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7HUPV�DQG�$FURQ\PV
6SHFLILF�3DUDPHWHUV 6SHFLILF�SDUDPHWHUV�LV�D�JHQHULF�WHUP�WKDW�FROOHFWLYHO\�UHIHUV�WR�D�VHW�RI�SDUDPHWHUV�WKDW�DUH�FRPPRQO\�XVHG�WR�FRPSDUH�HQHUJ\�SRZHU�HTXLSPHQW��+RZHYHU��WKHVH�WHUPV�DUH�RIWHQ�UH�YHUVHG�LQ�WKH�OLWHUDWXUH��,Q�WKLV�UHSRUW�
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$&(6 $WWLWXGH�&RQWURO�(QHUJ\�6WRUDJH&$10(7 &DQDGD�&HQWUH�IRU�0LQHUDO�DQG�(QHUJ\�7HFKQRORJ\&(7& &$10(7�(QHUJ\�7HFKQRORJ\�&HQWUH'UDSHU�RU�&6'/ 7KH�&KDUOHV�6WDUN�'UDSHU�/DERUDWRU\��,QF���&DPEULGJH��0DV�VDFKXVHWWV(0% (OHFWURPHFKDQLFDO�%DWWHU\(0) (OHFWURPRWLYH�)RUFH)($ )LQLWH�(OHPHQW�$QDO\VLV)(6, )O\ZKHHO�(QHUJ\�6\VWHPV�,QF�� 1HSHDQ��2QWDULR))7 )DVW�)RXULHU�7UDQVIRUP)5+ )OH[�5LP�+XE15&DQ 1DWXUDO�5HVRXUFHV�&DQDGD3:*6& 3XEOLF�:RUNV�DQG�*RYHUQPHQW�6HUYLFHV�&DQDGD3:0 3XOVH�:LGWK�0RGXODWLRQ6/�07, 6/�0RQWHYLGHR�7HFKQRORJ\��,QF���0RQWHYLGHR��0LQQHVRWD7'& 7UDQVSRUWDWLRQ�'HYHORSPHQW�&HQWUH��7UDQVSRUW�&DQDGD836 8QLQWHUUXSWLEOH�3RZHU�6XSSO\
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,QWURGXFWLRQ)XWXUH� YHKLFOH� SURSXOVLRQ� V\VWHPV�ZLOO� OLNHO\� EH� D K\EULG� FRPELQDWLRQ�RI�DQ�HIILFLHQW�SULPDU\�HQHUJ\� VXS�SO\� FRXSOHG�ZLWK� DQ�HQHUJ\�PDQDJHPHQW�GHYLFH�� $� K\EULG� SURSXOVLRQ� V\VWHP� KDV�UHFRJQL]HG� DGYDQWDJHV� UHJDUGLQJ� LQ�FUHDVHG� IXHO� HIILFLHQF\� DQG� UHGXFHG� FDU�ERQ�GLR[LGH�HPLVVLRQV��2WKHU�EHQHILWV� LQ�FOXGH� UHGXFHG� K\GURFDUERQ�� QLWURJHQ� R[�LGH�� FDUERQ� PRQR[LGH�� SDUWLFXODWH�� DQG�DFRXVWLF� HPLVVLRQV�� 7KHVH� DGYDQWDJHV�DUH�PRVW� HIIHFWLYHO\� UHDOL]HG� LQ� WKH� VWRS�DQG�JR� GXW\� F\FOHV� HQGXUHG� E\� XUEDQ�WUDQVLW� YHKLFOHV�� WD[LV�� DQG� GHOLYHU\� YDQV���)LJXUH� �� VKRZV� WKH� SRZHU� UHTXLUHPHQWV�IRU� D� OLJKW� GHOLYHU\� YDQ� RSHUDWLQJ� RQ� WKH�)HGHUDO� 8UEDQ� 'ULYH� 6FKHGXOH�� 7KH� SUL�PDU\� HQHUJ\� VXSSO\� DGGUHVVHV� WKH� YHKL�FOH V� DYHUDJH� SRZHU� UHTXLUHPHQW� �UHG�OLQH�� ZKLOH� WKH� HQHUJ\� PDQDJHPHQW� GH�YLFH�DGGUHVVHV�WKH�GULYHU V�LQVWDQWDQHRXV�SRZHU�GHPDQG��EOXH�OLQH���

7KH� HQHUJ\� PDQDJHPHQW� GHYLFH� PXVW�VWRUH�HQRXJK�HQHUJ\� WR�VDWLVI\� WKH�GHHS�HVW�GUDZ�F\FOH�WKH�YHKLFOH�ZLOO�H[SHULHQFH�DQG� EH� DEOH� WR� SURYLGH� WKH� SHDN� SRZHU�GHPDQGHG� ZKLOH� PLQLPL]LQJ� RYHUDOO� YHKL�FOH� ZHLJKW�� &KHPLFDO� EDWWHULHV�� XOWUDFD�SDFLWRUV�� DQG� IO\ZKHHOV� PD\� EH� XVHG� DV�WKH�HQHUJ\�PDQDJHPHQW�GHYLFH��KRZHYHU�IO\ZKHHOV� KDYH� D� KLJKHU� VSHFLILF� SRZHU�YDOXH� WKDQ� FKHPLFDO� EDWWHULHV� DQG� DKLJKHU�VSHFLILF�HQHUJ\�YDOXH�WKDQ�XOWUDFD�SDFLWRUV�� )O\ZKHHOV� WKHUHIRUH� RIIHU� WKH�PRVW�DWWUDFWLYH�EDODQFH�RI�SRZHU�� HQHUJ\�VWRUDJH��DQG�ZHLJKW� IRU�YHKLFXODU�DSSOLFD�WLRQV��)LJXUH���VKRZV�WKH�VSHFLILF�HQHUJ\�YHUVXV� VSHFLILF� SRZHU� GLDJUDP� IRU� IO\�ZKHHOV�� FKHPLFDO� EDWWHULHV�� DQG� XOWUDFD�SDFLWRUV� �VRXUFH��8�6��'HSDUWPHQW�RI�(Q�HUJ\��

$� IO\ZKHHO� RU� HOHFWURPHFKDQLFDO� EDWWHU\��(0%�� LV� D� GHYLFH� WKDW� VWRUHV� HQHUJ\� IRU�ODWHU�XVH��/LNH�D�FRQYHQWLRQDO�EDWWHU\��WKH�HQHUJ\�WUDQVIHU�LV�HOHFWULFDO��KRZHYHU��XQ�OLNH� FRQYHQWLRQDO� EDWWHULHV�� WKH� HQHUJ\� LV�VWRUHG�DV�NLQHWLF�HQHUJ\� LQ� WKH� IRUP�RI� D�
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VSLQQLQJ� GLVF&WKH� IO\ZKHHO� URWRU�� 7KH�PR�WRU�JHQHUDWRU� WUDQVIHUV� HQHUJ\� E\� FKDUJLQJ��VSHHGLQJ� XS�� DQG� GLVFKDUJLQJ� �VORZLQJ�GRZQ��WKH�IO\ZKHHO�URWRU��7KH�EHDULQJV�VXS�SRUW� WKHVH� URWDWLQJ� FRPSRQHQWV�� 7KH� FRQ�WUROOHU�FRQYHUWHU� GLUHFWV� WKH� IORZ� �SRZHU��DQG�IRUP��RXWSXW�ZDYHIRUP�RU�'&�YROWDJH��RI� WKH� HOHFWULFDO� HQHUJ\�� 7KH� HYDFXDWHG�KRXVLQJ� UHGXFHV�DHURG\QDPLF�GUDJ�RQ� WKH�URWDWLQJ� HOHPHQWV�� WKHUHE\� LQFUHDVLQJ� HIIL�FLHQF\��)LJXUH���LV�D�VFKHPDWLF�RI�DQ�HOHF�WURPHFKDQLFDO� EDWWHU\� VKRZLQJ� WKHVH� FRP�SRQHQWV��

3URJUDP�6XPPDU\
3ULRU�WR�GHSOR\LQJ�D�YLDEOH�(0%�V\VWHP�IRU�K\EULG�YHKLFOHV��D�QXPEHU�RI�WHFKQLFDO�FKDO�OHQJHV� �VXFK� DV� G\QDPLF�� WKHUPDO�� DQG�HOHFWULFDO� VWDELOLW\�� YDFXXP� SUHVHUYDWLRQ��OLIH��VDIHW\��ZHLJKW��DQG�FRVW��QHHG�WR�EH�UH�VROYHG��7KHVH�FKDOOHQJHV�DUH�EHLQJ�WDFNOHG�DFFRUGLQJ� WR� D� SKDVHG� GHYHORSPHQW� SODQ��)LJXUH� �� VKRZV� WKH� SURJUDP� VWHSV� DQG�WHFKQRORJ\�PLOHVWRQHV�HQYLVLRQHG�IRU�D�K\�

EULG� XUEDQ� EXV� GHPRQVWUDWLRQ�GHSOR\PHQW�SURJUDP��7KLV�UHSRUW�VXPPDUL]HV��WKH�ZRUN�XQGHUWDNHQ� WR� PDQXIDFWXUH�� PRGHO�� DQG�WHVW�WKH ����N:�± �N:K�(0%�
7KUHH�SUH�SURJUDP�DFWLYLWLHV�VHUYHG�DV� WKH�EDVLV� IRU� WKLV� ZRUN�� ,QLWLDOO\�� )O\ZKHHO� (Q�HUJ\�6\VWHPV� ,QF�� �)(6,�� GHYHORSHG�D� VH�ULHV� RI� KLJK� SHUIRUPDQFH� IO\ZKHHOV� XQGHU�FRQWUDFW� ZLWK� 1DWXUDO� 5HVRXUFHV� &DQDGD��3:*6&�FRQWUDFW������������������64���
7KHVH� IO\ZKHHO� URWRUV� SURYLGH� EHWZHHQ� ���:K�NJ�DQG��� :K�NJ�VSHFLILF� HQHUJ\� DW� D�OLIH�RI���������GHHS�GLVFKDUJH� F\FOHV��7D�EOH� �� VKRZV� WKH� GLPHQVLRQV� DQG� SHUIRUP�DQFH� SDUDPHWHUV� IRU� WKH� 6HULHV� ��� IO\�

)O\ZKHHO�6\VWHP�'HYHORSPHQW��&RPSRQHQWV�$VVHPEO\�,QWHJUDWLRQ�0RGHOLQJ�(QYLURQPHQWDO�&RQWURO�3HUIRUPDQFH��3RZHU�(QHUJ\�0DVV�(IILFLHQF\

)LHOG�,Q�6HUYLFH3UH�SURGXFWLRQ7ULDO

%XV�6\VWHP,QWHJUDWLRQ��'ULYH�&RPSRQHQWV�&RQWURO�*LPEDO�0RXQWLQJ

6DIHW\��(OHFWULFDO�6WDQGDUGV�+HDOWK�0RQLWRULQJ�)DLOXUH�0RGH�(IIHFWV$QDO\VLV

�+LJK�3HUIRUPDQFH�)O\ZKHHOV�3URJUDP�'HILQLWLRQ�3KDVH�,QWHJUDWLRQ�0RGHOLQJ�6NLOOV

����N:����N:K(0% ���N:����N:K(0%

6\VWHPV,QWHJUDWLRQ/DERUDWRU\
5ROOLQJ3ODWIRUP'HPRQVWUDWLRQ

/LIH��5RWRU�6DIH�/LIH�3URJUDP�+LJK�3HUIRUPDQFH�+XE�/RQJ�/LIH�%HDULQJV
5HOLDELOLW\��,62�46������3URGXFWLRQ�0DLQWHQDQFH�5HTXLUHPHQWV

&RPSOHWHG
2QJRLQJ
3URSRVHG
+DUGZDUH

)LJXUH���3URJUDP�6WHSV�DQG�+DUGZDUH�5HTXLUHG�IRU�+\EULG�%XV�'HPRQVWUDWLRQ

)LJXUH�� (0%�6FKHPDWLF

8SSHU�%HDULQJ
)O\ZKHHO�5RWRU
0RWRU�*HQ��5RWRU
0RWRU�*HQ��6WDWRU
(YDFXDWHG�+RXVLQJ
/RZHU�%HDULQJ

BBBBBBBBBBBBBBBBBBBBBBBBBBB��)LJXUH� �� LV� D� VFKHPDWLF� EDVHG� RQ� )(6,¶V� ��� N:�(0%�� WKLV� KLJK� SRZHU� (0%� UHWDLQV� D� KLJK�VSHFLILF�HQHUJ\�IO\ZKHHO�URWRU�VLPLODU�WR�WKDW�XVHG�LQ�WKH�����N:�(0%��7KH�����N:�(0%�UHWDLQV��HVVHQWLDOO\��WKH�PRWRU� GHVLJQHG� IRU� WKH� $&(6� XQLWV� 7KH� VHOHFWHGWRSRORJ\ VHJUHJDWHV�WHFKQLFDO�ULVNV�DQG�FKDOOHQJHV�DVVRFLDWHG� ZLWK� (0%� GHYHORSPHQW� E\� FRPSRQHQW�DQG�SHUPLWV WKHP�WR�EH� WDFNOHG� LQ�D�ULVN�PLWLJDWHG�SKDVHG� GHYHORSPHQW� SODQ�� 7KH� YHUVDWLOLW\� RI� WKLVDUUDQJHPHQW�DOVR�PLQLPL]HV� WKH� HQJLQHHULQJ� HIIRUW�UHTXLUHG�WR� DGGUHVV� WKH� XQLTXH� SRZHU�DQG� HQHUJ\�UHTXLUHPHQWV� IRU YHKLFXODU�� SRZHU� TXDOLW\�� DQGVSDFH DSSOLFDWLRQV RI�WKH�WHFKQRORJ\�
BBBBBBBBBBBBBBBBBBBBBBBBBBB� )O\ZKHHO�(QHUJ\�6\VWHPV�,QF���'HYHORSPHQW�RI�+LJK�3HUIRUPDQFH�)O\ZKHHOV�IRU�(OHFWURPHFKDQLFDO�%DWWHULHV��&RQWUDFW�1R������������������64�)LQDO�5HSRUW��0DUFK������
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ZKHHOV��$OO�IO\ZKHHOV�H[KLELWHG�H[FHOOHQW�G\�QDPLF� VWDELOLW\� �W\SLFDOO\� OHVV� WKDQ� �������LQFKHV� RI� UXQRXW�� XQGHU� G\QDPLF� WHVWLQJ��)LJXUH���VKRZV�WKH�6HULHV����IDPLO\�RI� IO\�ZKHHOV��0DUN����0DUN����0DUN����DQG�0DUN����IURP�ULJKW�WR�OHIW��

$V� SDUW� RI� WKH� KLJK� SHUIRUPDQFH� IO\ZKHHO�GHYHORSPHQW� FRQWUDFW�� )(6,� FRQGXFWHG� D�GHWDLOHG�GHFLVLRQ�DQDO\VLV�RI�(0%�FRQILJX�UDWLRQV��DQG�KHQFH�IO\ZKHHO�URWRU�FRQILJXUD�WLRQV���7KH�FRQFOXVLRQV�UHDFKHG�GXULQJ�WKLV�SURFHVV� LGHQWLILHG� DQ� D[LDOO\� LQWHJUDWHG� IO\�ZKHHO�DQG�PRWRU�JHQHUDWRU�WRSRORJ\�DV�WKH�EHVW� FDQGLGDWH� IRU� IXWXUH� (0%� GHYHORS�PHQW�� 7KLV� DUUDQJHPHQW� SODFHV� WKH� IO\�ZKHHO� URWRU� �FRPSRVLWH� ULP� DQG� IOH[�ULP�KXE�� DQG� WKH� PRWRU�JHQHUDWRU� DGMDFHQW� WR�RQH� DQRWKHU� RQ� D� FRPPRQ� VXSSRUW�VKDIW&WKH�SRZHU UDWLQJ��PRWRU��DQG�HQHUJ\�VWRUHG� �IO\ZKHHO�� WKXV� EHFRPH� HVVHQWLDOO\�LQGHSHQGHQW��DOORZLQJ�FRPSRQHQW�GHYHORS�PHQW�WR�SURFHHG�LQGHSHQGHQWO\�DQG�VWLOO�EH�UHDGLO\�LQWHJUDWHG��VHH�)RRWQRWH����
7KH� D[LDO� OHQJWK� DQG� VHULHV� QXPEHU��LQGLFDWLQJ� PD[LPXP� RSHUDWLQJ� VSHHG�� RI�DQ�)(6,� IO\ZKHHO� FDQ� EH� UHDGLO\� VFDOHG� WR�

ILW� YLUWXDOO\� DQ\� HQHUJ\� VWRUDJH� DSSOLFDWLRQ�ZKLOH� PDLQWDLQLQJ� WKH� FKDUDFWHULVWLF� KLJK�VSHFLILF� HQHUJ\� DQG� HQHUJ\� GHQVLW\� OHYHOV�VKRZQ�LQ�7DEOH���
6HFRQGO\��URWRU�G\QDPLF�DQG�WKHUPDO�PRG�HOV� ZHUH� GHYHORSHG� DV� SDUW� RI� WKH� K\EULG�XUEDQ� EXV� GHPRQVWUDWLRQ� SURJUDP� GHILQL�WLRQ�SKDVH��FR�IXQGHG�E\�)(6,�DQG�7UDQV�SRUW�&DQDGD V�7UDQVSRUWDWLRQ�'HYHORSPHQW�&HQWUH� �3:*6&� FRQWUDFW� �7����������������;6'����
7KLUGO\�� )(6,� GHYHORSHG� DQG� WHVWHG� WZR�(0%�V\VWHPV�IRU�WKH�&KDUOHV�6WDUN�'UDSHU�/DERUDWRU\ V� �&6'/�� $WWLWXGH� &RQWURO� DQG�(QHUJ\�6WRUDJH��$&(6��SURJUDP��7KH�WHVW�LQJ�RI�WKH�ILUVW�$&(6�XQLW��VKRZQ�LQ�)LJXUH���� FRLQFLGHG� ZLWK� WKH� URWRU� G\QDPLF� DQG�WKHUPDO� PRGHO� GHYHORSPHQW�� WKHUHE\� SUR�YLGLQJ�WKH�RSSRUWXQLW\�WR�FRUUHODWH�WKH�PRG�HOLQJ�HIIRUWV�XQGHUWDNHQ� IRU�7'&�ZLWK�GDWD�PHDVXUHG� IURP�$&(6��7KH�GDWD� IURP�����WHVW� UXQV� FRYHULQJ� ���� KRXUV� RI� UXQQLQJ�WLPH�ZHUH�FDSWXUHG��DQDO\]HG��DQG�XVHG�WR�FRUUHODWH� WKH� PRGHOV�� 7KH� URWRU� G\QDPLFV�PRGHO�ZDV�VXEVHTXHQWO\�XVHG� WR� ILQH�WXQH�WKH� UHVSRQVH� RI� WKH� VHFRQG� $&(6� XQLW�ZKLOH� WKH� WKHUPDO� PRGHO� ZDV� LQVWUXPHQWDO�LQ�LGHQWLI\LQJ�DQG�LVRODWLQJ�PRWRU�URWRU�KHDW�LQJ� LQ� WKH� ILUVW� $&(6� XQLW�� PRGLILFDWLRQV�ZHUH�PDGH�WR�FRUUHFW�WKH�SUREOHP�
$OO� RI� WKHVH� SUH�SURJUDP� DFWLYLWLHV� ZHUH�FRPSOHWH�E\�1RYHPEHU�������

)LJXUH�� 6HULHV����)DPLO\�RI�)O\ZKHHOV

BBBBBBBBBBBBBBBBBBBBBBBBBBB� )O\ZKHHO�(QHUJ\�6\VWHPV�,QF���&DQDGLDQ�(OHFWUR�PHFKDQLFDO�%DWWHU\�'HYHORSPHQW�3URJUDP��'HILQL�WLRQ�3KDVH��&RQWUDFW�1R��7����������������;6'�)LQDO�5HSRUW��-XQH������

7DEOH���'LPHQVLRQV�DQG�3HUIRUPDQFH�3DUDPHWHUV�IRU�WKH�6HULHV����)DPLO\�RI�)O\ZKHHOV �
'HVLJQ�6SHHG 7LS�6SHHG ,QVLGH�'LDPHWHU 2XWVLGH�'LDPHWHU 6SHFLILF�(QHUJ\ (QHUJ\�'HQVLW\
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3URJUDP�6XSSRUW
*LYHQ�WKH�WHFKQRORJ\�SRWHQWLDO�DQG�UHVLGHQW�&DQDGLDQ� H[SHULHQFH�H[SHUWLVH� LQ� (0%�V\VWHP�LQWHJUDWLRQ�DQG�PRGHOLQJ��)O\ZKHHO�(QHUJ\�6\VWHPV�,QF��DQG�WKH�&$10(7�(Q�HUJ\� 7HFKQRORJ\� &HQWUH� RI� 1DWXUDO� 5H�VRXUFHV�&DQDGD�DJUHHG�WR�FR�IXQG�WKH�GH�VLJQ��PRGHOLQJ��DVVHPEO\��DQG� WHVWLQJ�RI�D�ORZ� SRZHU� ����� N:�� (0%� LQFRUSRUDWLQJ� D�KLJK� SHUIRUPDQFH� IO\ZKHHO�� 7KH� PRWRU�JHQHUDWRU DQG� PRWRU� FRQWUROOHU�FRQYHUWHU�ZHUH� VXSSOLHG� E\� 6/�0RQWHYLGHR� 7HFKQRO�RJ\��,QF���6/�07,��

$FKLHYHPHQWV
7KH�VHW�REMHFWLYHV�RI�WKLV�SURMHFW�KDYH�EHHQ�PHW�� ZLWK� WKH� H[FHSWLRQ� RI� IXOO� VSHHG� WHVW�LQJ�� 7KH� PRWRU� FRQWUROOHU� XVHG� LQ� WKH� WHVW�SURJUDP� KDG� DQ� XSSHU� VSHHG� OLPLW� RI�������� USP�� 5RWRU� G\QDPLF� DQG� WKHUPDO�PRGHOV� KDYH� EHHQ� GHYHORSHG� DQG� FRUUH�ODWHG�ZLWK�PHDVXUHG�GDWD��7KH�VXVSHQVLRQ�V\VWHP� SDUW� FRXQW�� FRPSOH[LW\�� DQG� FRVW�KDYH�EHHQ�JUHDWO\�UHGXFHG�ZKLOH�PDLQWDLQ�LQJ� H[FHOOHQW� FRQWURO� RYHU� V\VWHP� VWDELOLW\��7KH� ���� N:� (0%� KDV� GHPRQVWUDWHG� WKH�DELOLW\�WR�OHYHO�D�'&�EXV�VXEMHFWHG�WR�F\FOLF�ORDGLQJ�� 7KH� QH[W� PDMRU� VWHS� LQ� IROORZ�RQ�ZRUN� WR� D� K\EULG� EXV� GHPRQVWUDWLRQ� �WKH�KLJK� SHUIRUPDQFH� ��� N:� (0%�� KDV� EHHQ�LQLWLDWHG�DQG�EHQHILWV�JUHDWO\�IURP�WKH�ZRUN�FDUULHG�RXW�LQ�WKLV�SURJUDP��

'HVLJQ
7KH� (0%� FRQVLVWV� RI� D� KLJK� SHUIRUPDQFH�ILEUH�UHLQIRUFHG� FRPSRVLWH� ULP�� SDWHQWHG�IOH[�ULP�KXE�� VKDIW�� PRWRU� URWRU� DQG� VWDWRU��EHDULQJV�� VXSSRUW� VWUXFWXUH�� HYDFXDWHG�KRXVLQJ�� DQG� LQVWUXPHQWDWLRQ��$�6HULHV� ���0N���IO\ZKHHO�URWRU�ZDV�VHOHFWHG�DQG�VL]HG�EDVHG�RQ�VHYHUDO�SDUDPHWHUV��0RVW� LPSRU�WDQWO\��WKH�URWRU�ZDV�VL]HG�WR�VWRUH�DQG�GH�OLYHU� �� N:K� RI� QHW� HQHUJ\� �������� USP� ±������� USP��� 7KLV� HQHUJ\� OHYHO� LV� FRQVLG�HUHG� UHSUHVHQWDWLYH� RI� K\EULG� OLJKW� GHOLYHU\�YDQ�DQG�IXOO�VL]H�XUEDQ�EXV�UHTXLUHPHQWV��
2QH�RI�WKH�SULPDU\�REMHFWLYHV�RI�WKH�GHVLJQ�HIIRUW� ZDV� WR�PRYH� WKH� GHVLJQ� FORVHU� WR� D�SURGXFWLRQ�PDFKLQH�ZLWK� ORZHU�PDQXIDFWXU�LQJ� FRVWV�� UHGXFHG� SDUWV� FRXQW� DQG� FRP�SOH[LW\��DQG�KLJKHU�VSHFLILF�HQHUJ\�DQG�HQ�HUJ\� GHQVLW\�� 5HODWLYH� WR� WKH� $&(6� XQLWV��WKLV� PDFKLQH� KDV� ���� IHZHU� SDUWV�� RQH�TXDUWHU� WKH�QXPEHU�RI�KLJK�SUHFLVLRQ�SDUWV��ZLWK WROHUDQFHV� �������� LQFKHV��� HLJKW�WLPHV�WKH�VSHFLILF�HQHUJ\��:K�NJ���DQG�IRXU�WLPHV�WKH�HQHUJ\�GHQVLW\��:K�O��
)($�VWUHVV�DQDO\VLV�ZDV�SHUIRUPHG�IRU�QX�PHURXV� SURSULHWDU\� FRPSRQHQWV�� LQFOXGLQJ�WKH� SDWHQWHG� IOH[�ULP�KXE� DQG� WKH� PRWRU�JHQHUDWRU� FRPSRVLWH� VOHHYH�� 7KH� PRWRU�FRPSRVLWH� VOHHYH� )($� PRGHO� LV� VKRZQ� LQ�)LJXUH����WKH�IRXU�VHSDUDWH�VHWV�RI�JDS�HOH�PHQWV� QHFHVVDU\� WR� PRGHO� VKDIW�� ODPLQD�WLRQ��PDJQHW��DQG�VOHHYH�LQWHUIDFHV�UHTXLUH�GHQVH� PHVKLQJ� DQG� LQFUHDVHG� FRPSXWD�WLRQDO� SRZHU�� ZKLOH� ERXQGDU\� FRQGLWLRQV�KDYH�EHHQ�XVHG�WR�FDSWXUH�WKH�V\PPHWU\�RI�WKH�GHVLJQ�DQG�PLQLPL]H�UXQWLPHV��8VLQJ�D�FDUERQ� ILEUH� FRPSRVLWH� VOHHYH� LQFUHDVHG�WKH� HQG� RI� OLIH� IDFWRU� RI� VDIHW\� �6�)��  ��������� F\FOH� VWUHQJWK�RSHUDWLQJ� VWUHVV��IURP������IRU�,QFRQHO������WR�������
)($�RI�WKH�IOH[�ULP�KXE�ZDV�XVHG�WR�GHWHU�PLQH�HTXLYDOHQW�KXE�VWLIIQHVV�LQSXWV� WR� WKH�URWRU� G\QDPLF� PRGHO&WKLV� PRGHO� LQFRUSR�UDWHV� G\QDPLF� VWLIIHQLQJ� HIIHFWV�� URWDWLQJ�VWUXFWXUDO� GDPSLQJ� �IURP� WKH� VKDIW�� KXE��DQG�FRPSRVLWH�ULP���URWDWLQJ�YLVFRXV�GDPS�LQJ��UHSUHVHQWLQJ�&RXORPE�GDPSLQJ�HIIHFWV�

)LJXUH���$WWLWXGH�&RQWURO�(QHUJ\�6WRUDJH��$&(6��6\VWHP

�



EHWZHHQ� WKH� KXE� DQG� ULP��� EHDULQJ� VWLII�QHVVHV�� EHDULQJ� PRXQW� VWLIIQHVVHV� DQG�GDPSLQJ�� DQG� KRXVLQJ� DQG� IOH[LEOH�PRXQW�VWLIIQHVVHV� DQG� GDPSLQJ�� 7KH� URWRU� G\�QDPLF� PRGHO� SURYLGHG� LQSXW� YDOXHV� WR� WKH�EHDULQJ� PRXQW� V\VWHP� �VXVSHQVLRQ�� GH�VLJQ�� '\QDPLF� UHTXLUHPHQWV� IRU� WKH� VXV�

SHQVLRQ�V\VWHP�LQFOXGH�WKH�IROORZLQJ�TXDOL�WDWLYH�FRQGLWLRQV�
• FULWLFDO�IUHH� RSHUDWLRQ� EHWZHHQ� �������DQG��������USP�DW�DOO�RSHUDWLQJ�WHPSHUD�WXUHV�
• VXIILFLHQW� GDPSLQJ� WR� SUHYHQW� LQVWDELOLW\��ZKLUO��RI�WKH�URWDWLQJ�FRPSRQHQWV��DQG
• VWDEOH�DQG�UHSHDWDEOH�UHVSRQVH�WR�XQEDO�DQFH�H[FLWDWLRQ�
)LJXUH���VKRZV�WKH�&DPSEHOO�GLDJUDP�JHQ�HUDWHG� E\� WKH� URWRU� G\QDPLF� PRGHO� )($�SDFNDJH�
(TXLOLEULXP� WKHUPDO� DQDO\VLV� ZDV� FRQ�GXFWHG� XVLQJ� D� KLJKO\� GHWDLOHG� ILQLWH� HOH�PHQW�PRGHO��:LWK� RYHU� ��� VHSDUDWH� SDUWV����� VHSDUDWH� UDGLDWLRQ� DQG� FRQYHFWLRQ� VXU�IDFHV�� DQG� ��� KHDW� VRXUFHV�� WKLV� PRGHO�GUHZ� RQ� LQGXVWU\� DQG� JRYHUQPHQW� SXE�OLVKHG�GDWD��LQWHUQDO�H[SHULPHQWDO�GDWD��DQG�)LJXUH�� 5RWRU�'\QDPLF�0RGHO�&DPSEHOO�'LDJUDP

�
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FRUUHODWLRQV�GHYHORSHG�GXULQJ�)(6, V�SUHYL�RXV� LQWHJUDWLRQ� DQG� WHVWLQJ� SURMHFWV�� 7KLV�)($�PRGHO�ZDV�XVHG�WR�GHYHORS�D�WKHUPDO�PDS�RI�WKH�(0%��WKH�PRGHO�GUHZ�XSRQ�H[�LVWLQJ� DHURG\QDPLF� GUDJ� DQG� EHDULQJ� ORVV�PRGHOV��GHYHORSHG�XQGHU�WKH�7'&�FRQWUDFW�DQG� FRUUHODWHG� ZLWK� PHDVXUHPHQWV� WDNHQ�GXULQJ� WKH� $&(6� SURJUDP�� DQG� LQFRUSR�UDWHG� UHYLVHG�PRWRU� ORVV� HVWLPDWLRQV�� &RU�UHODWLRQ�ZLWK� WHVW� UHVXOWV�ZDV� OHVV�DFFXUDWH�IRU�WKH�PRWRU�ORVV�PRGHO�WKDQ�IRU�WKH�RWKHU�PRGHOV��
6WUXFWXUDO� QDWXUDO� IUHTXHQF\� DQDO\VLV� ZDV�H[WHQGHG� WR� LQFOXGH� KLJKHU� RUGHU� QDWXUDO�IUHTXHQFLHV� ZKHQ� EHQGLQJ� PRGHV� LQ� WKH�PDLQ�VXSSRUW�SODWHV�RI�WKH�(0%�ZHUH�EHLQJ�H[FLWHG��XQH[SHFWHGO\��GXULQJ�LQLWLDO�WHVWLQJ��7KLV� LQYHVWLJDWLRQ� UHVXOWHG� LQ� WKH� UHGHVLJQ�RI�ERWK��XSSHU�DQG�ORZHU��VWUXFWXUDO�VXSSRUW�SODWHV&PRGDO� WHVWLQJ� RI� WKH� SODWHV� LQ� ERWK�

RULJLQDO�DQG�UHGHVLJQHG�FRQILJXUDWLRQV�FRQ�ILUPHG�WKH�DFFXUDF\�DQG�LPSRUWDQFH�RI�WKLV�DQDO\VLV�LQ�WKH�GHVLJQ�SURFHVV�
)LJXUH� �� VKRZV� WKH� WZR� PRGHV� VWXGLHG��D[LDO� DQG� RXW�RI�SODQH� WRUVLRQDO��� DORQJ�ZLWK�WKH�QDWXUDO�IUHTXHQFLHV�IRU�WKH�WRS�VXS�SRUW� SODWH� LQ� ILQDO� �UHLQIRUFHG�� DQG� RULJLQDO�FRQILJXUDWLRQV��)LJXUHV����DQG ���VKRZ�WKH�))7�VSHFWUXP�RI�WKH�����N:�(0%�ZLWK� WKHRULJLQDO�DQG�PRGLILHG�SODWHV��UHVSHFWLYHO\��

%XLOG
7KH� KRXVLQJ� ZDV� FDVW�� WKHQ� WKH� SODWHV��EHDULQJ� PRXQWV�� VWDWRU� PRXQW�� VOLS ULQJ��KRXVLQJ�� DQG� YDULRXV� UHWDLQLQJ� ULQJV� ZHUH�PDFKLQHG�WR� ILQDO�GLPHQVLRQV��6/�07,� SUR�YLGHG� WKH�VWDWRU�� URWRU� ODPLQDWLRQV��DQG�VD�PDULXP� FREDOW� �6P&R�� PDJQHWV�� 7KH� DOX�PLQXP�IOH[�ULP�KXE�ZDV�IDEULFDWHG�E\�ZLUH�('0��7KH�YDFXXP�GRPHV�ZHUH� IRUPHG�E\�$VSLQQLQJ#&WKLV� PLQLPL]HG� WKH� DPRXQW� RI�SUHFLVLRQ�PDFKLQLQJ�UHTXLUHG��$OO�WKH�DOXPL�QXP�VWUXFWXUDO�FRPSRQHQWV�ZHUH�DQRGL]HG�EODFN�WR�UHVLVW�FRUURVLRQ�DQG�LPSURYH�UDGLD�

�

BBBBBBBBBBBBBBBBBBBBBBBBBBB��/LWWOH� SXEOLF LQIRUPDWLRQ� LV� DYDLODEOH� FRQFHUQLQJPRWRU� ORVV� GLVWULEXWLRQ� PRGHOV²SDUWLFXODUO\� PRWRU�URWRU� ORVVHV�� 'XH� WR� OLPLWHG� KHDW� UHMHFWLRQ� SDWKV��DQG� WKH� YDFXXP� HQYLURQPHQW�� XQGHUVWDQGLQJ�WKLV�LVVXH�UHPDLQV�FULWLFDO�WR�VXFFHVVIXO�(0%�LQWHJUDWLRQ��

)LJXUH�������N:�(0%�7RS�3ODWH�1DWXUDO�)UHTXHQF\�0RGHV�² $[LDO�DQG�2XW�RI�3ODQH�7RUVLRQDO��237��0RGHV
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WLRQ� HPLVVLYLW\�� )(6,� IDEULFDWHG� DQG� PD�FKLQHG� WKH� FRPSRVLWH� ULP�DQG�PRWRU� FRP�SRVLWH� VOHHYH� WR� ILQDO� GLPHQVLRQV�� � )LJXUH���� VKRZV� DOO� WKH� FRPSRQHQWV� RI� WKH�(0%&GHVSLWH� WKH� DSSDUHQW� FRPSOH[LW\��WKHUH�DUH� IHZHU� WKDQ�����SDUWV� LQ� WKLV�PD�FKLQH��H[FOXGLQJ�IDVWHQHUV��
6LQFH� WKH\�DUH�HVVHQWLDO� WR� WKH�VXFFHVV�RI�WKH� (0%�� FRQVLGHUDEOH� WLPH� DQG� DWWHQWLRQ�ZDV� GHYRWHG� WR� EHDULQJ�GHVLJQ�DQG� VHOHF�WLRQ��$IWHU�FRQVXOWLQJ�ZLWK�EHDULQJ�PDQXIDF�WXUHUV�DQG�GUDZLQJ�RQ�H[SHULHQFH�ZLWK� WKH�EHDULQJV� XVHG� LQ� WKH� 'UDSHU� $&(6� SUR�JUDP��SUHFLVLRQ�KLJK�VSHHG�DQJXODU�FRQWDFW�EDOO� EHDULQJV� ZHUH� VHOHFWHG�� +\EULG��FHUDPLF�EDOO��VWHHO�UDFHZD\��EHDULQJV�ZHUH�FKRVHQ�WR�LQFUHDVH�OLIH�DQG�UHGXFH�ORVVHV��
'UDZLQJ� XSRQ� SUHYLRXV� H[SHULHQFH�� D� SR�URXV� SRO\LPLGH� UHWDLQHU� ZDV� PDWFKHG� DQG�LPSUHJQDWHG� ZLWK� D� ORZ� YLVFRVLW\�� ORZ� YD�SRXU� SUHVVXUH� EHDULQJ� RLO� WR� IRUP� D� ILQLWH�

OLIH� FRQWLQXRXV� OXEULFDWLRQ� V\VWHP�� 7KH� UH�WDLQHU�VHOHFWHG�DOVR�DOORZV�UH�LPSUHJQDWLRQ�ZLWKRXW� GLVDVVHPEOLQJ� WKH� EHDULQJ�� 7KH�EHDULQJV� DUH� FXVWRP� DVVHPEOHG� DQG� LP�SUHJQDWHG� %DUGHQ� ���+� SUHFLVLRQ� KLJK�VSHHG�DQJXODU�FRQWDFW�EDOO�EHDULQJV��������EHDULQJ�VWHHO�UDFHZD\V��PDWFKHG�VLOLFRQ�QL�WULGH��6L1��FHUDPLF�EDOOV��0HOGLQ������SRO\�LPLGH� SRURXV� UHWDLQHU�� DQG� 1\H� ���$� ORZ�YLVFRVLW\�ORZ�YDSRXU�SUHVVXUH�V\QWKHWLF�RLO��
7KH� VKDIW�� PRWRU� URWRU� ODPLQDWLRQV�� PDJ�QHWV��FRPSRVLWH�VOHHYH��DQG�EDODQFH�GLVNV�ZHUH� DVVHPEOHG� DQG� SUHFLVLRQ� EDODQFHG�

)LJXUH��� ����N:�(0%�0RWRU�5RWRU�DQG�6KDIW

)LJXUH��� ����N:�(0%�5RWDWLQJ�$VVHPEO\)LJXUH���� ����N:�(0%�&RPSRPHQWV
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�)LJXUH� ����� WKHQ� WKH� KXE� DQG� FRPSRVLWH�ULP� ZHUH� DVVHPEOHG� WR� WKH� VKDIW� �)LJXUH������
7KH�(0%�KRXVLQJ�ZDV�PRXQWHG� LQ� DQ� DV�VHPEO\�IUDPH�DQG�WKH�ORZHU�VWUXFWXUDO�FRP�SRQHQWV� DWWDFKHG�� 7KH� URWDWLQJ� DVVHPEO\�ZDV�WKHQ�FHQWHUHG�DQG�WKH�XSSHU�VWUXFWXUDO�FRPSRQHQWV� DWWDFKHG�� 7KH� EHDULQJV� DQG�EHDULQJ PRXQWV�ZHUH�LQVWDOOHG�DQG�DOLJQHG��IROORZHG�E\�LQVWUXPHQWDWLRQ�DQG�SUHOLPLQDU\�GDWD�DFTXLVLWLRQ�FKHFNV�
7KH�IROORZLQJ�LQVWUXPHQWDWLRQ�ZDV� LQVWDOOHG�RQ�WKH�(0%�
• ��WKHUPRFRXSOHV
• RQH�SUR[LPLW\�SUREH��XVHG�DV�D�WDFKRPH�WHU�DQG�SKDVH�WULJJHU�
• WZR�SUR[LPLW\�SUREHV��XVHG�WR�PRQLWRU GLV�SODFHPHQWV DW�HDFK�EHDULQJ�
• WKUHH�DFFHOHURPHWHUV� �RQH�PRQLWRULQJ� UD�GLDO�RU�D[LDO�YLEUDWLRQ�DW�HDFK�EHDULQJ�DQG�RQH�PRQLWRULQJ�KRXVLQJ�YLEUDWLRQ�

)LJXUHV� ��� DQG ��� VKRZ� WKH� XSSHU� DQG�ORZHU� VXUIDFHV� RI� WKH� LQVWUXPHQWHG� (0%��ZKLOH� )LJXUH� ��� VKRZV� WKH� FRPSOHWH� (0%�LQ�LWV�DVVHPEO\�IUDPH��UHDG\�IRU�LQVWDOODWLRQ�LQ�WKH�WHVW�FKDPEHU�
7HVW

7KH�����N:�(0%�PRWRU�JHQHUDWRU� FRQWURO�OHU�XVHV�SXOVH�ZLGWK�PRGXODWLRQ��3:0��DQG�D�VHQVRUOHVV�GULYH��$W�ORZ�VSHHGV�WKH�EDFN�HOHFWURPRWLYH� IRUFH� �(0)��SURGXFHG� LV� WRR�ORZ� IRU� WKH� FRQWUROOHU� WR� UHDG�� VR� WKH� FRQ�WUROOHU� UXQV� !EOLQG �DW� JUHDWO\� UHGXFHG� FXU�UHQW�DQG�SRZHU�OHYHOV��IURP���WR�������USP��$ERYH�������USP��WKH�FRQWUROOHU�FDQ�VXSSO\�PD[LPXP� FXUUHQW�SRZHU� OHYHOV� WR� DFFHOHU�DWH��FKDUJH�DQG�GLVFKDUJH��WKH�IO\ZKHHO�
'XULQJ� WKH� WHVW�SURJUDP�� WKH�����N:�(0%�ORJJHG� RYHU� ���� F\FOHV� DQG� ���� KRXUV� RI�UXQ�WLPH�� 7KH� GDWD� DFTXLVLWLRQ� HTXLSPHQW�URRP�LV�VKRZQ�LQ�)LJXUH�����)LJXUH����LV�D�

)LJXUH��� ����N:�(0%��&RPSOHWH�$VVHPEO\

)LJXUH��� ����N:�(0%�8SSHU�,QVWUXPHQWDWLRQ

)LJXUH��� ����N:�(0%�/RZHU�,QVWUXPHQWDWLRQ
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)LJXUH����)(6,�'DWD�$FTXLVLWLRQ�(TXLSPHQW�5RRP



VFKHPDWLF�RI�WKH�����N:�(0%�WHVW�VHWXS��
'\QDPLF
/RZ� VSHHG� �VWDWLF�� EDODQFLQJ� ZDV� SHU�IRUPHG� EHORZ� ILUVW� FULWLFDO� VSHHG� �a������USP��� WKHQ� WKH� V\VWHP� ZDV� EDODQFHG� DW�VXFFHVVLYHO\�KLJKHU�VSHHGV� WKURXJKRXW� WKH�WHVWLQJ� SURJUDP�� 6\QFKURQRXV� GLVSODFH�PHQWV� RI� WKH� URWDWLQJ� DVVHPEO\� �DV�PHDV�XUHG� DW� WKH� EHDULQJ� VHDWV�� ZHUH� WXQHG� WR�UHPDLQ�EHORZ���������LQFKHV���������PP��IRU� VSHHGV� DERYH� ������� USP�� %HORZ�������� USP� GLVSODFHPHQW� DPSOLWXGHV�FOLPEHG�WR�DERXW��������LQFKHV��a�����PP��DV�WKH�URWRU�WUDYHUVHG�D�VXVSHQVLRQ�QDWXUDO�IUHTXHQF\��7KH�KRXVLQJ�YLEUDWLRQ� OHYHOV�UH�PDLQHG�EHORZ�����J�RYHU� WKLV�HQWLUH�VSHHG�UDQJH� �)LJXUH� ��� VKRZV� WKH� IO\ZKHHO� URWRU�V\QFKURQRXV�G\QDPLF� UHVSRQVH�DQG�KRXV�LQJ�V\QFKURQRXV�YLEUDWLRQ�IRU�QHDU�ILQDO�EDO�DQFH�WULP��
7KHUPDO
7KHUPDO�ORDGLQJ�PHFKDQLVPV�LQ�WKH�����N:�(0%� LQFOXGH� PRWRU� URWRU� KHDWLQJ� �GXH� WR�

K\VWHUHVLV��� DHURG\QDPLF� GUDJ�� EHDULQJ�ORVVHV�� DQG� PRWRU� VWDWRU� KHDWLQJ� �GXH� WR�ERWK� VSHHG�GHSHQGHQW� EDFN� LURQ� KHDWLQJ�DQG� SRZHU�GHSHQGHQW� FRLO� KHDWLQJ&,�5�ORVVHV��� 6LQFH�KHDW� FRQGXFWLRQ�SDWKV� IURP�WKH�URWDWLQJ�DVVHPEO\�DUH�H[WUHPHO\�OLPLWHG��EHDULQJ�FRQWDFW�DUHDV�DUH�YHU\�VPDOO�� WKH�PDMRULW\� RI� KHDW� WUDQVIHU� RFFXUV� E\� UDGLD�WLRQ��7KHUPDO�HTXLOLEULXP�LV�DFKLHYHG�ZKHQ�KHDW�GLVVLSDWLRQ�PDWFKHV�KHDW�JHQHUDWLRQ�LQ�WKH� URWDWLQJ�FRPSRQHQWV&WKLV�FRQGLWLRQ� UH�VXOWV� LQ� WKH� KLJKHVW� FRPSRQHQW� WHPSHUD�WXUHV��$FKLHYLQJ� WKHUPDO� HTXLOLEULXP� LQ� WKH�(0%�YDFXXP�HQYLURQPHQW�UHTXLUHV�FRQVLG�HUDEOH� UXQWLPH�� VLQFH� URWDWLQJ� FRPSRQHQW�ORVVHV� DUH� SUHGRPLQDQWO\� VSHHG� GHSHQG�HQW�� )(6,� HOHFWHG� WR� FRQGXFW� D� FRQVWDQW�VSHHG� WKHUPDO� HTXLOLEULXP� WHVW� DW� D UHSUH�VHQWDWLYH�VSHHG�RI��������USP�
7KH� ���� N:� (0%� ZDV� DFFHOHUDWHG� WR�������� USP� DQG� KHOG� WKHUH� IRU� RYHU� HLJKW�KRXUV� DW� D� YDFXXP� OHYHO� RI� ���� PLOOLWRUU��7KURXJKRXW� WKH� HLJKWK� KRXU� RI� UXQQLQJ��PRQLWRUHG�WHPSHUDWXUH�YDOXHV�LQFUHDVHG�E\�DW�PRVW���R&&WKLV�ZDV�ZLWKLQ� WKH�DFFXUDF\�
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RI�WKH�WKHUPRFRXSOHV�DQG�WKHUHIRUH�FRQVLG�HUHG� WR� EH� WKHUPDO� HTXLOLEULXP�� )LJXUH� ���VKRZV� WKH� PRQLWRUHG� WHPSHUDWXUHV� GXULQJ�WKH�WHVW�DQG�WKH�)($�WKHUPDO�SURILOH��7DEOH���VKRZV�WKH�FRUUHODWLRQ�REWDLQHG�
3RZHU
)LJXUH� ��� VKRZV� WKH� IO\ZKHHO� SRZHU��VSHHG��DQG�PRQLWRUHG� WHPSHUDWXUHV�GXULQJ�FRQVWDQW�SRZHU�F\FOH� WHVWLQJ��7KLV�GHPRQ�VWUDWLRQ LV� WKH� VLPSOHVW ORDG� OHYHOOLQJ� GH�PDQG VFKHGXOH�� FRQVWDQW� SRZHU� GUDZQIURP� WKH (0%�� WKHQ FRQVWDQW� SRZHU� GHOLY�HUHG� WR WKH�(0%��6LQFH� WKH WHVW�ZDV� FRQ�GXFWHG�DW�D�YDFXXP�OHYHO�RI����PLOOLWRUU��WKH�FRPSRQHQW�WHPSHUDWXUHV�DUH�VOLJKWO\�KLJKHU�WKDQ� WKRVH� PHDVXUHG� GXULQJ� FRQVWDQW�VSHHG�WKHUPDO�HTXLOLEULXP�WHVWLQJ��7KLV�WHVW�SURYHG�WKDW� WKH�(0%�FRXOG�EH�RSHUDWHG�DW�UHDVRQDEO\� KLJK� SRZHU� OHYHOV� ZLWKRXW� DG�YHUVH�G\QDPLF�RU�WKHUPDO�FRQVHTXHQFHV�

836�'HPRQVWUDWLRQ
(OHFWURPHFKDQLFDO� EDWWHULHV� DUH� HQHUJ\�PDQDJHPHQW� GHYLFHV�� VLQFH� WKLV� ���� N:�(0%�LV�D�EXLOGLQJ�EORFN� LQ� WKH�K\EULG�YHKL�FOH� GHPRQVWUDWLRQ� SURJUDP�� LW� ZDV� GH�VLJQHG� WR� GHPRQVWUDWH� D� '&� EXV� ORDG�OHYHOLQJ� FDSDELOLW\�� 7KH� VLPSOHVW� GHPRQ�

��

7DEOH�� )($�7KHUPDO��0RGHO�&RUUHODWLRQ
7KHUPRFRX�SOH�/RFDWLRQ 0RGHOOHG��R&� 0HDVXUHG��R&� 'LIIHUHQFH�R&�
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8SSHU�%HDULQJ �� �� ��
6KDIW��%RWWRP �� �� ��
/RZHU�%HDULQJ �� �� �
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VWUDWLRQ�FRQILJXUDWLRQ�FRQFHLYHG�ZDV�DQ�XQ�LQWHUUXSWLEOH�SRZHU� VXSSO\� �836���7R� IDFLOL�WDWH� WKLV� WHVW�� 6/�07,� GHVLJQHG� D� YROWDJH�UHJXODWLRQ� FRQWURO� VWUDWHJ\� LQWR� WKH� PRWRU�FRQWUROOHU�SRZHU�HOHFWURQLFV�SDFNDJH�
,Q� 836� FRQILJXUDWLRQ�� WKH� (0%� SURWHFWV� D�SRZHU� TXDOLW\� VHQVLWLYH� ORDG� IURP� YROWDJH�VXUJHV�RU�VDJV� LQ� WKH�JULG�VXSSOLHG�SRZHU��7R�GHPRQVWUDWH� WKLV� IHDWXUH�� D� VLPSOH� WHVW�SURFHGXUH�ZDV�GHYLVHG��DV�IROORZV�
• 7KH�PDFKLQH�LV�DFFHOHUDWHG�WR�WHVW�VSHHG��7KLV� SURFHVV� UHTXLUHV� DSSUR[LPDWHO\� RQH�KRXU�
• $�ORDG� LV�FRQQHFWHG� WR� WKH�RXWSXW�SOXJ�RI�WKH�FRQWUROOHU²IRU� WKLV�GHPRQVWUDWLRQ� WKH�ORDG�LV�D�3&�UXQQLQJ�D�VLPSOH�SURJUDP��,I�SRZHU�VWRSV� IORZLQJ� WR� WKH� ORDG�� WKH�SUR�JUDP�ZLOO�VKXW�GRZQ�
• 7KH�PRWRU�FRQWROOHU�LV�VZLWFKHG�WR�YROWDJH�UHJXODWLRQ�PRGH�YLD�D�VRIWZDUH�LQWHUIDFH��
• 7KH� FRQWUROOHU� LV� GLVFRQQHFWHG� IURP� WKH�OLQH�SRZHU��7KH�IO\ZKHHO�VSHHG�GHFUHDVHV�DV� WKH� PRWRU�JHQHUDWRU� PDLQWDLQV� SRZHU�WR� WKH� ORDG� YLD� WKH� FRQWUROOHU�FRQYHUWHU�DQG�836�FLUFXLW�� WKH�3&�FRQWLQXHV� WR�RS�HUDWH�XQLQWHUUXSWHG�
• 7KH� FRQWUROOHU� LV� UHFRQQHFWHG� WR� WKH� OLQH�SRZHU�DQG�WKH�IO\ZKHHO�LV�UHFKDUJHG�
7KH�PDFKLQH FDQ�EH�GLVFRQQHFWHG�DQG� UH�FRQQHFWHG�WR�WKH�OLQH�SRZHU�DV�PDQ\�WLPHV�DV�GHVLUHG�IRU�WKH�GHPRQVWUDWLRQ��$�VLPXOD�WLRQ� RI� D� VHYHUH� 836 GHPDQG� VFKHGXOH��PXOWLSOH�SRZHU�RXWDJHV� LV�VKRZQ�LQ�)LJXUH���� (DFK LQWHUUXSWLRQ FRQWLQXHV�IRU�D�������USP�GURS IROORZHG�E\�D�����USP�FOLPE�

&RQFOXVLRQ
7KH� ���� N:� (0%� GHYHORSHG� XQGHU� WKH�$+LJK�3HUIRUPDQFH�(OHFWURPHFKDQLFDO�%DW�WHU\� 3URJUDP# KDV� GHPRQVWUDWHG� VWDEOH�DQG�FRQVLVWHQW�G\QDPLF�� WKHUPDO��DQG� ORDG�FRQWURO� UHVSRQVH�� 7KH� VRIWZDUH� WRROV� DQG�VNLOOV� EDVH� GHYHORSHG� LQ� HDUOLHU� SKDVHV� RI�WKH�ZRUN� KDYH� EHHQ� HPSOR\HG� WR� SURGXFH�DFFXUDWH�DQG�UHOLDEOH� WKHUPDO�DQG�G\QDPLF�PRGHOV�RI�WKH�(0%��
/RQJ� OLIH� EHDULQJV� DQG� KHDOWK� PRQLWRULQJ�UHTXLUH�IXUWKHU�GHYHORSPHQW��DV�SDUW�RI�WKH�6DIHW\�� /LIH�� DQG� 5HOLDELOLW\� HQJLQHHULQJ�VKRZQ� LQ� )LJXUH� ��� IRU� FRPPHUFLDO� (0%�V\VWHP� GHSOR\PHQW�� 7KH� H[SHULHQFH�JDLQHG� GXULQJ� WKH� ���� N:� (0%� GHYHORS�PHQW�SURJUDP�KDV�EHHQ�DSSOLHG�WR�WKH�QH[W�VWHS�RQ�WKH�SDWK�WR�GHPRQVWUDWLQJ�D�K\EULG�XUEDQ�WUDQVLW�EXV&WKH����N:�(0%�

)ROORZ�RQ�:RUN
7KH�QH[W�KDUGZDUH�GHYHORSPHQW� LQ� WKH�K\�EULG� EXV� GHPRQVWUDWLRQ� SURJUDP� �VHH� )LJ�XUH�����WKH����N:�� �N:K�(0%��FR�IXQGHG�E\� )(6,� DQG� &$10(7 V� (QHUJ\� 7HFKQRO�RJ\� &HQWUH��� LV� XQGHUZD\�� 7KLV� (0%� LV�VL]HG� WR� PHHW� WKH� HQHUJ\� DQG� SRZHU� UH�TXLUHPHQWV�RI�D� OLJKW�GHOLYHU\� YDQ�DQG� WZR�VXFK� V\VWHPV� RSHUDWHG� LQ� SDUDOOHO� ZRXOG�PHHW�WKH�SHDN�SRZHU�GHPDQGV�RI�D�K\EULG�XUEDQ�WUDQVLW�EXV��)LJXUH����VKRZV�DQ�HOH�YDWLRQ�YLHZ�RI�WKH�DVVHPEOHG����N:�(0%�
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