GHQVLW\��*HDU�VWHHOV�DOVR�W\SLFDOO\�
XQGHUJR� FDUEXUL]DWLRQ� EHIRUH� TXHQFKLQJ�� ZKHUH� FDUERQ� LV�
DEVRUEHG� LQWR� WKH� VXUIDFH� RI� WKH� EDVH� VWHHO� PDWHULDO�� %\�
LQWURGXFLQJ� FDUERQ� LQWR� WKH� SDUW� VXUIDFH�� WKH� PDWHULDO� ZLOO�
H[SDQG�GXH� WR�GLODWLRQ�RI� WKH� VWHHO�PDWUL[��7KH�VL]H�FKDQJH�
FDXVHG� E\� PLFURVWUXFWXUH� GLIIHUHQFHV� EHIRUH� DQG� DIWHU�
KDUGHQLQJ� LV� XQDYRLGDEOH�� EXW� LW� FDQ� EH� DFFRXQWHG� IRU�
WKURXJK�WKH�KHDW�WUHDWPHQW�SDUW�FRQILJXUDWLRQ�GHVLJQ�ZLWK�WKH�
KHOS�RI�FRPSXWHU�PRGHOLQJ��

8QGHU�WKLV�HIIRUW��D�SURWRW\SH�JDV�TXHQFK�FKDPEHU��FDOOHG�WKH�
'$17(�&RQWUROOHG�*DV�4XHQFK��'&*4��KDV�EHHQ�GHVLJQHG�
DQG� IDEULFDWHG�� DQG� LW� LV� EHLQJ� WHVWHG�� 7KH� REMHFWLYH� RI� WKLV�
'&*4�LV� WR�PLQLPL]H�WKH�GLVWRUWLRQV�RI�FRPSRQHQWV�GXULQJ�
KHDW� WUHDWPHQW�� 7KH� PHFKDQLFDO� SURSHUWLHV�� LQFOXGLQJ�
KDUGQHVV�� WHQVLOH� SURSHUWLHV�� LPSDFW� VWUHQJWK�� DQG� IDWLJXH�
SHUIRUPDQFH� RI� SDUWV� SURFHVVHG� XVLQJ� WKH� '&*4� V\VWHP�
PXVW� EH� HTXLYDOHQW� WR� SDUWV�PDQXIDFWXUHG� XVLQJ� D� VWDQGDUG�
+3*4�SURFHVV��:LWK� UHGXFHG�GLVWRUWLRQ��ZKLOH�PHHWLQJ� WKH�
UHTXLUHG�PHFKDQLFDO�SURSHUWLHV��LW�LV�SRVVLEOH�WR�VLJQLILFDQWO\�
UHGXFH� SRVW�KHDW� WUHDW� PDFKLQLQJ�� VR� WKH� EHQHILFLDO� VXUIDFH�
UHVLGXDO� VWUHVV� ZLOO� QRW� EH� GDPDJHG�� 7KLV� SDSHU� ZLOO�
VXPPDUL]H� WKH� XVH� RI� PRGHOLQJ� WRROV� WR� GHYHORS� QHZ� JDV�
TXHQFKLQJ�UHFLSHV�WR�UHGXFH�GLVWRUWLRQ��SURYLGH�DQ�RYHUYLHZ�
RI� WKH� '&*4� V\VWHP�� DQG� SURYLGH� WHVW� UHVXOWV� WKDW�
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GHPRQVWUDWH�D� UHGXFWLRQ� LQ�GLVWRUWLRQ�ZKLOH�PDLQWDLQLQJ� WKH�
PHFKDQLFDO�SHUIRUPDQFH��
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8VLQJ� D� VLPSOLILHG� WKLQ�ZDOO� ULQJ� JHDU� H[DPSOH� VKRZQ� LQ�
)LJXUH����WKH�FDXVHV�RI�WKH�VKDSH�GLVWRUWLRQ�IURP�QRQXQLIRUP�
FRROLQJ� DQG� SKDVH� WUDQVIRUPDWLRQ� DUH� GHPRQVWUDWHG�
VFKHPDWLFDOO\� E\� XVLQJ� PHDVXUHG� WLPH�WHPSHUDWXUH� FRROLQJ�
FXUYHV�DQG�FRPSXWHU�PRGHOLQJ�>5HI��@���

)LJXUH����(IIHFW�RI�FRROLQJ�QRQXQLIRUPLW\�DQG�SKDVH�
WUDQVIRUPDWLRQ�RQ�GLVWRUWLRQ���D��6FKHPDWLF�GHVFULSWLRQ�
RI�WKHUPRFRXSOH�H[SHULPHQWDO�VHW�XS���E��5HFRUGHG�

FRROLQJ�KLVWRU\�XVLQJ�WKHUPRFRXSOHV���F��'HPRQVWUDWLRQ�
RI�PDWHULDO�YROXPH�H[SDQVLRQ�ZLWK�PDUWHQVLWLF�SKDVH�
WUDQVIRUPDWLRQ��DQG��G��1RQXQLIRUP�PDUWHQVLWLF�
WUDQVIRUPDWLRQ�LQ�WKH�JHDU�ZDOO�GXULQJ�TXHQFKLQJ��

'XULQJ�D�+3*4�SURFHVV��WKH�JDV�IORZ�SDWWHUQ�LV�DIIHFWHG�E\�
WKH� FKDPEHU�QR]]OH� GHVLJQ�� WKH� SDUW� FRQILJXUDWLRQ�� DQG� WKH�
IL[WXUH� GHVLJQ�� HWF�� $V� VKRZQ� LQ� )LJXUH� ��D��� WKH� WKLQ�ZDOO�
ULQJ� JHDU� KDV� VL[� WKHUPRFRXSOHV� HPEHGGHG� HYHQO\� LQ� WKH�
FLUFXPIHUHQWLDO� GLUHFWLRQ�� 7KH� UHFRUGHG� GDWD� VKRZV�
VLJQLILFDQW� FRROLQJ� GLIIHUHQFH� DW� GLIIHUHQW� ORFDWLRQV�� DV�
VKRZQ�LQ�)LJXUH���E���7KH�IODW�UHJLRQ�RI�WKH�FRROLQJ�FXUYHV�LV�
FDXVHG� E\� WKH� ODWHQW� KHDW� UHOHDVHG� GXULQJ� WKH� PDUWHQVLWLF�
SKDVH� WUDQVIRUPDWLRQ�� 7KH� WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ�
WKH� 7&��� DQG� WKH� 7&��� FDQ� EH� DV� PXFK� DV� ����� &�� ,Q�
TXHQFKLQJ� FKDPEHU� DQG� SDUW� UDFNLQJ� GHVLJQV�� D� JDV� IORZ�
SDWWHUQ� DORQJ� WKH� D[LDO� GLUHFWLRQ� RI� WKH� JHDU� LV� SUHIHUUHG��
+RZHYHU�� WKLV� PD\� QRW� EH� DFKLHYDEOH� LQ� D� SUDFWLFDO� KHDW�
WUHDWPHQW� SURFHVV�� :LWK� YDULRXV� FRROLQJ� UDWHV� DW� GLIIHUHQW�
ORFDWLRQV�� WKH� PDUWHQVLWLF� WUDQVIRUPDWLRQ� WLPLQJ� ZLOO� EH�

GLIIHUHQW� VSDWLDOO\�� )LJXUH� ��G�� VKRZV� D� VQDSVKRW� RI�
PDUWHQVLWH� GLVWULEXWLRQ� GXULQJ� TXHQFKLQJ�� $W� WKLV� VSHFLILF�
WLPH�� WKH�PDUWHQVLWLF� WUDQVIRUPDWLRQ� KDV� VWDUWHG� RQ� OHIW� VLGH�
RI� WKH� JHDU�� ZKLOH� WKH� WHPSHUDWXUH� RQ� WKH� ULJKW� VLGH� LV� VWLOO�
DERYH� WKH� PDUWHQVLWH� WUDQVIRUPDWLRQ� VWDUWLQJ� WHPSHUDWXUH�
�06��� � ,W� LV� NQRZQ� WKDW� WKH� PDWHULDO� YROXPH� H[SDQGV� ZLWK�
PDUWHQVLWLF�WUDQVIRUPDWLRQ��DV�VKRZQ�LQ�)LJXUH���F���DQG�WKH�
PDWHULDO� ZLOO� EH� LQ� D� SODVWLF� GHIRUPDWLRQ� FRQGLWLRQ� ZLWK�
SKDVH� WUDQVIRUPDWLRQV� RFFXUULQJ�� 1RQXQLIRUP� SKDVH�
WUDQVIRUPDWLRQ�LQ�WKH�SDUW�ZLOO�FDXVH�GLVWRUWLRQ�LQ�WKH�TXHQFK�
KDUGHQHG�SDUW��
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'XULQJ�D�+3*4�SURFHVV��WKH�QRQXQLIRUP�FRROLQJ�DURXQG�WKH�
SDUW� LV� FDXVHG� E\� RQH� RU� PRUH� IDFWRUV�� ��� YDULDWLRQ� RI� JDV�
IORZ� UDWH� DQG� IORZ� GLUHFWLRQ� DURXQG� WKH� SDUW� VXUIDFH�� ���
YDULDWLRQ� RI� DPELHQW� WHPSHUDWXUH� DURXQG� WKH� SDUW� VXUIDFH��
DQG� ��� QRQXQLIRUP� SDUW� JHRPHWU\� �ZLWK� D� FRPELQDWLRQ� RI�
WKLQ�DQG�WKLFN�VHFWLRQV���7KH�QRQXQLIRUP�FRROLQJ��OHDGLQJ�WR�
QRQXQLIRUP� SKDVH� WUDQVIRUPDWLRQ� WLPLQJ� LQ� WKH� SDUW�� LV� WKH�
FDXVH�RI�GLVWRUWLRQ�DIWHU�KDUGHQLQJ��5HVHDUFKHUV�KDYH�VSHQW�D�
JUHDW� HIIRUW� WR� LPSURYH� WKH�TXHQFKLQJ� XQLIRUPLW\�RI�+3*4�
FKDPEHUV�>5HI�����@�� �+RZHYHU�� WKH�LPSURYHPHQWV�DFKLHYHG�
DUH� OLPLWHG�GXH� WR� WKH�QHFHVVDU\�KLJK�IORZ�UDWH�DQG� WKH� ORZ�
KHDW�FDSDFLW\�RI�WKH�TXHQFKLQJ�JDV��7KH�ORZ�KHDW�FDSDFLW\�RI�
WKH�TXHQFKLQJ�JDV�UHVXOWV�LQ�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�JDV�
WHPSHUDWXUH�GXULQJ�TXHQFKLQJ��DQG�WKH�DPELHQW� WHPSHUDWXUH�
LQ�WKH�TXHQFKLQJ�FKDPEHU�LV�QRQXQLIRUP��7KH�'&*4�V\VWHP�
GHVLJQHG� XQGHU� WKLV� UHVHDUFK� HIIRUW� FRQWUROV� WKH� DPELHQW�
WHPSHUDWXUH�RI�WKH�TXHQFKLQJ�FKDPEHU�DV�D�IXQFWLRQ�RI�WLPH��
VR� WKH� WHPSHUDWXUH� JUDGLHQW� WKURXJKRXW� WKH� SDUW� FDQ� EH�
FRQWUROOHG�ZKLOH�PDUWHQVLWLF�SKDVH�WUDQVIRUPDWLRQ�RFFXUV��

8VLQJ�WKH�WKLQ�ZDOO�ULQJ�JHDU�H[DPSOH�VKRZQ�LQ�)LJXUH���D���
WKH�HIIHFW�RI�QRQXQLIRUP�JDV�IORZ�RQ�GLVWRUWLRQ�ZDV�DQDO\]HG�
XVLQJ�'$17(�PRGHOLQJ�VRIWZDUH��7KH�SUHGLFWHG�GLVWRUWLRQV�
LQ�)LJXUHV���D��DQG���E��UHSUHVHQW�WZR�VFHQDULRV�XVLQJ���EDU�
QLWURJHQ� TXHQFKLQJ�� D�� VWDQGDUG� +3*4� SURFHVV�� DQG� E��
'&*4� SURFHVV�� $Q� DYHUDJH� FRQYHFWLRQ� FRHIILFLHQW� RI� ����
:��P�.�� ZDV� DVVXPHG� IRU� WKH� �� EDU� QLWURJHQ� TXHQFK�� DQG�
DSSOLHG�IRU�ERWK�VFHQDULRV��$V�VKRZQ�E\�WKH�DUURZV�LQ�)LJXUH�
���WKH�PRGHO�DVVXPHV�WKDW�WKH�JDV�IORZV�IURP�OHIW�WR�ULJKW�IRU�
ERWK�VFHQDULRV��ZLWK�WKH�OHIW�VXUIDFH�IDFLQJ�WKH�JDV�IORZ�DQG�
WKH� ULJKW� VXUIDFH� RQ� WKH� EDFN�� $� ���� KLJKHU� FRQYHFWLRQ�
FRHIILFLHQW� ZDV� DSSOLHG� RQ� WKH� OHIW� VXUIDFH�� DQG� ���� ORZHU�
FRQYHFWLRQ�FRHIILFLHQW�ZDV�DSSOLHG�RQ�WKH�ULJKW�VXUIDFH��7KH�
DSSOLHG� FRQYHFWLRQ� FRHIILFLHQWV� RQ� WKH�PLGGOH� VXUIDFH�ZHUH�
OLQHDUO\�LQWHUSRODWHG�EHWZHHQ�WKH�IURQW�DQG�WKH�EDFN��$JDLQ��
WKH� VDPH� FRQYHFWLRQ� FRHIILFLHQWV� ZHUH� DSSOLHG� IRU� ERWK�
VFHQDULRV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VFHQDULRV�ZDV�WKH�
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TXHQFK� FKDPEHU� DPELHQW� WHPSHUDWXUH�� ZLWK� WKH� DVVXPSWLRQ�
RI� D� FRQVWDQW� ���� &� DPELHQW� WHPSHUDWXUH� IRU� WKH� VWDQGDUG�
+3*4�SURFHVV��DQG�WKH�DPELHQW�WHPSHUDWXUH�DV�D�IXQFWLRQ�RI�
WLPH� IRU� WKH�'&*4�SURFHVV��7KH�SUHGLFWHG�UHVXOWV�RI� UDGLDO�
GLVWRUWLRQ� DUH� VKRZQ� IRU� WKH�+3*4�SURFHVV�DQG� WKH�'&*4�
SURFHVV� LQ� )LJXUH� ��D�� DQG� )LJXUH� ��E�� ZLWK� ��� WLPHV�
PDJQLILFDWLRQ�� 7KH� UHFLSH� RI� WKH� '&*4� SURFHVV� ZDV�
GHVLJQHG�XVLQJ�'$17(�PRGHOLQJ�WR�UHGXFH�WKH�WHPSHUDWXUH�
JUDGLHQW� EHORZ� D� VSHFLILHG� YDOXH� ZKHQ� PDUWHQVLWLF� SKDVH�
WUDQVIRUPDWLRQ�RFFXUV�LQ�WKH�SDUW��,W�LV�FOHDUO\�VKRZQ�WKDW�WKH�
GLVWRUWLRQ� LV� JUHDWO\� UHGXFHG� E\� FRQWUROOLQJ� WKH� DPELHQW�
WHPSHUDWXUH�GXULQJ�D�JDV�TXHQFK�SURFHVV��

)LJXUH����&RPSDULVRQ�RI�SUHGLFWHG�VKDSH�FKDQJH�FDXVHG�
E\�TXHQFKLQJ���D��QRQXQLIRUP�JDV�IORZ�ZLWK�VWDQGDUG���
EDU�+3*4��DQG��E��QRQXQLIRUP�JDV�IORZ�ZLWK�FRQWUROOHG�
DPELHQW�WHPSHUDWXUH�UHFLSH��(DFK�ILJXUH�FRPSDUHV�WKH�

LQLWLDO�DQG�ILQDO�VKDSHV��

'LIIHUHQW�IURP�DQ�LPPHUVLRQ�TXHQFKLQJ�SURFHVV�XVLQJ�OLTXLG�
PHGLD��H�J��RLO�TXHQFKLQJ���WKH�DPELHQW�WHPSHUDWXUH�GXULQJ�D�
JDV� TXHQFKLQJ� SURFHVV� FDQ� EH� FRQWUROOHG� RU� GHVLJQHG� LQ�
WHUPV� RI� WLPH� EHFDXVH� WKH� JDV� FDQ� WROHUDWH� KLJKHU�
WHPSHUDWXUHV��DQG�WKH�JDV�FDQ�EH�KHDWHG�RU�FRROHG�IDVWHU�WKDQ�
WKH� OLTXLG�TXHQFKLQJ�PHGLD��)LJXUH��� VKRZV�D� VFKHPDWLF�RI�
WKH� '&*4� DSSDUDWXV� GHVLJQHG� WR� IXOILOO� WKH� IXQFWLRQ� RI�
IOH[LEO\�FRQWUROOLQJ�WKH�FKDPEHU�DPELHQW�WHPSHUDWXUH�GXULQJ�
TXHQFKLQJ��'LIIHUHQW� IURP� WKH� FRQYHQWLRQDO�+3*4� V\VWHP��
WKH� '&*4� V\VWHP� KDV� DQ� H[WHUQDO� KHDWLQJ� XQLW� DQG� D� KHDW�
H[FKDQJHU� LQ� WKH� JDV� IORZ� V\VWHP�� 7KH� FRPELQDWLRQ� RI� WKH�
KHDWHU� DQG� KHDW� H[FKDQJHU� ZLOO� DOORZ� WKH� FKDPEHU� WR� EH�
VFKHGXOHG� WR� D� SUHVFULEHG� WHPSHUDWXUH� YHUVXV� SURFHVV� WLPH�
UHFLSH��)RU�D�VSHFLILF�SDUW�JHRPHWU\�ZLWK�D�JLYHQ�VWHHO�JUDGH��
VXFK�DV�)HUULXP�&���IRU� WKLV�HIIRUW�� WKH� UHTXLUHG�UHFLSH�FDQ�
EH�GHVLJQHG�XVLQJ�'$17(�PRGHOLQJ��

:KLOH�WKH�'&*4�V\VWHP�ZDV�EHLQJ�GHVLJQHG��D�GXDO�IXUQDFH�
TXHQFKLQJ� SURFHVV� ZDV� XVHG� WR� HYDOXDWH� WKH� PHFKDQLFDO�
SURSHUWLHV�� ZLWK� WKH� FRROLQJ� UDWH� REWDLQHG� IURP� WKH� GXDO�
IXUQDFH�TXHQFKLQJ�UHSUHVHQWLQJ�WKDW�RI�WKH�'&*4�V\VWHP��$�
EULHI�GHVFULSWLRQ�RI�WKH�GXDO�IXUQDFH�TXHQFKLQJ�SURFHVV�LV�����
DXVWHQLWL]H�WKH�FRXSRQ�LQ�RQH�IXUQDFH�����WUDQVIHU�WKH�FRXSRQ�
IURP� WKH� KHDWLQJ� IXUQDFH� WR� WKH� VHFRQG� IXUQDFH� ZLWK� WKH�
IXUQDFH� WHPSHUDWXUH� EHLQJ� VOLJKWO\� DERYH� WKH� PDUWHQVLWLF�

WUDQVIRUPDWLRQ� VWDUWLQJ� WHPSHUDWXUH� �0V��� DQG� ��� RQFH� WKH�
FRXSRQ�WHPSHUDWXUH�UHDFKHV�WKH�IXUQDFH�WHPSHUDWXUH��UHPRYH�
WKH�FRXSRQ�IURP�WKH�IXUQDFH�DQG�FRRO�WR�URRP�WHPSHUDWXUH�LQ�
VWLOO�DLU���

)LJXUH����'$17(�&RQWUROOHG�*DV�4XHQFK��'&*4��
DSSDUDWXV�VFKHPDWLF��

$�GLVWRUWLRQ�FRXSRQ�PDGH�RI�)HUULXP�&���ZDV�GHVLJQHG� WR�
GHPRQVWUDWH� WKH� HIIHFWLYHQHVV� RI� DFKLHYLQJ� UHGXFHG�
GLVWRUWLRQ� XVLQJ� WKH�'&*4� V\VWHP�� $V� VKRZQ� LQ� )LJXUH� ���
WKH� FRXSRQ� KDV� PXOWLSOH� ILQV� RQ� RQH� VLGH� WR� SXUSRVHIXOO\�
PDNH� WKH� FRROLQJ� RQ� WKH� ILQ� VLGH� IDVWHU� WKDQ� WKH� RSSRVLWH�
VLGH��$OO�WKUHH�SURFHVVHV����EDU�VWDQGDUG�+3*4��GXDO�IXUQDFH�
TXHQFKLQJ�� DQG� '&*4�� ZHUH� PRGHOHG� XVLQJ� '$17(�� DQG�
WKH� PRGHOLQJ� UHVXOWV� RI� WHPSHUDWXUH�� SKDVH� WUDQVIRUPDWLRQ��
DQG� ILQDO� GLVWRUWLRQ� DUH� VKRZQ� LQ� )LJXUH� ��� 7KH� SUHGLFWHG�
ERZ� GLVWRUWLRQ� LV� UHGXFHG� IURP� ���� �P� IRU� WKH� VWDQGDUG� ��
EDU�+3*4�WR�����P�IRU� WKH�GXDO� IXUQDFH�SURFHVV��:LWK� WKH�
'&*4�SURFHVV��WKH�SUHGLFWHG�GLVWRUWLRQ�LV�FORVH�WR�]HUR��7KH�
ERZ� GLVWRUWLRQV� DUH� PDJQLILHG� E\� ���� WLPHV� IRU� DOO� WKUHH�
FDVHV��
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)LJXUH����0RGHOLQJ�SURRI�IRU�UHGXFHG�GLVWRUWLRQ�XVLQJ�WKH�
'&*4�SURFHVV��

0(&+$1,&$/�3523(57<�$1'�%(1',1*�
)$7,*8(�7(676�86,1*�7+(�'8$/�
)851$&(�48(1&+,1*�352&(66��

,W� LV� LPSRUWDQW� WR� PDNH� VXUH� WKH� PHFKDQLFDO� SURSHUWLHV�
REWDLQHG� IURP� WKH� '&*4� SURFHVV� DUH� HTXLYDOHQW� WR� WKH�
VWDQGDUG�+3*4�SURFHVV��7KH�REWDLQHG�PHFKDQLFDO�SURSHUWLHV�
DUH� PDLQO\� DIIHFWHG� E\� WKH� FRROLQJ� UDWH� GXULQJ� TXHQFKLQJ��
SURYLGHG� WKDW� HDFK� SURFHVV� SURGXFHV� PDUWHQVLWH�� :LWK� WKH�

DVVXPSWLRQ� WKDW� WKH� FRROLQJ� UDWH� RI� WKH� GXDO� IXUQDFH�
TXHQFKLQJ� LV� FORVH� WR� WKDW� RI� WKH� '&*4� V\VWHP�� WKH�
PHFKDQLFDO� SURSHUWLHV� REWDLQHG� IURP� WKH� GXDO� IXUQDFH�
TXHQFKLQJ� SURFHVV� ZHUH� FRPSDUHG� ZLWK� WKRVH� IURP� WKH�
VWDQGDUG� �� EDU� +3*4� SURFHVV�� ,Q� WKLV� VWXG\�� WKH� KLJK�
KDUGHQDELOLW\� )HUULXP� &��� VWHHO� ZDV� XVHG�� VR� QR� GLIIXVLYH�
SKDVHV�VKRXOG�EH�IRUPHG���

)LJXUHV���D��DQG���E��VKRZ�WKH�WZR�TXHQFKLQJ�EDVNHWV�ZLWK�
YDULRXV� FRXSRQV� IRU� WHQVLOH� WHVWV�� &KDUS\� WHVWV�� KDUGQHVV�
WHVWV��DQG�EHQGLQJ�IDWLJXH�WHVWV��7KH\�ZHUH�SURFHVVHG�E\�WKH�
�� EDU� VWDQGDUG� +3*4� DQG� WKH� GXDO� IXUQDFH� TXHQFKLQJ��
UHVSHFWLYHO\�� 0RVW� FRXSRQV� ZHUH� FRSSHU� SODWHG� WR� DYRLG�
GHFDUEXUL]DWLRQ�� DQG� WKH� FRXSRQV� ZHUH� VHSDUDWHG� IRU� JRRG�
JDV� IORZ��7KH� WHQVLOH� WHVW�DQG�&KDUS\�FRXSRQV�ZHUH� IXUWKHU�
PDFKLQHG�DIWHU�KDUGHQLQJ��VR�WKH\�ZHUH�QRW�FRSSHU�SODWHG��DV�
VKRZQ� LQ� )LJXUH� ��� $IWHU� TXHQFKLQJ�� WKH� FRXSRQV� ZHQW�
WKURXJK� GHHS� IUHH]H� DQG� WHPSHULQJ� SURFHVVHV� DFFRUGLQJ� WR�
WKH�VWDQGDUG�SURFHVVLQJ�VSHFLILFDWLRQ��

)LJXUH����4XHQFKLQJ�EDVNHWV���D��6WDQGDUG��EDU�+3*4��
DQG��E��'XDO�IXUQDFH�TXHQFKLQJ�SURFHVV��
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)HUULXP�&���KDV�KLJK�KDUGHQDELOLW\��DQG�D� IXOO\�PDUWHQVLWLF�
PLFURVWUXFWXUH� ZDV� REWDLQHG� IURP� WKH� GXDO� IXUQDFH�
TXHQFKLQJ�DQG�WKH�VWDQGDUG���EDU�+3*4�SURFHVVHV��IROORZHG�
E\�VWDQGDUG�GHHS�IUHH]H�DQG�WHPSHULQJ�SURFHVV��7KH�FRXSRQV�
ZHUH� GHHS� )LJXUHV� ��D�� DQG� ��E�� FRPSDUH� WKH� PDUWHQVLWLF�
PLFURVWUXFWXUH�REWDLQHG�IURP�WKH�WZR�SURFHVVHV��DQG�WKHUH�LV�
QR�QRWLFHDEOH�GLIIHUHQFH��7KH�KDUGQHVV�YDOXHV�ZHUH�FKHFNHG�
XVLQJ� FRXSRQV� IURP� ERWK� SURFHVVHV�� DQG� WKH� DYHUDJH�
KDUGQHVV� YDOXHV� ZHUH� DSSUR[LPDWHO\� ��� +5&� IRU� ERWK�
SURFHVVHV��

)LJXUH����&RPSDULVRQ�RI�PDUWHQVLWLF�PLFURVWUXFWXUHV���D��
6WDQGDUG��EDU�+3*4��DQG��E��'XDO�IXUQDFH�TXHQFKLQJ�

SURFHVV���

7KH� PHFKDQLFDO� SURSHUWLHV� REWDLQHG� IURP� VWDQGDUG�� URRP�
WHPSHUDWXUH�WHQVLOH�H[SHULPHQWV�DUH�FRPSDUHG�LQ�7DEOH���IRU�
ERWK� SURFHVVHV�� ,Q� 7DEOH� ��� ³67$1'$5'´� UHIHUV� WR� WKH�
VWDQGDUG� �� EDU� +3*4� SURFHVV�� DQG� ³75,$/´� UHIHUV� WR� WKH�
GXDO� IXUQDFH� TXHQFKLQJ� SURFHVV�� ³/21*,78',1$/´�
LQGLFDWHV� WHQVLOH� VDPSOHV�PDFKLQHG� LQ� WKH�D[LDO�GLUHFWLRQ�RI�
WKH� EDU� VWRFN�� DQG� ³75$169(56(´� LQGLFDWHV� WKH� WHQVLOH�
VDPSOHV� PDFKLQHG� LQ� WKH� WUDQVYHUVH� GLUHFWLRQ� RI� WKH� EDU�
VWRFN�� 7KHUH� ZHUH� QR� QRWLFHDEOH� GLIIHUHQFH� LQ� WKH� REWDLQHG�
WHQVLOH�SURSHUWLHV�IURP�WKH�WZR�SURFHVVHV��

7DEOH����&RPSDULVRQ�RI�0HFKDQLFDO�3URSHUWLHV�RI�&���
6WHHO�3URFHVVHG�E\�6WDQGDUG���%DU�+3*4�DQG�GXDO�

IXUQDFH�TXHQFKLQJ�SURFHVVHV��

6LPSOLILHG� VLQJOH� WRRWK� EHQGLQJ� FRXSRQV� ZHUH� SURFHVVHG�
XVLQJ� WKH� VWDQGDUG� +3*4� DQG� WKH� GXDO� IXUQDFH� TXHQFKLQJ�
SURFHVVHV�WR�HYDOXDWH�WKHLU�EHQGLQJ�IDWLJXH�SHUIRUPDQFH��7KH�
VLPSOLILHG� WRRWK� JHRPHWU\�ZDV�GHVLJQHG� WR� UHSUHVHQW� D�JHDU�
WRRWK�IURP�ERWK�WKH�TXHQFK�KDUGHQLQJ�DQG�WKH�EHQGLQJ�VWUHVV�
DVSHFWV�� )LJXUH� ��D�� VKRZV� WKH� FRXSRQ� JHRPHWU\�� ZLWK� WKH�
VL]H� EHLQJ� DSSUR[LPDWHO\� ���PP� [� ��� PP� [� ���PP�� 7KH�
EHQGLQJ� ORDG� DSSOLHG� ZDV� QRUPDO� WR� WKH� WRRWK� VXUIDFH� WR�
DYRLG� SRVVLEOH� IUHWWLQJ�� )LJXUH� ��E�� FRPSDUHV� WKH� REWDLQHG�
EHQGLQJ� IDWLJXH� UHVXOWV� XVLQJ� WKH� FRXSRQV� IURP� WKH� WZR�
SURFHVVHV��,Q�)LJXUH���E���WKH�<�D[LV�LV�WKH�PD[LPXP�DSSOLHG�
VWUHVV� DW� WKH� WRRWK� ILOOHW� FDOFXODWHG� XVLQJ� WKH� ILQLWH� HOHPHQW�
EHQGLQJ� ORDG�PRGHO�� ZLWK� WKH� DVVXPSWLRQ� WKDW� WKHUH� DUH� QR�
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UHVLGXDO� VWUHVVHV� IURP� WKH� KHDW� WUHDWPHQW� SURFHVVHV��5XQRXW�
ZDV�FRQVLGHUHG�WR�EH����PLOOLRQ�F\FOHV�ZLWKRXW�IDLOXUH��DQG�D�
ORDGLQJ�UDWLR�RI�����ZDV�XVHG�IRU�DOO�WKH�EHQGLQJ�IDWLJXH�WHVWV�����

7KH�IDWLJXH�UHVXOWV�LQ�)LJXUH���E��VKRZ�WKDW�WKH�GXDO�IXUQDFH�
TXHQFKLQJ�KDG�VOLJKWO\�EHWWHU�SHUIRUPDQFH�WKDQ���EDU�+3*4��
7KH� VPDOO� GLIIHUHQFH� PD\� EH� GXH� WR� WKH� VPDOO� VWUHVVHV�
LQGXFHG�E\�FOHDQLQJ�DQG�VXSHUILQLVKLQJ��RU�WKH�VPDOO�VXUIDFH�
URXJKQHVV� GLIIHUHQFH� EHFDXVH� WKH\� ZHUH� SURFHVVHG�
VHSDUDWHO\�� $OO� WKH� PHDVXUHG� PHFKDQLFDO� SURSHUWLHV� DQG�
EHQGLQJ�IDWLJXH�IURP�WKH�GXDO�IXUQDFH�TXHQFKLQJ�DUH�DW�OHDVW�
HTXLYDOHQW� WR� WKRVH�IURP�WKH� VWDQGDUG���EDU�+3*4�SURFHVV��
DQG�LW�LV�EHOLHYHG�WKDW�UHVXOWV�IURP�WKH�'&*4�ZLOO�EH�VLPLODU��

)LJXUH����%HQGLQJ�IDWLJXH�WHVW�RI�VLPSOLILHG�WRRWK���D��
%HQGLQJ�IL[WXUH��DQG��E��%HQGLQJ�IDWLJXH�UHVXOWV��

'&*4�(48,30(17�352727<3(�
0$18)$&785,1*�$1'�75,$/�5816��

7KH�'&*4� HTXLSPHQW� SURWRW\SH� KDV� EHHQ� FRQVWUXFWHG� DQG�
LQVWDOOHG� VXFFHVVIXOO\�� )LJXUH� ��D�� VKRZV� WKH� +XPDQ�
0DFKLQH� ,QWHUIDFH� �+0,�� FRQWURO� SDQHO� RI� WKH� HTXLSPHQW��
DQG�)LJXUH� ��E�� LV� D� SKRWRJUDSK� VKRZLQJ� WKH� IURQW� GRRU� RI�
WKH�TXHQFKLQJ�FKDPEHU���

)LJXUH����'&*4�HTXLSPHQW�SURWRW\SH���D��+0,�FRQWURO�
SDQHO��DQG��E��)URQW�GRRU�RI�TXHQFKLQJ�FKDPEHU���
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7KLV� HTXLSPHQW� UHTXLUHV� DQ� H[WHUQDO� KHDWLQJ� IXUQDFH� IRU�
DXVWHQLWL]LQJ� WKH� SDUWV�� )RU� FDUEXUL]HG� SDUWV�� WKH� SDUWV� ZLOO�
QHHG�WR�EH�FDUEXUL]HG�SULRU�WR�WKH�KDUGHQLQJ�SURFHVV��'XULQJ�
D� TXHQFKLQJ� SURFHVV�� WKH� DPELHQW� WHPSHUDWXUH� RI� WKH�
FKDPEHU� LV� FRQWUROOHG�E\� WKH� LQOHW� JDV� WHPSHUDWXUH�� DQG� WKH�
LQOHW� WHPSHUDWXUH� LV� GHVLJQHG� WR� IROORZ� D� SUHGHILQHG�
VFKHGXOH�� $� W\SLFDO� KDUGHQLQJ� WUHDWPHQW� VWHS� XVLQJ� WKLV�
'&*4�HTXLSPHQW�LV�GHVFULEHG�EHORZ��

6WHS� ��� &DUEXUL]H� SDUWV�� IROORZHG� E\� VORZ� FRROLQJ� WR�
URRP�

6WHS����5HKHDW�SDUWV� WR�DXVWHQLWL]H� LQ� D�KHDWLQJ� IXUQDFH�
�VWHSSHG�KHDWLQJ�LV�SUHIHUUHG�IRU�UHGXFHG�GLVWRUWLRQ��

6WHS� ��� 7UDQVIHU� SDUWV� IURP� WKH� KHDWLQJ� IXUQDFH� WR� WKH�
'&*4�TXHQFKLQJ�FKDPEHU�

6WHS� ��� )DVW� FRRO� WKH� SDUWV� WR� D� WHPSHUDWXUH� VOLJKWO\�
DERYH�WKH�PDUWHQVLWLF�WUDQVIRUPDWLRQ�VWDUW�WHPSHUDWXUH�

6WHS� ��� )ROORZ� WKH� '&*4� UHFLSH� WR� FRRO� WKH� SDUWV� WR�
URRP�WHPSHUDWXUH�

6WHS� ��� 'HHS� IUHH]H� DQG� WHPSHU� SDUWV� IROORZLQJ� WKH�
VWDQGDUG�SURFHGXUH�

)LJXUH� �� VKRZV� D� VHW� RI� FROOHFWHG� WLPH�WHPSHUDWXUH� FXUYHV�
IURP� D� WULDO� UXQ� RI� WKH� '&*4� HTXLSPHQW� DQG� WKH�
SURJUDPPHG� UHFLSH��7KH� WLPH�WHPSHUDWXUH� FXUYHV� LQ� )LJXUH�
�� VKRZ� WKH� ILGHOLW\� EHWZHHQ� WKH� UHFLSH� VHW� SRLQWV� DQG� WKH�
PHDVXUHG�LQOHW�JDV�WHPSHUDWXUH�LQWURGXFHG�LQWR�WKH�FKDPEHU���
7KH�FKDPEHU�WKHUPRFRXSOHV�VKRZ�WKH�XQLIRUPLW\�DURXQG�WKH�
EDVNHW� RI� LWHPV� EHLQJ� TXHQFKHG�� /RZHU�� DQG� /RZHU��� DV�
ZHOO� DV� WKH� RYHUDOO� XQLIRUPLW\� LQ� WKH� FKDPEHU�� 7KH� SDUW�
WHPSHUDWXUHV�ZHUH�QRW�UHFRUGHG�IRU�WKLV�WULDO�UXQ��

)LJXUH����([DPSOH�RI�FROOHFWHG�TXHQFKLQJ�FKDPEHU�WLPH�
WHPSHUDWXUH�GDWD�IURP�D�'&*4�WULDO�UXQ���

)LJXUH� ��� LV� D� VHW� RI� WHPSHUDWXUH� YHUVXV� WLPH� FXUYHV� IRU�
DQRWKHU� WULDO� UXQ� RI� WKH� '&*4� XQLW� ZLWK� TXHQFKLQJ� D� �´�
GLDPHWHU� 66���� F\OLQGHU� HPEHGGHG� ZLWK� IRXU�
WKHUPRFRXSOHV�� )LJXUH� ��� VKRZV� WKH� EHQHILW� RI� XVLQJ� D�
FRQWUROOHG� FRROLQJ� DSSURDFK� IURP� WKH� SHUVSHFWLYH� RI� WKH�
FRPSRQHQW��7KH�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�WKH�VXUIDFH�
DQG�WKH�FRUH�RI�WKH��´�F\OLQGHU�SUREH�LV�QHYHU�PRUH�WKDQ����&�
GXULQJ�WKH�PDUWHQVLWH�WUDQVIRUPDWLRQ�UDQJH�LQ�WKLV�FDVH��7KLV�
ZRXOG� DOORZ� WKH� PDUWHQVLWH� WUDQVIRUPDWLRQ� WR� RFFXU�
XQLIRUPO\� WKURXJKRXW� WKH� SDUW�� VLJQLILFDQWO\� UHGXFLQJ� WKH�
VKDSH�FKDQJH�GLVWRUWLRQ��

)LJXUH�����([DPSOH�RI�FROOHFWHG�WLPH�WHPSHUDWXUH�GDWD�
IURP�D��´�F\OLQGULFDO�SUREH�GXULQJ�D�'&*4�UXQ���

$V� SUHYLRXVO\� PHQWLRQHG�� PHFKDQLFDO� SURSHUW\� WHVWLQJ� ZDV�
SHUIRUPHG� XVLQJ� D� GXDO� IXUQDFH� TXHQFKLQJ� DSSURDFK�� ZLWK�
WKH� DVVXPSWLRQ� WKDW� WKH� FRROLQJ� UDWH�ZRXOG�PLPLF� WKDW�RI� D�
'&*4� SURFHVV�� :LWK� WKH� '&*4� SURWRW\SH� FRPSOHWH�� D�
FRPSDULVRQ� ZDV� PDGH� EHWZHHQ� WKH� FRROLQJ� UDWH� RI� WKH�
'&*4� SURFHVV� DQG� WKH� GXDO� IXUQDFH� SURFHVV� XVHG� IRU�
PHFKDQLFDO�WHVWLQJ��DV�VKRZQ�LQ�)LJXUH�����7KH�'&*4�FXUYH�
LQ�)LJXUH����ZDV�IURP� WKH� WKHUPRFRXSOH� UHDGLQJ�HPEHGGHG�
LQ�WKH��´�66����F\OLQGHU�SUREH��DQG�WKH�'XUDO�)XUQDFH�FXUYH�
ZDV� IURP� WKHUPRFRXSOH� UHDGLQJ� HPEHGGHG� LQ� D� ZLWQHVV�
FRXSRQ���

$V� FDQ� EH� VHHQ� LQ� )LJXUH� ���� WKH� GXDO� IXUQDFH� FRROLQJ� UDWH�
ZDV�DFWXDOO\�VORZHU�WKDQ�WKH�'&*4�FRROLQJ�UDWH��7KHUHIRUH��
LW� LV� H[SHFWHG� WKDW� WKH� PHFKDQLFDO� DQG� IDWLJXH� SURSHUWLHV�
REWDLQHG� XVLQJ� WKH� '&*4� SURFHVV� VKRXOG� EH� HTXLYDOHQW� WR�
WKRVH�REWDLQHG�XVLQJ�D�VWDQGDUG���EDU�TXHQFKLQJ�SURFHVV��
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)LJXUH�����&RROLQJ�UDWH�FRPSDULVRQ�EHWZHHQ�GXDO�IXUQDFH�
DQG�'&*4�SURFHVVHV��

&21&/86,216�

3DUW� GLVWRUWLRQ� GXULQJ� KLJK� SUHVVXUH� JDV� TXHQFKLQJ� LV� D�
VLJQLILFDQW� LVVXH�� $� GXDO� IXUQDFH� TXHQFK� SURFHVV� ZDV�
GHYHORSHG� WR� GHPRQVWUDWH� WKDW� WKLV� GLVWRUWLRQ� FRXOG� EH�
PLQLPL]HG� E\� FRQWUROOLQJ� WKH� FRROLQJ� SURFHVV�� ZKLOH� VWLOO�
DFKLHYLQJ� PHFKDQLFDO� SURSHUWLHV� DQG� EHQGLQJ� IDWLJXH�
SHUIRUPDQFH� HTXLYDOHQW� WR� VWDQGDUG� �� EDU� +3*4�� %DVHG�
XSRQ� WKH� UHVXOWV� RI� WKLV� GXDO� IXUQDFH� TXHQFK� SURFHVV�� D�
SURWRW\SH� '&*4� XQLW� ZDV� GHVLJQHG� DQG� IDEULFDWHG��
([SHULPHQWDO� GDWD� IURP� WKLV� '&*4� XQLW� KDYH� VKRZQ� YHU\�
XQLIRUP�TXHQFKLQJ�FKDPEHU�WHPSHUDWXUH�DQG�IOH[LEOH�FRQWURO�
RI�WKH�FKDPEHU�WHPSHUDWXUH�E\�FRQWUROOLQJ�WKH�FKDPEHU�LQOHW�
DLU� WHPSHUDWXUH� XVLQJ� D� SUHGHILQHG� UHFLSH�� 7KH� '&*4�
FRQFHSW� FDQ� DOVR� EH� LQWHJUDWHG� ZLWK� /3&� DQG� +3*4�
HTXLSPHQW� ZLWK� QLWURJHQ� SURWHFWLYH� DWPRVSKHUH� DQG� IDVWHU�
TXHQFKLQJ�UDWH��:LWK�D�'&*4�HTXLSPHQW��WKH�GLVWRUWLRQ�FDQ�
EH� JUHDWO\� UHGXFHG�� ZKLFK�ZLOO� PLQLPL]H� RU� HYHQ� HOLPLQDWH�
DQ\�ILQLVK�PDFKLQLQJ�UHTXLUHPHQWV�DIWHU�TXHQFK�KDUGHQLQJ�����

$XWKRUV�FRQWDFW��=KLFKDR��&KDUOLH��/L��&KDUOLH�/L#'DQWH�
6ROXWLRQV�FRP

$&.12:/('*0(176��

7KH� DXWKRUV� ZLVK� WR� DFNQRZOHGJH� WKH� 86� $UP\� $''� IRU�
WKHLU�VXSSRUW�RI�WKLV�ZRUN��$XWKRUV�DOVR�ZLVK�WR�DFNQRZOHGJH�

6RODU� $WPRVSKHUH� IRU� KHDW� WUHDWLQJ� WKH� H[SHULPHQWDO�
FRXSRQV�� 7HQVLOH� 7HVWLQJ� 0HWDOOXUJLFDO� /DERUDWRU\� IRU�
PHFKDQLFDO� SURSHUWLHV� WHVWV�� DQG� ,05� 7HVW� /DEV� IRU� WKH�
VLQJOH�WRRWK�EHQGLQJ�WHVWV��

5()(5(1&(6��
�'RZOLQJ��:���HW�DO���³'HYHORSPHQW�RI�D�&DUEXUL]LQJ�DQG�

4XHQFKLQJ� 6LPXODWLRQ� 7RRO�� 3URJUDP� 2YHUYLHZ�´� �QG� ,QW��
&RQIHUHQFH�RQ�4XHQFKLQJ�DQG�&RQWURO�RI�'LVWRUWLRQ��HGV��*��
7RWWHQ��HW�DO���$60�,QW���������

�/L�� =��� )HUJXVRQ�� %�� /��� DQG� )UHERUJ��$��� ³'DWD�1HHGV�
IRU�0RGHOLQJ�+HDW�7UHDWPHQW�RI�6WHHO�3DUWV´��3URFHHGLQJV�RI�
0DWHULDOV� 6FLHQFH� 	� 7HFKQRORJ\� &RQIHUHQFH�� ���������
�������

�/L�� =�� DQG� )HUJXVRQ�� /��� ³*DV� 4XHQFKLQJ� 3URFHVV�
2SWLPL]DWLRQ� WR� 0LQLPL]H� 'LVWRUWLRQ� RI� D� 7KLQ�ZDOO� 5LQJ�
*HDU�E\�6LPXODWLRQ´��+70�-RXUQDO�RI�+HDW�7UHDWPHQW�DQG�
0DWHULDOV��9RO�����1R�����SS���������

�+HXHU�� 9��� /RVHU�� .��� /HLVW�� 7��� DQG� %ROWRQ�� '���
³(QKDQFLQJ�&RQWURO�RI�'LVWRUWLRQ�WKURXJK�2QH�3LHFH�)ORZ�±�
+HDW�7UHDWPHQW´��)DOO�7HFKQLFDO�0HHWLQJ�RI�$PHULFDQ�*HDU�
0DQXIDFWXUHUV�$VVRFLDWLRQ��2FWREHU��������������'HDUERUQ��
0,��86$���������

�/XEEHQ�� 7��� +RIIPDQQ�� )�7��� 0D\U�� 3��� /DXPHQ�� &���
³7KH� 8QLIRUPLW\� RI� &RROLQJ� LQ� +LJK�3UHVVXUH� *DV�
4XHQFKLQJ´��+HDW�7UHDW��0HWDOV�����������������SS����±����


