
3UHOLPLQDULHV�LQ�&DUERQ���& 6HSDUDWLRQ�3URFHVV�E\�/RZ�
7HPSHUDWXUH�'LVWLOODWLRQ
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�7HFKQLFDO�8QLYHUVLW\�RI�&OXM�1DSRFD��5RPDQLD�
'HSDUWPHQW�RI�$XWRPDWLRQ��)DFXOW\�RI�$XWRPDWLRQ�DQG�&RPSXWHU�6FLHQFH��

���0HPRUDQGXPXOXL�6WUHHW����������&OXM�1DSRFD��5RPDQLD��(�0DLO��VDVGLD#\DKRR�FRP�

�8QLYHUVLW\�RI�2UDGHD��5RPDQLD��
'HSDUWPHQW�RI�&RQWURO�6\VWHPV�(QJLQHHULQJ��)DFXOW\�RI�(OHFWULFDO�(QJLQHHULQJ�DQG�,QIRUPDWLRQ�7HFKQRORJ\��

��8QLYHUVLWDWLL�6WUHHW���������2UDGHD��5RPDQLD��(�0DLO��]NRYHQGL#XRUDGHD�UR��HJHUJHO\#XRUDGHD�UR��OFRURLX#XRUDGHD�UR�

�8QLYHUVLW\�RI�'HEUHFHQ��+XQJDU\��
'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ�DQG�0HFKDWURQLFV��)DFXOW\�RI�(QJLQHHULQJ�
��ÏWHPHWĘ 6WUHHW������ 'HEUHFHQ��+XQJDU\��(�0DLO��KXVLJH]D#HQJ�XQLGHE�KX

$EVWUDFW�±� 7KLV� SDSHU� SUHVHQWV� DQ� H[SHULPHQWDO� SODQW�
ZKLFK� VHSDUDWHV� &DUERQ� ��&� LVRWRSHV�� %HJLQQLQJ� ZLWK�
DQ�RYHUYLHZ�RI�&DUERQ� ��&�6HSDUDWLRQ�3URFHVV�� LW�ZLOO�
EH�SUHVHQWHG�WKH�FRQYHQWLRQDO�VHSDUDWLRQ�FROXPQ��$OVR��
WKHUH� DUH� UHODWDWHG� WKH� UHTXLUHG� SURFHGXUHV� WKDW� DUH�
GRQH�WKURXJK�H[SHULPHQWDO�SODQW�RI�LVRWRSH�VHSDUDWLRQ�
XQGHU�FRQWLQXRXV�IHHG�

.H\ZRUGV� LVRWRSHV�� VHSDUDWLRQ� SURFHVV�� VHSDUDWLRQ�
FROXPQ��FDUERQ���&��FKHPLFDO�H[FKDQJH�SURFHVV

,��%(*,11,1*6�2)���&�&$5%21�6(3$5$7,21�
352&(66

/LNH� LW� LV�PHQWLRQ� LQ� OLWHUDWXUH� >���@�� WKH� ILUVW�JUDPV�
RI� ��&� ZHUH� SURGXFHG� LQ� 0RXQG� /DERUDWRU\�� 8QLWHG�
6WDWHV�LQ��������

6LQFH� WKHQ�� WKH� SUHVHQFH� RI� VWDEOH� LVRWRSH� ��&� LQ�
GLYHUVH� ILHOGV� VXFK� DV� PHGLFLQH�� FKHPLVWU\�� ELRORJ\��
ELRFKHPLVWU\��DJURQRP\�RU�QXFOHDU�HQHUJ\�FRQWULEXWHV�WR�
LQQRYDWLRQ�RI�WKHVH�YDULRXV�LQGXVWU\�ILHOGV���

,Q�WKH�IROORZLQJ�ILJXUH�LV�SUHVHQWHG�WKH�GLDJUDPPDWLF�
UHSUHVHQWDWLRQ�RI�&DUERQ�LVRWRSHV��PRUH�SUHFLVHO\�LW�FDQ�
EH�VHHQ�GLIIHUHQW�FDUERQ�LVRWRSHV�VXFK�DV���&����&�DQG�
��&���

)LJ�����'LDJUDPPDWLF�UHSUHVHQWDWLRQ�RI�&DUERQ�LVRWRSHV�

6RPH� RI� WKH� FXUUHQW�PHWKRGV� RI� VHSDUDWLRQ� RI� ��&��
ZKLFK� DUH� DOVR� SUHVHQWHG� LQ� OLWHUDWXUH� >���@�� DUH� WKH�
IROORZLQJ��
x FKHPLFDO�H[FKDQJH��FDUERQ�GLR[LGH�FDUEDPDWH��
x ORZ�WHPSHUDWXUH�GLVWLOODWLRQ�RI�FDUERQ�PRQR[LGH�

WHUPRGLIXVLRQ�
x VHOHFWLYH�GLVVRFLDWLRQ�RI�ODVHU�UDGLDWLRQ��
x JDV�GLIIXVLRQ�
'LVWLOODWLRQ� LV� D� SURFHVV� RI� EDODQFH�� WKH� HQHUJ\�

UHTXLUHG� IRU� WKLV� LV� PXFK� VPDOOHU� LQ� FRPSDULVRQ� ZLWK�
WHUPRGLIIXVLRQ�DQG�JDVHRXV�GLIIXVLRQ���

7KH� PDLQ� HOHPHQWV� RI� &DUERQ� VHSDUDWLRQ� SODQW� E\�
ORZ�WHPSHUDWXUH�GLVWLOODWLRQ�RI�FDUERQ�PRQR[LGH�DUH�WKH�
IROORZLQJ��
x GLVWLOODWLRQ�FROXPQ�ZLWK�KLJK�HIILFLHQF\�XQRUGHUHG�

ILOOLQJ�
x FDSDFLWRU�ZLWK�UROH�RI�UHIOX[�DW�WKH�WRS�RI�WKH�

FROXPQ��
x WKH�NHWWOH�ZLWK�UROH�RI�UHIOX[�DW�WKH�ERWWRP�RI�WKH�

FROXPQ�
7KHUPDO�LQVXODWLRQ�RI�WKH�HQWLUH�V\VWHP�LV�HQVXUHG�E\�

D� YDFXXP� MDFNHW� DQG� UHIOHFWLYH� VFUHHQV��PHDQZKLOH� WKH�
FDUERQ�LV�FRQFHQWUDWHG�WR�EDVH�RI�WKH�VHSDUDWLRQ�FROXPQ��

7KXV�� HQHUJ\� FRVWV� DUH� PLQLPDO� ERWK� IRU� VPDOO�
SURGXFWLRQV� DQG� IRU� LQWHUPHGLDWH� SURGXFWLRQV�� $PRQJ�
WKH� GLVDGYDQWDJHV� RI� WKLV� SURFHVV� LV� WKDW� FDUERQ�
PRQR[LGH� LV� GLVWLOODWLRQ� DW� ORZ� WHPSHUDWXUHV�� $QRWKHU�
GLVDGYDQWDJH� LV� WKH� IDFW� WKDW�FDUERQ�PRQR[LGH� LV�KLJKO\�
WR[LF�>���@

,,��7+(25(7,&$/�$63(&76�$%287�&$5%21�
6(3$5$7,21�352&(66�

7KH� VHSDUDWLRQ� RI� WZR� VXEVWDQFHV� ZLWK� GLIIHUHQW�
YDSRU�SUHVVXUHV�LV�PDGH�LQ�RUGHU�WR�FRQFHQWUDWH�D�FHUWDLQ�
VXEVWDQFH�RI�LQWHUHVW���

-RXUQDO�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ ��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



'XH� WR� WKH� IDFW� WKDW� LQ� LVRWRSHV� VHSDUDWLRQ� WKH�
GLIIHUHQFH� EHWZHHQ� ERLOLQJ� SRLQWV� LV� UHSUHVHQWHG� E\� D�
VPDOO� IUDFWLRQ� RI� D� GHJUHH�� WR� H[WHQG� WKLV� SURFHVV� WR�
VHSDUDWLRQ� RI� LVRWRSHV� WKH� RSHUDWLRQ� PXVW� EH� UHSHDWHG�
YHU\�RIWHQ��

7KH� RSHUDWLRQ� RI� VHSDUDWLRQ� LV� FDUULHG� RXW� LQ� D�
IUDFWLRQDWLQJ�FROXPQ�ZKHUH� WKH�XSZDUG�YDSRU�VWUHDP�LV�
EURXJKW� LQWR� LQWLPDWH� FRQWDFW� ZLWK� D� GHVFHQGLQJ� OLTXLG�
VWUHDP��7KH�OLTXLG�LV�YDSRUL]HG�DW�WKH�ERWWRP�PHDQZKLOH�
WKH�YDSRU�LV�FRQGHQVHG�DW�WKH�WRS��

$W�WKH�VDPH�WLPH��WKHUH�LV�DQ�H[FKDQJH�RI�PROHFXOHV�
EHWZHHQ� WKH� WZR�SKDVHV��PRUH�SUHFLVHO\� WKH�FRPSRQHQW�
PRUH�YRODWLOH�PRYH�SUHIHUHQWLDOO\�LQ�WKH�YDSRU�SKDVH�DQG�
WKHQ� LW� WHQGV� WR� DFFXPXODWH� LWVHOI� DW� WKH� WRS� RI� WKH�
FROXPQ�� PHDQZKLOH� WKH� FRPSRQHQW� OHVV� YRODWLOH�
FRQFHQWUDWH� LWVHOI� LQ� WKH� OLTXLG� SKDVH� DQG� WHQG� WR�
DFFXPXODWH�DW�WKH�ERWWRP�RI�WKH�FROXPQ��

6HSDUDWLRQ�FRHIILFLHQW�LV�QRWHG�ZLWK�Į�DQG�LV�JLYHQ�E\�
WKH�UDWLR�RI�SXUH�LVRWRSLF�FRPSRQHQWV�SUHVVXUH��$OVR��LQ�
WKH�IROORZLQJ�HFXDWLRQ�FDQ�EH�VHHQ�WKH�UHSUHVHQWDWLRQ�RI�
WKH�VHSDUDWLRQ�FRHIILFLHQW��
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:KHUH��

x �
�3 ��UHSUHVHQWV�WKH�SUHVVXUH�RI�WKH�ILUVW�LVRWRSLF�

FRPSRQHQW�

x �
�3 ��UHSUHVHQWV�WKH�SUHVVXUH�RI�WKH�VHFRQG�LVRWRSLF�

FRPSRQHQW�
,Q�WKH�IROORZLQJ�WDEOH�DUH�UHSUHVHQWHG�GLIIHUHQW�YDOXHV�

RI�Į�IRU�LVRWRSLF�VSHFLHV�RI�LQWHUHVW�>���@

7$%/(� ��� 9DOXHV� RI� RI� VHSDUDWLRQ� IDFWRU� D IRU� GLIIHUHQW�
LVRWRSLF�VSHFLHV

3DLU 7HPSHUDWXUH��R.� ��
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7KXV�� LI�D�PL[WXUH�RI� WZR�VSHFLHV�RI� LVRWRSHV�ZKRVH�
UDWLR� RI� WKH� YDSRU� SUHVVXUH� LV� Į�� ZDV� GLVWLOOHG� DW� WRWDO�
UHIOX[�LQ�D�FROXPQ��WKH�UDWLRQ�RI�FRQFHQWUDWLRQ�RI�LVRWRSH�
FKDQJHV�E\� D� IDFWRU�Į�SHU HDFK� WKHRUHWLFDO� SODWH�� DQG� LI�
WKHUH� DUH� Q� WKHRUHWLFDO� SODWHV� WKH� FRQFHQWUDWLRQ� RI�
LVRWRSH�FKDQJHV�E\�D�IDFWRU�ĮQ�

,,��7+(�(;3(5,0(17$/�3/$17�5(35(6(17('�
%<�$�6,1*/(�6(3$5$7,21�&2/801�

,W� LV� NQRZQ� IURP� OLWHUDWXUH� >���@� WKDW� WKH� VFRSH� RI�
LVRWRSLF� VHSDUDWLRQ� SURFHVV� LV� WR� LQFUHDVH� WKH�
FRQFHQWUDWLRQ� RI� DQ� LVRWRSH� LQ� D� VSHFLILF� HQYLURQPHQW��
$OVR��WKH�EDVH�RI�LVRWRSH�VHSDUDWLRQ�WHFKQLTXH�LV�UHODWHG�
RQ� GLIIHUHQFHV� EHWZHHQ� WKH� SK\VLFDO� �� FKHPLFDO�
SURSHUWLHV�RI�WKH�LVRWRSHV��

$� 6HSDUDWLRQ�FROXPQ�

7KH�PDLQ�LPSRUWDQW�HOHPHQW�RI�WKH�VHSDUDWLRQ�SODQW�LV�
UHSUHVHQWHG� E\� WKH� VHSDUDWLRQ� FROXPQ�� PRUH� SUHFLVHO\��
VSHFLDO�GHYLFH�ZKLFK�PXOWLSOLHV�WKH�HOHPHQWDO�VHSDUDWLRQ�
HIIHFW�LQ�FDVH�RI�LVRWRSH�H[FKDQJH�UHDFWLRQV��

,Q� >���@� LV� SUHVHQWHG� WKH� IDFW� WKDW� WKH� VHSDUDWLRQ�
FROXPQ� FRQWDLQV� WZR� VHFWLRQV�� RQH� IRU� HQULFKPHQW� DQG�
RQH�IRU�GLOXWLRQ��7KH�IHHGLQJ�SRLQW�RI�WKH�FROXPQ�GLYLGHV�
WKH� FROXPQ� LQWR� HQULFKPHQW� VHFWLRQ� DQG� LQWR� GLOXWLRQ�
VHFWLRQ�� ,QVLGH�� WKH� FROXPQ� LV� ILOOHG� ZLWK� WULDQJXODU�
VSLUDOV�PDGH�RI�VWDLQOHVV�VWHHO�ZLUH��

,QVLGH� WKH� HQULFKPHQW� VHFWLRQ�� HDFK� WLPH� ZKHQ�
VHSDUDWLRQ�SODQW�LV�VXSSOLHG�ZLWK�GHVLUHG�LVRWRSH�SURGXFW��
WKH�LVRWRSH¶V�FRQFHQWUDWLRQ�LV�LQFUHDVHG�XS�WR�WKH�GHVLUHG�
YDOXH�� 0HDQZKLOH�� LQVLGH� WKH� GLOXWLRQ� VHFWLRQ�� WKH�
LVRWRSH¶V� FRQFHQWUDWLRQ� LV� GHFUHDVHG� XQGHU� WKH� QDWXUDO�
LVRWRSH�FRQFHQWUDWLRQ��

,Q� WKH� IROORZLQJ� ILJXUH� LV� SUHVHQWHG� WKH� VWUXFWXUDO�
VFKHPH�RI�DQ�H[SHULPHQWDO�SODQW�UHSUHVHQWHG�E\�D�VLQJOH�
VHSDUDWLRQ�FROXPQ��

)LJ�����6FKHPDWLFDOO\�UHSUHVHQWDWLRQ�RI�LVRWRSH�VHSDUDWLRQ�SODQW�

$OVR�� >���@� WKH� PRVW� LPSRUWDQW� FKDUDFWHULVWLFV� RI� WKH�
LVRWRSH�VHSDUDWLRQ�FROXPQ�DUH���
x +ROG�XS� RQ� SODWH� ±� GHWHUPLQH� WKH� WLPH� WR� UHDFK�

HTXLOLEULXP�
x +(73� ± KHLJKW� HTXLYDOHQW� WKHRUHWLFDO� SODWHV� ±

GHWHUPLQHV� WKH� KHLJKW� RI� WKH� FROXPQ� WR� DFKLHYH� D�
FHUWDLQ�VHSDUDWLRQ�

x SHUPLWWHG�ORDG�±�VHSDUDWH�SURGXFW�IORZ�LV�GLUHFWO\�
SURSRUWLRQDO�WR�WKH�ORDG�

x SUHVVXUH� GURS� DFURVV� WKH� SODWH� ±� DV� VPDOO� DV�
SRVVLEOH�

�� 9ROXPH�����1XPEHU����0D\�����BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



/LNH� LW� LV� NQRZQ� IURP� OLWHUDWXUH� >����� ���@�� WKH�
UHTXLUHPHQWV� WKDW� VKRXOG� EH� IXOILOOHG� E\� D� VHSDUDWLRQ�
FROXPQ�DUH�WKH�IROORZLQJ��
x KLJK�ORDG�
x VPDOO�KROG�XS
x ORZ�SUHVVXUH�GURS��
x VPDOO�+(73�

%� 2WKHU�FRPSRQHQWV�RI�WKH�SODQW

$V� LW� LV� PHQWLRQHG� LQ� WKH� OLWHUDWXUH� >����@�� EHVLGHV�
VHSDUDWLRQ� FROXPQ�� RWKHU� PDLQ� FRPSRQHQWV� RI�
H[SHULPHQWDO�LVRWRSLF�VHSDUDWLRQ�SODQW�DUH�WKH�IROORZLQJ��
x WKH�FRQGHQVHU��
x WKH�NHWWOH��ERLOHU��
x WKH�YDFXXP�MDFNHW��
x WKH�YDFXXP�DJJUHJDWHV�
7KH� FRQGHQVHU�� ZKLFK� LV� PDGH� RI� VWDLQOHVV� VWHHO��

SURYLGHV� UHIOX[� WR� WKH� WRS� RI� WKH� FROXPQ� E\� WRWDO�
FRQGHQVDWLRQ�RI�FDUERQ�PRQR[LGH��XVLQJ�OLTXLG�QLWURJHQ�
ERLOLQJ�DW�DWPRVSKHULF�SUHVVXUH���

$OVR�� WKH� FRQGHQVHU� LV� F\OLQGULFDO� DQG� LV� SURYLGHG�
ZLWK�ORQJLWXGLQDO�ILQV�WR�LQFUHDVH�KHDW�H[FKDQJH�VXUIDFH��
7KH� OLTXLG� IORZV� E\� JUDYLW\� IURP� FRQGHQVHU� RQ� WKH�
ILOOLQJ� RI� WKH� FROXPQ� LQ� FRXQWHUFXUUHQW� ZLWK� FDUERQ�
PRQR[LGH�JDV��

7KH�NHWWOH��ZKLFK�LV�SODFHG�DW�WKH�EDVH�RI�WKH�FROXPQ��
HQVXUHV�EDFNIORZ�RI�OLTXLG�FDUERQ�PRQR[LGH��7KH�NHWWOH�
LV�KHDWHG�ZLWK�DQ�HOHFWULFDO�UHVLVWDQFH���

7KH�SODQW�LV�FRQVWUXFWHG�RI�VWDLQOHVV��$OVR��WKH�ZKROH�
SODQW�LV� LVRODWHG�DQG�LQVHUWHG� LQWR�D�YDFXXP�MDFNHW��7KH�
YDFXXP� LV� DFKLHYHG� ZLWK� WZR� YDFXXP� XQLWV�� PRUH�
SUHFLVHO\� SUHOLPLQDU\� YDFXXP� SXPS� DQG� RLO� GLIIXVLRQ�
SXPS��ORFDWHG�DW�WKH�HQGV�RI�WKH�LQVWDOODWLRQ���

0HDQZKLOH� WKH� VDPSOLQJ� LV� GRQH� RQ� FDUERQ�
PRQR[LGH�� WKH� LVRWRSLF� DQDO\VLV� LV� SHUIRUPHG� ZLWK� D�
PDVV�VSHFWURPHWHU��

,9��7+(�352&('85(6�5(48,5('�,1���&
&$5%21�6(3$5$7,21�352&(66�

$V� WKH� OLWHUDWXUH� PHQWLRQV� >���@�� WKHUH� DUH� PXOWLSOH�
UHTXLUHG� SURFHGXUHV� WKDW� VKRXOG� EH� IXOILOOHG� LQ� RUGHU� WR�
REWDLQ�WKH�ILQDO�SURGXFW�RI���&�&DUERQ�

$� 3UHUHTXLVLWHV LQ���&�&DUERQ VHSDUDWLRQ�SURFHVV

%HIRUH�VWDUWLQJ�WKH�,VRWRSH�6HSDUDWLRQ�3URFHVV�� WKHUH�
LV�QHHGHG�WR�SHUIRUP�D�VHW�RI�DFWLRQV�VXFK�DV�>���@�
x FKHFNLQJ�WKH�WLJKWQHVV�RI�WKH�VKHOO�RI�LVRODWLRQ�E\�

YDFXXP��
x FKHFNLQJ�WKH�WLJKWQHVV�RI�WKH�SODQW�
x FKHFNLQJ�WKH�UHVLGXDO�SUHVVXUH�
x YDFXXPLQJ�WKH�SODQW�DQG�DOO�LWV�OLQNV�
x FKHFNLQJ�DOO�JDXJHV�DQG�YDOYHV�
x FKHFNLQJ�WKH�OLTXLG�QLWURJHQ�VXSSO\�V\VWHP�
x FRQQHFWLQJ� WKH� SODQW� ZLWK� FDUERQ� PRQR[LGH�

F\OLQGHU�

x FKHFNLQJ� WKH� SUHVVXUH� LQ� WKH� F\OLQGHU� DQG� EXIIHU�
YHVVHO�

x FRQQHFWLQJ�WKH�YHVVHO�ZLWK�OLTXLG�QLWURJHQ�VXSSO\�
V\VWHP�

$IWHU�SHUIRUPLQJ�WKHVH�DFWLRQV��WKH�FDUERQ�PRQR[LGH�
LV� LQWURGXFHG� LQWR� WKH� SODQW� DIWHU� WKH� FRQGHQVHU� VWDUWV�
FRROLQJ� ZLWK� OLTXLG� QLWURJHQ�� $OVR�� WKH� VHSDUDWLRQ�
FROXPQ� LV�FRROHG�DV� WKH�FDUERQ�PRQR[LGH� OLTXHILHV�DQG�
DFFXPXODWHV�LWVHOI�LQ�WKH�SODQW��

$QRWKHU�WKLQJ�LV�WKH�IDFW�WKDW�WKH�KHDWLQJ�RI�WKH�NHWWOH�
VZLWFKHV� WR� UDWHG� SRZHU� WR� DFKLHYH� WKH� GHVLUHG� ORDG� RI�
WKH�FROXPQ�ZKHQ�WKH�OLTXLG�FDUERQ�PRQR[LGH�UHDFKHV�DW�
WKH�ERWWRP�RI�WKH�FROXPQ��

6DPSOHV� DUH� WDNHQ� ERWK� IURP� WKH� ERWWRP� RI� WKH�
FROXPQ� DQG� WKH� WRS� RI� WKH� FROXPQ� DQG�� LI� QHFHVVDU\��
IURP� WKH� VXSSO\� SRLQW� DQG� DQDO\]HG� E\� PDVV�
VSHFWURPHWU\��

%� $XWRPDWHG� SODQW� IRU� � ��&� &DUERQ VHSDUDWLRQ�
SURFHVV�

7KH�XVH�RI�DQ�DXWRPDWHG�SODQW�>�����@�LV�QHFHVVDU�IRU�
PDLQWDLQLQJ� WKH� UHODWLRQ� EHWZHHQ� IHHG� IORZ� UDWH�� WKH�
SURGXFW� IORZ� DQG� WKH� H[KDXVW� IORZ� ZDVWH�� 7KHVH� IORZV�
PXVW�FRPSO\�ZLWK�WKH�UHODWLRQ���

)� �3���: ����
:KHUH��
x )�� IHHG�IORZ�UDWH
x 3�� WKH�SURGXFW�IORZ��
x :�� WKH�H[KDXVW�IORZ�ZDVWH
7KH�DXWRPDWHG�SODQW��DOVR�GHVFULEHG�LQ�OLWHUDWXUH�>���

��@�LV�EDVHG�RQ�PHDVXULQJ�WKH�OHYHO�RI�OLTXLG�LQ�WKH�NHWWOH�
RI� WKH� FROXPQ� DQG� WUDQVPLWV� LQIRUPDWLRQ� WR� FRQWURO�
HOHPHQWV� WKDW� ZLOO� FDXVH� IORZ� YDULDWLRQV� WR� D� GLVFKDUJH�
ZDVWH�SXPS����

7KH� QHFHVVDU\� FRQGLWLRQV� IRU� WKH� DXWRPDWHG� ORRS� WR�
ZRUN�SURSHUO\�DUH�WKH�IROORZLQJ��
x WKH�YDFXXP�SUHVVXUH�LQ�WKH�VKHOO�VKRXOG�EH�DV�ORZ�

DV�SRVVLEOH� � DQG�DOVR�FRQVWDQW� LQ�RUGHU� WR�SHUPLW� D�
YHU\�VPDOO�KHDW�WUDQVIHU�IURP�WKH�RXWVLGH�

x WKH�LQMHFWHG�SRZHU�WR�HOHFWULF�KHDWHU�RI� WKH�ERLOHU�
PXVW� EH� FRQVWDQW�� RWKHUZLVH� ERWK� WKH� PRODU� IORZ�
UDWH� RI� WKH� FROXPQ� DQG� WKH� OLTXLG� OHYHO� IURP� WKH�
NHWWOH�FXS�ZLOO�EH�YDULDEOH

x TXDOLW\� RI� FDUERQ� PRQR[LGH� PXVW� EH� YHU\� JRRG��
RWKHUZLVH��WKH�LPSXULWLHV�ZLOO�EH�DFFXPXODWHG�DW�WKH�
VXSSO\�SRLQW

x WKH� OHYHO� RI� OLTXLG�QLWURJHQ� IURP�FRQGHQVHU�PXVW�
EH� FRQVWDQW� LQ� RUGHU� WR HQVXUH� D� XQLIRUP� UHIOX[� WR�
WKH�WRS�RI�WKH�FROXPQ

&� 7KH� H[SHULPHQWDO� SURFHVV� RI� � ��&� &DUERQ
VHSDUDWLRQ�

/LNH� LW� ZDV� PHQWLRQ� EHIRUH� >���@�� WKH� QHFHVVDU\�
RSHUDWLRQV� WKDW� KDV� WR� EH� GRQH� LQ� RUGHU� WR� SHUIRUP� WKH�
VHSDUDWLRQ�SURFHVV�DUH�WKH�IROORZLQJ�
x SUHSDULQJ� WKH� QHFHVVDU\� TXDQWLW\� RI� FDUERQ�

PRQR[LGH�IRU�WKH�H[SHULPHQW�

-RXUQDO�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ ��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



x ZHWWLQJ� WKH� ILOOLQJ� E\� FRPSOHWH� IORRGLQJ� � WKH�
GLVWLOODWLRQ�FROXPQ�ZLWK�OLTXLG�FDUERQ�PRQR[LGH���

x H[WUDFWLQJ� WKH� VXUSOXV� RI� FDUERQ� PRQR[LGH� IURP�
WKH�SODQW��

x VXSSO\LQJ� WKH� SODQW� ZLWK� FDUERQ� PRQR[LGH� DW�
QDWXUDO� FRQFHQWUDWLRQ� PHDQZKLOH� WKH� ZDVWH� LV�
GLVFKDUJHG�

/LNH� LW� LV�PHQWLRQ� LQ� OLWHUDWXUH�� >���@� WKH� FROXPQ� LV�
IHHG� IURP�D�SRLQW� ORFDWHG�DERYH� WKH� WRS�RI� WKH�FROXPQ��
)HHG� UDWH� LV� GHSHQGLQJ� QRW� RQO\� RQ� WKH� VL]H� RI� WKH�
FROXPQ�� EXW� DOVR� RQ� RSHUDWLQJ� SDUDPHWHUV� DQG�
SHUIRUPDQFH� RI� WKH� VHSDUDWLRQ� FROXPQ�� $OVR�� LW� LV�
QHFHVVDU\� WR� WDNH� VDPSOHV� IURP� WKH� IHHG� SRLQW� EHIRUH�
VWDUWLQJ�WKH�IHHG�RU�H[WUDFWLRQ�RI�WKH�ZDVWH��

7KH� RSHUDWLRQ� RI� D� FU\RJHQLF� GLVWLOODWLRQ� RI� FDUERQ�
PRQR[LGH�XQGHU�SURGXFWLYH�UHJLPH� LQYROYHV�FRQWLQXRXV�
IHHGLQJ�RI�WKH�FROXPQ�ZLWK�FDUERQ�PRQR[LGH�ZKRVH���&�
FRQWHQW�KDV�WKH�QDWXUDO�FRQFHQWUDWLRQ���

7KH�H[WUDFWLRQ�RI�WKH�HQULFKHG�LQ���&�SURGXFW�RI�WKH�
FROXPQ�LV�PDGH�DW�WKH�ERWWRP�RI�WKH�FROXPQ�PHDQZKLOH��
WKH�GLVFKDUJH�RI�GLOXWHG�LQ���&�ZDVWH�LV�PDGH�DW�WKH�WRS�
RI�FROXPQ���

'LVSRVDO�RI� WKH�ZDVWH� LV�DFKLHYHG�ZLWK�D�GLDSKUDJP�
SXPS� ZKRVH� VSHHG� LV� YDULDEOH� DQG�ZKLFK� LV� FRQWUROOHG�
DFFRUGLQJ�WR�WKH�OHYHO�RI�OLTXLG�LQ�WKH�NHWWOH¶V�JODVV�

9��&21&/86,216�

6LQFH� ����� LW� LV� NQRZQ� WKH� PDMRU� � FRQWULEXWLRQ� RI��
VWDEOH� LVRWRSH� ��&� LQ� YDULRXV� ILHOGV� RI� LQGXVWU\� VXFK� DV�
FKHPLVWU\�� ELRORJ\�� � PHGLFLQH�� DJURQRP\� � RU� QXFOHDU�
HQHUJ\��DQG�DOVR�KRZ�LW�LQQRYDWV�DUHDV�RI�LQGXVWU\���

,Q� RUGHU� WR� SHUIRUP� WKH� VHSDUDWLRQ� SURFHVV�� LW� LV�
UHTXLUHG�YDULRXV�SUHUHTXVLWHV�DFWLRQV��7KH�RSHUDWLRQ�RI�D�
FU\RJHQLF� GLVWLOODWLRQ� RI� FDUERQ� PRQR[LGH� LQYROYHV�
FRQWLQXRXV�IHHGLQJ�RI�WKH�FROXPQ�ZLWK�FDUERQ�PRQR[LGH�
ZKRVH���&�FRQWHQW�KDV�WKH�QDWXUDO�FRQFHQWUDWLRQ��

$V� D� UHVXOW� RI� WKH� SURFHVV�� WKH� H[WUDFWLRQ� RI� WKH�
HQULFKHG� LQ� ��&� SURGXFW� RI� WKH� FROXPQ� LV� PDGH� DW� WKH�
ERWWRP� RI� WKH� FROXPQ� PHDQZKLOH� � WKH� GLVFKDUJH� RI�
GLOXWHG�LQ���&�ZDVWH LV�PDGH DW�WKH�WRS�RI�FROXPQ�

'XH�WR�WKH�IDFW�WKDW�HQULFKPHQW�FDUULHG�RXW�LQ�D�VLQJOH�
FROXPQ� LV� LQVXIILFLHQW�� WR� REWDLQ� EHWWHU� UHVXOWV�� LW� LV�
QHFHVVDU\�WR�XVH�PXOWLSOH�FROXPQV�LQ�VHULHV���

)RU�D�JLYHQ�VHSDUDWLRQ��WKHUH�LV�WKH�SRVVLELOLW\�WR�XVHG�
PRUH� FROXPQV� LQ� VHULHV� KDYLQJ� GHFUHDVLQJ� GLDPHWHUV�
IURP� IHHG� SRLQW� WR� WKH� HQG� SURGXFW� ZLWK� WKH�
FRUUHVSRQGLQJ�GHFUHDVH�LQ�IORZ�UDWH��

5()(5(1&(6�

>�@ 0�� $EUXGHDQ�� ³0HWRGLFD� 6HSDUăULL� SH� &RORDQH� SULQ�
6FKLPE� ,]RWRSLF�� 'LVWLODUH� úL� 7HUPRGLIX]LH� D� L]RWRSLORU�
��1����2����%����&´��5HIHUDW�SHQWUX�'RFWRUDW������

>�@ '�$[HQWH�� 0�� $EUXGHDQ�� $�� %DOGHD�� ³6HSDUDUHD�
L]RWRSLORU���1����2����%��� ���&�SULQ� VFKLPE� LVRWRSLF´��
&DVD�&DUWLL�GH�6WLLQWD�������

>�@ '�&��'XPLWUDFKH�� ,�� ,QRDQ��%��'H�6FKXWWHU��$Q�DQDO\WLF�
PRGHO�IRU�D���&�LVRWRSH�VHSDUDWLRQ�SURFHVV�E\�FU\RJHQLF�
GLVWLOODWLRQ��-RXUQDO�RI�3URFHVV�&RQWURO��YRO������QR�����SS��
���������(G��(OVHYLHU��,661�����������������

>�@ 9�� 0XUHVDQ�� 0�� � $EUXGHDQ�� '�� 0RJD��� ³0RGHOLQJ��
6LPXODWLRQ� DQG� &RQWURO� RI� D� 1RQOLQHDU� 'LVWULEXWHG�
3DUDPHWHU� ,VRWRSH� 6HSDUDWLRQ� 3URFHVV´�� ,)$&�
3DSHUV2Q/LQH� 9ROXPH� ���� ,VVXH� ���� ������ 3DJHV� ����
����� �WK� ,)$&� 6\PSRVLXP� RQ� &RQWURO� RI� 3RZHU� DQG�
(QHUJ\� 6\VWHPV� &3(6� ����� 1HZ� 'HOKL�� ,QGLD�� �²���
'HFHPEHU������

>�@ =��.RYHQGL��9��0XUHúDQ��0��$EUXGHDQ�� ,��&OLWDQ��0�/��
8QJXUHúDQ�� 7�� &RORúL�� 0RGHOLQJ� D� &KHPLFDO� ([FKDQJH�
3URFHVV�IRU�WKH���&�,VRWRSH�(QULFKPHQW��3URFHHGLQJV�RI�
WKH� ��WK� HGLWLRQ� RI� WKH� ,QWHUQDWLRQDO� &RQFHUHQFH� RQ�
$HURVSDFH�� 5RERWLFV�� 0HFKDQLFDO� (QJLQHHULQJ��
0DQXIDFWXULQJ� 6\VWHPV�� %LRPHFKDQLFV� DQG� 5RERWV� IRU�
1HXURUHKDELOLWDWLRQ� �237,52%��� -XSLWHU�� 5RPkQLD��
$SSOLHG� 0HFKDQLFV� DQG� 0DWHULDOV�� YRO�� ����� ������ SS��
�������,661������������������,XQLH�������

>�@ ,��&OLWDQ��9��0XUHVDQ��7��&RORVL��0��8QJXUHVDQ��&RQWURO�
6WUXFWXUH� 'HVLJQ� IRU� DQ� � ��� 2� ,VRWRSH� � 6HSDUDWLRQ�
&ROXPQ�� 3URFHHGLQJV� RI� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH�
RQ� �$XWRPDWLRQ��4XDOLW\� DQG�7HVWLQJ��5RERWLFV� �$475�
������� &OXM� ±� 1DSRFD�� 5RPDQLD�� SS�� ����� ,6%1� ������
�������������������0DL�������

>�@ '�� 6DV�� =�.RYHQGL�� ³3UHOLPLQDULHV� LQ� �0SG[�� PHWKRG�
DVVRFLDWHG� ZLWK� &RKHQ� HTXDWLRQV´�� 3URFHHGLQJV� RI� ��WK�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� � �$XWRPDWLRQ��4XDOLW\� DQG�
7HVWLQJ�� 5RERWLFV� � �$475� ������� &OXM� ±� 1DSRFD��
5RPDQLD��,6%1��������������������������0DL�������

>�@ 7��&RORúL��0��$EUXGHDQ��0�/��8QJXUHúDQ��9��0XUHúDQ��
³3,'�&RQWURO�RI�GLVWULEXWHG�SDUDPHWHU�SURFHVVHV�WKURXJK�
WKH� �0SG[�� PHWKRG� ZLWK� DSSUR[LPDWLQJ� VROXWLRQV´��
&RQIHUHQFH� RI� ,QIRUPDWLRQ� 7HFKQRORJLHV� DQG� &RQWURO�
0HWKRGV� ZLWK� 3RZHU� 6\VWHPV�� &OXM�1DSRFD�� 5RPDQLD��
0D\����±����������

>�@ 6HFDUD�0���)HVWLOD�&���0XQWHDQX�5�$���)HVWLOD�5���³%RLOHU�
+HDWLQJ� &RQWURO� IRU� WKH� ���&�� &U\RJHQLF� 6HSDUDWLRQ�
&ROXPQ´�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� � $XWRPDWLRQ��
4XDOLW\� DQG� 7HVWLQJ�� 5RERWLFV� �$475� ������� &OXM�
1DSRFD��5RPDQLD��������,6%1���������������

>��@ (�+�'XOI�� 5�%RWK�� 5�0XQWHDQX�� &O�� )HVWLOD�� 0�� 6HFDUD��
³9DULDEOH� '&� 3RZHU� 6RXUFHV� IRU� ��&� ,VRWRSH��
6HSDUDWLRQ� &ROXPQ� %RLOHU� 6XSSO\´�� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ�6\VWHP�7KHRU\�� &RQWURO� DQG�&RPSXWLQJ�
,&67&&� ������ 6LQDLD�� 5RPDQLD�� ������
,6%1���������������

>��@ 7�� &RORúL�� 0�� $EUXGHDQ�� 0��/� 8QJXUHúDQ� DQG� 9��
0XUHúDQ�� ³1XPHULFDO� 6LPXODWLRQ� RI� 'LVWULEXWHG�
3DUDPHWHUV�3URFHVVHV´��6SULQJHU������

>��@ 7��&RORúL��0��$EUXGHDQ��0��/��8QJXUHúDQ��9��0XUHúDQ��
³([DPSOHV� RI� QXPHULFDO� 6LPXODWLRQ� IRU� V\VWHPV� ZLWK�
GLVWULEXWHG� DQG� OXPSHG� SDUDPHWHUV� WKURXJK� WKH� 0SG[�
PHWKRG�ZLWK�DSSUR[LPDWLQJ�VROXWLRQV´��8735(66��&OXM�
1DSRFD��5RPDQLD�������

>��@ 9��0XUHúDQ��³1XPHULFDO�6LPXODWLRQ�RI� WKH�7HPSHUDWXUH�
LQ� D� 5RWDU\� +HDUWK� )XUQDFH�� XVLQJ� 7D\ORU� 6HULH´��
%XOHWLQXO�úWLLQĠLILF�DO�8QLYHUVLWăĠLL�Ä32/,7(+1,&$³�GLQ�
7LPLúRDUD�� 5RPkQLD�� 6HULD� $XWRPDWLFD� VL� &DOFXODWRDUH��
(GLWXUD�32/,7(+1,&$��,661���������;���9RO����������
1U������SS����������,XQLH������

>��@ 9�� 0XUHúDQ�� ³0DWKHPDWLFDO� 0RGHOOLQJ� DQG� 1XPHULFDO�
6LPXODWLRQ� RI� WKH� 7HPSHUDWXUH� &RQWURO� 6\VWHP� LQ� D�
)XUQDFH� ZLWK� 5RWDU\� +HDUWK´�� ,(((� ,QWHUQDWLRQDO� -RLQW�
&RQIHUHQFHV� RQ� &RPSXWDWLRQDO� &\EHUQHWLFV� DQG�
7HFKQLFDO� ,QIRUPDWLFV� �,&&&�&217,��������7LPLúRDUD��
5RPkQLD��0D\�������������
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