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����� 'H� 'HVFVFULSWLRQULSWLRQ

7KH UHPDUNDEOH YHUVDWLOLW\ RI WKH *)���� )XQFWLRQ *HQHUDWRU LV D UHVXOW RI

LWV XQLTXH IHDWXUHV�

����� $ ZLGH IUHTXHQF\ UDQJH� ��� +] � � 0+] PDNHV LW SRVVLEOH IRU WKH XVHU

WR DQDO\]H HYHQ YHU\ ORZ IUHTXHQFLHV�

����� ,W JHQHUDWHV WKUHH EDVLF RXWSXW VLJQDOV� VLQXVRLGDO� WULDQJXODU DQG

VTXDUH� DV ZHOO DV SRVLWLYH SXOVHV FRPSDWLEOH ZLWK 77/ FLUFXLWV� ZLWK D

IL[HG RXWSXW� LQGHSHQGHQW RI WKH PDLQ VLJQDO IUHTXHQF\�

����� ,W LV HTXLSSHG ZLWK D GLJLWDO LQGLFDWRU RI WKH IUHTXHQF\ EDQGV IURP

�� +] WR � 0+] IRU D PRUH DFFXUDWH UHDGLQJ RI WKH YDOXHV JHQHUDWHG

LQ HDFK LQVWDQFH�

����� ,W LV HTXLSSHG ZLWK WKUHH DX[LOLDU\ IXQFWLRQV�

� )UHTXHQF\ FRXQWHU RI XS WR �� 0+]

� 3RZHU DPSOLILHU RI XS WR � 0+] DQG DQ RXWSXW LPSHGDQFH RI �� Ω �
� 9DULDEOH OHYHO FRPSDUDWRU

7KHVH IXQFWLRQV DUH H[SODLQHG IXUWKHU RQ�

7KH LQVWUXPHQW KDV WZR DGGLWLRQDO LPSRUWDQW IHDWXUHV� DQ LQSXW IRU WKH

H[WHUQDO FRQWURO RI WKH IUHTXHQF\ RU LWV PRGXODWLRQ DQG D FRQWURO WR DGG D

FRQWLQXRXV YROWDJH RI WKH GHVLUHG SRODULW\ WR WKH VLJQDO�

$QRWKHU IDFWRU WKDW VKRXOG QRW EH RYHUORRNHG LV LWV HDVH RI XVH� ,Q

DGGLWLRQ� LWV IXQFWLRQDO GHVLJQ IDFLOLWDWHV PDLQWHQDQFH VXEVWDQWLDOO\�

����� ,QIRUPDWLRQ RQ WKH� ,QIRUPDWLRQ RQ WKH VVWDQGDUGWDQGDUGVV DQG UHJXODWLRQDQG UHJXODWLRQVV

7KLV LQVWUXPHQW KDV EHHQ GHVLJQHG LQ FRPSOLDQFH ZLWK WKH (1�����

VWDQGDUGV RQ UDGLR LQWHUIHUHQFH DQG WKH +'���6� VDIHW\ VWDQGDUG�
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����� 6SH� 6SHFFLILLILFFDWLRQDWLRQVV

)UHTXHQ)UHTXHQFF\ UDQJH\ UDQJH ��� +] WR � 0+] LQ � GHFDGHV

)UHTXHQ)UHTXHQFF\\ FFRQWURORQWURO

&RQWLQXRX&RQWLQXRXVV YDULDWLRQYDULDWLRQ FFRQWURORQWURO 5DWLR ����

$FFXUDF\ � ��

)UHTXHQ)UHTXHQFF\ LQGL\ LQGLFFDWRUDWRU 'LJLWDO ��� +] WR � 0+]�

$$FFFFXUDXUDFF\\ � � GLJLW

5H5HVVROXWLRQROXWLRQ ��� +] WR � N+]

