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SURFHVV� 7KH GHVLJQ LV FDSDEOH RI SURGXFLQJ LQ H[FHVV RI ���G%P RI SRZHU ZLWK JRRG

LQSXW DQG RXWSXW 96:5 ���Ω�� $OVR� WKH GHVLJQ IHDWXUHV '& EORFNLQJ FDSDFLWRUV DW

WKH LQSXW DQG RXWSXW� 7KH VFKHPDWLF DQG OD\RXW ZHUH VLPXODWHG XVLQJ $JLOHQW·V
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&�%DQG *HQHUDO 3XUSRVH $PSOLILHU

�� ,QWURGXFWLRQ

���� &LUFXLW 'HVFULSWLRQ

7KH GHVLJQ LV D WZR VWDJH &�EDQG JHQHUDO�SXUSRVH DPSOLILHU ZLWK RQ�FKLS ELDV QHWZRUN

XWLOL]LQJ WZR ���XP *)(7V� 7KH DPSOLILHU LV LQWHQGHG WR RSHUDWH IURP ���� WR ����

0+] RQ D VLQJOH ��9 VXSSO\� $ VLPXOWDQHRXVO\ FRQMXJDWH PDWFKHG ILUVW VWDJH LV IROORZHG

E\ D VHFRQG SRZHU DPSOLILHU VWDJH WR SURYLGH �� G% RI JDLQ DFURVV WKH EDQG� 7KH RXWSXW

SRZHU LV W\SLFDOO\ �� G%P DW �G% JDLQ FRPSUHVVLRQ� 7KH VHFRQG VWDJH LV ELDVHG GLUHFWO\

IURP WKH ��9 VXSSO\� $ UHVLVWLYH GLYLGHU SURYLGHV DSSUR[LPDWHO\ �9 WR WKH ILUVW VWDJH�

7KH UHVLVWLYH GLYLGHU DORQJ ZLWK D �� S) FDSDFLWRU DVVLVWV LQ LVRODWLQJ WKH WZR VWDJHV

WKHUHE\ VXSSUHVVLQJ LQVWDELOLW\� 2Q�FKLS '& EORFNV DOORZV FDVFDGDELOLW\ ZLWK JRRG LQSXW

DQG RXWSXW 96:5� 7KH RYHUDOO FKLS VL]H LV ��[�� PLO�

���� 'HVLJQ 3KLORVRSK\

7KH GHVLJQ LV LPSOHPHQWHG XVLQJ VPDOO�VLJQDO V�SDUDPHWHU WHFKQLTXHV DQG WKH &ULSS·V

PHWKRG� 7KH SULPDU\ GHVLJQ VWUDWHJ\ ZDV WR ZRUN ZLWK HDFK VWDJH VHSDUDWHO\� 7KH

VHFRQGDU\ GHVLJQ VWUDWHJ\ LV WR EHJLQ PDWFKLQJ WKH �QG VWDJH RXWSXW PDWFKLQJ QHWZRUN

�201� WRZDUGV WKH �VW VWDJH LQSXW PDWFKLQJ QHWZRUN �,01�� 1RWH WKDW WKH VWDELOLW\ RI

WKH LQGLYLGXDO DQG FRPELQHG ILUVW DQG VHFRQG VWDJHV ZDV FKHFNHG�

������ 6HOHFWLRQ RI WUDQVLVWRUV DQG RSHUDWLQJ SRLQW

7ZR ���XP *)(7V ZHUH VHOHFWHG� 7KH �QG VWDJH *)(7 LV VXLWDEOH IRU PHHWLQJ WKH RXWSXW

SRZHU UHTXLUHPHQWV� +RZHYHU� WKH �VW VWDJH *)(7 LV VL]HG IRU HDVH RI PDWFKLQJ EHWZHHQ

WKH �VW
DQG �

QG VWDJHV� $ VLPSOH LQWHUVWDJH PDWFKLQJ QHWZRUN �&01� LV GHVLUHG EHFDXVH LW

XVHV OHVV FKLS VSDFH� 7KH �VW VWDJH LV ELDVHG WR SURYLGH DPSOH OLQHDU JDLQ SULRU WR WKH �QG

VWDJH� 7KH �QG VWDJH ZDV ELDVHG DW DSSUR[LPDWHO\ ô ,'66 �� P$�

������ 7UDQVLVWRU VWDELOL]DWLRQ

7KH XWLOL]DWLRQ RI VHULHV DQG VKXQW UHVLVWRUV DW WKH JDWHV VXSSUHVVHV LQVWDELOLWLHV DW WKH KLJK

DQG ORZ HQG� UHVSHFWLYHO\�
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������ 'HVLJQ RI VHFRQG VWDJH RXWSXW PDWFKLQJ QHWZRUN

