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$�&ORVHU�/RRN�DW�3ULQWHG�&LUFXLW�%RDUG�0LOOLQJ

$QGUHZ�6WHULDQ

*UDQG�9DOOH\�6WDWH�8QLYHUVLW\

$EVWUDFW

6HYHUDO�VFKRROV�KDYH�UHFHQWO\�LQFRUSRUDWHG�SULQWHG�FLUFXLW�ERDUG��3&%��PLOOV�LQWR�((�((7�HGXFD�

WLRQ�DV�D�PHDQV�RI�SURGXFLQJ�3&%©V�LQ�KRXVH��&RPSDUHG�WR�EUHDGERDUGV�RU�SURWRERDUGV��WKH�REYL�

RXV�EHQHILW�RI�WKH�PLOOLQJ�WHFKQRORJ\�LV�WKH�DELOLW\�WR�EXLOG�FLUFXLWV�ZLWK�PRUH�UREXVWQHVV�DQG�
SHUPDQHQFH��&RPSDUHG�WR�FRPPHUFLDO�ERDUG�PDQXIDFWXUHUV��3&%�PLOOLQJ�RIIHUV�TXLFNHU�WXUQ�

DURXQG�DQG��ORZHU�SHU�ERDUG�FRVW��3UHYLRXV�SDSHUV�KDYH�GHVFULEHG�KRZ��3&%�PLOOV�KDYH�EHHQ�LQWH�

JUDWHG�LQWR�WKH�FXUULFXOXP��EXW�WKHUH�KDV�QRW�EHHQ�DQ\�GHWDLOHG�FRPSDULVRQ�RI�WKH�WUDGHRIIV�
EHWZHHQ�LQ�KRXVH�PLOOLQJ�DQG�FRPPHUFLDO�PDQXIDFWXULQJ��,Q�WKLV�SDSHU�ZH�GUDZ�XSRQ�RXU�H[SHUL�

HQFHV�LQ�XVLQJ�ERWK�FLUFXLW�ERDUG�PLOOLQJ�DQG�FRPPHUFLDO�3&%�PDQXIDFWXULQJ�IRU�VHYHUDO�VWXGHQW�

GHVLJQ�SURMHFWV��:H�FRPSDUH�FRVWV��FLUFXLW�ERDUG�TXDOLW\�DQG�HDVH�RI�DVVHPEO\��IDFXOW\�WLPH�LQYHVW�
PHQW��VXSSRUW�LVVXHV��DQG�PRVW�LPSRUWDQWO\��KRZ�WKH�WZR�DSSURDFKHV�WR�3&%�FRQVWUXFWLRQ�IXQGD�

PHQWDOO\�DIIHFW�HQJLQHHULQJ�LQVWUXFWLRQ��:H�KDYH�LGHQWLILHG�VHYHUDO�GLVDGYDQWDJHV�RI�3&%�PLOOLQJ��

LQFOXGLQJ�KLJK�LQLWLDO�FRVW��PRUH�FRPSOH[�ERDUG�OD\RXW�DQG�URXWLQJ��DQG�FRQVHTXHQW�OLPLWV�RQ�FLU�
FXLW�FRPSOH[LW\��:H�KDYH�DOVR�EHHQ�VXUSULVHG�E\�VRPH�XQH[SHFWHG�DGYDQWDJHV�RI�3&%�PLOOLQJ��

VXFK�DV�KLJKHU�PRGXODULW\�LQ�SURMHFW�GHVLJQV�DQG�JUHDWHU�ULVN�WDNLQJ��2XU�JRDO�LV�WR�SURYLGH�WKH�

EHQHILW�RI�H[SHULHQFH�WR�VFKRROV�FRQVLGHULQJ�DQ�LQYHVWPHQW�LQ�3&%�PLOOLQJ�

���,QWURGXFWLRQ

6WXGHQWV�KDYH�WZR�EURDG�RSWLRQV�IRU�FRQVWUXFWLQJ�HOHFWURQLF�FLUFXLWV��L��SURWRW\SLQJ�PHWKRGV��

LQFOXGLQJ�EUHDGERDUGV��ZLUHZUDS��DQG�SURWRERDUGV��DQG�LL��FLUFXLW�ERDUGV�ZLWK�VROGHUHG�FRPSR�

QHQWV��&LUFXLW�ERDUGV�DUH�PRVW�VXLWDEOH�IRU�SURMHFWV�WKDW�DUH�WRR�FRPSOH[�IRU�EUHDGERDUGV�RU�UHTXLUH�
VRPH�GHJUHH�RI�SHUPDQHQFH��UHOLDELOLW\��FRPSDFWQHVV��RU�UHTXLUHG�VKDSH��7KH�GHVLJQ�RI�D�FLUFXLW�

ERDUG��SODFHPHQW��OD\RXW��DQG�URXWLQJ��DOVR�DIIRUGV�WKH�VWXGHQWV�H[SRVXUH�WR�PRGHUQ�&$'�WRROV�

WKDW�DUH�SUHYDOHQW�LQ�WKH�LQGXVWU\�EXW�DUH�QRW�DSSOLFDEOH�WR�WKH�SURWRW\SLQJ�DSSURDFKHV�

,Q�RXU�MXQLRU�OHYHO�FRXUVH�RQ�GLJLWDO�GHVLJQ��ZH�LQFRUSRUDWH�D�VHPHVWHU�ORQJ�SURMHFW�FXOPLQDWLQJ�LQ�

D�FLUFXLW�ERDUG�UHDOL]DWLRQ�RI�D�VWXGHQW�WHDP©V�FLUFXLW�GHVLJQ��:H�LQLWLDOO\�XVHG�D�FRPPHUFLDO�ERDUG�
PDQXIDFWXUHU�WKDW�ZDV�FDSDEOH�RI�SURGXFLQJ�LQH[SHQVLYH�EDUH�ERDUGV��5HFHQWO\�ZH�SXUFKDVHG�D�

FLUFXLW�ERDUG�PLOO�LQ�RUGHU�WR�SURGXFH�EDUH�ERDUGV�LQ�KRXVH��,Q�WKLV�SDSHU�ZH�FRPSDUH�WKHVH�WZR�

PHWKRGV�RI�ERDUG�IDEULFDWLRQ��:H�SURYLGH�D�EULHI�ORRN�DW�WKH�GHWDLOV�RI�FLUFXLW�ERDUG�PLOOLQJ�DQG�
KRZ�LW�GLIIHUV�IURP�FRPPHUFLDO�IDEULFDWLRQ��:H�DOVR�GLVFXVV�WKH�LPSDFW�WKDW�D�FLUFXLW�ERDUG�PLOO�

KDV�KDG�RQ�VWXGHQW�OHDUQLQJ��ERWK�LQ�RXU�FRXUVHV�DQG�LQ�RWKHU�SURMHFWV�

:H�DUH�DVVXPLQJ�WKDW�WKH�FLUFXLW�ERDUGV�WKDW�QHHG�WR�EH�IDEULFDWHG�DUH�DW�PRVW�WZR�OD\HU�ERDUGV��

KDYH�ORZ�WR�PRGHUDWH�GHQVLW\��FRPSULVH�PDLQO\�WKURXJK�KROH�FRPSRQHQWV��ZLOO�EH�SRSXODWHG�DQG�

VROGHUHG�E\�KDQG��DQG�DUH�QHHGHG�LQ�RQO\�VPDOO�TXDQWLWLHV��:H�H[SHFW�WKDW�WKHVH�DVVXPSWLRQV�DUH�
FRQVLVWHQW�ZLWK�WKH�QHHGV�RI�PRVW�((�((7�GHSDUWPHQWV�IRU�LQVWUXFWLRQDO�XVH�



3URFHHGLQJV RI WKH ���� $PHULFDQ 6RFLHW\ IRU (QJLQHHULQJ (GXFDWLRQ $QQXDO &RQIHUHQFH 	 ([SRVLWLRQ

&RS\ULJKW � ����� $PHULFDQ 6RFLHW\ IRU (QJLQHHULQJ (GXFDWLRQ

���2YHUYLHZ�RI�&RPPHUFLDO�%RDUG�)DEULFDWLRQ

+DYLQJ�FLUFXLW�ERDUGV�IDEULFDWHG�E\�D�FRPPHUFLDO�PDQXIDFWXUHU�LV�D�IDLUO\�VLPSOH�SURFHVV�WKDW�

UHTXLUHV�WKH�HOHFWURQLF�VXEPLVVLRQ�RI�*HUEHU��L�H���56���;��ILOHV�IRU�DUWZRUN��D�GULOO�GUDZLQJ��DQ�
([FHOORQ�GULOO�ILOH��DQG�DQ\�VSHFLDO�LQVWUXFWLRQV��0RGHUQ�&$'�SURJUDPV�DUH�FDSDEOH�RI�JHQHUDWLQJ�

WKHVH�ILOHV�DXWRPDWLFDOO\�IURP�D�ERDUG�OD\RXW��2WKHU�ILOHV�DQG�ILOH�IRUPDWV�PD\�EH�LQYROYHG��IRU�

H[DPSOH��VROGHU�PDVN�RU�VLONVFUHHQ��GHSHQGLQJ�XSRQ�WKH�ERDUG�PDQXIDFWXUHU��DQG�VRPH�PDQXIDF�
WXUHUV�GLUHFWO\�DFFHSW�VDYHG�ZRUNVSDFHV�IURP�SRSXODU�&$'�SURJUDPV��3ULFHV�YDU\�GHSHQGLQJ�

XSRQ�WKH�UHTXLUHG�WXUQDURXQG�WLPH��WKH�QXPEHU�RI�ERDUG�OD\HUV��WKH�ERDUG�DUHD��WKH�QXPEHU�DQG�

YDULHW\�RI�GULOOV��ZKHWKHU�RU�QRW�VLONVFUHHQ�DQG�VROGHU�PDVN�DUH�LQFOXGHG��DQG�VR�RQ��)HDWXUH�ZLGWKV�
RI������§�DUH�FRPPRQO\�VXSSRUWHG�

$V�DQ�H[DPSOH��ZH�KDG�WZR��§[�§�WZR�OD\HU�ERDUGV�IDEULFDWHG�IRU�DSSUR[LPDWHO\�����ZLWK�D�WZR�
GD\�WXUQDURXQG��7KHVH�ERDUGV�ZHUH�WKURXJK�KROH�SODWHG�EXW�GLG�QRW�KDYH�VLONVFUHHQ�RU�VROGHU�

PDVN��6HYHUDO�FLUFXLW�ERDUG�PDQXIDFWXUHUV������VHUYLQJ�WKH�ORZ�YROXPH�SURWRW\SH�PDUNHW�DUH�OLVWHG�
LQ�WKH�ELEOLRJUDSK\�

���2YHUYLHZ�RI�&LUFXLW�%RDUG�0LOOLQJ

:H�GHVFULEH�WKH�SURFHVV�RI�FLUFXLW�ERDUG�PLOOLQJ�IURP�H[SHULHQFH�ZLWK�RXU�RZQ�V\VWHP��DQ�/3.)�

3URWRPDW�&���V����:KLOH�VRPH�GHWDLOV�PD\�GLIIHU�EHWZHHQ�V\VWHPV��IRU�H[DPSOH��7�7HFK�RIIHUV�D�

FRPSDUDEOH�PLOOLQJ�V\VWHP����WKH�HVVHQWLDO�SURFHVVHV�DUH�WKH�VDPH�

$�FLUFXLW�ERDUG�PLOO�LV�HVVHQWLDOO\�D�WKUHH�D[LV�SORWWHU�LQ�WKDW�WKH�¦SORWWLQJ�KHDG§�LV�FDSDEOH�RI�ILQH�

JUDLQ�PRYHPHQW�LQ�WKH�;�<�SODQH��DQG�PD\�DOVR�EH�OLIWHG�XS�RU�SUHVVHG�GRZQ��6LQFH�WKLV�LV�D�PLOO��
WKH�¦SORWWLQJ�KHDG§�LV�DFWXDOO\�D�KLJK�VSHHG�PRWRU�WKDW�LV�ILWWHG�ZLWK�HLWKHU�D�URXWHU�ELW�RU�D�GULOO�ELW��

)RU�FUHDWLQJ�FRSSHU�WUDFHV��D�URXWHU�ELW�LV�XVHG��7KH�URXWHU�LV�SUHVVHG�GRZQ�RQWR�WKH�VXUIDFH�RI�FRS�

SHU�FODG�ERDUG�DQG�LV�WKHQ�PRYHG�LQ�WKH�;�<�SODQH��$V�LW�PRYHV��WKH�URXWHU�UHPRYHV�FRSSHU�WKXV�
FUHDWLQJ�DQ�LVRODWLRQ�FKDQQHO��$�FRSSHU�WUDFH�LV�FUHDWHG��RU��PRUH�SUHFLVHO\��OHIW�EHKLQG��ZKHQ�WZR�

LVRODWLRQ�FKDQQHOV�DUH�PLOOHG�RQ�HLWKHU�VLGH��6HH�)LJXUH ����IRU�DQ�H[DPSOH�RI�D�WUDFH�FUHDWHG�E\�

PLOOLQJ�DQG�D�SKRWRJUDSK�RI�D�W\SLFDO�FLUFXLW�ERDUG�PLOO��7KH�ODWWHU�VKRZV�WKH�WKUHH�PDLQ�FRPSR�
QHQWV�RI�D�PLOOLQJ�V\VWHP��WKH�PLOO��WKH�FRQWUROOLQJ�FRPSXWHU��DQG�D�YDFXXP�PDFKLQH�

7KH�KROHV�LQ�WKH�FLUFXLW�ERDUG�DUH�FUHDWHG�E\�UHSODFLQJ�WKH�URXWHU�ELW�ZLWK�D�GULOO�ELW��7KH�GULOO�ELW�LV�
PRYHG��ZLWK�WKH�PLOOLQJ�KHDG�XS��WR�WKH�GHVLUHG�;�<�SRVLWLRQ��WKHQ�WKH�KHDG�LV�SUHVVHG�GRZQ�

EULHIO\�WKHQ�UHOHDVHG��$�YDULHW\�RI�GULOO�ELW�VL]HV�DUH�XVHG�GHSHQGLQJ�XSRQ�WKH�QHHGV�RI�WKH�FLUFXLW�

ERDUG�

7KH�PLOOLQJ�SURFHVV�EHJLQV�ZLWK�WKH�VDPH�ILOHV�GHVFULEHG�LQ�6HFWLRQ ���7KDW�LV��*HUEHU�ILOHV�IRU�DUW�

ZRUN�DQG�DQ�([FHOORQ�ILOH�IRU�GULOO�LQIRUPDWLRQ��6SHFLDOL]HG�LVRODWLRQ�VRIWZDUH��LQFOXGHG�ZLWK�WKH�
PLOO��FRQYHUWV�WKHVH�ILOHV�LQWR�D�VHW�RI�LQVWUXFWLRQV�WKDW�LQGLFDWH�ZKHUH�WKH�PLOO�VKRXOG�WUDYHO�LQ�

RUGHU�WR�OHDYH�EHKLQG�FRSSHU�LQ�WKH�GHVLUHG�SODFHV��DQG�DOVR�ZKHUH�WKH�PLOO�KHDG�LV�WR�GULOO�KROHV���

$�VHSDUDWH�PLOO�FRQWUROOHU�SURJUDP��DOVR�LQFOXGHG�ZLWK�WKH�PLOO��UHDGV�WKHVH�LQVWUXFWLRQV�DQG�VHQGV�
FRPPDQGV�WR�WKH�PLOO�RYHU�D�VHULDO�FRQQHFWLRQ�WR�DFWXDOO\�PRYH�WKH�KHDG��VWDUW�WKH�PRWRU��HWF�
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&RS\ULJKW � ����� $PHULFDQ 6RFLHW\ IRU (QJLQHHULQJ (GXFDWLRQ

,Q�WKHRU\��WKHQ��WKHUH�LV�QR�GLIIHUHQFH�LQ�WKH�&$'�SURFHVV�ZLWK�UHVSHFW�WR�WKH�LQWHUIDFH�EHWZHHQ�WKH�

GHVLJQHU�DQG�WKH�PDQXIDFWXUHU�RU�PLOO��WKH�&$'�ILOHV�DUH�WKH�VDPH��,Q�SUDFWLFH��WKH�PLOOLQJ�SURFHVV�
GRHV�UHDFK�GRZQ�WR�WKH�GHVLJQ�OHYHO��DV�ZH�GLVFXVV�EHORZ���$�GHVLJQHU�ZLOO�QHHG�WR�EH�DZDUH�IURP�

WKH�EHJLQQLQJ�ZKHWKHU�WKH�ERDUG�ZLOO�EH�PDQXIDFWXUHG�FRPPHUFLDOO\�RU�PLOOHG�

���&RPSDULVRQ�RI�PLOOLQJ�YV��IDEULFDWLRQ

)RU�WKH�((�((7�GHSDUWPHQW�FRQVLGHULQJ�WKH�SXUFKDVH�RI�D�FLUFXLW�ERDUG�PLOO��ZH�EHOLHYH�LW�LV�XVH�
IXO�WR�FRPSDUH�WKH�SURFHVVHV�RI�PLOOLQJ�DJDLQVW�FRPPHUFLDO�IDEULFDWLRQ�

����3HU�ERDUG�FRVWV

$�PDMRU�EHQHILW�RI�LQ�KRXVH�PLOOLQJ�LV�WKDW�PLOOHG�ERDUGV�DUH�YHU\�LQH[SHQVLYH��LI�IL[HG�FRVWV�DUH�

QRW�FRQVLGHUHG��L�H���FRVW�RI�WKH�PLOO�LWVHOI��FRVW�RI�PDLQWHQDQFH��HWF����)RU�H[DPSOH��DVVXPLQJ�D�
�§[�§�ERDUG�WKDW�UHTXLUHV�����PHWUHV�RI�PLOO�KHDG�WUDYHO��ZH�HVWLPDWH�WKH�FRVW�RI�WKLV�ERDUG��LQ�

DFWXDO�ERDUG�XVDJH�DQG�URXWHU�ELW�ZHDU��WR�EH���������7KLV�GRHV�QRW�LQFOXGH�ZHDU�RQ�GULOO�ELWV��FRVW�

RI�YDFXXP�EDJV��HWF��DV�WKHVH�KDYH�QHJOLJLEOH�SHU�ERDUG�FRVWV��7KH�FRVW�IRU�PLOOLQJ�D�ERDUG��WKHQ��
LV�PXFK�ORZHU�WKDQ�WKH�DSSUR[LPDWHO\�����WKDW�LW�FRVWV�WR�KDYH�D�ERDUG�FRPPHUFLDOO\�IDEULFDWHG�

�RI�SURWRW\SH�TXDOLW\���7KH�HQG�UHVXOW�LV�WKDW�WKHUH�LV�PXFK�OHVV�SUHVVXUH�RQ�VWXGHQWV�WR�QRW�PDNH�

PLVWDNHV��,I�D�ERDUG�GHVLJQ�KDV�EHHQ�VR�EDGO\�LPSOHPHQWHG��WKH�FRVW�IRU�PLOOLQJ�D�QHZ�ERDUG�LV�
RQO\�D�IHZ�GROODUV�DQG�VRPH�WLPH�IRU�WKH�PLOO�RSHUDWRU��SHUKDSV�HYHQ�WKH�VWXGHQW��

7KLV�GHFUHDVHG�HPSKDVLV�RQ�DFKLHYLQJ�D������FRUUHFW�ERDUG�GHVLJQ�KDV�WZR�EHQHILWV��)LUVWO\��LW�

)LJXUH������7KH�SKRWRJUDSK�RQ�WKH�OHIW�VKRZV�WKH�ERWWRP�OD\HU�RI�D�W\SLFDO�PLOOHG�ERDUG��7KH�
SKRWRJUDSK�RQ�WKH�ULJKW�VKRZV�RXU�PLOOLQJ�V\VWHP��7KH�PLOO��OHIW��LV�FRQWUROOHG�E\�D�3&�FRP�

SXWHU�YLD�D�VWDQGDUG�VHULDO�SRUW�FRQQHFWLRQ��7KH�YDFXXP�V\VWHP�LV�SDUWLDOO\�YLVLEOH�XQGHU�WKH�

WDEOH��1RW�VKRZQ�DUH�WKH�VXSSOLHV��ERDUGV��GULOO�ELWV��HWF���WKDW�RFFXS\�DGGLWLRQDO�VSDFH�WR�WKH�
OHIW�RI�WKH�PLOO�
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DOORZV�VWXGHQWV�WR�VSHQG�OHVV�WLPH�FKHFNLQJ�WKH�ERDUG�GHVLJQ�DQG�VSHQG�PRUH�WLPH�RQ�WKH�VFKH�
PDWLF�DQG�RWKHU�DVSHFWV�RI�WKH�GHVLJQ��6HFRQGO\��FLUFXLW�ERDUGV�WKDW�GR�KDYH�HUURUV�SURYLGH�D�FRQ�

FUHWH�OHDUQLQJ�RSSRUWXQLW\�IRU�VWXGHQWV��WKH\�DSSUHFLDWH�ILUVW�KDQG�WKH�QHFHVVLW\�IRU�FDUHIXO��FRUUHFW�

ZRUN�DV�WKH�FRVW�RI�SRVW�IDEULFDWLRQ�IL[HV�LV�PXFK�ODUJHU�WKDQ�WKH�FRVW�RI�PDNLQJ�VXUH�LW�LV�ULJKW�WKH�
ILUVW�WLPH��,Q�RXU�H[SHULHQFH��QR�QXPEHU�RI�DGPRQLWLRQV�WR�ZRUN�FDUHIXOO\��FKHFN�DOO�SLQRXWV��VSRW�

FKHFN�URXWHG�FRQQHFWLRQV��HWF��LV�DV�JRRG�D�PRWLYDWLRQ�WR�GR�JRRG�ZRUN�DV�LV�D�ERDUG�WKDW�QHHGV�

VHYHUDO�FXWV�DQG�MXPSHUV�LQ�RUGHU�WR�IL[�VORSS\�ZRUN��,I�WKH�ERDUG�LV�WUXO\�XQVDOYDJHDEOH��WKH�FRVW�
RI�PLOOLQJ�DQRWKHU�LV�VPDOO�

$QRWKHU�EHQHILW�RI�ORZ�SHU�ERDUG�FRVW�LV�WKDW�VWXGHQWV�DSSHDU�PRUH�OLNHO\�WR�WDNH�ULVNV��:KHQ�ZH�
XVHG�D�FRPPHUFLDO�IDEULFDWLRQ�SURFHVV��ZH�FOHDUO\�WROG�WKH�VWXGHQWV�WKDW�WKH\�KDG�RQO\�RQH�RSSRU�

WXQLW\�WR�JHW�LW�ULJKW�VLQFH�ZH�VLPSO\�FRXOGQ©W�DIIRUG�WR�KDYH�PXOWLSOH�ERDUGV�IDEULFDWHG��6WXGHQWV��

WKHQ��ZHUH�YHU\�FDXWLRXV��DQG�XQGHUVWDQGDEO\�VR��:LWK�LQ�KRXVH�PLOOLQJ��VRPH�VWXGHQWV�FKRVH�ULVN�
LHU��DQG�PRUH�LQWHUHVWLQJ���SURMHFWV�EHFDXVH�WKH�FRVW�RI�IDLOXUH�ZDV�VLPSO\�VRPH�UHGHVLJQ�DQG�

DQRWKHU�PLOOLQJ�SDVV�

����2WKHU�FRVWV

:LWK�WKH�DVVXPHG�SHU�ERDUG�FRVWV�GHWDLOHG�DERYH���������IRU�PLOOLQJ������IRU�FRPPHUFLDO�IDEULFD�
WLRQ��LW�ZRXOG�UHTXLUH�WKH�PLOOLQJ�RI�RYHU�����ERDUGV�IRU�WKH�VDYLQJV�WR�UHFRYHU�WKH�LQLWLDO�FRVW�RI�

WKH�PLOO����������:KHWKHU�RU�QRW�D�FLUFXLW�ERDUG�PLOO�LV�D�ZLVH�ILQDQFLDO�LQYHVWPHQW�FOHDUO\�

GHSHQGV�XSRQ�WKH�ERDUG�PDNLQJ�QHHGV�DQG�KDELWV�RI�D�SDUWLFXODU�GHSDUWPHQW��DV�ZHOO�DV�WKH�QDWXUH�
RI�WKH�IXQGLQJ�IRU�WKH�PLOO�

7KH�ODUJHVW�UHFXUULQJ�FRVWV�RI�D�FLUFXLW�ERDUG�PLOO�DUH�OLNHO\�WR�EH�D�\HDUO\�ZDUUDQW\�FRQWUDFW�
��������FRSSHU�FODG�ERDUGV�DQG�EDFNLQJV�������IRU�D�SDFNDJH�RI������DQG�URXWHU�ELWV�������IRU�D�

SDFNDJH�RI�����

����7KURXJK�KROH�SODWLQJ

3HUKDSV�WKH�PRVW�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�FLUFXLW�ERDUG�PLOOLQJ�DQG�FRPPHUFLDO�IDEULFDWLRQ�
LV�WKH�LVVXH�RI�WKURXJK�KROH�SODWLQJ��$�WZR�OD\HU�ERDUG�ZLWK�SODWHG�WKURXJK�KROHV�KDV�WZR�PDMRU�

EHQHILWV��YLDV�GR�QRW�QHHG�WR�EH�PDQXDOO\�VROGHUHG�DQG�GHYLFH�SLQV�DFW�DV�YLDV��7KH�ILUVW�EHQHILW�

UHSUHVHQWV�D�VDYLQJV�LQ�VROGHULQJ�WLPH�DQG�HIIRUW��EXW�WKH�ODWWHU�EHQHILW�FDQ�IXQGDPHQWDOO\�DIIHFW�
WKH�GHVLJQ�RI�WKH�ERDUG��:KHQ�D�GHYLFH�SLQ�LV�QRW�D�YLD��LW�PXVW�EH�VROGHUHG�RQ�WKH�VROGHU�VLGH�RI�

WKH�ERDUG��XQOHVV�WKH�GHYLFH�SDFNDJH�OHQGV�LWVHOI�WR�FRPSRQHQW�VLGH�VROGHULQJ��H�J���UHVLVWRUV��

FDSDFLWRUV��HWF����)RU�VLQJOH�OD\HU�ERDUGV��WKLV�LV�QRW�DQ�LVVXH��)RU�WZR�OD\HU�ERDUGV��WKLV�UHVWULFWLRQ�
FDQ�JUHDWO\�LQFUHDVH�WKH�QXPEHU�RI�YLDV�WKDW�DUH�UHTXLUHG�DQG�WKHUHE\�GHFUHDVH�WKH�URXWDELOLW\�RI�

WKH�ERDUG��7KH�HQG�UHVXOW�LV�WKDW�ERDUGV�ZLWKRXW�WKURXJK�KROH�SODWLQJ�DUH�OLPLWHG�LQ�FRPSOH[LW\�IRU�

D�JLYHQ�VL]H�

7KH�ODFN�RI�D�WKURXJK�KROH�SODWLQJ�SURFHVV�VKRXOG�EH�FRQVLGHUHG�DW�WKH�GHVLJQ�VWDJH��$�GHQVH�

ERDUG�OD\RXW�PD\�QRW�EH�DFKLHYDEOH�ZLWKRXW�D�KLJK�QXPEHU�RI�YLDV��$OVR��WKH�&$'�SURJUDP�EHLQJ�
XVHG�PXVW�EH�DEOH�WR�VXSSRUW�DXWRURXWLQJ�ZLWKRXW�WKH�DVVXPSWLRQ�RI�WKURXJK�KROH�SODWLQJ��)RU�

H[DPSOH��WKH�(DJOH�&$'�SURJUDP�ZH�XVH��FDQ�QRW�EH�GLUHFWO\�LQVWUXFWHG�WR�URXWH�RQ�WZR�OD\HUV�EXW�
QRW�URXWH�GLUHFWO\�WR�GHYLFH�SLQV�RQ�WKH�WRS�OD\HU��)RUWXQDWHO\��WKLV�SURJUDP�DOORZV�XVHU�VFULSWV�WR�
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&RS\ULJKW � ����� $PHULFDQ 6RFLHW\ IRU (QJLQHHULQJ (GXFDWLRQ

EH�ZULWWHQ�WR�GLUHFWO\�PDQLSXODWH�WKH�&$'�GDWD��:H�KDG�WR�ZULWH�VXFK�D�VFULSW�WR�SODFH�¦UHVWULFWLRQ�
FLUFOHV§�DERYH�HDFK�GHYLFH�SLQ�RQ�WKH�WRS�OD\HU�WR�IRUELG�WKH�DXWRURXWHU�IURP�PDNLQJ�D�FRQQHFWLRQ�

WKHUH�DQG�IRUFLQJ�LW�WR�XVH�D�YLD�WR�VZLWFK�OD\HUV��:KLOH�ZRUNDEOH��WKLV�UHSUHVHQWV�DQ�H[WUD�VWHS�LQ�

WKH�GHVLJQ�SURFHVV�DQG�JHQHUDOO\�LQFUHDVHG�FRPSOH[LW\��H�J���JUHDWHU�DXWRURXWLQJ�WLPH��

2XU�PLOO�PDQXIDFWXUHU��/3.)��RIIHUV�WKUHH�RSWLRQV�IRU�LPSOHPHQWLQJ�D�WKURXJK�KROH�SODWLQJ�SUR�

FHVV��:H�KDYH�QRW�SXUFKDVHG�DQ\�RI�WKHVH�SURFHVV�FRPSRQHQWV�WKXV�RQO\�EULHIO\�GLVFXVV�WKHLU�FDSD�
ELOLWLHV��2QH�PHWKRG�SUHVVHV�FRSSHU�EDLOV�LQWR�HDFK�KROH�DQG�WKHQ�VROGHUV�WKHP��7KLV�PHWKRG�LV�

LQWHQGHG�IRU�D�VPDOO�QXPEHU�RI�KROHV�DQG�LV�IDLUO\�VORZ��WZR�EDLOV�SHU�PLQXWH���$QRWKHU�PHWKRG�

XVHV�FRQGXFWLYH�SDVWH�WKDW�LV�LQMHFWHG�LQWR�HDFK�KROH��XVLQJ�WKH�VDPH�PLOOLQJ�PDFKLQH��DQG�WKHQ�
UHPRYHG�WR�OHDYH�D�SDVWH�UHVLGXH��7KLV�UHVLGXH�WKHQ�KDUGHQV�LQWR�D�WKLQ�FRQGXFWLYH�OD\HU�DIWHU�EDN�

LQJ�DW�����&�IRU����PLQXWHV��7KLV�PHWKRG�LV�LQWHQGHG�WR�EH�IDVWHU�DQG�WR�SODWH�PRUH�KROHV�WKDQ�WKH�

FRSSHU�EDLO�SURFHVV��)LQDOO\��DQ�HOHFWURSODWLQJ�SURFHVV�XVLQJ�VHYHUDO�FKHPLFDO�EDWKV�LV�RIIHUHG��
7KLV�SURFHVV�FDQ�EH�XVHG�WR�SODWH�DQ\�QXPEHU�RI�KROHV�EXW�UHTXLUHV�XS�WR���KRXUV�RI�SURFHVVLQJ�

WLPH��7KH�SURFHVV�DOVR�UHTXLUHV�VRPH�IDLUO\�H[SHQVLYH�FKHPLFDOV��DV�ZHOO�DV�SURSHU�GLVSRVDO�RI�

WKHVH�FKHPLFDOV�

%HIRUH�LQYHVWLQJ�LQ�D�FLUFXLW�ERDUG�PLOO��LW�LV�LPSRUWDQW�WR�FRQVLGHU�WKH�ERDUGPDNLQJ�QHHGV�RI�WKH�

GHSDUWPHQW��L�H���ZLOO�KLJK�GHQVLW\�ERDUGV�EH�FRPPRQSODFH"��DQG�GHWHUPLQH�ZKHWKHU�DQ�DGGLWLRQDO�
LQYHVWPHQW�VKRXOG�EH�PDGH�LQ�D�SODWLQJ�SURFHVV��RU�ZKHWKHU�FRPPHUFLDO�PDQXIDFWXUH�LV�WKH�EHVW�

DOWHUQDWLYH�

����%UHDGERDUGLQJ�VXSSRUW

$�EHQHILW�RI�KDYLQJ�DQ�LQ�KRXVH�PLOO�LV�WKH�DELOLW\�WR�FUHDWH�LQH[SHQVLYH�FLUFXLW�ERDUGV�IRU�XVH�LQ�D�
YDULHW\�RI�FRXUVHV��)RU�H[DPSOH��LQ�RXU�FRXUVH�RQ�'\QDPLF�6\VWHPV��D�FRXUVH�RQO\�WDNHQ�E\�

0HFKDQLFDO�(QJLQHHULQJ�VWXGHQWV���WKH�/0����KLJK�FXUUHQW�RS�DPS�LV�XVHG�LQ�D�PRWRU�FRQWURO�

ODERUDWRU\��EXW�WKH�SLQV�RI�WKLV�GHYLFH�DUH�QRW�RQ����§�FHQWHUV��7KLV�PDNHV�WKH�GHYLFH�QRW�VXLWDEOH�
IRU�EUHDGERDUGLQJ�LQ�WKH�ODERUDWRU\��,W�ZDV�D�VLPSOH�PDWWHU�WR�GHVLJQ�DQG�PLOO�DGDSWHU�ERDUGV�WKDW�

SURYLGHG�DQ�LQWHUIDFH�EHWZHHQ�WKH�SLQV�RI�WKH�/0����DQG�D�VLQJOH�URZ�FRQQHFWRU�ZLWK����§�FHQ�

WHUV�WKDW�FRXOG�EH�LQVHUWHG�LQWR�D�EUHDGERDUG�

����0RGXODU�FLUFXLW�GHVLJQ

$QRWKHU�EHQHILW�RI�ORZ�SHU�ERDUG�FRVW�LV�WKDW�D�VWXGHQW�SURMHFW�FDQ�EH�SDUWLWLRQHG�RYHU�PXOWLSOH�

ERDUGV�ZLWKRXW�DGGLWLRQDO�H[SHQVH��2QH�UHFHQW�VWXGHQW�SURMHFW�XVHG�WKUHH�VPDOO�FLUFXLW�ERDUGV�WR�

LPSOHPHQW�DQ�530�PHWHU�IRU�D�PRWRU�VKDIW��7KLV�SURMHFW�KDG�RQH�FLUFXLW�ERDUG�ZLWK�D�UHIOHFWLYH�
SKRWRVHQVRU�PRXQWHG�WR�LW��DORQJ�ZLWK�WKH�GHWHFWRU�ORJLF��$QRWKHU�FLUFXLW�ERDUG�KDG�DQ�/&'�GLV�

SOD\�DQG�FRQQHFWRU�PRXQWHG�WR�LW��IRU�UHPRWH�GLVSOD\���7KH�WKLUG�FLUFXLW�ERDUG�FRPSULVHG�WKH�PDLQ�

ORJLF�IRU�WKH�V\VWHP��0XOWL�ERDUG�V\VWHPV�VXFK�DV�WKHVH�ZRXOG�EH�GLVFRXUDJHG�ZKHQ�HDFK�ERDUG�
LQFXUV�IDEULFDWLRQ�FRVW�ZLWK�D�FRPPHUFLDO�PDQXIDFWXUHU�

$QRWKHU�VWXGHQW�SURMHFW�LQYROYHG�WKH�XVH�RI�D�KLJK�TXDOLW\�DQDORJ�WR�GLJLWDO�FRQYHUWHU�LQWHUDFWLQJ�
ZLWK�D�PLFURFRQWUROOHU�EDVHG�GHVLJQ��7KH�ODWWHU�SDUW�RI�WKH�GHVLJQ�ZDV�FRPSOHWH�DQG�ZHOO�XQGHU�

VWRRG�EXW�WKH�VWXGHQWV�ZHUH�QRW�FRQILGHQW�LQ�WKH�DQDORJ�WR�GLJLWDO�FRQYHUWHU�DQG�DVVRFLDWHG�FLU�

FXLWU\��7KH�VWXGHQWV�GHFLGHG�WR�EXLOG�D�FLUFXLW�ERDUG�ZLWK�D�FRQQHFWRU�LQVWHDG�RI�WKH�$�'�FRQYHUWHU�
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FLUFXLWU\�DQG�ODWHU�EXLOG�D�VHSDUDWH�ERDUG�ZLWK�WKH�$�'�FRQYHUWHU�WKDW�FRXOG�EH�SOXJJHG�LQ�WR�WKH�
FRQQHFWRU��7KLV�DOORZHG�WKHP�WR�H[SHULPHQW�ZLWK�WKH�$�'�GHVLJQ�DQG�UHSODFH�LW�ZLWK�D�GLIIHUHQW�

GHVLJQ�LI�QHFHVVDU\��7KLV�PRGXODU�DSSURDFK�WR�WKHLU�GHVLJQ�DOORZHG�WKHP�WR�SURFHHG�ZLWK�ERWK�

KDUGZDUH�DQG�VRIWZDUH�GHYHORSPHQW�HYHQ�ZKHQ�WKH\�ZHUH�QRW�\HW�FRPSOHWHO\�FRQILGHQW�LQ�RQH�
SDUW�RI�WKHLU�GHVLJQ�

'LYLGLQJ�D�FLUFXLW�LQWR�VHSDUDWH��FRQQHFWLQJ�SDUWV��DV�LQ�WKH�DERYH�H[DPSOH��LV�D�PHWKRG�RI�PDQDJ�
LQJ�ULVNLHU�SURMHFWV��ZKLFK�ZH�PHQWLRQHG�LQ�6HFWLRQ ����DUH�PRUH�OLNHO\�WR�EH�SXUVXHG�ZKHQ�SHU�

ERDUG�FRVWV�DUH�ORZ���7KH�FRVW�RI�XVLQJ�FRPPHUFLDO�IDEULFDWLRQ�IRU�WKLV�DSSURDFK��KRZHYHU��ZRXOG�

KDYH�EHHQ�QHDUO\�GRXEOH�WKH�FRVW�RI�D�VLQJOH�ERDUG��:LWK�LQ�KRXVH�PLOOLQJ��WKH�DGGLWLRQDO�FRVW�RI�
WKH�PRGXODUL]HG�GHVLJQ�ZDV�QHJOLJLEOH�

����7XUQDURXQG�WLPH

)URP�WKH�WLPH�WKDW�&$'�ILOHV�DUH�VHQW�WR�D�FRPPHUFLDO�PDQXIDFWXUHU�WR�WKH�WLPH�ERDUGV�DUH�

UHFHLYHG�FDQ�EH�DV�VKRUW�DV���ZRUNLQJ�GD\V��7KH�WLPH�WR�PLOO�LQ�KRXVH��KRZHYHU��LV�DSSUR[LPDWHO\�
� KRXU��7KLV�UHGXFHG�WXUQDURXQG�WLPH�RSHQV�XS�VRPH�LQWHUHVWLQJ�SRVVLELOLWLHV�LQ�LQVWUXFWLRQ��:H�

DUH�FRQVLGHULQJ�D�VLQJOH���KRXU�ODERUDWRU\�LQ�ZKLFK�VWXGHQWV�GHVLJQ�D��VLPSOH���FLUFXLW��SHUIRUP�

WKH�ERDUG�OD\RXW�DQG�URXWLQJ��WKHQ�DOO�GHVLJQV�DUH�PLOOHG�DV�D�JURXS��$IWHU�VROGHULQJ��VWXGHQWV�KDYH�
D�SK\VLFDO�UHDOL]DWLRQ�RI�WKHLU�GHVLJQ��DORQJ�ZLWK�DQ�DSSUHFLDWLRQ�IRU�WKH�GHVLJQ�OD\RXW�PLOO�SUR�

FHVV��7KLV�W\SH�RI�ODERUDWRU\�ZRXOG�VWLOO�EH�SRVVLEOH�ZLWK�FRPPHUFLDO�PDQXIDFWXUH�EXW�LW�ZRXOG�

UHTXLUH�D�EUHDN�RI�D�IHZ�GD\V�LQ�WKH�ODERUDWRU\�XQWLO�WKH�ERDUGV�ZHUH�UHFHLYHG��SOXV�WKH�FRVW�PD\�EH�
SURKLELWLYH�

����(DVH�RI�VROGHULQJ

:H�KDYH�IRXQG�FRPPHUFLDOO\�IDEULFDWHG�ERDUGV�WR�EH�VOLJKWO\�HDVLHU�WR�VROGHU��7KLV�LV�RZLQJ�WR�WZR�

IDFWRUV��WKHVH�ERDUGV�DUH�WLQ�SODWHG�DQG�WKH\�GR�QRW�KDYH�WKH�ODUJH�DUHDV�RI�FRSSHU�UHPDLQLQJ�RQ�
PLOOHG�ERDUGV��7LQ�SODWLQJ�FDQ�EH�DSSOLHG�WR�PLOOHG�ERDUGV�SULRU�WR�VROGHULQJ�IRU�IDLUO\�ORZ�FRVW��

EXW�WKLV�UHSUHVHQWV�DQ�H[WUD�SURFHVV�VWHS�DQG�DGGLWLRQDO�WLPH�H[SHQVH��7KH�ODUJH�FRSSHU�DUHDV�RQ�D�

PLOOHG�ERDUG�SUHVHQW�RSSRUWXQLWLHV�IRU�VROGHU�EULGJHV��7KHVH�FRSSHU�DUHDV�FDQ�EH�UHPRYHG�ZLWK�DQ�
H[WUD�PLOOLQJ�VWHS�NQRZQ�DV�UXERXW�LQ�ZKLFK�D�VSHFLDO�HQG�PLOO�UHPRYHV�ZLGH�VZDWKV�RI�FRSSHU��

7KH�UXERXW�SURFHVV��KRZHYHU��LQFXUV�H[WUD�PLOOLQJ�WLPH�DQG�H[WUD�FRVW�DV�WKH�HQG�PLOOV�DUH�TXLFNO\�

ZRUQ�RXW�DQG�DUH�UHODWLYHO\�H[SHQVLYH�

����3URFHVV�DYDLODELOLW\

$�EHQHILW�RI�FRPPHUFLDO�ERDUG�PDQXIDFWXUHUV�LV�WKDW�WKH\�DUH�DOZD\V�DYDLODEOH��DQG�HYHQ�LI�RQH�LV�

QRW��RWKHUV�DUH��$�FLUFXLW�ERDUG�PLOO�PD\�QHHG�UHSDLU��ZKLFK�PD\�UHTXLUH�VKLSPHQW�RI�WKH�XQLW�WR�

DQG�IURP�WKH�PDQXIDFWXUHU��7KLV�FDQ�OHDG�WR�D�GHOD\�RI�GD\V�RU�HYHQ�ZHHNV��LQ�DGGLWLRQ�WR�WKH�FRVW�
RI�VKLSSLQJ��ZKLFK�LV�QRW�LQVLJQLILFDQW�IRU�D�KHDY\�\HW�GHOLFDWH�XQLW���,I�0XUSK\©V�/DZ�DSSOLHV��WKH�

PLOO�ZLOO�IDLO�DW�WKH�ZRUVW�SRVVLEOH�WLPH�DQG�VWXGHQW�SURMHFWV�ZDLWLQJ�IRU�FRPSOHWLRQ�ZLOO�EH�VWDOOHG�

,I�D�FLUFXLW�ERDUG�PLOO�LV�D�FHQWUDO�UHVRXUFH�IRU�D�FRXUVH��WKH�LQVWUXFWRU�PXVW�FRQVLGHU�FDUHIXOO\�WKH�

FRQVHTXHQFHV�RI�PLOO�IDLOXUH�DW�D�FULWLFDO�WLPH�LQ�WKH�FRXUVH�
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����6LONVFUHHQV�DQG�VROGHU�PDVN

7KH�SURFHVVHV�RI�DSSO\LQJ�VLONVFUHHQ�DQG�VROGHU�PDVN�DUH�VHSDUDWH�IURP�PLOOLQJ��6RPH�FRPPHU�

FLDO�PDQXIDFWXUHUV�RIIHU�WKHVH�RSWLRQV��,I�WKHVH�DGGLWLRQDO�SURFHVV�VWHSV�DUH�UHTXLUHG��FRPPHUFLDO�
PDQXIDFWXUH�LV�WKH�SUHIHUUHG�VROXWLRQ��XQOHVV�LQ�KRXVH�IDFLOLWLHV�IRU�DSSO\LQJ�VLONVFUHHQ�DQG�VROGHU�

PDVN�H[LVW���1RWH�WKDW�D�IRUP�RI�VROGHU�PDVN�LV�SRVVLEOH�XVLQJ�D�SURFHVV�WKDW�PLOOV�RXW�KROHV�IURP�

D�VSHFLDO�IRLO��

�����3URMHFW�VXSSRUW

$�FLUFXLW�ERDUG�PLOO�FDQ�VXSSRUW�GHSDUWPHQWV�RXWVLGH�RI�((�((7�DQG�ILQG�RWKHU�XVHV�VXSSRUWLQJ�

VWXGHQW�SURMHFWV�ZKHUH�FRPPHUFLDO�PLOOLQJ�FRVWV�PD\�EH�WRR�KLJK��2XU�PLOO�KDV�EHHQ�XVHG�WR�FRQ�
VWUXFW�FLUFXLWV�IRU�H[WUDFXUULFXODU�VWXGHQW�DFWLYLWLHV��VXFK�DV�WKH�6RODU�%RDW�FRPSHWLWLRQ�DQG�WKH�

)LUHILJKWLQJ�5RERW�FRPSHWLWLRQ��,Q�WKLV�UROH��WKH�FLUFXLW�ERDUG�PLOO�HQKDQFHV�WKH�TXDOLW\�RI�VWXGHQW�

HGXFDWLRQ�RXWVLGH�RI�WKH�FODVVURRP�DQG�LQFUHDVHV�WKH�OHYHO�RI�VHUYLFH�DQG�UHFRJQLWLRQ�RI�WKH�((�
((7�GHSDUWPHQW�

�����7LPH�LQYHVWPHQW

7KH�GHJUHH�RI�WLPH�LQYHVWPHQW�E\�IDFXOW\�DQG�ODERUDWRU\�VXSSRUW�SHUVRQQHO�PXVW�EH�FRQVLGHUHG��

&LUFXLW�ERDUG�PLOOLQJ�UHTXLUHV�NQRZOHGJH�DQG�H[SHULHQFH�ZLWK�WKH�RSHUDWLRQ�DQG�LQWHUDFWLRQ�RI�
WKUHH�VHSDUDWH�VRIWZDUH�SURJUDPV��&$'�SURJUDP��LVRODWLRQ�SURJUDP��PLOOLQJ�FRQWURO�SURJUDP��

DQG�D�QHZ�KDUGZDUH�GHYLFH��WKH�PLOO�LWVHOI��ZKLFK�PD\�EH�D�YHU\�XQIDPLOLDU�IRUP�RI�HTXLSPHQW�IRU�

((�((7�IDFXOW\��VXFK�DV�WKH�DXWKRU�RI�WKLV�SDSHU���$�FLUFXLW�ERDUG�PLOO�LV�E\�QR�PHDQV�¦SOXJ�DQG�
SOD\§��7KH�GHSDUWPHQW�SXUFKDVLQJ�D�PLOO�PXVW�FRQVLGHU�FDUHIXOO\�ZKHUH�WKH�H[SHUWLVH�IRU�RSHUDWLQJ�

WKH�PLOO�ZLOO�UHVLGH�DQG�ZKR�ZLOO�EH�UHVSRQVLEOH�IRU�RSHUDWLQJ�WKH�PLOO��)DFXOW\�WLPH�FRPPLWPHQWV�

PXVW�EH�EDODQFHG�DJDLQVW�FRQWLQXLW\�RI�NQRZOHGJH��WKH�WLPH�LW�WDNHV�WR�WUDLQ�VWXGHQWV�RQ�WKH�VRIW�
ZDUH�DQG�KDUGZDUH��WKH�SRWHQWLDO�IRU�GDPDJLQJ�WKH�HTXLSPHQW��HWF�

���&RQFOXVLRQV

:H�KDYH�SUHVHQWHG�VHYHUDO�GHWDLOV�RI�FLUFXLW�ERDUG�PLOOLQJ�WKDW�ZLOO�KRSHIXOO\�EH�RI�XVH�WR�WKH�

GHSDUWPHQW�FRQVLGHULQJ�DQ�LQYHVWPHQW�LQ�FLUFXLW�ERDUG�PLOOLQJ��7KLV�LQYHVWPHQW��ZH�KDYH�DUJXHG��
VKRXOG�EH�LQ�DQ�LPSURYHG�OHDUQLQJ�H[SHULHQFH�IRU�WKH�VWXGHQWV��QRW�LQ�FRVW��DV�KXQGUHGV�RI�ERDUGV�

QHHG�WR�EH�PLOOHG�IRU�VROHO\�WKH�SXUFKDVH�SULFH�RI�WKH�PLOO�WR�EH�UHFRYHUHG��7KH�PDMRU�EHQHILWV�RI�

WKH�FLUFXLW�ERDUG�PLOO�DUH�ORZ�SHU�ERDUG�FRVW��HQFRXUDJLQJ�PRGXODU�SURMHFW�GHVLJQV��KLJKHU�ULVN�
SURMHFWV��DQG�VXSSRUWLQJ�H[WUDFXUULFXODU�DFWLYLWLHV���DQG�WXUQDURXQG�WLPH�RQ�WKH�RUGHU�RI�KRXUV�

LQVWHDG�RI�GD\V��7KH�GUDZEDFNV�RI�FLUFXLW�ERDUG�PLOOLQJ�DUH�ORZHU�DOORZDEOH�ERDUG�GHQVLW\��XQOHVV�

WKURXJK�KROH�SODWLQJ�HTXLSPHQW�LV�DOVR�SXUFKDVHG���KLJK�LQLWLDO�FRVW��ODFN�RI�VLONVFUHHQ�DQG�VROGHU�
PDVN��DQG�VOLJKWO\�PRUH�GLIILFXOW�VROGHULQJ���DQG�VHUYLFH�LQWHUUXSWLRQV�GXULQJ�UHSDLU��,Q�7DEOH ����

EHORZ�ZH�VXPPDUL]H�WKH�PDLQ�SRLQWV�IURP�6HFWLRQ ��

,Q�RXU�FDVH��WKH�LQYHVWPHQW�LQ�WKH�FLUFXLW�ERDUG�PLOO�KDV�EHHQ�D�SRVLWLYH�H[SHULHQFH��'HVSLWH�WKH�

GUDZEDFNV�OLVWHG�DERYH��ZH�ILUPO\�EHOLHYH�WKDW�RXU�VWXGHQWV�KDYH�GHULYHG�EHQHILW�IURP�LQ�KRXVH�

PLOOLQJ�FDSDELOLWLHV�DQG�WKDW�WKH�LQYHVWPHQW��LQ�WLPH�DQG�PRQH\��ZDV�ZHOO�ZRUWKZKLOH�
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���$FNQRZOHGJPHQWV

,�ZRXOG�OLNH�WR�WKDQN�'DYLG�&DUQH\�IRU�SURYLGLQJ�VHYHUDO�LQWHUHVWLQJ�LQVLJKWV�UHJDUGLQJ�FLUFXLW�

ERDUG�PLOOLQJ�DW�WKH�8QLYHUVLW\�RI�:DWHUORR�

%LEOLRJUDSK\

�� 85/� �KWWS���ZZZ�DSFLUFXLWV�FRP!� $OEHUWD 3ULQWHG &LUFXLWV� D FLUFXLW ERDUG PDQXIDFWXUHU

�� 85/� �KWWS���ZZZ��SFE�FRP! $GYDQFHG &LUFXLWV� D FLUFXLW ERDUG PDQXIDFWXUHU

�� 85/� �KWWS���UXQ�WR�SFE! 2/,0(;� D FLUFXLW ERDUG PDQXIDFWXUHU

�� 85/� �KWWS���ZZZ�OSNI�GH!� /3.)� D FLUFXLW ERDUG PLOO PDQXIDFWXUHU

�� 85/� �KWWS���ZZZ�W�WHFK�FRP!� 7�7HFK� D FLUFXLW ERDUG PLOO PDQXIDFWXUHU

�� %UDXQ� &�*� ¦7KH &60 (OHFWURQLFV 3URWRW\SLQJ )DFLOLW\�§ 3URFHHGLQJV RI WKH ���� $6(( $QQXDO &RQIHUHQFH�

�� 85/� �KWWS���ZZZ�FDGVRIW�FRP!� &DG6RIW� DXWKRUV RI WKH (DJOH VFKHPDWLF�ERDUG &$' SURJUDP

�� 85/� �KWWS���OSNI�KHUUOLFK�UDPXVFKNDW�GH�DUWLNHO�YLHZ�H[DPSOHV�KWPO!� /3.) SKRWRJUDSKV RI PLOOLQJ SURFHVVHV

�� 85/� �KWWS���OSNI�KHUUOLFK�UDPXVFKNDW�GH�DUWLNHO�YLHZ�YLHZ$UWLNHO�FIP"DUW*UXSSH,' ��	,' ��!� /3.) (DV\�

6ROGHU PHWKRG GHVFULELQJ WKH FUHDWLRQ RI VROGHU PDVNV XVLQJ D PLOOLQJ SURFHVV

$1'5(: 67(5,$1

$QGUHZ 6WHULDQ LV FXUUHQWO\ DQ $VVLVWDQW 3URIHVVRU LQ WKH 3DGQRV 6FKRRO RI (QJLQHHULQJ DW *UDQG 9DOOH\ 6WDWH 8QLYHU�

VLW\� +H UHFHLYHG KLV %�$�6F� LQ (OHFWULFDO (QJLQHHULQJ IURP WKH 8QLYHUVLW\ RI :DWHUORR� &DQDGD DQG WKH 0�6�(� DQG

3K�'� LQ (OHFWULFDO (QJLQHHULQJ IURP WKH 8QLYHUVLW\ RI 0LFKLJDQ� $QQ $UERU� +H KDV WDXJKW FRXUVHV LQ VLJQDO SURFHVV�

LQJ� GLJLWDO V\VWHPV� DQG PLFURFRQWUROOHUV�

7DEOH������6XPPDU\�FRPSDULVRQ�RI�FLUFXLW�ERDUG�PLOOLQJ�YV��FRPPHUFLDO�IDEULFDWLRQ

)DFWRU $GYDQWDJH IRU &LUFXLW %RDUG 0LOOLQJ $GYDQWDJH IRU &RPPHUFLDO )DEULFDWLRQ

3HU�ERDUG FRVWV $SSUR[LPDWHO\ ������ UDWKHU WKDQ ���

2WKHU FRVWV 1R LQLWLDO PLOO FRVW ������� DQG QR

FRVWV IRU PLOOLQJ VXSSOLHV�

7KURXJK�KROH SODWLQJ &RPPRQO\ DYDLODEOH� HQDEOHV JUHDWHU

ERDUG GHQVLW\

%UHDGERDUGLQJ VXSSRUW ,QH[SHQVLYH ZD\ WR VXSSRUW QRQ�VWDQ�

GDUG SLQ VSDFLQJV IRU EUHDGERDUGV

0RGXODU FLUFXLW GHVLJQ 0RGXODU FLUFXLWV DUH PRUH FRVW HIIHF�

WLYH DQG OHVV ULVN\

7XUQDURXQG WLPH 2QH KRXU LQVWHDG RI WZR GD\V

(DVH RI VROGHULQJ 7LQ SODWLQJ DQG OHVV UHVLGXDO FRSSHU

LPSURYHV VROGHUDELOLW\

3URFHVV DYDLODELOLW\ $OZD\V DYDLODEOH� GRHV QRW KDYH GRZQ

WLPH IRU PDFKLQH VHUYLFH RU UHSDLU

6LONVFUHHQV�VROGHU PDVN (DVLO\ DYDLODEOH �SRVVLEO\ IRU H[WUD

FRVW�

3URMHFW VXSSRUW (DV\ WR VXSSRUW H[WUD�FXUULFXODU DQG

H[WUD�GHSDUWPHQWDO SURMHFWV

7LPH LQYHVWPHQW 1R QHHG WR VXSSRUW HTXLSPHQW�VRIWZDUH

DQG ORZHU OHDUQLQJ FXUYH