7LPH EHWZHHQ UHDGLQJ7LPH EHWZHHQ UHDGLQJVV ��FFRXQWLQJ WLPH�RXQWLQJ WLPH�

��� PV

([WHUQDO([WHUQDO FFRQWURO E\ YROWDJH �9&2�)0�RQWURO E\ YROWDJH �9&2�)0� &RQWURO YROWDJH �� 9

)RU D ���� YDULDWLRQ

/LQHDU YDULDWLRQ

,QSXW LPSHGDQFH �� NΩ
���� Ω 287387287387

2XWSXW2XWSXW VVLJQDOLJQDOVV 6LQXVRLGDO� WULDQJXODU� VTXDUH�

SRVLWLYH DQG QHJDWLYH SXOVHV�

YDULDEOH V\PPHWU\�

6HOHFWDEOHV�

6\PPHWU\6\PPHWU\ FFRQWURORQWURO ���� FRQWLQXRXVO\ YDULDEOH RQ ERWK

VHQVHV�

2XWSXW DPSOLWXGH2XWSXW DPSOLWXGH �� 9SS �RSHQ FLUFXLW�

�� 9SS ��� Ω�
2XWSXW LPSHGDQ2XWSXW LPSHGDQFFHH �� Ω
$PSOLWXGH$PSOLWXGH FFRQWURORQWURO

&RQWLQXRX&RQWLQXRXVVO\ YDULDEOHO\ YDULDEOH ! �� G%

$WWHQXDWRU$WWHQXDWRU �� G%

'& RII'& RIIVVHWHW &RQWLQXRXVO\ YDULDEOH

� �� 9 �RSHQ FLUFXLW�

� � 9 ��� Ω�
2XWSXW YROWDJH ZLWKRXW2XWSXW YROWDJH ZLWKRXW FFOLSSLQJOLSSLQJ � �� 9 �RSHQ FLUFXLW�

9
RIIVHW

� 9
S
 � �� 9 PD[�

6LQX6LQXVVRLGDORLGDO

$PSOLWXGH UH$PSOLWXGH UHVVSRQSRQVVHH � � G% DW WKH QRPLQDO RXWSXW ���

Ω�
5HI� �� N+]

'L'LVVWRUWLRQWRUWLRQ � ���� DW WKH QRPLQDO RXWSXW

�XS WR ��� N+]� �� Ω��
7ULDQJXODU7ULDQJXODU /LQHDULW\ � ��

6TXDUH6TXDUH 5LVH WLPH � �� QV

7\SLFDO �� QV

77/ 28738777/ 287387

$PSOLWXGH$PSOLWXGH ! � 9 �RSHQ FLUFXLW�

,QGHSHQGHQW RI WKH PDLQ RXWSXW

6\PPHWU\6\PPHWU\ &RQWLQXRXVO\ YDULDEOH

5L5LVVH WLPHH WLPH � �� QV

���������� *)*)���������� ���� ��



(;7(51$/ )5(48(1&< &2817(5(;7(51$/ )5(48(1&< &2817(5

0D[LPXP IUHTXHQ0D[LPXP IUHTXHQFF\\ �� 0+]

5H5HVVROXWLRQROXWLRQ ��� +]

6HQ6HQVVLWLYLW\LWLYLW\ �� P9 �� 0+]�

,QSXW LPSHGDQ,QSXW LPSHGDQFFHH ��� NΩ

$03/,),(5$03/,),(5

%%DQGZLWKDQGZLWK � 0+]

,QSXW LPSHGDQ,QSXW LPSHGDQFFHH ��� NΩ
2XWSXW LPSHGDQ2XWSXW LPSHGDQFFHH �� Ω
0D[LPXP RXWSXW DPSOLWXGH0D[LPXP RXWSXW DPSOLWXGH �� 9SS ��� Ω�

*DLQ*DLQ �� G% >��@ �RSHQ FLUFXLW�

/(9(/ &203$5$725/(9(/ &203$5$725

,QSXW LPSHGDQ,QSXW LPSHGDQFFHH ��� NΩ
2XWSXW DPSOLWXGH2XWSXW DPSOLWXGH 77/ FRPSDWLEOH

7ULJJHU7ULJJHU FFRQWURORQWURO 9DULDEOH � ��� P9

3232::(5(5

0DLQ0DLQVV YROWDJHYROWDJH ������������������� 9 $& � ����

����� +]�

3RZHU &RQ3RZHU &RQVVXPSWLRQXPSWLRQ �� :

0(&0(&++$1,&$/ &$1,&$/ &++$5$&7(5,67,&6$5$&7(5,67,&6

'LPHQ'LPHQVVLRQLRQVV ��:: [[ ++ [ '�[ '� ��� [ ��� [ ��� PP

::HLJKWHLJKW ��� .J
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� ,167$//$7,21� ,167$//$7,21

����� 3RZHU UHTXLUHPHQW� 3RZHU UHTXLUHPHQWVV

7KLV HTXLSPHQW UHTXLUHV D PDLQV SRZHU VRXUFH RI ����������� RU

������� 9 $& �� WR �� +]� 0DLQV RSHUDWLQJ YROWDJH FDQ EH VHOHFWHG DW WKH

UHDU SDQHO�

)LJXUH �)LJXUH ����� 6HOHFWLRQ RI PDLQV YROWDJH�

������ 3XOO RXW WKH IXVHKROGHU OLG�

������ 6HW WKH SURSHU IXVH IRU WKH GHVLUHG PDLQV YROWDJH�

������ ,QVHUW WKH IXVHKROGHU OLG VR WKH > $ @> $ @ SRLQWHU IDFHV WKH GHVLUHG PDLQV
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YROWDJH GLVSOD\ >> %% @@�

&$87,21&$87,21��
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������ $�� $ )25)25 �������� ��� DQG ��� 9��� DQG ��� 9��

������ $�� $ )25)25 ��� DQG ��� 9��� DQG ��� 9��

$92,',1* 7$92,',1* 7++,6 ',5(&7,216 &28/' '$0$*( 7,6 ',5(&7,216 &28/' '$0$*( 7++( (48,30(17( (48,30(17

����� *URXQGLQJ� *URXQGLQJ

7R HQVXUH FRPSOHWH VDIHW\ GXULQJ RSHUDWLRQ� WKH *)���� LV HTXLSSHG ZLWK

WKH SURSHU FRQQHFWRU RQ WKH UHDU SDQHO IRU LWV *5281',1* �0DLQV FRQQHFWRU

>��@��

����� ,Q� ,QVVWDOODWLRQ DQGWDOODWLRQ DQG VVWDUWWDUW��XSXS

7KH *)���� LV GHVLJQHG WR EH XVHG DV D GHVNWRS LQVWUXPHQW�

2QFH WKH FRUUHFW YROWDJH WR EH XVHG KDV EHHQ VHOHFWHG� WKH XVHU WKHQ

FRQQHFWV WKH LQVWUXPHQW WR WKH PDLQV DQG WXUQV WKH GHYLFH RQ ZLWK WKH

FRUUHVSRQGLQJ VZLWFK�

)RU RSHUDWLQJ FRQYHQLHQFH� D IROGLQJ VWDQG LV VXSSOLHG IRU UDLVLQJ WKH IURQW

SDUW RI WKH LQVWUXPHQW�
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� 23(5$7,1* ,16758&7,216� 23(5$7,1* ,16758&7,216

����� 'H� 'HVFVFULSWLRQ RI WKHULSWLRQ RI WKH FFRQWURORQWUROVV

)URQW SDQHO)URQW SDQHO

)LJXUH �)LJXUH ����� )URQW SDQHO�

>�@ /,1(� 7KH SRZHU VZLWFK�

,Q WKH 21 SRVLWLRQ� WKH LQVWUXPHQW LV SRZHUHG E\ WKH PDLQV YROWDJH�

>�@ /('� 2SHUDWLQJ VLJQDO�

,QGLFDWHV WKDW WKH LQVWUXPHQW LV LQ RSHUDWLRQ�

>�@ )UHTXHQF\ LQGLFDWRU�

7KH GLVSOD\ LV D ILYH�GLJLW /&'� ZKLFK LQGLFDWHV WKH RXWSXW IUHTXHQF\ RI

WKH JHQHUDWRU RU WKDW RI WKH >�@ LQSXW VLJQDO ZKHQ WKH IUHTXHQF\

FRXQWHU IXQFWLRQ LV VHOHFWHG�

>�@ '& 2))6(7� 2IIVHW YROWDJH FRQWURO�

7KH QRUPDO RSHUDWLQJ SRVLWLRQ LV �RII� �DV IDU OHIW DV SRVVLEOH�� 7XUQLQJ

WKH NQRE� WKHUH LV D SURJUHVVLYH FRQWURO RI WKH FRQWLQXRXV YROWDJH

VXSHULPSRVHG RQ WKH VLJQDO� 7KLV YROWDJH UDQJHV IURP � �� 9 WR ����� �� 9

�LQ RSHQ FLUFXLW�� ZLWK � 9 DV WKH QRUPDO RSHUDWLQJ SRVLWLRQ�
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>�@ $03/,78'(� $PSOLWXGH FRQWURO�

$ FRQWLQXRXVO\ YDULDEOH FRQWURO WR UHJXODWH WKH RXWSXW DPSOLWXGH�

>�@ ,QSXW IRU WKH IUHTXHQF\ PHDVXUHPHQW DQG LW DOVR VHUYHV DV LQSXW LQ WKH

DPSOLILHU DQG FRPSDUDWRU IXQFWLRQV�

>�@ 77/ 6<0� 77/ V\PPHWU\ FRQWURO�

7KLV FRQWURO HQDEOHV WKH XVHU WR PRGLI\ WKH V\PPHWU\ RI WKH SXOVH

VLJQDO REWDLQHG LQ WKH >�@ 77/ RXWSXW�

>�@ 3XOVH RXWSXW ZLWK 77/ OHYHOV DW WKH VDPH IUHTXHQF\ DV WKH >�@ RXWSXW

VLJQDO� $OORZV WKH FKDUJH RI PRUH WKDQ �� 77/ LQSXWV�

>�@ 2XWSXW RI WKH VLJQDO VHOHFWHG E\ >��@� ZLWK DQ LQWHUQDO LPSHGDQFH RI

�� Ω �

>��@ 6<0� 6\PPHWU\ FRQWURO�

:LWK WKLV FRQWURO WKH XVHU FDQ LQFUHDVH WKH WLPH FRUUHVSRQGLQJ WR D

KDOI�SHULRG RI WKH >�@ PDLQ VLJQDO� ,Q WKLV ZD\� DV\PPHWULFDO RXWSXW

IXQFWLRQV DUH REWDLQHG� 7KH RXWSXW IUHTXHQF\ LV WKHUHE\ PRGLILHG�

,W LV SRVVLEOH WR VHOHFW WKH DFWLRQ RQ HLWKHU RI WKH WZR KDOI�SHULRGV�

>��@ �� G% $77� �� G% DWWHQXDWRU�

0DLQWDLQLQJ WKH RXWSXW LPSHGDQFH� LW DWWHQXDWHV E\ �� G% WKH RXWSXW

OHYHO VHOHFWHG ZLWK >�@ FRQWURO�

>��@ ,19 6HOHFWRU�

7KLV HQDEOHV WKH XVHU WR VHOHFW WKH KDOI�SHULRG RI WKH RXWSXW VLJQDO LQ

ZKLFK WKH >��@ V\PPHWU\ FRQWURO DFWV�

>��@ )81&7,21� 2XWSXW IXQFWLRQ VHOHFWRUV�

%\ SUHVVLQJ WKH VHOHFWRUV� WKH XVHU FDQ FKRVH WKH VTXDUH� WULDQJXODU DQG

VLQXVRLGDO ZDYHIRUPV� SRVLWLYH DQG QHJDWLYH SXOVHV IRU RXWSXW >�@�

>��@ $03/�&203�

7KLV HQDEOHV WKH XWLOL]DWLRQ RI WKH HTXLSPHQW DV DQ DPSOLILHU RU DV D

OHYHO FRPSDUDWRU� VLPXOWDQHRXVO\�

)RU LW WR IXQFWLRQ DV DQ DPSOLILHU� WKH XVHU PXVW VHOHFW WKH >�@ FRQQHFWRU

DV WKH VLJQDO LQSXW DQG WKH >�@ FRQQHFWRU DV WKH RXWSXW� 1RWLFH WKDW WKH

>�@ DPSOLWXGH FRQWURO DQG WKH >��@ DWWHQXDWRU DUH RSHUDWLRQDO DW DOO

WLPHV�

)RU LW WR IXQFWLRQ DV D OHYHO FRPSDUDWRU� WKH XVHU PXVW VHOHFW WKH >�@

FRQQHFWRU DV GHVFULEHG DERYH� DQG WKH ORJLF OHYHO RXWSXW ZLOO EH WKH >�@

77/ RXWSXW� 7KH >�@ 77/ 6<0 FRQWURO HQDEOHV WKH XVHU WR PRGLI\ WKH
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FRPSDUDWRU OHYHO�

>��@ )5(4 0+]�

:KHQ WKLV DX[LOLDU\ IXQFWLRQ LV DFWLYDWHG� WKH JHQHUDWRU ZLOO IXQFWLRQ

DV D IUHTXHQF\ FRXQWHU� ZLWK D XVH UDQJH RI XS WR �� 0+]� ,Q VXFK D

FDVH� WKH >�@ FRQQHFWRU LV XVHG DV D VLJQDO LQSXW DQG WKH >�@ GLVSOD\ DV

D GLVSOD\ HOHPHQW ZLWK D UHVROXWLRQ RI XS WR ILYH GLJLWV�

>��@ )5(4� %DQG VHOHFWRUV�

7R FKRVH WKH IUHTXHQF\ UDQJH RU GHFDGH �+]� WKDW JRYHUQV FRQWURO >��@�

(DFK VHOHFWRU KDV WZR SRVVLEOH DFWLRQV ZKHQ SUHVVHG� LQ WKH IROORZLQJ

RUGHU�

����� 'HDFWLYDWLQJ DQ\ RWKHU NH\ RI WKH VHW�

����� 6HWWLQJ LW LQ WKH SRVLWLRQ SUHVVHG�

:KHQ DQ\ NH\ WKDW KDV QRW EHHQ SUHVVHG LV SUHVVHG SDUWZD\ LQ DQG OHIW

LQ WKDW SRVLWLRQ� WKH\ ZLOO DOO EH GHDFWLYDWHG� ,Q WKH �DOO GHDFWLYDWHG�

SRVLWLRQ� WKH VHOHFWHG IUHTXHQF\ EDQG ZLOO EH ��� +] WR � +]�

$77(17,21$77(17,21��

7KH XVHU PXVW ZRUN LQ DQ DUHD LQ ZKLFK WKH 9
S
�WKH SHDN YROWDJH RI WKH

RXWSXW VLJQDO� SOXV WKH RIIVHW YROWDJH �GLVSODFHPHQW� GRHV QRW H[FHHG

� �� 9 LQ RSHQ FLUFXLW �� � 9� ��� Ω�� VR WKDW FOLSSLQJ GRHV QRW RFFXU

LQ WKH RXWSXW VLJQDO�

>��@ )UHTXHQF\ FRQWURO�

&RQWLQRXVO\ YDULDEOH FRQWURO RI WKH IUHTXHQF\ RI WKH EDQG VHOHFWHG ZLWK

WKH >��@ FRQWURO�
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5HDU SDQHO5HDU SDQHO

)LJXUH �)LJXUH ����� 5HDU SDQHO�

>��@ 9&2� )UHTXHQF\ FRQWURO E\ YROWDJH LQSXW�

7KLV DOORZV WKH XVHU WR FRQWURO WKH RXWSXW IUHTXHQF\ RU PRGXODWH LW LQ

)0 LQ WKH IUHTXHQF\ UDQJH VHOHFWHG LQ >��@� 7R SURGXFH D ����

YDULDWLRQ� DSSUR[LPDWHO\ �� 9 PXVW EH DSSOLHG� 1HJDWLYH FRQWURO

YROWDJHV UHVXOW LQ DQ LQFUHDVH LQ IUHTXHQF\ DQG YLFH YHUVD�

>��@ 3RZHU VXSSO\ FRQQHFWRU� YROWDJH VHOHFWRU DQG IXVH KROGHU�

7KH SRZHU VXSSO\ OHDG LQFOXGHG DPRQJ WKH DFFHVVRULHV RI WKH

LQVWUXPHQW VKRXOG EH FRQQHFWHG KHUH $)7(5 7+( 92/7$*( ,6

6(/(&7('�

9ROWDJH VHOHFWRU DQG IXVH KROGHU� 'HSHQGLQJ RQ WKH SRVLWLRQ RI WKH

IXVH KROGHU FOLS� WKH SRZHU YROWDJH VHOHFWHG ZLOO EH ���� ���� ���� RU

������� 9 �VHH )LJXUH ���

����� 0RGH� 0RGHVV RI RSHUDWLRQRI RSHUDWLRQ

��������� 0DLQ RXWSXW� 0DLQ RXWSXW

6HOHFW WKH GHVLUHG IXQFWLRQ XVLQJ WKH >��@ FRQWUROV RQ WKH IURQW SDQHO�

6HOHFW WKH IUHTXHQF\ XVLQJ WKH >��@� >��@ DQG >�@ FRQWUROV�

���������� *)*)���������� ���� ��



8VLQJ DQ RVFLOORVFRSH RU DQRWKHU VXLWDEOH LQVWUXPHQW� VHOHFW WKH GHVLUHG

RXWSXW DPSOLWXGH IRU WKH ORZ OHYHOV RI WKH VLJQDO� ,W PD\ EH QHFHVVDU\ WR XVH

WKH FRQWLQXRXV FRQWURO DQG WKH DWWHQXDWRU�

,I LW LV QHFHVVDU\ WR VXSHULPSRVH D FRQWLQXRXV YROWDJH RQ WKH VLJQDO� XVH

WKH >�@ '& 2))6(7 FRQWURO� ,Q VXFK D FDVH WKH XVHU PXVW WDNH LQWR DFFRXQW WKH

IDFW WKDW WKH RVFLOORVFRSH XVHG IRU WKH PHDVXUHPHQW KDV WKH YHUWLFDO LQSXW

GLUHFW�FRXSOHG �'&��

,I WKH IUHTXHQF\ WR EH VWXGLHG LV ORZHU WKDQ DSSUR[LPDWHO\ � +]� LW LV EHVW

WR XVH DQ LQVWUXPHQW WKDW DOORZV WKH REVHUYDWLRQ RI VORZ SKHQRPHQD�

5HPHPEHU WKDW WKH RSWLPXP WUDQVPLVVLRQ RI WKH VLJQDO� LQ WKH FDEOH

FRQQHFWHG DW WKH RXWSXW� LV REWDLQHG ZKHQ XVLQJ D FDEOH ZLWK �� Ω
FKDUDFWHULVWLF LPSHGDQFH� ZLWK D PDWFKLQJ WHUPLQDO FKDUJH�

��������� )UHTXHQ� )UHTXHQFF\\ VVHOHHOHFFWLRQWLRQ

,Q WKH EDQGV WKDW FRYHU IURP �� +] WR � 0+]� WKH >�@ GLJLWDO IUHTXHQF\

LQGLFDWRU LV DFWLYDWHG� ZKLFK HQDEOHV WKH IDVW� DFFXUDWH VHOHFWLRQ RI WKH GHVLUHG

IUHTXHQF\� WKURXJK WKH >��@ IUHTXHQF\ FRQWURO�

,I WKH EDQGV DUH EHORZ �� +]� IURP ��� +] WR � +] DQG IURP � +] WR �� +]�

WKH IUHTXHQF\ FRXQWHU LV GHDFWLYDWHG� DQG WKH IUHTXHQF\ FDQ EH GHWHUPLQHG

GLUHFWO\ IURP WKH LQGLFDWLRQ RQ WKH SDQHO RI WKH >��@ IUHTXHQF\ FRQWURO�

:KHQ XVLQJ WKH >��@ YDULDEOH V\PPHWU\ FRQWURO� WKH IUHTXHQF\ ORZHUV DV

D IXQFWLRQ RI WKH GHVLUHG DV\PPHWU\� ,Q WKH EDQGV UDQJLQJ IURP ��� +] WR �

0+]� WKH IUHTXHQF\ UHDGLQJ RQ WKH >�@ GLVSOD\ FRQWLQXHV WR EH YDOLG� ZKLOH LQ

WKH �� +] WR ��� +] EDQG� WKH GLVSOD\ LV GHDFWLYDWHG ZKHQ WKH >��@ 6<0

FRQWURO LV DFWLYDWHG� GXH WR WKH IDFW WKDW WKH IUHTXHQF\ FDQ EH UHGXFHG WR

ORZHU WKDQ �� +]� :KHQ LW LV QHFHVVDU\ WR NQRZ WKH IUHTXHQF\ RI DQ

DV\PPHWULFDO VLJQDO LQ WKH WKUHH ORZHVW IUHTXHQF\ EDQGV� DQ H[WHUQDO PHWHU

PXVW EH XWLOL]HG�

��������� 77/ SXO� 77/ SXOVVH RXWSXWH RXWSXW

,I WKH XVHU ZLVKHV WR XVH WKH SXOVH RXWSXW� FRQQHFW WKH FLUFXLW EHLQJ WHVWHG

GLUHFWO\ WR WKH >�@ RXWSXW�

7KH IUHTXHQF\ VHOHFWLRQ KHUH LV GRQH LQ WKH VDPH ZD\ DV IRU WKH PDLQ

RXWSXW� %\ XVLQJ WKH >�@ FRQWURO� LW LV SRVVLEOH WR YDU\ WKH V\PPHWU\ RI WKH

VLJQDO ZLWKRXW PRGLI\LQJ WKH UHSHWLWLRQ IUHTXHQF\ DW WKH VDPH WLPH�
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��������� 7KH IUHTXHQ� 7KH IUHTXHQFF\\ FFRXQWHURXQWHU

$V ZH KDYH DOUHDG\ PHQWLRQHG DERYH� WKH *)���� FDQ EH XVHG DV D

IUHTXHQF\ FRXQWHU ZLWK D XVH UDQJH RI XS WR �� 0+]� WKURXJK WKH >��@ N+]

)5(4 VHOHFWRU� 7KH GHYLFH FHDVHV WR IXQFWLRQ DV D JHQHUDWRU DQG VKRZV WKH

IUHTXHQF\ UHDGLQJ RQ WKH GLVSOD\ �LQ N+]�� ZLWK D UHVROXWLRQ RI WKH IUHTXHQF\

FRXQWHU RI ��� +]� ,I WKH PD[LPXP FDSDFLW\ RI WKH GLVSOD\ ������� LV

H[FHHGHG� WZR SRLQWV ��� DUH DFWLYDWHG DIWHU WKH PRVW VLJQLILFDQW QXPEHU�

��������� 7KH DPSOLILHU� 7KH DPSOLILHU

7KURXJK WKH >��@ $03/�&203 VHOHFWRU� WKH GHYLFH LV FRQYHUWHG LQWR DQ

DPSOLILHU WKDW FRYHUV WKH UDQJH EHWZHHQ '& DQG � 0+]� ZLWK D JDLQ RI �� G%

LQ RSHQ FLUFXLW� ,W FDQ EH FKDUJHG ZLWK �� Ω OLQHV DQG FDQ GHOLYHU XS WR ��

9SS RQ WKLV FKDUJH�

,W LV SRVVLEOH WR XVH WKH FRQWLQXRXV DPSOLWXGH YDULDWLRQ FRQWURO� >�@

$03/,78'(� DQG WR DGG D '& RIIVHW XVLQJ WKH >�@ '& 2))6(7 FRQWURO� ,Q WKLV

PRGH RI RSHUDWLRQ� WKH PD[LPXP H[FXUVLRQ RI WKH RXWSXW LV D SHDN YDOXH RI

� �� 9� ZKLFK LQFOXGH WKH $& DQG '& FRPSRQHQWV�

7KH �� G% DWWHQXDWRU FRQWLQXHV WR EH RSHUDWLRQDO�

��������� 7KH� 7KH FFRPSDUDWRURPSDUDWRU

7KURXJK WKH >��@ $03�&203 VHOHFWRU� WKH *)���� RSHUDWHV DV D

FRPSDUDWRU ZLWK YDULDEOH OHYHO� 7KH VLJQDO LQSXW LV WKURXJK WKH >�@ FRQQHFWRU�

ZKLOH WKH 77/ OHYHO RXWSXW LV REWDLQHG WKURXJK WKH >�@ FRQQHFWRU�

7KH FKDQJH RI VWDWH LV GRQH WKURXJK D K\VWHUHVLV DW WKH LQSXW�

DSSUR[LPDWHO\ �� P9� ZKLOH WKH WULJJHU SRLQW FDQ EH YDULHG ZLWK WKH >�@ 77/

6<0 FRQWURO EHWZHHQ � ��� P9� 7KH FKDUDFWHULVWLFV RI WKH 77/ SXOVH RXWSXW

DUH DOVR DSSOLFDEOH LQ WKH WKUHVKROG FRPSDUDWRU IXQFWLRQ�

7KLV IXQFWLRQ ZLOO EH DSSOLFDEOH LQ FDVHV LQ ZKLFK WKH XVHU ZDQWV WR VKDSH

D GLJLWDO VLJQDO RU PDNH D DQDORJXH VLJQDO FRPSDWLEOH� ZLWK WZR OHYHOV RI

LQWHUHVW� ZLWK D GLJLWDO V\VWHP�

��������� ([WHUQDO IUHTXHQ� ([WHUQDO IUHTXHQFF\\ FFRQWURORQWURO

7R XVH WKH H[WHUQDO IUHTXHQF\ FRQWURO� WKH XVHU VLPSO\ FRQQHFWV WKH

DSSURSLDWH YROWDJH WR WKH WHUPLQDOV RQ WKH UHDU SDQHO�

,I WKH IUHTXHQF\ VZHHS RI D FRPSOHWH GHFDGH LV QHFHVVDU\� VHOHFW WKLV ZLWK

WKH >��@ FRQWURO RQ WKH IURQW SDQHO� DQG XVH DV D FRQWURO VLJQDO D �� 9 UDPS

WKDW D VLPLODU LQVWUXPHQW FDQ GHOLYHU�

%HDU LQ PLQG WKH IDFW WKDW WKH YDULDWLRQ GLUHFWLRQ RI WKH IUHTXHQF\ LV WKH

LQYHUVH RI WKH YROWDJH WKDW SURGXFHV LW�

���������� *)*)���������� ���� ��



::$51,1*6$51,1*6

'R QRW'R QRW FFRQQHRQQHFFW YROWDJH WR WKH LQW YROWDJH WR WKH LQVVWUXPHQW RXWSXWWUXPHQW RXWSXW��

88VVH 9&2H 9&2 FFRQWURO YROWDJHRQWURO YROWDJHVV WKDW DUH IUHH RI QRLWKDW DUH IUHH RI QRLVVH DQG KXPH DQG KXP��

����� 6SH� 6SHFFLDO RSHUDWLQJLDO RSHUDWLQJ FFRQRQVVLGHUDWLRQLGHUDWLRQVV

��������� '& 2II� '& 2IIVVHWHW

1RWLFH WKDW ZKHQ WKH YROWDJH RIIVHW LV XVHG� WKH VLJQDO FDQQRW H[FHHG D

SHDN YDOXH RI �� 9 LQ RSHQ FLUFXLW �� � 9� �� Ω� VR WKDW FOLSSLQJ GRHV QRW

RFFXU�

��������� 8� 8VVH RI WKH SXOH RI WKH SXOVVH RXWSXWH RXWSXW

:KHQ WKLV RXWSXW LV XVHG� LW LV UHFRPPHQGHG WKDW WKH FRQQHFWLRQ OHDG LV

FKDUJHG DW WKH RWKHU HQG EHFDXVH RI LWV FKDUDFWHULVWLF LPSHGDQFH� LQ RUGHU WR

DYRLG ULQJLQJ GXH WR UHIOHFWLRQV LQ WKH OHDG�

7KH SXOVH RI WKLV RXWSXW LV IRXQG DURXQG WKH SRVLWLYH SHDN RI WKH

WULDQJXODU VLJQDO� RU RQ WKH ULVH HGJH RI WKH VTXDUH VLJQDO� 1RWLFH WKDW WKH

V\PPHWU\ FRQWURO RI WKH PDLQ RXWSXW ZLOO DFW RQ WKH 77/ SXOVH RXWSXW�

ORZHULQJ WKH UHSHWLWLRQ IUHTXHQF\ RI WKRVH SXOVHV�

���������� *)*)���������� ���� ��



���������� *)*)���������� ���� ��



� 23(5$7,21 35,1&,3/(� 23(5$7,21 35,1&,3/(

����� 'H� 'HVFVFULSWLRQ RI WKHULSWLRQ RI WKH FFLULUFFXLWXLW

7KH JHQHUDO VWUXFWXUH RI WKH LQVWUXPHQW FDQ EH VHHQ LQ WKH EORFN GLDJUDP

�)LJXUH ����

7KH EDVLF VLJQDO JHQHUDWHG LQ WKH *)���� LV WKH WULDQJXODU� 7KLV LV ZKDW

DSSHDUV LQ FDSDFLWDQFH & WHUPLQDOV ZKHQ FKDUJHG E\ D FRQVWDQW FXUUHQW �ULVLQJ

UDPS� DQG GLVFKDUJHG LQ WKH VDPH ZD\ �IDOOLQJ UDPS��

:KHQ XQGHUWDNLQJ WKLV SURFHVV� WKH IUHTXHQF\ FDQ YDU\ LQ WZR GLIIHUHQW

ZD\V� HLWKHU YDU\LQJ WKH PDJQLWXGH RI WKH FKDUJH DQG GLVFKDUJH FXUUHQWV RU

YDU\LQJ WKH FDSDFLW\ WR FKDUJH DQG GLVFKDUJH�

)UHTXHQF\ YDULDWLRQV LQ WKH *)���� DUH HIIHFWHG DV IROORZV�

����� 7KURXJK FRQWLQXRXV FRQWURO �RQH GHFDGH�� WKH >��@ FRQWURO RQ WKH IURQW

SDQHO� E\ YDU\LQJ WKH FKDUJH DQG GLVFKDUJH FXUUHQWV JRYHUQLQJ �&�%

ZLWK RQH YROWDJH� ,W LV SRVVLEOH WR DGG WR WKLV YROWDJH DQRWKHU H[WHUQDO

YROWDJH �9&2�� WKURXJK WKH >��@ 9&2 LQSXW�

����� %\ GHFDGH MXPS� ZKLFK PD\ EH GRQH LQ WZR ZD\V� E\ FKDQJLQJ WKH

FKDUJH DQG GLVFKDUJH FRQVWDQW FXUUHQWV� RU E\ FKDQJLQJ WKH

FDSDFLWDQFH IURP &� WR &��

����� 7KH YDULDWLRQ RI V\PPHWU\ RI WKH PDLQ VLJQDO LV SURYLGHG WKURXJK WKH

UHGXFWLRQ RI FKDUJH�GLVFKDUJH FXUUHQW RI &� DV WKH FDVH PD\ EH�

*HQHUDWLRQ RI WKH*HQHUDWLRQ RI WKH VVTXDUHTXDUH VVLJQDOLJQDO

:LWK WKH WULDQJXODU VLJQDO DPSOLILHG SUHYLRXVO\� D WULJJHU FLUFXLW LV DFWLYDWHG

ZKHQ WKH YROWDJH LQ WKH WHUPLQDOV RI WKH & FDSDFLWDQFH UHDFK GHWHUPLQHG

YDOXHV�

7KH VTXDUH VLJQDO JHQHUDWHG WKLV ZD\ DOVR FRQWUROV WKH WZR FRQVWDQW

FXUUHQW JHQHUDWRUV� HLWKHU WKH FKDUJH RU WKH GLVFKDUJH�

7KH LQKLELWLRQ RI RQH RU WKH RWKHU JHQHUDWRU LV GRQH ZLWK D JDWH FLUFXLW�

7KH SUHYLRXV DPSOLILHU RI WKH WULDQJXODU VLJQDO RI WKH JHQHUDWRUV LV ,&�� VR DV

QRW WR DIIHFW WKH FKDUJH DQG GLVFKDUJH FXUUHQWV RI &�

$ FLUFXLW DW WKH RXWSXW RI WKH VTXDUH FRQYHUWRU DOORZV WKH XVHU WR REWDLQ

HLWKHU WKH VLJQDO ZLWK RQO\ SRVLWLYH H[FXUVLRQ RU ERWK� WKHUHE\ REWDLQLQJ WKH

WZR IXQFWLRQV� WKH SRVLWLYH RU QHJDWLYH SXOVH�
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*HQHUDWLRQ RI WKH*HQHUDWLRQ RI WKH VVLQXLQXVVRLGDORLGDO VVLJQDOLJQDO

7KH PHWKRG XVHG LV WKDW RI VKDSSLQJ WKH WULDQJXODU VLJQDO E\ VHJPHQWV�

XVLQJ WKH EHQG RI WKH 9�, FKDUDFWHULVWLF RI WKH GLRGHV '�� WR '���

7KH RXWSXW DPSOLILHU7KH RXWSXW DPSOLILHU

2QFH WKH WKUHH IXQFWLRQV DUH JHQHUDWHG� SURFHHG WR WKH VHOHFWRU DQG ODWHU

WKH RXWSXW DPSOLILHU� ZKLFK LQFOXGHV FRQWUROV IRU WKH DPSOLWXGH� WKH DGGLWLRQ

RI RIIVHW YROWDJH DQG WKH RXWSXW DWWHQXDWRU�

)UHTXHQ)UHTXHQFF\\ FFRXQWHURXQWHU

$Q $6,& FLUFXLW IRUPV WKH FRPSOHWH IUHTXHQF\ FRXQWHU� ZKLFK LQFOXGHV WKH

WLPH EDVH� WKH FRQWURO FLUFXLWV� WKH FRXQWHUV DQG GULYHUV RI WKH /&' GLVSOD\� $W

WKH LQSXW� WKH VLJQDO SDVVHV WKURXJK WKH IUHTXHQF\ PXOWLSOLHU DQG GLYLVLRQ

FLUFXLWU\� ZKLFK HQDEOHV HDFK EDQG WR ULVH WR WKH DSSURSULDWH UHVROXWLRQ�

([WHUQDO DPSOLILHU([WHUQDO DPSOLILHU

,Q WKH IUHTXHQF\ FRXQWHU� DPSOLILHU DQG FRPSDUDWRU IXQFWLRQV� WKH 6)

VHOHFWRU FRQQHFWV WKH KLJK LPSHGDQFH DPSOLILHU WR WKH H[WHUQDO LQSXW� VR LW FDQ

EH XWLOL]HG DV DQ LQSXW SUH�DPSOLILHU LQ WKHVH IXQFWLRQV� 7KH 77/ FRQYHUWHU DFWV

DV WKH RXWSXW RI WKH FRPSDUDWRU IXQFWLRQ�

7KH 77/ SXO7KH 77/ SXOVVH JHQHUDWRUH JHQHUDWRU

7KH SRVLWLYH SXOVHV DUH REWDLQHG E\ SDVVLQJ WKH WULDQJXODU VLJQDO WKURXJK

WKH WULJJHU FLUFXLW IRUPHG E\ ,&� LQ 6FKPLWW WULJJHU FLUFXLWU\� 7KH DV\PPHWU\

RI WKH RXWSXW VLJQDO LV DFKLHYHG WKURXJK WKH DSSURSULDWH OHYHO RI FRPSDULVRQ

LQ WKH LQSXW�
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��� ,QIRUPDWLRQ RQ WKH VWDQGDUGV DQG UHJXODWLRQV � � � � � � � � � � � � � � ��

��� 6SHFLILFDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� ,167$//$7,21 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3RZHU UHTXLUHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� *URXQGLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,QVWDOODWLRQ DQG VWDUW�XS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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��� 'HVFULSWLRQ RI WKH FRQWUROV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 0RGHV RI RSHUDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 0DLQ RXWSXW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� )UHTXHQF\ VHOHFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 77/ SXOVH RXWSXW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 7KH IUHTXHQF\ FRXQWHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 7KH DPSOLILHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 7KH FRPSDUDWRU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ([WHUQDO IUHTXHQF\ FRQWURO � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6SHFLDO RSHUDWLQJ FRQVLGHUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� '& 2IIVHW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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