7KH &ULSSV PHWKRG ZDV XVHG WR UHDOL]H WKH �QG VWDJH 201� 7KH GHVLUHG ORDG OLQH WKDW WKH

DPSOLILHU ZRXOG OLNH WR VHH IRU PD[LPXP V\PPHWULFDO VZLQJ LV ��Ω� 7KLV WKHQ OHDGV WR D

SUHOLPLQDU\ 201 WKDW PDWFKHV ��Ω WR ��Ω� $OVR� D ���Ω VKXQW ZDV DGGHG WR SURYLGH

LPSURYHG RXWSXW 96:5�

������ 'HVLJQ RI VHFRQG VWDJH LQSXW PDWFKLQJ QHWZRUN

7KH LQSXW RI WKH �QG VWDJH ZDV VLPSO\ FRQMXJDWHO\ PDWFKHG WR ��Ω ZLWK WKH 201 LQ

SODFH�

������ 'HVLJQ RI ILUVW VWDJH LQSXW DQG RXWSXW PDWFKLQJ QHWZRUN

7KH �
VW VWDJH ZDV VLPSO\ VLPXOWDQHRXVO\ FRQMXJDWH PDWFKHG�

������ 'HVLJQ RI LQWHUVWDJH PDWFKLQJ QHWZRUN

,W LV VWUDLJKWIRUZDUG WR UHDOL]H WKH LQWHUVWDJH PDWFKLQJ QHWZRUN �&01� EDVHG RQ WKH �VW

VWDJH RXWSXW DQG �QG VWDJH LQSXW LPSHGDQFHV IRXQG SUHYLRXVO\�

������ 2YHUDOO DPSOLILHU RSWLPL]DWLRQ

7KH ILUVW DQG VHFRQG VWDJHV ZHUH FRPELQHG XVLQJ WKH LQWHUVWDJH PDWFKLQJ QHWZRUN� 7KH

RYHUDOO DPSOLILHU ZDV WKHQ RSWLPL]HG� )XUWKHU RSWLPL]DWLRQ ZDV UHTXLUHG DIWHU UHSODFLQJ

WKH LGHDO HOHPHQWV ZLWK 7ULTXLQW HOHPHQWV� 7KH VWDELOLW\ ZDV FKHFNHG�

������ &RQYHUVLRQ WR VHOI�ELDV

7KH GUDLQ DQG VRXUFH ELDV UHVLVWRUV ZHUH VHOHFWHG WR SURYLGH WKH GHVLUHG ELDV �)LJXUH ���

������ 5HDOL]DWLRQ RI WKH RQ�FKLS OD\RXW

$OO HOHPHQWV FRQWDLQHG LQ WKH VHOI�ELDV VFKHPDWLF ZHUH SODFHG VWUDWHJLFDOO\ ZLWKLQ WKH

UHTXLUHG DUHD RI WKH ��[�� PLO $1$&+,3� 1H[W� LQWHUFRQQHFWV ZHUH URXWHG DQG WKH

HOHPHQWV SRVLWLRQHG DV DSSURSULDWH� 7KHQ� VFKHPDWLFV RI WKH ILUVW� LQWHUVWDJH� DQG VHFRQG

VWDJH PDWFKLQJ QHWZRUNV ZHUH UHFUHDWHG IURP WKH OD\RXW� 6XEVHTXHQW RSWLPL]DWLRQ RI

HDFK VWDJH ZDV XVHG WR UHFRYHU WKH SHUIRUPDQFH VHHQ LQ WKH SUHOD\RXW VFKHPDWLF �)LJXUH ���

$OVR� WKH 5& VKXQW QHWZRUNV ZHUH DIIL[HG RQ ERWK VLGHV RI WKH )(7 DUWZRUN WR SUHVHUYH

HOHFWULFDO V\PPHWU\ �)LJXUH ���
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)LJXUH �� /D\RXW � )(7 6\PPHWU\

���� 7UDGH�RIIV

,Q UHDOL]LQJ D GHVLJQ WKDW PHHW $// VSHFLILFDWLRQV� WKH IROORZLQJ ZHUH WKH WUDGH�RIIV WKDW

ZHUH PDGH�

♦ *DLQ 	 3RZHU IRU RXWSXW 96:5 ² WKH 201 QHWZRUN ZDV UHDGMXVWHG VOLJKWO\ WR

LPSURYH 96:5�

♦ )LUVW VWDJH WUDQVLVWRU VL]H IRU HDVH RI GHYHORSLQJ LQWHUVWDJH PDWFK � D VPDOOHU WUDQVLVWRU

PDNHV PDWFKLQJ GLIILFXOW�

♦ *DLQ IRU VWDELOLW\ ² WKH VWDELOL]LQJ UHVLVWRUV WD[HG WKH JDLQ

♦ 3RZHU IRU VHOI�ELDV ² WKH VHOI�ELDV QHWZRUN SLQFKHG WKH RXWSXW VLJQDO VZLQJ DW KLJK

YROWDJHV DQG WKH RSHUDWLQJ SRLQW VKLIWHG IURP � WR ���9�
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�� 0RGHOHG 3HUIRUPDQFH

���� 6SHFLILFDWLRQ &RPSOLDQFH 0DWUL[

7DEOH �� 6SHFLILFDWLRQ &RPSOLDQFH 0DWUL[

3UH�OD\RXW 3RVW�OD\RXW

)UHTXHQF\ ���� WR ���� 0+] � $&+,(9(' $&+,(9('

%DQGZLGWK !���0+] � $&+,(9(' $&+,(9('

*DLQ �VPDOO�VLJQDO� !��G% ��G% �� ��

*DLQ ULSSOH ���� G% � $&+,(9(' $&+,(9('

2XWSXW 3RZHU #

�G% FRPSUHVVLRQ
!���G%P � �� ��

96:5� ��Ω

,QSXW ������ � ���� ����

2XWSXW ������ � ���� ����

6XSSO\ 9ROWDJH �� 9ROWV �� 9ROWV $&+,(9(' $&+,(9('

6L]H ��[��PLO $1$&+,3
�

$&+,(9(' $&+,(9('

6LPXODWHG

*RDO6SHFLILFDWLRQ5HTXLUHPHQWV
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���� 3UHGLFWHG 3HUIRUPDQFH
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6FKHPDWLF 'LDJUDPV
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�� '& $QDO\VLV

���� 6LPSOLILHG '& 6FKHPDWLF
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)LJXUH �� 6LPSOLILHG '& 6FKHPDWLF

���� %LDV &KHFN

%RWK VWDJHV DUH ELDVHG IURP D VLQJOH GUDLQ VXSSO\ RI ��9� 7KLV IHDWXUH ZDV DFKLHYHG YLD D

VHOI�ELDV WRSRORJ\ �)LJXUH ���

7DEOH �� 0RGHOHG '& $QDO\VLV �3UH�OD\RXW�

6WDJH 9JV �9� 9GV �9� ,GV �P$�

� ����� � ��

� ���� ��� ��

���� ,QWHUFRQQHFW DQG &RPSRQHQW '& &XUUHQW 6WUHVV

7KH 1L&U UHVLVWRUV DQG DOO RWKHU LQWHUFRQQHFWV XVHG LQ WKH OD\RXW PHHWV WKH FXUUHQW VWUHVV

UHTXLUHPHQW� 7KH UHVLVWRUV DQG WKH LQWHUFRQQHFWV DUH VSHFLILHG WR KDQGOH � DQG �� P$ SHU

PLFURQ� UHVSHFWLYHO\� $ EUHDN�GRZQ RI WKH FXUUHQW KDQGOLQJ FDSDELOLW\ RI WKH ¶KLJK�ULVN·

UHVLVWRUV LV VXPPDUL]HG LQ 7DEOH �� 7KH PD[LPXP VSHFLILHG '& FXUUHQW VWUHVV UDWLQJ LV

REWDLQHG E\ WKH IROORZLQJ H[SUHVVLRQ� ,PD[  �:LGWK [ 5DWLQJ LQ P$ SHU PLFURQ� [

�����
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7DEOH �� 5HVLVWRU &XUUHQW 6WUHVV 5DWLQJ

0D[�� VSHF� 1RPLQDO :RUVW�FDVH

5� �� �� �� ��

5� �� �� �� ��

5� �� �� �� ��

5HVLVWRU :LGWK �XP� &XUUHQW �P$�

�� 7HVW 3ODQ

� 6HWXS WHVW EHQFK �)LJXUH �� WR PHDVXUH WRWDO FXUUHQW DQG V�SDUDPHWHUV

� $SSO\ ELDV ² WKH WRWDO FXUUHQW VKRXOG EH DSSUR[LPDWHO\ ��P$ EDVHG RQ '& DQDO\VLV�

� 0HDVXUH V�SDUDPHWHUV ² FKLS OHYHO SUREH WHVWLQJ ZLWK WKH :LOWURQ 91$� WKH FKLS KDV

RQH 5) LQSXW DQG RQH 5) RXWSXW� DQG RQH '& LQSXW�

� 6HWXS WHVW EHQFK �)LJXUH �� WR PHDVXUH �G% JDLQ FRPSUHVVLRQ

� $SSO\ ELDV

� 0HDVXUH SRZHU YV� SLQ DW ����� ����� DQG ���� 0+] ² LQFUHDVH WKH LQSXW

LQFUHPHQWDOO\ ZKLOH UHFRUGLQJ WKH RXWSXW SRZHU�

+3 ����

��9 3�6

'87

6�SDUDPHWHU 6HWXS

6LJQDO
*HQHUDWRU

'87
6SHFWUXP
$QDO\]HU

��9 3�6

3RXW YV�3LQ 6HWXS

)LJXUH �� 7HVW VHW�XS
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�� &RQFOXVLRQV 	 5HFRPPHQGDWLRQV

7KH WZR�VWDJH JHQHUDO�SXUSRVH DPSOLILHU PHW DOO RI LWV GHVLJQ VSHFLILFDWLRQV� , UHFRPPHQG

WXQLQJ WKH RXWSXW PDWFKLQJ QHWZRUN LI PRUH PDUJLQ RQ WKH RXWSXW 96:5 LV GHVLUHG�

$OVR� , UHFRPPHQG FKHFNLQJ SHUIRUPDQFH EDVHG SURFHVV YDULDWLRQV� 7KH SURFHVV

YDULDWLRQV FDQ EH PLQLPL]H E\ DGGLQJ D UHVLVWRU ODGGHU�


