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$EVWUDFW

6RPH�SHRSOH�PD\�QRW�DSSUHFLDWH� LW�� EXW�D�ELRORJLFDO�VDIHW\�FDELQHW� LV�D�PRUH�FRPSOLFDWHG�GHYLFH
WKDQ� VLPSO\� D� ODUJH�PHWDO� ER[�ZLWK� D� IDQ� DQG� VRPH�+(3$� ILOWHUV�� 6LPLODUO\�� NHHSLQJ� D� VDIHW\
FDELQHW� SHUIRUPLQJ� VDIHO\� LV� DOVR� D�PRUH� FRPSOLFDWHG� SURFHVV� WKDQ� VLPSO\� �FKDQJLQJ� WKH� ILOWHUV
UHJXODUO\��

7KLV� WHFKQLFDO�SDSHU�ZDV�ZULWWHQ� WR�DGGUHVV� VRPH�RI� WKHVH�P\WKV� DQG� IDOODFLHV�� DQG� WR� HGXFDWH
ODERUDWRU\�VFLHQWLVWV��FDELQHW�XVHUV��IDFLOLW\�VDIHW\�RIILFHUV��DQG�RWKHU�SHRSOH���LQ�WKH�KRSH�WKDW�WKH
NQRZOHGJH�VKDUHG�KHUH�ZLOO�LPSURYH�WKH�VDIHW\�RI�RXU�HQYLURQPHQW�IRU�WKH�FRPPRQ�JRRG�

7KHVH�DUH�VRPH�RI�WKH�YDULRXV�SHUIRUPDQFH�IDFWRUV�WKDW�PDNH�D�ELRORJLFDO�VDIHW\�FDELQHW�VDIH�

���+(3$���8/3$�ILOWUDWLRQ

7KH�ILOWHUV�XVHG�LQ�WKH�FDELQHW�PXVW�EH�RI�WKH�DSSURSULDWH�ILOWUDWLRQ�HIILFLHQF\��,I�QRW��WKH\�ZLOO�IDLO
WR�FRQWDLQ�ELRORJLFDO�KD]DUGV��,Q�DGGLWLRQ��WKH�ILOWHUV�VKRXOG�EH�WHVWHG�E\�WKH�FDELQHW�PDQXIDFWXUHU
WR�HQVXUH�WKH\�DUH�OHDN�SURRI��DIWHU�WKH\�DUH�LQVWDOOHG�RQWR�WKH�FDELQHW�DW�WKH�IDFWRU\��6LQFH�WKHVH
ILOWHUV�DUH�YHU\�GHOLFDWH�LWHPV��ZKLFK�FDQ�EH�GDPDJHG�HDVLO\�E\�DV�PXFK�DV�D�OLJKW�LPSDFW�ZLWK�WKH
JURXQG��� WKLV� LV� LPSRUWDQW� WR� HQVXUH� QR� GDPDJH� KDV� RFFXUHG� GXULQJ� HDUOLHU� WUDQVSRUWDWLRQ� DQG
KDQGOLQJ��)RU�WKH�VDPH�UHDVRQV��WKH�ILOWHUV�VKRXOG�DOVR�EH�WHVWHG�RQ�VLWH�LQ�WKH�ODERUDWRU\�ZKHUH
WKH�FDELQHW�LV�LQVWDOOHG�

,Q� DGGLWLRQ�� PDQ\� IDOODFLHV� H[LVW� DERXW� ILOWHU� HIILFLHQF\� GHFODUDWLRQV� DQG� UDWLQJV�� )RU� PRUH
LQIRUPDWLRQ��SOHDVH�DVN�IRU�WKH�(VFR�WHFKQLFDO�SDSHU�FRQFHUQLQJ�WKLV�VXEMHFW�

�(VFR
V� ILOWHUV�DUH� UDWHG�DW����������DW� ����PLFURQV�� WKH�KLJKHVW� LQ� WKH� LQGXVWU\��$OO� ILOWHUV� DUH
WHVWHG�IRU�OHDNV�QRW�RQO\�E\�RXU�ILOWHU�VXSSOLHU���WKH�ODUJHVW�ILOWHU�PDQXIDFWXUHU�LQ�WKH�ZRUOG���EXW
DOVR�DW�RXU�IDFWRU\�DIWHU�LQVWDOODWLRQ�RQWR�RXU�FDELQHWV��

���3UHFLVLRQ�FRQWURO�RI�DLUIORZ

7KH� DLUIORZ� SDWWHUQ� LQ� WKH� FDELQHW� PXVW� PHHW� ERWK� TXDOLWDWLYH� DQG� TXDQWDWLYH� SHUIRUPDQFH
FULWHULD�

D��4XDOLWDWLYH���GLUHFWLRQDO�DLUIORZ

$LUIORZ�PXVW� EH� LQZDUG� �IURP� WKH� ODERUDWRU\� LQWR� WKH� FDELQHW�� DW� DOO� SRLQWV� LQ� WKH�ZRUN� DFFHVV
RSHQLQJ��7KLV�DVSHFW�PXVW�EH�GHVLJQHG�IURP�WKH�JURXQG�XS��EXW�PXVW�DOVR�EH�YDOLGDWHG�RQ�HYHU\
FDELQHW�SURGXFHG�E\�WKH�PDQXIDFWXUHU�

�(YHU\�(VFR�FDELQHW�LV�WHVWHG�IRU�DLUIORZ�SDWWHUQV�DW�RXU�IDFWRU\�DIWHU�SURGXFWLRQ�

E��4XDQWLWDWLYH���DLUIORZ�YHORFLWLHV

7KH� DLUIORZ� YHORFLWLHV� LQ� WKH� FDELQHW� PXVW� EH� RI� D� VXLWDEOH� PDJQLWXGH�� ,W� VKRXOG� QRW� EH� WRR
H[FHVVLYH��ZKLFK�FDQ�FDXVH�WXUEXOHQFH�DQG�ORVV�RI�FRQWDLQPHQW���+RZHYHU��LW�VKRXOG�QRW�EH�WRR�ORZ
DV�ZHOO� �LQVXIILFLHQW�SURWHFWLRQ�VLQFH�FRQWDPLQDWLRQ�FDQ�HVFDSH�HDVLO\� IURP� LQVLGH� WKH�FDELQHW� WR
WKH� ODERUDWRU\��� )RU� HYHU\� LQGLYLGXDO� FDELQHW� GHVLJQ�� WKHUH� H[LVWV� DQ� DLUIORZ� YHORFLW\� SRLQW� DW
ZKLFK� WKH� EHVW� VDIHW\� LV� DFKLHYHG�� 7KH� PDQXIDFWXUHU� VKRXOG� WHVW� KLV� RZQ� FDELQHW� GHVLJQ� WR
GHWHUPLQH� WKLV� DLUIORZ� VHWSRLQW� �� ZKLFK� VKRXOG� WKHQ� EH� VHW� DQG� PDLQWDLQHG� IRU� DOO� FDELQHWV
SURGXFHG�

�(YHU\�(VFR�FDELQHW�LV�WHVWHG�IRU�DLUIORZ�YHORFLWLHV�DW�RXU�IDFWRU\�DIWHU�SURGXFWLRQ�
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���&RQWDLQPHQW�RI�WKH�HQFORVXUH

&RQWDLQPHQW� UHIHUV� WR� WKH� DELOLW\� RI� WKH� FDELQHW� �� HQFORVXUH� WR� FRQWDLQ� DOO� KD]DUGRXV� SDUWLFOHV
LQVLGH�WKH�ZRUNLQJ�VSDFH�ZLWKRXW�DQ\�HVFDSH�WKURXJK�WKH�IURQW�RI�WKH�FDELQHW��3URSHU�FRQWDLQPHQW
RI� D� VDIHW\� FDELQHW� LV� SULPDULO\� GHSHQGHQW� RQ� WKH� DLUIORZ� DVSHFWV� �GLUHFWLRQDO� DLUIORZ�� FRUUHFW
YHORFLWLHV��GHVFULEHG�DERYH�

7KHUH�LV�RQO\���UHFRJQLVHG�ZD\�LQ�WKH�HQWLUH�ZRUOG�WR�SHUIRUP�WHVWLQJ�RI�FRQWDLQPHQW�RQ�D�VDIHW\
FDELQHW�LQ�WKH�ILHOG�DQG�DIWHU�PDQXIDFWXUH���WKH�.,�GLVFXV�WHVW�DV�VSHFLILHG�LQ�(1������������,Q
DGGLWLRQ�� LW� VKRXOG� EH� QRWHG� WKDW� D� FDELQHW� FDQ� SDVV� DOO� WKH� DLUIORZ� WHVWV� EXW� VWLOO� IDLO� WKH
FRQWDLQPHQW�WHVW�

�(VFR�LV�RQH�RI�WKH�IHZ�FRPSDQLHV�RXWVLGH�(XURSH�ZLWK�.,�GLVFXV�WHVWLQJ�FDSDELOLWLHV��:H�PDLQWDLQ
D�VWDWLVWLFDO�WHVWLQJ�SURJUDP�E\�ZKLFK�D�FDELQHW�IURP�D�VWDWLVWLFDO�VDPSOH�RI�XQLWV�PDQXIDFWXUHG�
LV� LQGLYLGXDOO\� WHVWHG�DW� WKH� IDFWRU\�ZLWK� WKH�.,�GLVFXV� WHVW�� ,Q�DGGLWLRQ��DOO� RXU� VDIHW\� FDELQHWV
KDYH� EHHQ� W\SH�WHVWHG� DQG� DSSURYHG� IRU� FRQWDLQPHQW� ZLWK� WKLV� PHWKRG�� )LQDOO\�� PDQ\� (VFR
FDELQHWV� KDYH� DOVR� EHHQ� LQGHSHQGHQWO\� W\SH�WHVWHG� �� LQ� WKH� PRVW� UHFRJQLVHG� LQWHUQDWLRQDO
ODERUDWRULHV���XVLQJ�WKH�PLFURELRORJLFDO�PHWKRG�IRU�RSHUDWRU�SURWHFWLRQ��

���$LU�WLJKWQHVV�RI�WKH�HQWLUH�FDELQHW

7KH� HQWLUH� FDELQHW� VKRXOG� EH� SUHVVXUH� DQG� DLU� WLJKW� WR� HQVXUH� QR� OHDNDJH� RI� ELRORJLFDO� KD]DUGV
WKURXJK�MRLQWV�DQG�VHDPV��)RU�H[DPSOH��WKH�ILOWHUV�FDQ�KDYH�D�YHU\�KLJK�HIILFLHQF\��EXW�RQ�VRPH
FDELQHW�GHVLJQV��ELRORJLFDO�KD]DUGV�FRXOG�E\�E\SDVVLQJ�WKH�ILOWHUV�DQG�OHDNLQJ�WKURXJK�MRLQWV�LQ�WKH
ERG\�RI�WKH�FDELQHW���DQG�WKH�FDELQHW�DV�D�ZKROH�LV�VWLOO�XQVDIH�

�(VFR
V�'\QDPLF�&KDPEHU� GHVLJQ� VXUURXQGV� DOO� FRQWDPLQDWHG� SOHQXPV�ZLWK� QHJDWLYH� SUHVVXUH�
HYHQ� LI� D� SXQFWXUH� RU� OHDNV� GHYHORSV� LQ� WKH� FDELQHW� VKHOO�� DOO� FRQWDPLQDWHG�PDWHULDOV� DUH� VWLOO
GLUHFWHG� WKURXJK� WKH� ILOWHUV�� ,Q� DGGLWLRQ�� RXU� FDELQHW� H[WHUQDO� VKHOO� LV� LWVHOI� SUHVVXUH� WLJKW� WR
���3D��

���3UHFLVLRQ�HQJLQHHUHG�FRPSRQHQWV

,W� VKRXOG� QRW� FRPH� DV� D� VXUSULVH� WKDW� FRPSRQHQWV� IRU� ELRORJLFDO� VDIHW\� FDELQHWV� KDYH� WR� EH
SUHFLVLRQ�HQJLQHHUHG�WR�YHU\�FORVH�WROHUDQFHV��)RU�H[DPSOH��D�GLIIHUHQFH�RI��PP�LQ�WKH�VL]H�RI�WKH
SHUIRUDWLRQ�RI�WKH�DLU�VORWV��IURQW�LQWDNH�JULOOH��EDFN�SHUIRUDWLRQ�JULOOH��LQ�WKH�FDELQHW�FDQ�FKDQJH
WKH�FDELQHW
V�SHUIRUPDQFH�SDUDPHWHUV�DQG�FDXVH�LW�WR�IDLO�FRQWDLQPHQW�WHVWV��$OVR��VLQFH�D�VDIHW\
FDELQHW�LV�W\SLFDOO\�D�YHU\�FRPSOH[�DVVHPEO\�RI�PDQ\�SDUWV��PRUH�WKDQ�����SDUWV�SHU�FDELQHW��WKLV
GLIILFXOW\��IRU�WKH�PDQXIDFWXUHU��LV�FRPSRXQGHG�

�(VFR� KDV� ��� \HDUV� H[SHULHQFH� LQ� SUHFLVLRQ� VKHHW� PHWDO� IDEULFDWLRQ� DQG� HOHFWURPHFKDQLFDO
DVVHPEO\�� :H� FRQWURO� DOO� PDQXDFWXULQJ� SURFHVVHV� LQ�KRXVH� WR� PDLQWDLQ� WKH� KLJKHVW� TXDOLW\
VWDQGDUGV��$OO�PHWDO�FRPSRQHQWV�DUH�&1&� IDEULFDWHG� LQ�DQ�DXWRPDWHG�PDQXIDFWXULQJ�SODQW� IRU
DEVROXWH�UHSURGXFLELOLW\��

���(OHFWULFDO�DQG�PHFKDQLFDO�VDIHW\

&RQVLGHULQJ� WKH� KD]DUGRXV� QDWXUH� RI� ZRUN� EHLQJ� SHUIRUPHG� LQVLGH� D� VDIHW\� FDELQHW�� DGGLWLRQDO
UHTXLUHPHQWV�VKRXOG�EH�HQIRUFHG�IRU�PHFKDQLFDO�KD]DUGV��L�H��WR�DYRLG�LQMXULQJ�WKH�RSHUDWRU�ZKLOH
ZRUNLQJ� LQVLGH� WKH� FDELQHW�� WKH� HIIHFWV� RI� ZKLFK� FDQ� UHVXOW� LQ� IXUWKHU� H[SRVXUH� DQG� LQMXU\� WR
KD]DUGV���)RU�WKH�VDPH�UHDVRQ�WKH�RSHUDWRU�KDV�WR�EH�SURWHFWHG�DJDLQVW�HOHFWULFDO�KD]DUGV�

�(VFR� FDELQHWV� DUH� GHVLJQHG� LQ� FRPSOLDQFH� ZLWK� ,(&� �������� IRU� WKHVH� JHQHUDO� HOHFWULFDO� DQG
PHFKDQLFDO�VDIHW\�UHTXLUHPHQWV��,Q�DGGLWLRQ��DOO�FDELQHWV�DUH�HOHFWULFDO�VDIHW\�WHVWHG�DW�RXU�IDFWRU\
DIWHU� SURGXFWLRQ�� 2WKHU� GHVLJQ� IHDWXUHV� �� IRU� H[DPSOH�� XVLQJ� WHPSHUHG� JODVV� ZKLFK� GRHV� QRW
VKDWWHU�HDVLO\�XQOLNH�UHJXODU�JODVV���DUH�DOVR�VWDQGDUG�LWHPV��
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���$LUIORZ�FRQWURO�DQG�PRQLWRULQJ�V\VWHP

,Q�RUGHU�WR�HQVXUH�WKH�FDELQHW�IXQFWLRQV�VDIHO\�DW�DOO�WLPHV� LW�VKRXOG�EH�HTXLSSHG�ZLWK�D�FRQWURO
DQG�DODUP�V\VWHP�WR�PRQLWRU�DOO�LPSRUWDQW�VDIHW\�SDUDPHWHUV�LQ�SDUWLFXODU�DLUIORZ��7KLV�GLIILFXOW\
VKRXOG� QRW� EH� XQGHU�HVWLPDWHG�� VLQFH� WKH�PDQXIDFWXUHU� KDV� WR� SURYLGH� D� V\VWHP� DFFXUDWH� DQG
VHQVLWLYH�HQRXJK�WR�PHDVXUH�WKH�YHU\�ORZ�YHORFLWLHV�HQFRXQWHUHG�LQ�D�VDIHW\�FDELQHW�

�$OO�(VFR�VDIHW\�FDELQHWV�DUH�HTXLSSHG�ZLWK�DQ�DLUIORZ�DODUP�DQG�PRQLWRULQJ�V\VWHP�XVLQJ�DLUIORZ
VHQVLQJ�WHFKQRORJ\�QRW�RQO\�PHHWLQJ�DFFXUDF\�UHTXLUHPHQWV��EXW�ZKLFK�FDQ�DOVR�FRPSHQVDWH� IRU
IOXFWXDWLRQV�LQ�DPELHQW�WHPSHUDWXUH��

���3K\VLFDO�WHVWLQJ�DQG�YDOLGDWLRQ

$V�FDQ�EH�VHHQ�DERYH��QRW�RQO\�GRHV�WKH�FDELQHW�KDYH�WR�EH�GHVLJQHG�IRU�VDIH�RSHUDWLRQ��EXW�PDQ\
SK\VLFDO� WHVWV� �� PHDVXUHPHQWV� DUH� UHTXLUHG� WR� FKHFN� WKDW� WKH� XQLW� LV� PHHWLQJ� WKHVH� VDIHW\
UHTXLUHPHQWV��7KHVH�WHVWV�PXVW�EH�SHUIRUPHG�E\�WKH�PDQXIDFWXUHU�DIWHU�WKH�XQLW�LV�FRQVWUXFWHG�DW
WKH�IDFWRU\�

0DQ\�PDQXIDFWXUHUV�PD\�FODLP�WR�WHVW�WKHLU�SURGXFWV�DW�WKHLU�IDFWRU\�WR�WKHVH�VDIHW\�VWDQGDUGV�
EXW�VLQFH�SK\VLFDO�WHVWLQJ�RI�VDIHW\�FDELQHWV�LV�D�YHU\�SUHFLVH�VFLHQFH�DQG�HQFRPSDVVHV�PDQ\�ILHOGV
�DHURVRO� JHQHUDWLRQ� DQG� SKRWRPHWU\�� DLU� YHORFLW\� PHDVXUHPHQW�� GLUHFWLRQDO� DLUIORZ� YDOLGDWLRQ�
FRQWDLQPHQW� WHVWLQJ� HWF���� RQH� FDQQRW� EH� VXUH� WKH� WHVWLQJ� LV� GRQH� DFFXUDWHO\� DQG� VDIHO\�� XQOHVV
WKHVH�FDSDELOLWLHV�DUH�DFFUHGLWHG�LQGHSHQGHQWO\�

�,Q� WKLV� DVSHFW� (VFR� LV� HPLQHQWO\� TXDOLILHG�� VLQFH� ZH�PDLQWDLQ� D� IXOO� ODERUDWRU\� DW� RXU� IDFWRU\
GHGLFDWHG� WR� WKHVH� SHUIRUPDQFH� WHVWV�� ZLWK� WKH� ODWHVW� DQG�PRVW� DFFXUDWH� LQVWUXPHQWDWLRQ�� 2XU
WHVWLQJ� FDSDELOLWLHV� DUH� DFFUHGLWHG�E\� WKH�16)�%LRKD]DUG�&DELQHW� )LHOG�&HUWLILHU� SURJUDP��2XU
HQWLUH�WHVWLQJ�VHW�XS�LV�ZLWKRXW�DQ\�GRXEW�WKH�PRVW�FRPSUHKHQVLYH���DQG�VDIHVW���LQ�$VLD��

6800$5<

,W� VKRXOG� EH� QRWHG� WKDW� VLQFH� DOO� IDFWRUV� DUH� LQWHU�UHODWHG�� WKH� GHJUDGDWLRQ� RI� RQH� SHUIRUPDQFH
IDFWRU�DORQH�FDQ�MHRSDUGL]H�WKH�VDIHW\�RI�WKH�HQWLUH�V\VWHP��)RU�H[DPSOH��D�FDELQHW�PD\�KDYH�YHU\
KLJK� HIILFLHQF\� ILOWHUV� LQ� H[FHVV� RI� WKH� VWDQGDUGV�� EXW� LI� LW� GRHV� QRW� PHHW� FRQWDLQPHQW
UHTXLUHPHQWV��WKH�HQWLUH�V\VWHP�LV�VWLOO�XQVDIH�

$OVR� LW�VKRXOG�EH�QRWHG�WKDW� WKH�DERYH�SHUIRUPDQFH�IDFWRUV�FRQVWLWXWH� WKH�PLQLPXP�LQ� WHUPV�RI
RSHUDWRU�VDIHW\�UHTXLUHPHQWV��DQG�GR�QRW�HQFRPSDVV�DGGLWLRQDO�SHUIRUPDQFH�IHDWXUHV�RIIHUHG�E\
HVWDEOLVKHG� LQWHUQDWLRQDO�PDQXIDFWXUHUV� OLNH�(VFR��7KHVH�SHUIRUPDQFH� IDFWRUV�DOVR�GR�QRW� FRYHU
RWKHU��SHUIRUPDQFH��YDULDEOHV� LQ�D�FDELQHW�VXFK�DV�SURWHFWLRQ�RI� WKH�SURGXFW��SURWHFWLRQ�RI� FURVV
FRQWDPLQDWLRQ� HWF�� )LQDOO\�� RWKHU� LPSRUWDQW� DVSHFWV�� VXFK� DV� WKH� QHHG� IRU� UHJXODU� ILHOG
FHUWLILFDWLRQ��DQG�SURSHU�LQVWDOODWLRQ��DUH�DOVR�QRW�FRYHUHG�

)LQDOO\�� WKH�EHVW�� TXLFNHVW�DQG�PRVW� FRQYHQLHQW�ZD\� WR� HQVXUH� \RXU� FDELQHW� LV� VDIH�� DSDUW� IURP
XQGHUVWDQGLQJ�DOO� WKH�DERYH�VDIHW\�UHODWHG�DVSHFWV�� LV� WR�HQVXUH�DOVR� WKH�FDELQHW�\RX�SXUFKDVHG
KDV�EHHQ�FHUWLILHG�WR�D�PDMRU�LQWHUQDWLRQDO�VDIHW\�VWDQGDUG���RQH�RI�WKH�IROORZLQJ�

(1��������(XURSHDQ�VDIHW\�VWDQGDUG�IRU�VDIHW\�FDELQHWV�
16)�����$PHULFDQ�VDIHW\�VWDQGDUG�IRU�&ODVV�,,�VDIHW\�FDELQHWV�
$6���������$XVWUDOLDQ�VDIHW\�VWDQGDUG�IRU�&ODVV�,,�VDIHW\�FDELQHWV�
-,6�.������-DSDQHVH�VDIHW\�VWDQGDUG�IRU�VDIHW\�FDELQHWV�

2Q�WKH�VXEMHFW�RI�VWDQGDUGV�FRPSOLDQFH�DQG�DSSURYDO��VRPH�ILQDO�ZDUQLQJ�WR�RXU�UHDGHUV�

���%HZDUH�RI�PDQXIDFWXUHUV�ZKR�FODLP�FRPSOLDQFH�WR�WKH�VDIHW\�UHJXODWLRQV��DOZD\V�DVN�IRU�SURRI
�LQGHSHQGHQW�WHVW�UHSRUWV��
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���%HZDUH�RI�PDQXIDFWXUHUV�ZKR�FODLP�FRPSOLDQFH�WR�RWKHU�XQUHODWHG�VWDQGDUGV��)RU�H[DPSOH��LW
LV�XVHOHVV�WKDW�D�VDIHW\�FDELQHW�LV�PDGH�E\�DQ�,62������FRPSDQ\�LI�LW�KDV�QRW�EHHQ�WHVWHG�WR�RQH�RI
WKH�DERYH�VDIHW\�VWDQGDUGV�

���(QVXUH�WKH�LQGHSHQGHQW�DXWKRULW\�WHVWLQJ�WKH�FDELQHW�LV�DFFUHGLWHG�DQG�TXDOLILHG�WR�GR�VR�


