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� 7KHUH� DUH� WZR� RWKHU� F\FOHV� WKDW� LQYROYH� DQ� LVRWKHUPDO� KHDW�DGGLWLRQ�

SURFHVV� DW� 7� DQG� DQ� LVRWKHUPDO� KHDW�UHMHFWLRQ� SURFHVV� DW� 7� �� WKH�
6WLUOLQJ�F\FOH�DQG�WKH�(ULFVVRQ�F\FOH��

� 7KH\� GLIIHU� IURP� WKH�
&DUQRW� F\FOH� LQ� WKDW� WKH�
WZR� LVHQWURSLF� SURFHVVHV�
DUH�UHSODFHG�E\��
± WZR� FRQVWDQW�YROXPH�

UHJHQHUDWLRQ� SURFHVVHV�
LQ�WKH�6WLUOLQJ�F\FOH�DQG

± WZR� FRQVWDQW�SUHVVXUH�
UHJHQHUDWLRQ� SURFHVVHV�
LQ�WKH�(ULFVVRQ�F\FOH��
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67,5/,1*�$1'�(5,&6621�&<&/(6
� %RWK� F\FOHV� XWLOL]H� UHJHQHUDWLRQ�� D� SURFHVV� GXULQJ� ZKLFK� KHDW� LV�

WUDQVIHUUHG�WR�D�WKHUPDO�HQHUJ\�VWRUDJH�GHYLFH��FDOOHG�D�UHJHQHUDWRU��
GXULQJ�RQH�SDUW� RI� WKH� F\FOH� DQG� LV� WUDQVIHUUHG� EDFN� WR� WKH�ZRUNLQJ�
IOXLG�GXULQJ�DQRWKHU�SDUW�RI�WKH�F\FOH�

� 7KH� UHJHQHUDWRU� FDQ� EH� D� ZLUH RU� D� FHUDPLF� PHVK RU� DQ\� NLQG� RI�
SRURXV�SOXJ�ZLWK�D�KLJK�WKHUPDO�PDVV��PDVV�WLPHV�VSHFLILF�KHDW��

� 6WLUOLQJ� DQG� (ULFVVRQ� F\FOHV� DUH�
GLIILFXOW� WR� DFKLHYH� LQ� SUDFWLFH�
EHFDXVH� WKH\� LQYROYH� KHDW� WUDQVIHU�
WKURXJK� D� GLIIHUHQWLDO WHPSHUDWXUH�
GLIIHUHQFH� LQ� DOO� FRPSRQHQWV�
LQFOXGLQJ�WKH�UHJHQHUDWRU��

� 1HLWKHU�LV�SUDFWLFDO�

�

67,5/,1*�$1'�(5,&6621�&<&/(6
� 'HVSLWH� WKH�SK\VLFDO� OLPLWDWLRQV� DQG� LPSUDFWLFDOLWLHV� DVVRFLDWHG ZLWK�

WKHP��ERWK�WKH�6WLUOLQJ�DQG�(ULFVVRQ�F\FOHV�JLYH�D�VWURQJ�PHVVDJH WR�
GHVLJQ�HQJLQHHUV��5HJHQHUDWLRQ�FDQ�LQFUHDVH�HIILFLHQF\��

� ,W�LV�QR�FRLQFLGHQFH�WKDW�PRGHUQ�JDV�WXUELQH�DQG�VWHDP�SRZHU�SODQWV�
PDNH�H[WHQVLYH�XVH RI�UHJHQHUDWLRQ��

� ,Q�IDFW��WKH�%UD\WRQ�F\FOH�ZLWK�UHJHQHUDWLRQ��ZKLFK�LV�XWLOL]HG�LQ�ODUJH�
JDV�WXUELQH�SRZHU�SODQWV�FORVHO\�UHVHPEOHV�WKLV�W\SH�RI�DSSOLFDWLRQV�
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7KH� %UD\WRQ� F\FOH� ZDV� ILUVW� SURSRVHG� E\� *HRUJH� %UD\WRQ� IRU� XVH� LQ� WKH�
UHFLSURFDWLQJ�RLO�EXUQLQJ�HQJLQH�WKDW�KH�GHYHORSHG�DURXQG�������

7RGD\�� LW� LV� XVHG� IRU� JDV� WXUELQHV� RQO\� ZKHUH� ERWK� WKH� FRPSUHVVLRQ� DQG�
H[SDQVLRQ�SURFHVVHV�WDNH�SODFH�LQ�URWDWLQJ�PDFKLQHU\��

*DV�WXUELQHV�XVXDOO\�RSHUDWH�RQ�DQ�RSHQ�F\FOH��

)UHVK� DLU� DW� DPELHQW� FRQGLWLRQV� LV� GUDZQ� LQWR� WKH� FRPSUHVVRU�� ZKHUH� LWV�
WHPSHUDWXUH�DQG�SUHVVXUH�DUH�UDLVHG��
7KH�KLJK�SUHVVXUH�DLU�SURFHHGV�LQWR�WKH�FRPEXVWLRQ�FKDPEHU��ZKHUH�WKH�IXHO�
LV�EXUQHG�DW�FRQVWDQW�SUHVVXUH��
7KH� UHVXOWLQJ� KLJK�WHPSHUDWXUH� JDVHV� WKHQ� HQWHU� WKH� WXUELQH�� ZKHUH� WKH\�
H[SDQG�WR�WKH�DWPRVSKHULF�SUHVVXUH�ZKLOH�SURGXFLQJ�SRZHU�
7KH� H[KDXVW� JDVHV� OHDYLQJ� WKH� WXUELQH� DUH� WKURZQ� RXW� �QRW� UHFLUFXODWHG���
FDXVLQJ�WKH�F\FOH�WR�EH�FODVVLILHG�DV�DQ�RSHQ�F\FOH�

%5$<721� &<&/(�� 7+(� ,'($/� &<&/(�
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�

7KH� RSHQ� JDV�WXUELQH� F\FOH� GHVFULEHG� DERYH� FDQ� EH� PRGHOHG� DV� D� FORVHG�
F\FOH��E\�XWLOL]LQJ�WKH�DLU�VWDQGDUG�DVVXPSWLRQV��

+HUH� WKH� FRPSUHVVLRQ� DQG� H[SDQVLRQ� SURFHVVHV� UHPDLQ� WKH� VDPH�� EXW� WKH�
FRPEXVWLRQ�SURFHVV�LV�UHSODFHG�E\�D�FRQVWDQW�SUHVVXUH�KHDW�DGGLWLRQ�SURFHVV�
IURP� DQ� H[WHUQDO� VRXUFH�� DQG� WKH� H[KDXVW� SURFHVV� LV� UHSODFHG� E\� D� FRQVWDQW�
SUHVVXUH�KHDW�UHMHFWLRQ�SURFHVV�WR�WKH�DPELHQW�DLU��
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)25�*$6�785%,1(�(1*,1(6
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7KH�LGHDO�F\FOH�WKDW�WKH�ZRUNLQJ�IOXLG�XQGHUJRHV�LQ�WKLV�
FORVHG�ORRS�LV�WKH�%UD\WRQ�F\FOH��ZKLFK�LV�PDGH�XS�RI�
IRXU�LQWHUQDOO\ UHYHUVLEOH�SURFHVVHV�

����,VHQWURSLF�FRPSUHVVLRQ��LQ�D�FRPSUHVVRU�
����&RQVWDQW�SUHVVXUH�KHDW�DGGLWLRQ
����,VHQWURSLF�H[SDQVLRQ��LQ�D�WXUELQH�
����&RQVWDQW�SUHVVXUH�KHDW�UHMHFWLRQ

7KH�7�V�DQG�3�Y�GLDJUDPV�RI�DQ�LGHDO�%UD\WRQ�F\FOH�DUH�
VKRZQ�

1RWLFH� WKDW�DOO� IRXU�SURFHVVHV�RI� WKH�%UD\WRQ�F\FOH�DUH�
H[HFXWHG� LQ� VWHDG\� IORZ� GHYLFHV�� WKXV�� WKH\� VKRXOG� EH�
DQDO\]HG�DV�VWHDG\�IORZ�SURFHVVHV��

%5$<721� &<&/(�� 7+(� ,'($/� &<&/(�
)25�*$6�785%,1(�(1*,1(6

	


���
���������
�� � � ��� 
����������! ��
#"#���$�% �&�'���(��� 

K ) *,+(- . /�) 021 1�34)

5 1
076�)
5 1

:
4

4
48   ��

1RZ�WR�ILQG�4 9 : DQG�4 ;4<2=
$SSO\�WKH�FRQVHUYDWLRQ�RI�HQHUJ\�WR�SURFHVV�����IRU�
3  �FRQVWDQW��QR�ZRUN���VWHDG\�IORZ��DQG�QHJOHFW�
FKDQJHV�LQ�NLQHWLF�DQG�SRWHQWLDO�HQHUJLHV��)RU�
FRQVWDQW�VSHFLILF�KHDWV

>@?
>A?

� �
� �

B C
B C D

4 P K K
4 P& 7 7

 �
 �

� �

� �

%5$<721� &<&/(�� 7+(� ,'($/� &<&/(�
)25�*$6�785%,1(�(1*,1(6
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7KH�WKHUPDO�HIILFLHQF\�EHFRPHV�
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5HFDOO�SURFHVVHV�����DQG�����DUH�LVHQWURSLF��VR

6LQFH�3 b  �3 c DQG�3 d  �3 e ��ZH�VHH�WKDW f fg h
i h i gRU7 77 7
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7KH�%UD\WRQ�F\FOH�HIILFLHQF\�EHFRPHV
K j k'l^m n o�j p4q 7

7r  �� s
t

6LQFH�SURFHVV�����LV�LVHQWURSLF�
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ZKHUH�WKH�SUHVVXUH�UDWLR�LV�Uu  �3 c �3 e DQG�
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7KH�WZR�PDMRU�DSSOLFDWLRQ DUHDV�RI�JDV�WXUELQH�
HQJLQHV�DUH�

DLUFUDIW�SURSXOVLRQ�DQG�
HOHFWULF�SRZHU�JHQHUDWLRQ��

%5$<721� &<&/(�� 7+(� ,'($/� &<&/(�
)25�*$6�785%,1(�(1*,1(6

,Q� JDV�WXUELQH� SRZHU� SODQWV�� WKH� UDWLR� RI� WKH�
FRPSUHVVRU�ZRUN�WR�WKH�WXUELQH�ZRUN��FDOOHG�WKH�
EDFN�ZRUN�UDWLR U ��� ��LV�YHU\�KLJK��

8VXDOO\� PRUH� WKDQ� RQH�KDOI RI� WKH� JDV� WXUELQH�
ZRUN�RXWSXW�LV�XVHG�WR�GULYH�WKH�FRPSUHVVRU�

7KLV� LV� TXLWH� LQ� FRQWUDVW� WR� VWHDP�SRZHU� SODQWV��
ZKHUH�WKH�EDFN�ZRUN�UDWLR�LV�RQO\�D�IHZ�SHUFHQW��
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:KDW� KDSSHQV� WR�K © ª ��Z « ¬ �Z ­7®�© �� DQG�Z ¬�¯ © DV� WKH�
SUHVVXUH�UDWLR�U¥ LV�LQFUHDVHG"�

&RQVLGHU�WKH�7�V�GLDJUDP�IRU�WKH�F\FOH�DQG�QRWH�
WKDW� WKH� DUHD� HQFORVHG� E\� WKH� F\FOH� LV� WKH� QHW�
KHDW�DGGHG�WR�WKH�F\FOH���

%\�WKH�ILUVW�ODZ�DSSOLHG�WR�WKH�F\FOH��WKH�QHW�KHDW�
DGGHG�WR�WKH�F\FOH�LV�HTXDO�WR�WKH�QHW�ZRUN�GRQH�
E\�WKH�F\FOH���

7KXV��WKH�DUHD�HQFORVHG�E\�WKH�F\FOH�RQ�WKH�7�V�
GLDJUDP� DOVR� UHSUHVHQWV� WKH� QHW� ZRUN� GRQH� E\�
WKH�F\FOH��

%5$<721� &<&/(�� 7+(� ,'($/� &<&/(�
)25�*$6�785%,1(�(1*,1(6

)RU�IL[HG�YDOXHV�RI�7 °²± ³ DQG�7 °µ´ ¶ ��
WKH�QHW�ZRUN�RI�WKH�%UD\WRQ�F\FOH�
ILUVW� LQFUHDVHV� ZLWK� WKH� SUHVVXUH�
UDWLR�� WKHQ� UHDFKHV� D�PD[LPXP�DW�
:·7¸ ¹ º »(¼4½ DQG�ILQDOO\�GHFUHDVHV�

��¾

(;$03/(��±��
7KH�6LPSOH�,GHDO�%UD\WRQ�&\FOH

� $�JDV�WXUELQH�SRZHU�SODQW�RSHUDWLQJ�RQ�
DQ� LGHDO� %UD\WRQ� F\FOH� KDV� D� SUHVVXUH�
UDWLR�RI����7KH�JDV�WHPSHUDWXUH�LV�����.�
DW� WKH� FRPSUHVVRU� LQOHW� DQG� ����� .� DW�
WKH� WXUELQH� LQOHW�� 8WLOL]LQJ� WKH� DLU�
VWDQGDUG�DVVXPSWLRQV��GHWHUPLQH�

� �D�� WKH� JDV� WHPSHUDWXUH� DW� WKH� H[LWV� RI�
WKH�FRPSUHVVRU�DQG�WKH�WXUELQH��

� �E��WKH�EDFN�ZRUN�UDWLR��DQG�
� �F��WKH�WKHUPDO�HIILFLHQF\�
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'HYLDWLRQ� RI� $FWXDO� *DV�7XUELQH� &\FOHV� IURP�
,GHDOL]HG�2QHV

7KH� DFWXDO� JDV�WXUELQH� F\FOH� GLIIHUV� IURP� WKH�
LGHDO�%UD\WRQ�F\FOH�RQ�VHYHUDO�DFFRXQWV�

)RU� RQH� WKLQJ�� VRPH� SUHVVXUH� GURS GXULQJ� WKH�
KHDW�DGGLWLRQ�DQG�KHDW�UHMHFWLRQ�SURFHVVHV�LV�
LQHYLWDEOH��SUHGLFWDEOH���

0RUH� LPSRUWDQWO\�� WKH� DFWXDO� ZRUN� LQSXW WR� WKH�
FRPSUHVVRU� LV� PRUH�� DQG� WKH� DFWXDO� ZRUN�
RXWSXW IURP� WKH� WXUELQH� LV� OHVV� EHFDXVH� RI�
LUUHYHUVLELOLWLHV�

7KH� GHYLDWLRQ� RI� DFWXDO� FRPSUHVVRU� DQG� WXUELQH�
EHKDYLRU� IURP� WKH� LGHDOL]HG� LVHQWURSLF�
EHKDYLRU�FDQ�EH�DFFXUDWHO\�DFFRXQWHG�IRU�E\�
XWLOL]LQJ� WKH� LVHQWURSLF� HIILFLHQFLHV RI� WKH�
WXUELQH�DQG�FRPSUHVVRU�DV�
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(;$03/(��±��
$Q�$FWXDO�*DV�7XUELQH�&\FOH

� $VVXPLQJ�D�FRPSUHVVRU�HIILFLHQF\�RI����
SHUFHQW� DQG� D� WXUELQH� HIILFLHQF\� RI� ���
SHUFHQW��GHWHUPLQH�

� �D��WKH�EDFN�ZRUN�UDWLR��
� �E��WKH�WKHUPDO�HIILFLHQF\��DQG�
� �F�� WKH� WXUELQH� H[LW� WHPSHUDWXUH� RI� WKH�

JDV�WXUELQH� F\FOH�GLVFXVVHG� LQ�([DPSOH�
�±��
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7KH�HIIRUWV�WR�LPSURYH�WKH�F\FOH�HIILFLHQF\�FRQFHQWUDWHG�LQ�WKUHH�DUHDV�

���,QFUHDVLQJ�WKH�WXUELQH�LQOHW��RU�ILULQJ��WHPSHUDWXUHV�
7KH� WXUELQH� LQOHW� WHPSHUDWXUHV� KDYH� LQFUHDVHG� VWHDGLO\� IURP� DERXW� ����&
������)��LQ�WKH�����V�WR������& ������)��DQG�HYHQ�KLJKHU�WRGD\��

���,QFUHDVLQJ�WKH�HIILFLHQFLHV�RI�WXUER�PDFKLQHU\�FRPSRQHQWV�
WKH� DGYHQW� �DUULYDO�� RI� FRPSXWHUV� DQG� DGYDQFHG� WHFKQLTXHV� IRU� FRPSXWHU�
DLGHG�GHVLJQ�PDGH�LW�SRVVLEOH�WR�GHVLJQ�WKHVH�FRPSRQHQWV�DHURG\QDPLFDOO\
ZLWK�PLQLPDO�ORVVHV�

���$GGLQJ�PRGLILFDWLRQV�WR�WKH�EDVLF�F\FOH��
7KH�VLPSOH�F\FOH�HIILFLHQFLHV�RI�HDUO\�JDV�WXUELQHV�ZHUH�SUDFWLFDOO\�GRXEOHG
E\� LQFRUSRUDWLQJ� LQWHU�FRROLQJ�� UHJHQHUDWLRQ� �RU� UHFXSHUDWLRQ��� DQG�
UHKHDWLQJ��GLVFXVVHG�LQ�WKH�QH[W�WZR�VHFWLRQV��
7KHVH�LPSURYHPHQWV��RI�FRXUVH��FRPH�DW�WKH�H[SHQVH�RI�LQFUHDVHG�LQLWLDO�DQG�
RSHUDWLRQ�FRVWV��DQG�WKH\�FDQ�EH�MXVWLILHG�E\�WKH�GHFUHDVH�LQ�IXHO�FRVWV�

'HYHORSPHQW�RI�*DV�7XUELQHV

��Ì

,Q� JDV�WXUELQH� HQJLQHV�� WKH� WHPSHUDWXUH� RI� WKH� H[KDXVW� JDV� OHDYLQJ� WKH�
WXUELQH� LV� RIWHQ� FRQVLGHUDEO\� KLJKHU� WKDQ� WKH� WHPSHUDWXUH� RI� WKH DLU�
OHDYLQJ�WKH�FRPSUHVVRU��

7KHUHIRUH�� WKH� KLJK�SUHVVXUH� DLU� OHDYLQJ� WKH� FRPSUHVVRU� FDQ� EH� KHDWHG� E\�
WUDQVIHUULQJ�KHDW�WR�LW�IURP�WKH�KRW�H[KDXVW�JDVHV�LQ�D�FRXQWHU�IORZ�KHDW�
H[FKDQJHU��ZKLFK�LV�DOVR�NQRZQ�DV�D�UHJHQHUDWRU�RU�D�UHFXSHUDWRU�

7+(�%5$<721�&<&/(�:,7+�5(*(1(5$7,21
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7KH� WKHUPDO� HIILFLHQF\� RI� WKH� %UD\WRQ� F\FOH� LQFUHDVHV� DV� D� UHVXOW� RI�
UHJHQHUDWLRQ� VLQFH� WKH� SRUWLRQ� RI� HQHUJ\ RI� WKH� H[KDXVW� JDVHV� WKDW� LV�
QRUPDOO\� UHMHFWHG� WR� WKH� VXUURXQGLQJV� LV� QRZ� XVHG� WR� SUHKHDW� WKH DLU�
HQWHULQJ�WKH�FRPEXVWLRQ�FKDPEHU��

7KLV��LQ�WXUQ��GHFUHDVHV�WKH�KHDW�LQSXW �WKXV�IXHO��UHTXLUHPHQWV�IRU�WKH�VDPH�
QHW�ZRUN�RXWSXW��

1RWH��KRZHYHU��WKDW�WKH�XVH�RI�D�UHJHQHUDWRU�LV�UHFRPPHQGHG�RQO\ ZKHQ�WKH�
WXUELQH� H[KDXVW� WHPSHUDWXUH LV� KLJKHU� WKDQ� WKH� FRPSUHVVRU� � H[LW�
WHPSHUDWXUH��

2WKHUZLVH�� KHDW� ZLOO� IORZ� LQ� WKH� UHYHUVH� GLUHFWLRQ �WR� WKH� H[KDXVW� JDVHV���
GHFUHDVLQJ� WKH�HIILFLHQF\��7KLV� VLWXDWLRQ� LV� HQFRXQWHUHG� LQ�JDV�WXUELQH�
HQJLQHV�RSHUDWLQJ�DW�YHU\�KLJK�SUHVVXUH�UDWLRV�

7+(�%5$<721�&<&/(�:,7+�5(*(1(5$7,21
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7KH�KLJKHVW�WHPSHUDWXUH�RFFXUULQJ�ZLWKLQ�WKH�UHJHQHUDWRU�LV�7 Ï �
$LU�QRUPDOO\�OHDYHV�WKH�UHJHQHUDWRU�DW�D�ORZHU�WHPSHUDWXUH��7 Ð ��
,Q� WKH� OLPLWLQJ� �LGHDO�� FDVH�� WKH� DLU� H[LWV� WKH� UHJHQHUDWRU� DW� WKH� LQOHW�

WHPSHUDWXUH�RI�WKH�H[KDXVW�JDVHV�7 Ñ�Ò 7 Ï ��
7KH� DFWXDO� DQG�PD[LPXP KHDW� WUDQVIHUV� IURP� WKH� H[KDXVW� JDVHV� WR� WKH� DLU�

FDQ�EH�H[SUHVVHG�DV�

7+(�%5$<721�&<&/(�:,7+�5(*(1(5$7,21
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:H�GHILQH� WKH�UHJHQHUDWRU�HIIHFWLYHQHVV H â ¯ ã�¯ ¬ DV�
WKH�UDWLR�RI�WKH�KHDW�WUDQVIHUUHG�WR�WKH�FRPSUHVVRU�
JDVHV� LQ� WKH� UHJHQHUDWRU� WR� WKH� PD[LPXP�
SRVVLEOH�KHDW�WUDQVIHU�WR�WKH�FRPSUHVVRU�JDVHV�
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8VLQJ� WKH� FORVHG� F\FOH� DQDO\VLV� DQG� WUHDWLQJ� WKH� KHDW� DGGLWLRQ� DQG� KHDW�
UHMHFWLRQ� DV� VWHDG\�IORZ� SURFHVVHV�� WKH� UHJHQHUDWLYH� F\FOH� WKHUPDO�
HIILFLHQF\�LV
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1RWLFH�WKDW�WKH�KHDW�WUDQVIHU�RFFXUULQJ�ZLWKLQ�WKH�
UHJHQHUDWRU� LV� QRW LQFOXGHG LQ� WKH� HIILFLHQF\�
FDOFXODWLRQ� EHFDXVH� WKLV� HQHUJ\� LV� QRW� KHDW�
WUDQVIHUUHG�DFURVV WKH�F\FOH�ERXQGDU\���

$VVXPLQJ� DQ� LGHDO� UHJHQHUDWRU� H â ¯ ã�¯ ¬  � � DQG�
FRQVWDQW� VSHFLILF� KHDWV�� WKH� WKHUPDO� HIILFLHQF\�
EHFRPHV�

7+(�%5$<721�&<&/(�:,7+�5(*(1(5$7,21
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7KHUHIRUH�� WKH� WKHUPDO� HIILFLHQF\� RI� DQ� LGHDO�
%UD\WRQ� F\FOH� ZLWK� UHJHQHUDWLRQ� GHSHQGV� RQ� WKH�
UDWLR�RI�WKH�PLQLPXP�WR�PD[LPXP�WHPSHUDWXUHV DV�
ZHOO�DV�WKH�SUHVVXUH�UDWLR�

7KH� WKHUPDO� HIILFLHQF\� LV� SORWWHG� LQ� )LJ�� �±��� IRU�
YDULRXV� SUHVVXUH� UDWLRV� DQG�PLQLPXP�WR�PD[LPXP�
WHPSHUDWXUH�UDWLRV��

7KLV� ILJXUH� VKRZV� WKDW� UHJHQHUDWLRQ� LV� PRVW�
HIIHFWLYH� DW� ORZHU SUHVVXUH� UDWLRV� DQG� ORZ
PLQLPXP�WR�PD[LPXP�WHPSHUDWXUH�UDWLRV�

7+(�%5$<721�&<&/(�:,7+�5(*(1(5$7,21
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:KHQ�GRHV�WKH�HIILFLHQF\�RI�WKH�DLU�VWDQGDUG�%UD\WRQ�F\FOH�HTXDO�WKH�HIILFLHQF\�RI�
WKH�DLU�VWDQGDUG�UHJHQHUDWLYH�%UD\WRQ�F\FOH"��,I�ZH�VHW�K © ª�� �%â � ��© ­2¬  �K © ª�� â ¯ ã�¯ ¬ WKHQ

5HFDOO� WKDW� WKLV� LV� WKH� SUHVVXUH� UDWLR� WKDW�PD[LPL]HV� WKH� QHW�ZRUN� IRU� WKH� VLPSOH�
%UD\WRQ�F\FOH�DQG�PDNHV�7 Ï  �7 � ���

:KDW�KDSSHQV�LI�WKH�UHJHQHUDWLYH�%UD\WRQ�F\FOH�RSHUDWHV�DW�D�SUHVVXUH�UDWLR�ODUJHU�
WKDQ�WKLV�YDOXH"

7+(�%5$<721�&<&/(�:,7+�5(*(1(5$7,21
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(;$03/(��±��
$FWXDO�*DV�7XUELQH�&\FOH�:LWK�5HJHQHUDWLRQ

� 'HWHUPLQH�WKH� WKHUPDO�HIILFLHQF\�RI� WKH�
JDV�WXUELQH�GHVFULEHG�LQ�([DPSOH��±��LI�
D�UHJHQHUDWRU�KDYLQJ�DQ�HIIHFWLYHQHVV�RI�
���SHUFHQW�LV�LQVWDOOHG�
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2WKHU�:D\V�WR�,PSURYH�%UD\WRQ�&\FOH�3HUIRUPDQFH
,QWHU�FRROLQJ� DQG� UHKHDWLQJ� DUH� WZR� LPSRUWDQW� ZD\V� WR� LPSURYH� WKH�

SHUIRUPDQFH�RI�WKH�%UD\WRQ�F\FOH�ZLWK�UHJHQHUDWLRQ�

7+(�%5$<721�&<&/(�:,7+�,17(5&22/,1*��
5(+($7,1*��$1'�5(*(1(5$7,21
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,QWHUFRROLQJ

:KHQ� XVLQJ� PXOWLVWDJH FRPSUHVVLRQ�� FRROLQJ� WKH�
ZRUNLQJ� IOXLG� EHWZHHQ� WKH� VWDJHV� ZLOO� UHGXFH� WKH�
DPRXQW�RI�FRPSUHVVRU�ZRUN�UHTXLUHG���

7KH� FRPSUHVVRU� ZRUN� LV� UHGXFHG� EHFDXVH� FRROLQJ�
WKH� ZRUNLQJ� IOXLG� UHGXFHV� WKH� DYHUDJH� VSHFLILF�
YROXPH RI�WKH�IOXLG�DQG�WKXV�UHGXFHV�WKH�DPRXQW�RI�
ZRUN�RQ�WKH�IOXLG�WR�DFKLHYH�WKH�JLYHQ�SUHVVXUH�ULVH�

5HFDOO� WKDW� WKH� LQWHUPHGLDWH� SUHVVXUH DW� ZKLFK�
LQWHUFRROLQJ� VKRXOG� WDNH� SODFH� WR� PLQLPL]H� WKH�
FRPSUHVVRU� ZRUN�� FDQ� EH� IRXQG� E\� IROORZLQJ� WKH�
DSSURDFK�VKRZQ�LQ�&KDSWHU���

7+(�%5$<721�&<&/(�:,7+�,17(5&22/,1*��
5(+($7,1*��$1'�5(*(1(5$7,21
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5HKHDWLQJ

/LNHZLVH��WKH�ZRUN�RXWSXW�RI�D�WXUELQH�RSHUDWLQJ�EHWZHHQ�WZR�SUHVVXUH�OHYHOV�
FDQ�EH� LQFUHDVHG�E\�H[SDQGLQJ� WKH�JDV� LQ� VWDJHV�DQG� UHKHDWLQJ� LW LQ�EHWZHHQ��
7KDW�LV��XWLOL]LQJ�PXOWLVWDJH�H[SDQVLRQ�ZLWK�UHKHDWLQJ��

7KLV�LV�DFFRPSOLVKHG�ZLWKRXW�UDLVLQJ�WKH�PD[LPXP�WHPSHUDWXUH�LQ�WKH�F\FOH��

7+(�%5$<721�&<&/(�:,7+�,17(5&22/,1*��
5(+($7,1*��$1'�5(*(1(5$7,21

7KH�IRUHJRLQJ�DUJXPHQW�LV�EDVHG�RQ�D�VLPSOH�SULQFLSOH��
7KH� VWHDG\�IORZ� FRPSUHVVLRQ� RU� H[SDQVLRQ� ZRUN� LV� SURSRUWLRQDO� WR� WKH�

VSHFLILF� YROXPH� RI� WKH� IOXLG�� 7KHUHIRUH�� WKH� VSHFLILF� YROXPH� RI� WKH�
ZRUNLQJ� IOXLG� VKRXOG� EH� DV� ORZ� DV� SRVVLEOH� GXULQJ� D� FRPSUHVVLRQ�
SURFHVV�DQG�DV�KLJK�DV�SRVVLEOH�GXULQJ�DQ�H[SDQVLRQ�SURFHVV��

7KLV�LV�SUHFLVHO\�ZKDW�LQWHUFRROLQJ�DQG�UHKHDWLQJ�DFFRPSOLVK�

��,

7KH�ZRUNLQJ� IOXLG� OHDYHV� WKH� FRPSUHVVRU� DW� D� ORZHU� WHPSHUDWXUH�� DQG� WKH�
WXUELQH� DW� D� KLJKHU� WHPSHUDWXUH�� ZKHQ� LQWHUFRROLQJ� DQG� UHKHDWLQJ� DUH�
XWLOL]HG�

7KLV� PDNHV� UHJHQHUDWLRQ� PRUH� DWWUDFWLYH VLQFH� D� JUHDWHU� SRWHQWLDO� IRU�
UHJHQHUDWLRQ�H[LVWV��

7+(�%5$<721�&<&/(�:,7+�,17(5&22/,1*��
5(+($7,1*��$1'�5(*(1(5$7,21
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,W� ZDV� VKRZQ� SUHYLRXVO\�� WKDW� WKH� ZRUN� LQSXW� WR� D�
WZR�VWDJH� FRPSUHVVRU� LV� PLQLPL]HG� ZKHQ� HTXDO�
SUHVVXUH�UDWLRV DUH�PDLQWDLQHG�DFURVV�HDFK�VWDJH��
,W� FDQ� EH� VKRZQ� WKDW� WKLV� SURFHGXUH� DOVR�PD[LPL]HV�
WKH� WXUELQH�ZRUN�RXWSXW��7KXV�� IRU�EHVW�SHUIRUPDQFH�
ZH�KDYH

$V�WKH�QXPEHU�RI�FRPSUHVVLRQ�VWDJHV�LV�LQFUHDVHG��
WKH� FRPSUHVVLRQ� SURFHVV� EHFRPHV� QHDUO\�
LVRWKHUPDO�DW�WKH�FRPSUHVVRU�LQOHW�WHPSHUDWXUH��DQG�
WKH�FRPSUHVVLRQ�ZRUN�GHFUHDVHV�

6LPLODUO\�� DV� WKH� QXPEHU� RI� H[SDQVLRQ� VWDJHV� LV�
LQFUHDVHG�� WKH� H[SDQVLRQ� SURFHVV� EHFRPHV� QHDUO\�
LVRWKHUPDO��

��6

(;$03/(��±��
$�*DV�7XUELQH�ZLWK�5HKHDWLQJ�DQG�,QWHUFRROLQJ

� $Q� LGHDO� JDV�WXUELQH� F\FOH� ZLWK� WZR�
VWDJHV�RI�FRPSUHVVLRQ�DQG�WZR�VWDJHV�RI�
H[SDQVLRQ� KDV� DQ� RYHUDOO� SUHVVXUH� UDWLR�
RI� ��� $LU� HQWHUV� HDFK� VWDJH� RI� WKH�
FRPSUHVVRU�DW�����.�DQG�HDFK�VWDJH�RI�
WKH� WXUELQH� DW� ����� .�� 'HWHUPLQH� WKH�
EDFN� ZRUN� UDWLR� DQG� WKH� WKHUPDO�
HIILFLHQF\� RI� WKLV� JDV�WXUELQH� F\FOH��
DVVXPLQJ�

� �D��QR�UHJHQHUDWRUV�DQG�
� �E�� DQ� LGHDO� UHJHQHUDWRU� ZLWK� ����

SHUFHQW�HIIHFWLYHQHVV��
� &RPSDUH�WKH�UHVXOWV�ZLWK�WKRVH�REWDLQHG�

LQ�([DPSOH��±��
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*DV�WXUELQH� HQJLQHV� DUH�ZLGHO\�XVHG� WR�SRZHU� DLUFUDIW EHFDXVH� WKH\� DUH� OLJKW�
DQG�FRPSDFW DQG�KDYH�D�KLJK�SRZHU�WR�ZHLJKW�UDWLR��

$LUFUDIW�JDV�WXUELQHV�RSHUDWH�RQ�DQ�RSHQ�F\FOH�FDOOHG�D�MHW�SURSXOVLRQ�F\FOH�

7KH� LGHDO� MHW�SURSXOVLRQ�F\FOH�GLIIHUV� IURP� WKH� VLPSOH� LGHDO�%UD\WRQ� F\FOH� LQ�
WKDW�WKH�JDVHV�DUH�QRW�WRWDOO\ H[SDQGHG�WR�WKH�DPELHQW�SUHVVXUH�LQ�WKH�WXUELQH�

,QVWHDG��WKH\�DUH�H[SDQGHG�WR�D�SUHVVXUH�VXFK�WKDW�WKH�SRZHU�SURGXFHG�E\�WKH�
WXUELQH�LV�MXVW�VXIILFLHQW�WR�GULYH�WKH�FRPSUHVVRU�DQG�WKH�DX[LOLDU\�HTXLSPHQW��
VXFK�DV�D�VPDOO�JHQHUDWRU�DQG�K\GUDXOLF�SXPSV��

7KDW�LV��WKH�QHW�ZRUN�RXWSXW�RI�D�MHW�SURSXOVLRQ�F\FOH�LV�]HUR�

7KH�JDVHV� WKDW� H[LW� WKH� WXUELQH� DW� D� UHODWLYHO\� KLJK�SUHVVXUH� DUH� VXEVHTXHQWO\�
DFFHOHUDWHG�LQ�D�QR]]OH�WR�SURYLGH�WKH�WKUXVW�WR�SURSHO�WKH�DLUFUDIW�

,'($/�-(7�35238/6,21�&<&/(6
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$� VFKHPDWLF� RI� D� WXUERMHW� HQJLQH� DQG� WKH� 7�V� GLDJUDP� RI� WKH� LGHDO� WXUERMHW�
F\FOH�DUH�VKRZQ�
7KH�SUHVVXUH�RI�DLU�ULVHV�VOLJKWO\�DV�LW�LV�GHFHOHUDWHG�LQ�WKH�GLIIXVHU��
$LU�LV�FRPSUHVVHG�E\�WKH�FRPSUHVVRU��
,W�LV�PL[HG�ZLWK�IXHO�LQ�WKH�FRPEXVWLRQ�FKDPEHU��ZKHUH�WKH�PL[WXUH�LV�EXUQHG�
DW�FRQVWDQW�SUHVVXUH��
7KH�KLJK�SUHVVXUH�DQG�KLJK�WHPSHUDWXUH�FRPEXVWLRQ�JDVHV�SDUWLDOO\�H[SDQG�LQ�
WKH� WXUELQH�� SURGXFLQJ� HQRXJK� SRZHU� WR� GULYH� WKH� FRPSUHVVRU� DQG� RWKHU�
HTXLSPHQW��
)LQDOO\�� WKH� JDVHV� H[SDQG� LQ� D�QR]]OH� WR� WKH� DPELHQW� SUHVVXUH� DQG� OHDYH� WKH�
HQJLQH�DW�D�KLJK�YHORFLW\�

,'($/�-(7�35238/6,21�&<&/(6
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7KH� WKUXVW GHYHORSHG� LQ� D� WXUERMHW� HQJLQH� LV� WKH� XQEDODQFHG� IRUFH WKDW� LV�
FDXVHG�E\�WKH�GLIIHUHQFH�LQ�WKH�PRPHQWXP�RI�WKH�ORZ�YHORFLW\�DLU�HQWHULQJ�WKH�
HQJLQH� DQG� WKH� KLJK�YHORFLW\� H[KDXVW� JDVHV� OHDYLQJ� WKH� HQJLQH�� DQG� LW� LV�
GHWHUPLQHG�IURP�1HZWRQ¶V�VHFRQG�ODZ��

,'($/�-(7�35238/6,21�&<&/(6
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7KH� SRZHU� GHYHORSHG� IURP� WKH� WKUXVW� RI� WKH�
HQJLQH� LV� FDOOHG� WKH� SURSXOVLYH� SRZHU : = ��
ZKLFK� LV� WKH� SURSXOVLYH� IRUFH� �WKUXVW�� WLPHV�
WKH�GLVWDQFH�WKLV�IRUFH�DFWV�RQ�WKH�DLUFUDIW�SHU�
XQLW� WLPH�� WKDW� LV�� WKH� WKUXVW� WLPHV� WKH�DLUFUDIW�
YHORFLW\ � �> ?�@ A B A ? C�D E F
@ D @ G�H E DI?�@ A B A ? CJD: )9 P 9 9 9  �� �

3URSXOVLYH3RZHU
(QHUJ\�LQSXW�UDWH

K
K

L M

:
4K   �

�

7KH� UDWLR� RI� WKH� SRZHU� SURGXFHG� WR� SURSHO�
WKH�DLUFUDIW�: = DQG�WKH�UHTXLUHG�LQSXW�ZKLFK�
LV�WKH�KHDWLQJ�YDOXH�RI� WKH� IXHO�4 N O LV�FDOOHG�
WKH�SURSXOVLYH�HIILFLHQF\ DQG�LV�JLYHQ�E\�

�
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(;$03/(��±��
7KH�,GHDO�-HW�3URSXOVLRQ�&\FOH

� $� WXUERMHW� DLUFUDIW� IOLHV� ZLWK� D� YHORFLW\�
RI�����IW�V�DW�DQ�DOWLWXGH�ZKHUH�WKH�DLU�LV�
DW���SVLD DQG����)��7KH�FRPSUHVVRU�KDV�
D� SUHVVXUH� UDWLR� RI� ���� DQG� WKH�
WHPSHUDWXUH� RI� WKH� JDVHV� DW� WKH� WXUELQH�
LQOHW� LV� �����)�� $LU� HQWHUV� WKH�
FRPSUHVVRU� DW� D� UDWH� RI� ���� OEP�V��
8WLOL]LQJ� WKH� FROG�DLU�VWDQGDUG�
DVVXPSWLRQV��GHWHUPLQH�

� �D�� WKH� WHPSHUDWXUH� DQG�SUHVVXUH� RI� WKH�
JDVHV�DW�WKH�WXUELQH�H[LW��

� �E�� WKH� YHORFLW\� RI� WKH� JDVHV� DW� WKH�
QR]]OH�H[LW��DQG�

� �F�� WKH� SURSXOVLYH� HIILFLHQF\� RI� WKH�
F\FOH�


