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%6 ,62 �����������

7KLV %ULWLVK 6WDQGDUG ZDV 
SXEOLVKHG XQGHU WKH DXWKRULW\
RI WKH 6WDQGDUGV 3ROLF\ DQG
6WUDWHJ\ &RPPLWWHH RQ
�� 2FWREHU ����

� %6, �� 2FWREHU ����

,6%1 � ��� ����� �

1DWLRQDO IRUHZRUG
7KLV %ULWLVK 6WDQGDUG UHSURGXFHV YHUEDWLP ,62 ����������� DQG LPSOHPHQWV
LW DV WKH 8. QDWLRQDO VWDQGDUG� ,Q DGGLWLRQ WR %6 ,62 ������ DQG
%6 ,62 ������� LW SDUWLDOO\ VXSHUVHGHV %6 ,62 ��������� ZKLFK ZLOO EH
ZLWKGUDZQ XSRQ SXEOLFDWLRQ RI DOO WKUHH SDUWV�

7KH 8. SDUWLFLSDWLRQ LQ LWV SUHSDUDWLRQ ZDV HQWUXVWHG WR 7HFKQLFDO &RPPLWWHH
1&(��� 5DGLDWLRQ SURWHFWLRQ DQG PHDVXUHPHQW� ZKLFK KDV WKH UHVSRQVLELOLW\
WR� 

$ OLVW RI RUJDQL]DWLRQV UHSUHVHQWHG RQ WKLV FRPPLWWHH FDQ EH REWDLQHG RQ
UHTXHVW WR LWV VHFUHWDU\�

&URVV�UHIHUHQFHV

7KH %ULWLVK 6WDQGDUGV ZKLFK LPSOHPHQW LQWHUQDWLRQDO SXEOLFDWLRQV UHIHUUHG WR
LQ WKLV GRFXPHQW PD\ EH IRXQG LQ WKH %6, &DWDORJXH XQGHU WKH VHFWLRQ HQWLWOHG
§,QWHUQDWLRQDO 6WDQGDUGV &RUUHVSRQGHQFH ,QGH[¨� RU E\ XVLQJ WKH §6HDUFK¨
IDFLOLW\ RI WKH %6, (OHFWURQLF &DWDORJXH RU RI %ULWLVK 6WDQGDUGV 2QOLQH�

7KLV SXEOLFDWLRQ GRHV QRW SXUSRUW WR LQFOXGH DOO WKH QHFHVVDU\ SURYLVLRQV RI D
FRQWUDFW� 8VHUV DUH UHVSRQVLEOH IRU LWV FRUUHFW DSSOLFDWLRQ� 

&RPSOLDQFH ZLWK D %ULWLVK 6WDQGDUG GRHV QRW RI LWVHOI FRQIHU LPPXQLW\
IURP OHJDO REOLJDWLRQV�

¦ DLG HQTXLUHUV WR XQGHUVWDQG WKH WH[W�

¦ SUHVHQW WR WKH UHVSRQVLEOH LQWHUQDWLRQDO�(XURSHDQ FRPPLWWHH DQ\ 
HQTXLULHV RQ WKH LQWHUSUHWDWLRQ� RU SURSRVDOV IRU FKDQJH� DQG NHHS WKH 
8. LQWHUHVWV LQIRUPHG�

¦ PRQLWRU UHODWHG LQWHUQDWLRQDO DQG (XURSHDQ GHYHORSPHQWV DQG
SURPXOJDWH WKHP LQ WKH 8.�

6XPPDU\ RI SDJHV

7KLV GRFXPHQW FRPSULVHV D IURQW FRYHU� DQ LQVLGH IURQW FRYHU� WKH ,62 WLWOH SDJH�
SDJHV LL WR LY� SDJHV � WR ��� DQ LQVLGH EDFN FRYHU DQG D EDFN FRYHU�

7KH %6, FRS\ULJKW QRWLFH GLVSOD\HG LQ WKLV GRFXPHQW LQGLFDWHV ZKHQ WKH 
GRFXPHQW ZDV ODVW LVVXHG�

$PHQGPHQWV LVVXHG VLQFH SXEOLFDWLRQ

$PG� 1R� 'DWH &RPPHQWV
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3UHPLqUH HGLWLRQ
����������

1XFOHDU HQHUJ\² 5HIHUHQFH EHWD�SDUWLFOH
UDGLDWLRQ²
3DUW ��
&DOLEUDWLRQ IXQGDPHQWDOV UHODWHG WR EDVLF
TXDQWLWLHV FKDUDFWHUL]LQJ WKH UDGLDWLRQ
ILHOG

eQHUJLH QXFOpDLUH² 5D\RQQHPHQWV ErWD GH UpIpUHQFH²

3DUWLH �� &RQFHSWV G
pWDORQQDJH HQ UHODWLRQ DYHF OHV JUDQGHXUV
IRQGDPHQWDOHV FDUDFWpULVDQW OH FKDPS GX UD\RQQHPHQW
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'3OFVLG )UHPLD
LK7V 3') ILOH PD\ FWQRLDQ HPGHEW GHG\IHSFDHV� ,Q FFDRFQDGUZ HLWK $
HERGV OLFHQVLORS JQLF�\ WKLV ILOH PDLUS HE \QWHG LY URZHE GHWX
VODKO WRQ LGH HEWOQX GHHVV WKH W\SHIDFHV ZKLFH HUD KPO HUD GHGGHELFVQHGH WR L GQDQVWODOHG W QRHK FRPSXWIUHS UHRUPLJQ WLGH HKWLQ�J ,Q
ZRGOQLGDRW JQKLV ILOH� WUDSLVH DWSHFF WLHUHKW QVHU HKQRSVLLEOLW\ IR QRW LQIULLJQJQ $
HERGV OLFHQVLORS JQLF�\ HK7 ,62 WQH&ODU 6HFUWHLUDDW
FDFHSWO RQ VLLEDOLW\ LQ WKLV �DHUD

$L HERGV D WUHGDPDIR NU $HERG 6\VWHP, VQFRWDURSU�GH

WH'DLOV IR WHK VRIWZDFXGRUS HUWV VXW GHR FUWDHH WKLV 3') ILOH FQD I HEL GQXRQ WODUHQH* HK ,QIR OHUDWLW HYR WKH ILOH� W3 HK'F�)UWDHLRQ
PDUDSWHUHZ VHWSR HULPL]GH IRU LUSQWL�JQ (Y\UH FDHU QHHE VDK WDNHQ WR VQHHUX WKDW WKH ILOH LV VXLWOEDH IRVX UH \E ,62 PHPGRE UHEHLV� ,Q
WOQX HKLNOHWQHYH \ WWDK OERUS DHP OHUDWLW JQR LW LV I�GQXR SOVDHH LQIRUP WWQH& HKODU 6HFUWHLUDDW WD WKH VHUGGDLJ VOHE QHYZR�

� ,62 ���� 
$OO LUWKJV HUVH�GHYU OQ8HWR VVZUHKLVH VSHFLILHG� RQ WUDS IR WKLV OEXSLFWDLRQ PDHE \ FXGRUSHUUR GH WXLOL]L GHQ \QD IRUP UR QD \EP \QDH�V
OHFHWULQRF UR PHFLQDKFDO� LQFOLGXQJ WRKSFRL\SRGQD JQ PLFUIRLOP� ZLWWXRK UHSPLVVLL QRQ ZULWLJQ IURP LHW, UHK6D 2W WVVHUGGD HK HEROZ RU
,6
2V PHPUHE L \GREQ WKH FQXRWUIR \ WWVHXTHU HKH�U

,62 FLU\SRWKJ IRILFH
VD&H WVRSDOH �� HQH* �����+& �� DY
OH7� � � �� ��� �� � �� 
[D)� ��� �� �� � � ��
(�PDLO FRLU\SWKJL#VR�R JU
:H EZZZ�LV�R JUR

3XOELVGHKL Q 6ZLWOUH] GQD

LL � ,62± ���� $OOU LWKJVU HVHGHYU
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, �62 ± ���� $OO LUWKJV HUVHGHYU LLL

&RQWHQWV 3DJH

)RUHZRUG ������������������������������������������������������������������������������������������������������������������������������������������������������������ LY
� 6FRSH������������������������������������������������������������������������������������������������������������������������������������������������������ �
� 1RUPDWLYH UHIHUHQFHV ��������������������������������������������������������������������������������������������������������������������������� �
� 7HUPV DQG GHILQLWLRQV��������������������������������������������������������������������������������������������������������������������������� �
� &DOLEUDWLRQ DQG WUDFHDELOLW\ RI UHIHUHQFH UDGLDWLRQ ILHOGV ����������������������������������������������������������������� �
� *HQHUDO SULQFLSOHV IRU FDOLEUDWLRQV RI UDGLRQXFOLGH EHWD�SDUWLFOH ILHOGV������������������������������������������ �
��� *HQHUDO ��������������������������������������������������������������������������������������������������������������������������������������������������� �
��� 6FDOLQJ WR GHULYH HTXLYDOHQW WKLFNQHVVHV RI YDULRXV PDWHULDOV�������������������������������������������������������� �
��� &KDUDFWHUL]DWLRQ RI WKH UDGLDWLRQ ILHOG LQ WHUPV RI SHQHWUDELOLW\ ������������������������������������������������������ �
� &DOLEUDWLRQ SURFHGXUHV XVLQJ WKH H[WUDSRODWLRQ FKDPEHU ���������������������������������������������������������������� �
��� *HQHUDO ��������������������������������������������������������������������������������������������������������������������������������������������������� �
��� 'HWHUPLQDWLRQ RI WKH UHIHUHQFH EHWD�SDUWLFOH DEVRUEHG�GRVH UDWH��������������������������������������������������� �
� &DOLEUDWLRQV ZLWK RWKHU PHDVXUHPHQW GHYLFHV ���������������������������������������������������������������������������������� �
��� &DOLEUDWLRQV ZLWK WKHUPROXPLQHVFHQFH GRVHPHWHUV������������������������������������������������������������������������� �
��� &DOLEUDWLRQV ZLWK WKHUPDOO\ VWLPXODWHG H[R�HOHFWURQ HPLVVLRQ GRVHPHWHUV ���������������������������������� �
��� &DOLEUDWLRQV ZLWK LRQL]DWLRQ FKDPEHUV ����������������������������������������������������������������������������������������������� �
��� &DOLEUDWLRQV ZLWK VFLQWLOODWRU GHWHFWRUV����������������������������������������������������������������������������������������������� �
� 0HDVXUHPHQWV DW QRQ�SHUSHQGLFXODU LQFLGHQFH �������������������������������������������������������������������������������� �
� 8QFHUWDLQWLHV ����������������������������������������������������������������������������������������������������������������������������������������� �
$QQH[ $ �LQIRUPDWLYH� /LVW RI V\PEROV ����������������������������������������������������������������������������������������������������������� ��
$QQH[ % �QRUPDWLYH� ([WUDSRODWLRQ FKDPEHU PHDVXUHPHQWV���������������������������������������������������������������������� ��
$QQH[ & �QRUPDWLYH� ([WUDSRODWLRQ FKDPEHU PHDVXUHPHQW FRUUHFWLRQ IDFWRUV���������������������������������������� ��
$QQH[ ' �LQIRUPDWLYH� ([DPSOH RI DQ XQFHUWDLQW\ DQDO\VLV ������������������������������������������������������������������������� ��
%LEOLRJUDSK\ ����������������������������������������������������������������������������������������������������������������������������������������������������� ��
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LY , �62 ± ���� $OO LUWKJV HUVHGHYU

)RUHZRUG

,62 �WKH ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ� LV D ZRUOGZLGH IHGHUDWLRQ RI QDWLRQDO VWDQGDUGV ERGLHV
�,62 PHPEHU ERGLHV�� 7KH ZRUN RI SUHSDULQJ ,QWHUQDWLRQDO 6WDQGDUGV LV QRUPDOO\ FDUULHG RXW WKURXJK ,62
WHFKQLFDO FRPPLWWHHV� (DFK PHPEHU ERG\ LQWHUHVWHG LQ D VXEMHFW IRU ZKLFK D WHFKQLFDO FRPPLWWHH KDV EHHQ
HVWDEOLVKHG KDV WKH ULJKW WR EH UHSUHVHQWHG RQ WKDW FRPPLWWHH� ,QWHUQDWLRQDO RUJDQL]DWLRQV� JRYHUQPHQWDO DQG
QRQ�JRYHUQPHQWDO� LQ OLDLVRQ ZLWK ,62� DOVR WDNH SDUW LQ WKH ZRUN� ,62 FROODERUDWHV FORVHO\ ZLWK WKH
,QWHUQDWLRQDO (OHFWURWHFKQLFDO &RPPLVVLRQ �,(&� RQ DOO PDWWHUV RI HOHFWURWHFKQLFDO VWDQGDUGL]DWLRQ� 

,QWHUQDWLRQDO 6WDQGDUGV DUH GUDIWHG LQ DFFRUGDQFH ZLWK WKH UXOHV JLYHQ LQ WKH ,62�,(& 'LUHFWLYHV� 3DUW ��

7KH PDLQ WDVN RI WHFKQLFDO FRPPLWWHHV LV WR SUHSDUH ,QWHUQDWLRQDO 6WDQGDUGV� 'UDIW ,QWHUQDWLRQDO 6WDQGDUGV
DGRSWHG E\ WKH WHFKQLFDO FRPPLWWHHV DUH FLUFXODWHG WR WKH PHPEHU ERGLHV IRU YRWLQJ� 3XEOLFDWLRQ DV DQ
,QWHUQDWLRQDO 6WDQGDUG UHTXLUHV DSSURYDO E\ DW OHDVW �� � RI WKH PHPEHU ERGLHV FDVWLQJ D YRWH� 

$WWHQWLRQ LV GUDZQ WR WKH SRVVLELOLW\ WKDW VRPH RI WKH HOHPHQWV RI WKLV GRFXPHQW PD\ EH WKH VXEMHFW RI SDWHQW
ULJKWV� ,62 VKDOO QRW EH KHOG UHVSRQVLEOH IRU LGHQWLI\LQJ DQ\ RU DOO VXFK SDWHQW ULJKWV� 

,62 ������ ZDV SUHSDUHG E\ 7HFKQLFDO &RPPLWWHH ,62�7& ��� 1XFOHDU HQHUJ\� 6XEFRPPLWWHH 6& �� 
5DGLDWLRQ SURWHFWLRQ� ,W LV WKH VHFRQG RI D VHW RI WKUHH VWDQGDUGV FRQFHUQLQJ WKH SURGXFWLRQ� FDOLEUDWLRQ DQG
XVH RI EHWD�SDUWLFOH UHIHUHQFH UDGLDWLRQ ILHOGV IRU WKH FDOLEUDWLRQ RI GRVHPHWHUV DQG GRVH�UDWH PHWHUV IRU
SURWHFWLRQ SXUSRVHV� 7KH ILUVW VWDQGDUG LQ WKLV VHULHV� ,62 ������ �EHLQJ SUHSDUHG�� GHVFULEHV WKH PHWKRGV RI
SURGXFWLRQ DQG FKDUDFWHUL]DWLRQ RI WKH UHIHUHQFH UDGLDWLRQ� 7KH WKLUG VWDQGDUG LQ WKH VHULHV� ,62 ������ �EHLQJ
SUHSDUHG�� GHVFULEHV SURFHGXUHV IRU WKH FDOLEUDWLRQ RI GRVHPHWHUV DQG GRVH�UDWH PHWHUV DQG WKH GHWHUPLQDWLRQ
RI WKHLU UHVSRQVH DV D IXQFWLRQ RI EHWD HQHUJ\ DQG DQJOH RI LQFLGHQFH� 7KLV VWDQGDUG� WKH VHFRQG LQ WKH VHULHV� 
VXSHUVHGHV ,62 ��������� DQG H[SDQGV XSRQ WKH FDOLEUDWLRQ LQIRUPDWLRQ SURYLGHG LQ LW� 7KLV VWDQGDUG
GHVFULEHV SURFHGXUHV IRU WKH GHWHUPLQDWLRQ RI DEVRUEHG�GRVH UDWH WR D UHIHUHQFH GHSWK RI WLVVXH IURP EHWD�
SDUWLFOH UHIHUHQFH UDGLDWLRQ ILHOGV� 

,62 ���� FRQVLVWV RI WKH IROORZLQJ SDUWV� XQGHU WKH JHQHUDO WLWOH 1XFOHDU HQHUJ\² 5HIHUHQFH EHWD�SDUWLFOH
UDGLDWLRQ�

3DUW �� 0HWKRG RI SURGXFWLRQ

3DUW �� &DOLEUDWLRQ IXQGDPHQWDOV UHODWHG WR EDVLF TXDQWLWLHV FKDUDFWHUL]LQJ WKH UDGLDWLRQ ILHOG

3DUW �� &DOLEUDWLRQ RI DUHD DQG SHUVRQDO GRVLPHWHUV DQG GHWHUPLQDWLRQ RI WKHLU UHVSRQVH DV D IXQFWLRQ RI
HQHUJ\ DQG DQJOH RI LQFLGHQFH
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, �62 ± ���� $OO LUWKJV HUVHGHYU �

1XFOHDU HQHUJ\² 5HIHUHQFH EHWD�SDUWLFOH UDGLDWLRQ²

3DUW ��
&DOLEUDWLRQ IXQGDPHQWDOV UHODWHG WR EDVLF TXDQWLWLHV
FKDUDFWHUL]LQJ WKH UDGLDWLRQ ILHOG

� 6FRSH

7KLV SDUW RI ,62 ���� VSHFLILHV PHWKRGV IRU WKH PHDVXUHPHQW RI WKH GLUHFWLRQDO DEVRUEHG�GRVH UDWH LQ D
WLVVXH�HTXLYDOHQW VODE SKDQWRP LQ WKH ,62 ���� UHIHUHQFH EHWD�SDUWLFOH UDGLDWLRQ ILHOGV� 7KH HQHUJ\ UDQJH RI
WKH EHWD�SDUWLFOH�HPLWWLQJ LVRWRSHV FRYHUHG E\ WKHVH UHIHUHQFH UDGLDWLRQV LV ����� WR ���� 0H9 �PD[LPXP
HQHUJ\�� 5DGLDWLRQ HQHUJLHV RXWVLGH WKLV UDQJH DUH EH\RQG WKH VFRSH RI WKLV VWDQGDUG� :KLOH PHDVXUHPHQWV LQ
D UHIHUHQFH JHRPHWU\ �GHSWK RI ���� PP DW SHUSHQGLFXODU LQFLGHQFH LQ D WLVVXH�HTXLYDOHQW VODE SKDQWRP� ZLWK
D UHIHUHQFH FODVV H[WUDSRODWLRQ FKDPEHU DUH GHDOW ZLWK LQ GHWDLO� WKH XVH RI RWKHU PHDVXUHPHQW V\VWHPV DQG
PHDVXUHPHQWV LQ RWKHU JHRPHWULHV DUH DOVR GHVFULEHG� DOWKRXJK LQ OHVV GHWDLO� 7KH DPELHQW GRVH HTXLYDOHQW� 
+
���� DV XVHG IRU DUHD PRQLWRULQJ RI VWURQJO\ SHQHWUDWLQJ UDGLDWLRQ� LV QRW DQ DSSURSULDWH TXDQWLW\ IRU DQ\ EHWD
UDGLDWLRQ� HYHQ IRU WKDW SHQHWUDWLQJ D �� PP WKLFN OD\HU RI ,&58 WLVVXH �L�H� (PD[  � 0H9�� ,I DGHTXDWH
SURWHFWLRQ LV SURYLGHG DW ���� PP� RQO\ UDUHO\ ZLOO RQH EH FRQFHUQHG ZLWK RWKHU GHSWKV� IRU H[DPSOH � PP� 

7KLV GRFXPHQW LV JHDUHG WRZDUGV RUJDQL]DWLRQV ZLVKLQJ WR HVWDEOLVK UHIHUHQFH�FODVV GRVLPHWU\ FDSDELOLWLHV IRU
EHWD SDUWLFOHV� DQG VHUYHV DV D JXLGH WR WKH SHUIRUPDQFH RI GRVLPHWU\ ZLWK WKH UHIHUHQFH FODVV H[WUDSRODWLRQ
FKDPEHU IRU EHWD�SDUWLFOH GRVLPHWU\ LQ RWKHU ILHOGV� *XLGDQFH LV DOVR SURYLGHG RQ WKH VWDWHPHQW RI
PHDVXUHPHQW XQFHUWDLQWLHV� 

� 1RUPDWLYH UHIHUHQFHV

7KH IROORZLQJ UHIHUHQFHG GRFXPHQWV DUH LQGLVSHQVDEOH IRU WKH DSSOLFDWLRQ RI WKLV GRFXPHQW� )RU GDWHG
UHIHUHQFHV� RQO\ WKH HGLWLRQ FLWHG DSSOLHV� )RU XQGDWHG UHIHUHQFHV� WKH ODWHVW HGLWLRQ RI WKH UHIHUHQFHG
GRFXPHQW �LQFOXGLQJ DQ\ DPHQGPHQWV� DSSOLHV�

9,0������ ,QWHUQDWLRQDO 9RFDEXODU\ RI %DVLF DQG *HQHUDO 7HUPV LQ 0HWURORJ\� VHFRQG HGLWLRQ %,30� ,(&� 
,)&&� ,62� ,83$&� ,83$3� 2,0/

,62 ���������� 5HIHUHQFH EHWD UDGLDWLRQV IRU FDOLEUDWLQJ GRVHPHWHUV DQG GRVH�UDWH PHWHUV DQG IRU
GHWHUPLQLQJ WKHLU UHVSRQVH DV D IXQFWLRQ RI EHWD�UDGLDWLRQ HQHUJ\

,&58 �������� $YHUDJH (QHUJ\ 5HTXLUHG WR 3URGXFH DQ ,RQ 3DLU

,&58 �������� 6WRSSLQJ 3RZHUV IRU (OHFWURQV DQG 3RVLWURQV

,&58 �������� 'HWHUPLQDWLRQ RI 'RVH (TXLYDOHQWV 5HVXOWLQJ IURP ([WHUQDO 5DGLDWLRQ 6RXUFHV

,&58 �������� 7LVVXH 6XEVWLWXWHV LQ 5DGLDWLRQ 'RVLPHWU\ DQG 0HDVXUHPHQW

,&58 �������� 4XDQWLWLHV DQG 8QLWV LQ 5DGLDWLRQ 3URWHFWLRQ 'RVLPHWU\

,&58 �������� 'RVLPHWU\ RI ([WHUQDO %HWD 5D\V IRU 5DGLDWLRQ 3URWHFWLRQ
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� , �62 ± ���� $OO LUWKJV HUVHGHYU

� 7HUPV DQG GHILQLWLRQV

)RU WKH SXUSRVHV RI WKLV GRFXPHQW� WKH WHUPV DQG GHILQLWLRQV JLYHQ LQ ,&58 5HSRUW ��� WKH ,QWHUQDWLRQDO
9RFDEXODU\ 9,0����� DQG WKH IROORZLQJ DSSO\�

��� 
H[WUDSRODWLRQ FXUYH
FXUYH JLYHQ E\ D SORW RI WKH FRUUHFWHG LRQL]DWLRQ FXUUHQW YHUVXV WKH H[WUDSRODWLRQ FKDPEHU GHSWK

��� 
,&58 WLVVXH
PDWHULDO ZLWK D GHQVLW\ RI � J FP � DQG D PDVV FRPSRVLWLRQ RI ���� � R[\JHQ� ���� � K\GURJHQ� ���� �
FDUERQ� DQG ��� � QLWURJHQ �VHH ,&58 5HSRUW ��� 

���
LRQL]DWLRQ FKDPEHU
LRQL]LQJ UDGLDWLRQ GHWHFWRU FRQVLVWLQJ RI D FKDPEHU ILOOHG ZLWK D VXLWDEOH JDV �DOPRVW DOZD\V DLU�� LQ ZKLFK DQ
HOHFWULF ILHOG� LQVXIILFLHQW WR LQGXFH JDV PXOWLSOLFDWLRQ� LV SURYLGHG IRU WKH FROOHFWLRQ DW WKH HOHFWURGHV RI FKDUJHV
DVVRFLDWHG ZLWK WKH LRQV DQG HOHFWURQV SURGXFHG LQ WKH PHDVXULQJ YROXPH RI WKH GHWHFWRU E\ LRQL]LQJ UDGLDWLRQ

127( 7KH LRQL]DWLRQ FKDPEHU LQFOXGHV WKH PHDVXULQJ YROXPH� WKH FROOHFWLQJ DQG SRODUL]LQJ HOHFWURGHV� WKH JXDUG
HOHFWURGH� LI DQ\� WKH FKDPEHU ZDOO� WKH SDUWV RI WKH LQVXODWRU DGMDFHQW WR WKH VHQVLWLYH YROXPH DQG DQ\ DGGLWLRQDO PDWHULDO
SODFHG RYHU WKH LRQL]DWLRQ FKDPEHU WR VLPXODWH PHDVXUHPHQW DW GHSWK� 

����� 
H[WUDSRODWLRQ �LRQL]DWLRQ� FKDPEHU
LRQL]DWLRQ FKDPEHU FDSDEOH RI KDYLQJ DQ LRQL]DWLRQ YROXPH ZKLFK LV FRQWLQXRXVO\ YDULDEOH WR D YDQLVKLQJO\
VPDOO YDOXH E\ FKDQJLQJ WKH VHSDUDWLRQ RI WKH HOHFWURGHV DQG ZKLFK DOORZV WKH XVHU WR H[WUDSRODWH WKH
PHDVXUHG LRQL]DWLRQ GHQVLW\ WR ]HUR FROOHFWLQJ YROXPH

���
LRQL]DWLRQ GHQVLW\
UDWLR RI PHDVXUHG LRQL]DWLRQ SHU XQLW YROXPH RI DLU

���
OHDNDJH FXUUHQW
%
LRQL]DWLRQ FKDPEHU FXUUHQW PHDVXUHG DW WKH RSHUDWLQJ ELDV LQ WKH DEVHQFH RI UDGLDWLRQ

���
PD[LPXP EHWD HQHUJ\
(PD[
KLJKHVW YDOXH RI WKH HQHUJ\ RI EHWD SDUWLFOHV HPLWWHG E\ D SDUWLFXODU QXFOLGH ZKLFK PD\ HPLW RQH RU VHYHUDO
FRQWLQXRXV VSHFWUD RI EHWD SDUWLFOHV ZLWK GLIIHUHQW PD[LPXP HQHUJLHV

���
SDUDVLWLF FXUUHQW
S
QHJDWLYH FXUUHQW SURGXFHG E\ EHWD SDUWLFOHV VWRSSHG LQ WKH FROOHFWLQJ SRUWLRQ RI WKH FROOHFWLQJ HOHFWURGH DQG
GLIIXVLQJ WR WKLV HOHFWURGH DQG WKH ZLUH FRQQHFWLQJ WKLV HOHFWURGH WR WKH HOHFWURPHWHU FRQQHFWRU

���
SKDQWRPV
REMHFWV FRQVWUXFWHG WR VLPXODWH WKH VFDWWHULQJ DQG DWWHQXDWLRQ SURSHUWLHV RI WKH KXPDQ ERG\

127( ,Q SULQFLSOH� WKH ,62 ZDWHU VODE SKDQWRP� ,62 URG SKDQWRP RU WKH ,62 SLOODU SKDQWRP VKRXOG EH XVHG >��@� )RU
WKH SXUSRVHV RI WKLV VWDQGDUG� KRZHYHU� D SRO\PHWK\OPHWKDFU\ODWH �300$� VODE� �� FP �� FP LQ FURVV�VHFWLRQDO DUHD E\
� FP WKLFN� LV VXIILFLHQW WR VLPXODWH WKH EDFNVFDWWHULQJ SURSHUWLHV RI WKH WUXQN RI WKH KXPDQ ERG\� ZKLOH WLVVXH�HTXLYDOHQW
PDWHULDOV VXFK DV SRO\HWK\OHQH WHUHSKWKDODWH �3(7� DUH VXIILFLHQW WR VLPXODWH WKH DWWHQXDWLRQ SURSHUWLHV RI KXPDQ WLVVXH
�VHH ����� 
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���
UHIHUHQFH FRQGLWLRQV
FRQGLWLRQV ZKLFK UHSUHVHQW WKH VHW RI LQIOXHQFH TXDQWLWLHV IRU ZKLFK WKH FDOLEUDWLRQ IDFWRU LV YDOLG ZLWKRXW DQ\
FRUUHFWLRQ

127( � 7KH UHIHUHQFH FRQGLWLRQV IRU WKH TXDQWLW\ WR EH PHDVXUHG PD\ EH FKRVHQ IUHHO\ LQ DJUHHPHQW ZLWK WKH
SURSHUWLHV RI WKH LQVWUXPHQW WR EH FDOLEUDWHG� 7KH TXDQWLW\ WR EH PHDVXUHG LV QRW DQ LQIOXHQFH TXDQWLW\� 

127( � )RU WKH SXUSRVHV RI WKLV ,QWHUQDWLRQDO 6WDQGDUG� WKH UHIHUHQFH YDOXHV IRU WHPSHUDWXUH� DWPRVSKHULF SUHVVXUH
DQG UHODWLYH KXPLGLW\ DUH DV IROORZV�

DPELHQW WHPSHUDWXUH� 7�  ������ .

DWPRVSKHULF SUHVVXUH� S�  ����� N3D

UHODWLYH KXPLGLW\� U�  ����

���� 
UHIHUHQFH SRLQW RI D GRVHPHWHU
SRLQW ZKLFK LV SODFHG DW WKH SRLQW RI WHVW IRU FDOLEUDWLQJ RU WHVWLQJ SXUSRVHV

127( � 7KH SRLQW RI WHVW LV WKH ORFDWLRQ RI WKH UHIHUHQFH SRLQW RI WKH H[WUDSRODWLRQ FKDPEHU DW ZKLFK WKH FRQYHQWLRQDOO\
WUXH YDOXH LV GHWHUPLQHG GXULQJ FDOLEUDWLRQ� 

127( � 7KH GLVWDQFH RI PHDVXUHPHQW UHIHUV WR WKH GLVWDQFH EHWZHHQ WKH UDGLDWLRQ VRXUFH DQG WKH UHIHUHQFH SRLQW RI
WKH GRVHPHWHU� 

������ 
UHIHUHQFH SRLQW RI WKH H[WUDSRODWLRQ FKDPEHU
SRLQW WR ZKLFK WKH PHDVXUHPHQW RI WKH GLVWDQFH IURP WKH UDGLDWLRQ VRXUFH WR WKH FKDPEHU DW D JLYHQ
RULHQWDWLRQ UHIHUV� WKH UHIHUHQFH SRLQW LV WKH FHQWUH RI WKH EDFN VXUIDFH RI WKH KLJK�YROWDJH HOHFWURGH RI WKH
FKDPEHU

���� 
UHIHUHQFH DEVRUEHG GRVH
'5
SHUVRQDO DEVRUEHG GRVH� 'S ������� LQ D VODE SKDQWRP PDGH RI ,&58 WLVVXH ZLWK DQ RULHQWDWLRQ RI WKH SKDQWRP
LQ ZKLFK WKH QRUPDO WR WKH SKDQWRP VXUIDFH FRLQFLGHV ZLWK WKH �PHDQ� GLUHFWLRQ RI WKH LQFLGHQW UDGLDWLRQ

127( � 7KH SHUVRQDO DEVRUEHG GRVH 'S ������ LV GHILQHG LQ ,&58 5HSRUW ��� )RU WKH SXUSRVHV RI WKLV VWDQGDUG� WKLV
GHILQLWLRQ LV H[WHQGHG WR D VODE SKDQWRP� 

127( � 7KH VODE SKDQWRP LV DSSUR[LPDWHG ZLWK VXIILFLHQW DFFXUDF\ E\ WKH PDWHULDO VXUURXQGLQJ WKH VWDQGDUG
LQVWUXPHQW �H[WUDSRODWLRQ FKDPEHU� XVHG IRU WKH PHDVXUHPHQW RI WKH EHWD UDGLDWLRQ ILHOG� 

127( � '5 LV DSSUR[LPDWHG ZLWK VXIILFLHQW DFFXUDF\ E\ WKH GLUHFWLRQDO DEVRUEHG GRVH LQ WKH ,&58 VSKHUH� '
 ������ � ��

������ 
UHIHUHQFH EHWD�SDUWLFOH DEVRUEHG GRVH
'5
UHIHUHQFH DEVRUEHG GRVH� '5� DW D GHSWK RI ���� PP GXH RQO\ WR EHWD SDUWLFOHV

127( $V D ILUVW DSSUR[LPDWLRQ� WKH UDWLR '5 �'5 LV JLYHQ E\ WKH EUHPVVWUDKOXQJ FRUUHFWLRQ NEU �VHH &���� 

���� 
UHVLGXDO PD[LPXP HQHUJ\
(UHV
KLJKHVW YDOXH RI WKH HQHUJ\ RI D EHWD�SDUWLFOH VSHFWUXP DW WKH FDOLEUDWLRQ GLVWDQFH DIWHU KDYLQJ EHHQ PRGLILHG
E\ VFDWWHU DQG DEVRUSWLRQ
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����
VWDQGDUG WHVW FRQGLWLRQV
UDQJH RI YDOXHV RI D VHW RI LQIOXHQFH TXDQWLWLHV XQGHU ZKLFK D FDOLEUDWLRQ RU D GHWHUPLQDWLRQ RI UHVSRQVH LV
FDUULHG RXW

127( � ,GHDOO\� FDOLEUDWLRQV VKRXOG EH FDUULHG RXW XQGHU UHIHUHQFH FRQGLWLRQV� $V WKLV LV QRW DOZD\V DFKLHYDEOH �H�J� IRU
DPELHQW DLU SUHVVXUH� RU FRQYHQLHQW �H�J� IRU DPELHQW WHPSHUDWXUH�� D �VPDOO� LQWHUYDO DURXQG WKH UHIHUHQFH YDOXHV PD\ EH
XVHG� 7KH GHYLDWLRQV RI WKH FDOLEUDWLRQ IDFWRU IURP LWV YDOXH XQGHU UHIHUHQFH FRQGLWLRQV FDXVHG E\ WKHVH GHYLDWLRQV VKRXOG�
LQ SULQFLSOH� EH FRUUHFWHG IRU� ,Q SUDFWLFH� WKH XQFHUWDLQW\ DLPHG DW VHUYHV DV D FULWHULRQ WR GHWHUPLQH LI DQ LQIOXHQFH TXDQWLW\
KDV WR EH WDNHQ LQWR DFFRXQW E\ DQ H[SOLFLW FRUUHFWLRQ RU ZKHWKHU LWV HIIHFW PD\ EH LQFRUSRUDWHG LQWR WKH XQFHUWDLQW\� 'XULQJ
W\SH WHVWV� DOO YDOXHV RI LQIOXHQFH TXDQWLWLHV ZKLFK DUH QRW WKH VXEMHFW RI WKH WHVW DUH IL[HG ZLWKLQ WKH LQWHUYDO RI WKH VWDQGDUG
WHVW FRQGLWLRQV� 

127( � 7KH UDQJH RI YDOXHV IRU DPELHQW WHPSHUDWXUH� DWPRVSKHULF SUHVVXUH DQG UHODWLYH KXPLGLW\ DUH DV IROORZV�

DPELHQW WHPSHUDWXUH� 7  ������ WR ������ .

DPELHQW SUHVVXUH� S �� WR ��� N3D

UHODWLYH KXPLGLW\� U  ���� WR ����

:RUNLQJ RXWVLGH WKLV UDQJH PD\ UHVXOW LQ UHGXFHG DFFXUDF\� 

����
WLVVXH HTXLYDOHQFH
SURSHUW\ RI D PDWHULDO ZKLFK DSSUR[LPDWHV WKH UDGLDWLRQ DWWHQXDWLRQ DQG VFDWWHULQJ SURSHUWLHV RI ,&58 WLVVXH

����
WUDQVPLVVLRQ IDFWRU� 7P� P GP� �
UDWLR RI DEVRUEHG GRVH� 'P� P GP� �� LQ PHGLXP P DW DQ DUHDO GHSWK� P GP� DQG DQJOH RI UDGLDWLRQ LQFLGHQFH�

� WR DEVRUEHG GRVH� 'P ��� ���� DW WKH VXUIDFH RI D SKDQWRP

������
WLVVXH WUDQVPLVVLRQ IDFWRU� 7W� W G W� �
UDWLR RI DEVRUEHG GRVH� 'W� W G W� �� LQ ,&58 WLVVXH DW DQ DUHDO GHSWK� W G W� DQG DQJOH RI UDGLDWLRQ LQFLGHQFH� � 
WR DEVRUEHG GRVH� 'W ��� ���� DW WKH VXUIDFH RI DQ ,&58 WLVVXH VODE SKDQWRP

����
]HUR SRLQW
UHDGLQJ RI WKH H[WUDSRODWLRQ FKDPEHU GHSWK LQGLFDWRU ZKLFK FRUUHVSRQGV WR D FKDPEHU GHSWK RI ]HUR� RU QR
VHSDUDWLRQ RI WKH HOHFWURGHV

� &DOLEUDWLRQ DQG WUDFHDELOLW\ RI UHIHUHQFH UDGLDWLRQ ILHOGV

7KH UHIHUHQFH DEVRUEHG�GRVH UDWH RI D UDGLDWLRQ ILHOG HVWDEOLVKHG IRU D FDOLEUDWLRQ LQ DFFRUGDQFH ZLWK WKLV
VWDQGDUG VKDOO EH WUDFHDEOH WR D UHFRJQL]HG QDWLRQDO VWDQGDUG� 7KH PHWKRG XVHG WR SURYLGH WKLV FDOLEUDWLRQ OLQN
LV DFKLHYHG WKURXJK XWLOL]DWLRQ RI D WUDQVIHU VWDQGDUG� 7KLV PD\ EH D UDGLRQXFOLGH VRXUFH RU DQ DSSURYHG
WUDQVIHU VWDQGDUG LQVWUXPHQW� 7KH FDOLEUDWLRQ RI WKH ILHOG LV YDOLG LQ H[DFW WHUPV RQO\ DW WKH WLPH RI WKH
FDOLEUDWLRQ� DQG WKHUHDIWHU PXVW EH LQIHUUHG� IRU H[DPSOH� IURP D NQRZOHGJH RI WKH KDOI�OLIH DQG LVRWRSLF
FRPSRVLWLRQ RI WKH UDGLRQXFOLGH VRXUFH� 

7KH PHDVXUHPHQW WHFKQLTXH XVHG E\ D FDOLEUDWLRQ ODERUDWRU\ IRU FDOLEUDWLQJ D EHWD�SDUWLFOH PHDVXULQJ GHYLFH
VKDOO DOVR EH DSSURYHG DV UHTXLUHG E\ QDWLRQDO UHJXODWLRQV� $Q LQVWUXPHQW RI WKH VDPH� RU VLPLODU� W\SH WR WKDW
URXWLQHO\ FDOLEUDWHG E\ WKH FDOLEUDWLRQ ODERUDWRU\ VKDOO EH FDOLEUDWHG E\ ERWK D UHIHUHQFH ODERUDWRU\ UHFRJQL]HG
E\ D FRXQWU\¶V DSSURYDO ERG\ RU LQVWLWXWLRQ� DQG WKH FDOLEUDWLRQ ODERUDWRU\� 7KHVH PHDVXUHPHQWV VKDOO EH
SHUIRUPHG ZLWKLQ HDFK ODERUDWRU\ XVLQJ LWV RZQ DSSURYHG FDOLEUDWLRQ PHWKRGV� ,Q RUGHU WR GHPRQVWUDWH WKDW
DGHTXDWH WUDFHDELOLW\ KDV EHHQ DFKLHYHG� WKH FDOLEUDWLRQ ODERUDWRU\ VKRXOG REWDLQ WKH VDPH FDOLEUDWLRQ IDFWRU� 
ZLWKLQ DJUHHG�XSRQ OLPLWV� DV WKDW REWDLQHG LQ WKH UHIHUHQFH ODERUDWRU\� 7KH XVH E\ WKH FDOLEUDWLRQ ODERUDWRU\ RI
VWDQGDUGL]HG VRXUFHV DQG KROGHUV ZKLFK KDYH EHHQ FDOLEUDWHG LQ D QDWLRQDO UHIHUHQFH ODERUDWRU\ LV VXIILFLHQW WR
JXDUDQWHH WUDFHDELOLW\ WR WKH QDWLRQDO VWDQGDUG� 
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7KH IUHTXHQF\ RI D ILHOG FDOLEUDWLRQ VKRXOG EH VXFK WKDW WKHUH LV UHDVRQDEOH FRQILGHQFH WKDW LWV YDOXH ZLOO QRW
PRYH RXWVLGH WKH OLPLWV RI LWV VSHFLILFDWLRQ EHWZHHQ VXFFHVVLYH FDOLEUDWLRQV� 7KH FDOLEUDWLRQ RI WKH
ODERUDWRU\�DSSURYHG WUDQVIHU LQVWUXPHQW� DQG WKH FKHFN RQ WKH PHDVXUHPHQW WHFKQLTXHV XVHG E\ WKH
FDOLEUDWLRQ ODERUDWRU\ VKRXOG EH FDUULHG RXW DW OHDVW HYHU\ ILYH \HDUV� RU ZKHQHYHU WKHUH DUH VLJQLILFDQW
FKDQJHV LQ WKH ODERUDWRU\ HQYLURQPHQW RU DV UHTXLUHG E\ QDWLRQDO UHJXODWLRQV�

)RU FDOLEUDWLRQV XVLQJ EHWD�SDUWLFOH ILHOGV SURGXFHG E\ UDGLRQXFOLGH VRXUFHV� WUDFHDELOLW\ VKDOO EH SURYLGHG
HLWKHU E\ XVLQJ D UDGLRQXFOLGH VRXUFH ZKRVH UHIHUHQFH DEVRUEHG�GRVH UDWH KDV EHHQ GHWHUPLQHG E\ D
UHIHUHQFH ODERUDWRU\� RU E\ GHWHUPLQLQJ WKH UHIHUHQFH DEVRUEHG�GRVH UDWH DW WKH LQVWUXPHQW WHVW SRVLWLRQ XVLQJ
DQ DJUHHG�XSRQ WUDQVIHU LQVWUXPHQW� FDOLEUDWHG DW D UHIHUHQFH ODERUDWRU\�

� *HQHUDO SULQFLSOHV IRU FDOLEUDWLRQV RI UDGLRQXFOLGH EHWD�SDUWLFOH ILHOGV

��� *HQHUDO

$UHD DQG SHUVRQDO GRVHV IURP EHWD�SDUWLFOH UDGLDWLRQ DUH RIWHQ GLIILFXOW WR PHDVXUH EHFDXVH RI WKHLU PDUNHG
QRQ�XQLIRUPLW\ RYHU WKH VNLQ DQG YDULDWLRQ ZLWK GHSWK� ,Q RUGHU WR FRUUHFWO\ PHDVXUH WKH DEVRUEHG�GRVH UDWH DW
D SRLQW LQ D SKDQWRP LQ D EHWD�SDUWLFOH ILHOG� RQH QHHGV D YHU\ VPDOO GHWHFWRU ZLWK YHU\ VLPLODU DEVRUSWLRQ DQG
VFDWWHULQJ FKDUDFWHULVWLFV DV WKH PHGLXP RI ZKLFK WKH SKDQWRP LV FRPSRVHG� 6LQFH WKHUH LV QR LGHDO GHWHFWRU�
UHFRXUVH VKDOO EH PDGH WR FRPSURPLVH ERWK LQ GHWHFWRU VL]H DQG FRPSRVLWLRQ� 7KH FRQFHSWV RI ³VFDOLQJ IDFWRU´
DQG ³WUDQVPLVVLRQ IDFWRU´ DUH KHOSIXO WR DFFRXQW IRU WKHVH FRPSURPLVHV�

��� 6FDOLQJ WR GHULYH HTXLYDOHQW WKLFNQHVVHV RI YDULRXV PDWHULDOV

6FDOLQJ IDFWRUV KDYH EHHQ GHYHORSHG E\ &URVV >�@ WR UHODWH WKH DEVRUEHG GRVH GHWHUPLQHG LQ RQH PDWHULDO WR
WKDW LQ DQRWKHU� 7KHVH ZHUH GHYHORSHG IURP WKH REVHUYDWLRQ WKDW� IRU UHODWLYHO\ KLJK�HQHUJ\ EHWD�SDUWLFOH
VRXUFHV� GRVH GLVWULEXWLRQV LQ GLIIHUHQW PHGLD KDYH WKH VDPH VKDSH� GLIIHULQJ RQO\ E\ D VFDOLQJ IDFWRU� ZKLFK
&URVV GHQRWHG DV � 2ULJLQDOO\ REVHUYHG LQ WKH FRPSDULVRQ RI EHWD UD\ DWWHQXDWLRQ FXUYHV LQ GLIIHUHQW PHGLD� 
ZKHUH P�D� WKH VFDOLQJ IDFWRU IURP PHGLXP P WR DLU� ZDV GHWHUPLQHG IURP WKH UDWLRV RI PHDVXUHG DWWHQXDWLRQ�
WKH FRQFHSW KDV EHHQ H[WHQGHG VXFK WKDW� IRU D SODQH VRXUFH RI LQILQLWH ODWHUDO H[WHQW� ZKHWKHU LVRWURSLF RU D
SDUDOOHO EHDP� WKH DEVRUEHG GRVH DW DQ DUHDO GHSWK P�GP� LQ PHGLXP P� LV UHODWHG WR WKH DEVRUEHG GRVH� LQ
PHGLXP P�� DW WKH VDPH DUHDO GHSWK P�GP�� EXW VFDOHG WR P��P� P�GP�� E\

P� P� P� P��P� P� P��P� P� P� P��P� P� P��P� P� P�' G ' G ' G  ���

SURYLGHG WKDW

P� P� P� P�G G ��� 

P��P� LV GHILQHG DV WKH VFDOLQJ IDFWRU IURP PHGLXP P� WR PHGLXP P�� ,W VKRXOG EH QRWHG WKDW WKH VFDOLQJ
IDFWRUV DUH UDWLRV� VR WKDW P��P�  �� P��P� DQG P��P� P��P� P��P�� 

7KH XVHU VKRXOG EH FDXWLRQHG WKDW WKLV FRQFHSW KDV EHHQ GHPRQVWUDWHG RQO\ IRU PDWHULDOV RI = RU HIIHFWLYH
DWRPLF QXPEHU� P= � OHVV WKDQ ��� 9DOXHV RI P�W FDOFXODWHG IRU YDULRXV PDWHULDOV UHODWLYH WR WLVVXH DUH VKRZQ
LQ 7DEOH � >�@� 

,I ZH OHW P� EH WLVVXH� DQG P� EH D PHGLXP P� (TXDWLRQ � UHGXFHV WR

P P P P�W W P�W P P' G ' G  ��� 

,I ZH FRQVLGHU DQRWKHU GHSWK� G P LQ PHGLXP P� RQH REWDLQV D VLPLODU HTXDWLRQ

P P P P�W W P�W P P' G ' G  ��� 
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7KH UDWLR RI WKH DEVRUEHG GRVH DW DQ DUELWUDU\ GHSWK WR WKDW DW WKH VXUIDFH �G P �� LV GHILQHG DV WKH
WUDQVPLVVLRQ IDFWRU� 7KXV� PDNLQJ WKLV VXEVWLWXWLRQ DQG GLYLGLQJ (TXDWLRQ � E\ (TXDWLRQ �� ZH KDYH

W P�W P PP P P
P P P

P W��� ���
' G' G

7 G
' '

 ��� 

RU

P P P W P�W P P7 G 7 G  ��� 

7KH WUDQVPLVVLRQ WKURXJK D OD\HU RI WKLFNQHVV RI WLVVXH� P�W PGP� LQ WLVVXH LV HTXDO WR WKH WUDQVPLVVLRQ
WKURXJK D OD\HU RI WKLFNQHVV RI PHGLXP P� PGP� LQ PHGLXP P� 7KXV WKH WKLFNQHVV PGP LV VDLG WR EH
HTXLYDOHQW WR WLVVXH ZLWK D WKLFNQHVV RI P�W PGP VLQFH WKH WUDQVPLVVLRQV DUH HTXDO� :H FDQ GHILQH WKH
HTXLYDOHQW WLVVXH WKLFNQHVV GWP DV

�P
W P�W P P WG G ��� 

,Q JHQHUDO WKH GRVH DQG WKH WUDQVPLVVLRQ IDFWRUV DUH IXQFWLRQV RI ERWK WKH GHSWK DQG DQJOH RI LQFLGHQFH LQ D
PHGLXP� :KHQ WKH\ DUH H[SUHVVHG DV DERYH ZLWK QR DQJOH JLYHQ� WKH DQJOH LV WR EH WDNHQ DV � � 

��� &KDUDFWHUL]DWLRQ RI WKH UDGLDWLRQ ILHOG LQ WHUPV RI SHQHWUDELOLW\

7KH WUDQVPLVVLRQ IXQFWLRQ� 7W� W G� �� LV DQ LPSRUWDQW SDUDPHWHU RI WKH EHWD�SDUWLFOH UHIHUHQFH UDGLDWLRQ ILHOG�
%HFDXVH RI WKH ILQLWH WKLFNQHVV RI DOO GHWHFWRUV XVHG WR PHDVXUH DEVRUEHG�GRVH UDWH� LW LV QHFHVVDU\ WR
FKDUDFWHUL]H WKH UDGLDWLRQ ILHOG LQ WHUPV RI SHQHWUDELOLW\ EHIRUH LW FDQ EH SURSHUO\ FDOLEUDWHG� 6LQFH WKH HQHUJ\
IOXHQFH RI WKH EHWD SDUWLFOHV LQ D ILHOG FKDQJHV DV WKH EHWD SDUWLFOHV SHQHWUDWH WKH PHGLXP� WKH GHWHUPLQDWLRQ
RI WKH UHODWLYH GRVH DV D IXQFWLRQ RI GHSWK �RU GHSWK�GRVH IXQFWLRQ� LQ D PHGLXP VKDOO EH SHUIRUPHG ZLWK D
GHWHFWRU ZKLFK LV QRW VHQVLWLYH WR WKLV FKDQJH LQ HQHUJ\ IOXHQFH� )RU WKLV UHDVRQ� WKH UHODWLYH GHSWK�GRVH
IXQFWLRQ VKDOO EH GHWHUPLQHG ZLWK D WKLQ �� PP RU OHVV� DLU LRQL]DWLRQ FKDPEHU� $ UHFRPPHQGHG PHWKRG IRU
PDNLQJ WKLV GHWHUPLQDWLRQ ZLWK WKH H[WUDSRODWLRQ FKDPEHU LV JLYHQ LQ UHIHUHQFH >��@� 7KH GHSWK�GRVH IXQFWLRQV
DUH WKHQ XVHG WR FRQVWUXFW WUDQVPLVVLRQ IXQFWLRQV� H[DPSOHV RI ZKLFK DUH VKRZQ LQ )LJXUH �� 7KH PHDVXUHG
WUDQVPLVVLRQ IXQFWLRQV� LQ FRQMXQFWLRQ ZLWK WKH FDOFXODWHG HTXLYDOHQW WLVVXH WKLFNQHVVHV GHVFULEHG DERYH� FDQ
EH XVHG WR GHWHUPLQH FRUUHFWLRQV LQ WKH PHDVXUHG DEVRUEHG�GRVH UDWH WR DFFRXQW IRU ILQLWH GHWHFWRU VL]H DQG
QRQ�PHGLXP HTXLYDOHQFH RI WKH GHWHFWRU PDWHULDO� 7KH\ FDQ DOVR EH XVHG WR DFFRXQW IRU YDULDWLRQV LQ WKH
DEVRUEHG�GRVH UDWH DW WKH UHIHUHQFH SRLQW GXH WR YDULDWLRQV LQ WKH DLU GHQVLW\ EHWZHHQ WKH VRXUFH DQG WKH
UHIHUHQFH SRLQW� DQG IRU DWWHQXDWLRQ LQ QRQ�WLVVXH PDWHULDO LQ IURQW RI WKH GHWHFWRU �VHH $QQH[ &��

)RU WKLFN GHWHFWRUV� RQH PXVW DFFRXQW IRU WKH IDFW WKDW WKH DEVRUEHG�GRVH UDWH LV DYHUDJHG RYHU WKH YROXPH RI
D GHWHFWRU� 1HJOHFWLQJ DQ\ YDULDWLRQ LQ WKH DEVRUEHG GRVH UDWH LQ WKH SODQH WUDQVYHUVH WR WKH QRUPDO GLUHFWLRQ
RI WKH ILHOG� WKH DYHUDJH DEVRUEHG�GRVH UDWH RI D GHWHFWRU ZLWK D WKLFNQHVV Y DQG GHQVLW\ � ZKRVH IURQW
VXUIDFH LV DW D GHSWK G LQ D SKDQWRP RI XQLW GHQVLW\� LV JLYHQ E\
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)RU WKLFN GHWHFWRUV �Y ��� PP�� WKLV HIIHFW PD\ EH FRPSHQVDWHG IRU E\ VKLIWLQJ WKH UHIHUHQFH SRLQW WRZDUGV
WKH VRXUFH IURP WKH FHQWUH RI WKH GHWHFWRU� 

� &DOLEUDWLRQ SURFHGXUHV XVLQJ WKH H[WUDSRODWLRQ FKDPEHU

��� *HQHUDO

7KH H[WUDSRODWLRQ FKDPEHU LV WKH SULPDU\ PHDVXUHPHQW GHYLFH IRU VSHFLI\LQJ GRVH UDWH LQ EHWD�SDUWLFOH ILHOGV�
,W LV D SDUDOOHO SODWH FKDPEHU ZKLFK FRQVLVWV RI FRPSRQHQWV ZKLFK DOORZ D YDULDEOH LRQL]DWLRQ YROXPH WR EH
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DFKLHYHG� E\ PRYHPHQW RI RQH RI WKH SODWHV WRZDUGV WKH RWKHU� $ W\SLFDO GHVLJQ >�@ LV VKRZQ LQ )LJXUH �� ZKLFK
XWLOL]HV D IL[HG HQWUDQFH ZLQGRZ DQG D PRYDEOH FROOHFWLQJ HOHFWURGH� 7KH HQWUDQFH ZLQGRZ DOVR VHUYHV DV WKH
KLJK�YROWDJH HOHFWURGH� DQG FRQVLVWV RI D YHU\ WKLQ FRQGXFWLQJ SODVWLF IRLO� 7KH ZLQGRZ PXVW EH WKLQ HQRXJK WR
QRW XQGXO\ DWWHQXDWH WKH EHWD�SDUWLFOH UDGLDWLRQ� \HW VWURQJ HQRXJK WR QRW EH GHIRUPHG E\ DWWUDFWLRQ WR WKH
JURXQGHG FROOHFWLQJ HOHFWURGH� &DUERQL]HG 3(7 IRLOV RI DERXW ��� PJ FP � DUH QRZ W\SLFDO RI FRPPHUFLDOO\
DYDLODEOH GHYLFHV� 7KH FROOHFWLQJ HOHFWURGH LV PDLQWDLQHG DW JURXQG SRWHQWLDO DQG GHILQHV WKH FURVV�VHFWLRQDO
DUHD RI WKH LRQL]DWLRQ YROXPH� ,W PXVW EH RI FRQGXFWLQJ PDWHULDO RU KDYH D FRQGXFWLQJ FRDWLQJ� DQG PXVW EH
VXUURXQGHG E\� DQG HOHFWULFDOO\ LQVXODWHG IURP� D JXDUG UHJLRQ� 7KLV LQVXODWLRQ PXVW EH WKLQ HQRXJK WR QRW
SHUWXUE WKH HOHFWULF ILHOG OLQHV LQ WKH FKDPEHU YROXPH� ZKLFK LGHDOO\ DUH XQLIRUP� DQG HYHU\ZKHUH SHUSHQGLFXODU
WR WKH WZR HOHFWURGHV� ,Q WKH GHVLJQ VKRZQ LQ )LJXUH �� WKH FROOHFWLQJ HOHFWURGH LV FRQVWUXFWHG IURP
SRO\PHWK\OPHWKDFU\ODWH �300$� ZKLFK KDV D WKLQ FRDWLQJ RI FRQGXFWLYH PDWHULDO LQ ZKLFK D QDUURZ JURRYH KDV
EHHQ LQVFULEHG WR GHILQH WKH FROOHFWLQJ DUHD� 7KH GHYLFH PXVW EH HTXLSSHG ZLWK DQ DFFXUDWH PHDQV WR
GHWHUPLQH LQFUHPHQWDO FKDQJHV LQ WKH GLVWDQFH EHWZHHQ WKH WZR HOHFWURGHV� KHUHDIWHU UHIHUUHG WR DV WKH
FKDPEHU GHSWK� D PLFURPHWHU DWWDFKHG WR WKH SLVWRQ ZKLFK GULYHV WKH FROOHFWLQJ HOHFWURGH LV XVXDOO\ HPSOR\HG� 
$ ELSRODU� YDULDEOH YROWDJH '& SRZHU VRXUFH LV XVHG WR VXSSO\ WKH KLJK YROWDJH WR WKH FROOHFWLQJ HOHFWURGH� DQG
D ORZ�QRLVH HOHFWURPHWHU LV XVHG WR PHDVXUH WKH FXUUHQW FROOHFWHG E\ WKH FROOHFWLQJ HOHFWURGH� 'HWDLOV RI WKH
PHDVXUHPHQW RI WKH LRQL]DWLRQ FXUUHQW DUH JLYHQ LQ $QQH[ %� 

��� 'HWHUPLQDWLRQ RI WKH UHIHUHQFH EHWD�SDUWLFOH DEVRUEHG�GRVH UDWH

7KH GHWHUPLQDWLRQ RI WKH DEVRUEHG�GRVH UDWH WR WLVVXH GXH WR EHWD SDUWLFOHV PHDVXUHG ZLWK DQ H[WUDSRODWLRQ
FKDPEHU LV GHULYHG IURP WKH IROORZLQJ JHQHUDO UHODWLRQVKLS�
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ZKHUH , LV WKH LQFUHPHQW RI LRQL]DWLRQ FXUUHQW DQG PD LV WKH LQFUHPHQW RI WKH PDVV RI DLU LQ WKH FROOHFWLQJ
YROXPH XQGHU %UDJJ�*UD\ �%*� FRQGLWLRQV� 8QIRUWXQDWHO\ %UDJJ�*UD\ �%*� FRQGLWLRQV DUH JHQHUDOO\ QRW
UHDOL]HG LQ PHDVXUHPHQWV RI WKH EHWD�SDUWLFOH UHIHUHQFH UDGLDWLRQ ILHOGV� DQG WR RYHUFRPH WKLV GLIILFXOW\� YDULRXV
FRUUHFWLRQV DUH DSSOLHG DQG WKH HYDOXDWLRQ RI WKH UHIHUHQFH EHWD�SDUWLFOH DEVRUEHG�GRVH UDWH LV DFFRPSOLVKHG
ZLWK
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ZKHUH

�: H LV WKH TXRWLHQW RI WKH PHDQ HQHUJ\ UHTXLUHG WR SURGXFH DQ LRQ SDLU LQ DLU XQGHU
UHIHUHQFH FRQGLWLRQV DQG WKH HOHPHQWDU\ FKDUJH H� ZLWK D UHFRPPHQGHG YDOXH RI
������ ����� - & � >���@ �WKLV YDOXH PD\ EH XVHG IRU VWDQGDUG WHVW FRQGLWLRQV ZLWKRXW
FRUUHFWLRQ��

D� LV WKH GHQVLW\ RI DLU DW WKH UHIHUHQFH FRQGLWLRQV RI WHPSHUDWXUH� SUHVVXUH DQG UHODWLYH
KXPLGLW\�

D LV WKH HIIHFWLYH DUHD RI WKH FROOHFWLQJ HOHFWURGH�

�

G ^ 
 � �`
G

NN LV WKH OLPLWLQJ YDOXH RI WKH VORSH RI WKH FRUUHFWHG FXUUHQW YHUVXV FKDPEHU GHSWK

IXQFWLRQ�

VW�D LV WKH UDWLR RI WKH PHDQ PDVV�HOHFWURQLF VWRSSLQJ SRZHUV LQ WLVVXH WR DLU�

N LV WKH SURGXFW RI WKH FRUUHFWLRQ IDFWRUV ZKLFK DUH LQGHSHQGHQW RI WKH FKDPEHU GHSWK�

N LV WKH SURGXFW RI WKH FRUUHFWLRQ IDFWRUV ZKLFK YDU\ ZLWK WKH FKDPEHU GHSWK� 
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7KH YDULRXV FRUUHFWLRQ IDFWRUV DUH GHVFULEHG LQ 7DEOHV � DQG �� DQG PHWKRGV IRU GHWHUPLQLQJ WKHP DUH JLYHQ LQ
$QQH[ &� 0HWKRGV IRU GHWHUPLQLQJ WKH OLPLWLQJ VORSH DUH JLYHQ LQ $QQH[ %���� 7KH TXDQWLW\ VW�D LV JLYHQ E\
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ZKHUH � (�W LV WKH VSHFWUXP RI HOHFWURQV DW WKH UHIHUHQFH SRLQW RI WKH H[WUDSRODWLRQ FKDPEHU� �6� �HO�W LV WKH
PDVV�HOHFWURQLF VWRSSLQJ SRZHU IRU DQ HOHFWURQ ZLWK NLQHWLF HQHUJ\ ( LQ WLVVXH�HTXLYDOHQW PDWHULDO DQG �6� �HO�D
LV WKH FRUUHVSRQGLQJ TXDQWLW\ IRU DLU� ,W LV DVVXPHG WKDW VHFRQGDU\ HOHFWURQV �GHOWD UD\V� GHSRVLW WKHLU HQHUJ\
ZKHUH WKH\ DUH JHQHUDWHG VR WKDW WKH\ GR QRW FRQWULEXWH WR WKH HOHFWURQ IOXHQFH� 7KH XSSHU OLPLW RI WKH LQWHJUDOV
LV JLYHQ E\ WKH PD[LPXP HQHUJ\� (PD[� RI WKH EHWD SDUWLFOHV LQ WKH IOXHQFH VSHFWUXP DQG WKH ORZHU OLPLW
FRUUHVSRQGV WR WKH ORZHVW HQHUJ\ LQ WKH VSHFWUXP� KHUH LQGLFDWHG E\ D ]HUR� ,Q SULQFLSOH� WKLV VSHFWUXP DOVR
LQFOXGHV DQ\ HOHFWURQV VHW LQ PRWLRQ E\ EUHPVVWUDKOXQJ SKRWRQV EXW WKHVH DUH XVXDOO\ RI QHJOLJLEOH LPSRUWDQFH�

9DOXHV IRU VW�D KDYH EHHQ FDOFXODWHG >�@ XVLQJ (TXDWLRQ �� IRU VHYHUDO EHWD�HPLWWLQJ UDGLRLVRWRSHV� RQ WKH
LGHDOL]HG DVVXPSWLRQ WKDW WKH EHWD SDUWLFOHV FRQWLQXRXVO\ GLVVLSDWH WKHLU HQHUJ\� 0HDVXUHPHQWV RI � (�W ZHUH
SHUIRUPHG >�@ XVLQJ HOHFWURQ VSHFWURPHWHUV >���@� 7KHVH GDWD ZHUH QRW FRUUHFWHG IRU EDFNVFDWWHULQJ ORVV �OHVV
WKDQ �� � RI WKH LQFLGHQW EHWD SDUWLFOHV DUH QRW GHWHFWHG GXH WR EDFNVFDWWHULQJ IURP WKH GHWHFWRU VXUIDFH� RU
GHWHFWRU UHVROXWLRQ� +RZHYHU� WKH\ FDQ EH XVHG WR FDOFXODWH VW�D WR D VXIILFLHQWO\ JRRG DSSUR[LPDWLRQ VLQFH
�6� �HO�P GHSHQGV RQO\ VOLJKWO\ RQ EHWD�SDUWLFOH HQHUJ\� )RU WKH DYHUDJLQJ� WKH YDOXHV RI �6� �HO�P RI 6HOW]HU >�@
ZHUH XVHG� WKH UHVXOWV DUH VKRZQ LQ 7DEOH �� 

)RU WKH GHWHUPLQDWLRQ RI UHIHUHQFH DEVRUEHG�GRVH UDWH� D WKLFNQHVV RI 3(7 VKRXOG EH DGGHG WR WKH IURQW
VXUIDFH RI WKH H[WUDSRODWLRQ FKDPEHU VXFK WKDW WKH WRWDO WKLFNQHVV LQFOXGLQJ WKH ZLQGRZ LV ��� PJ FP �� 7KLV
WKLFNQHVV RI 3(7 LV HTXLYDOHQW WR D WKLFNQHVV RI � PJ FP � RI WLVVXH DFFRUGLQJ WR WKH VFDOLQJ UHODWLRQ
GLVFXVVHG LQ ���� 

� &DOLEUDWLRQV ZLWK RWKHU PHDVXUHPHQW GHYLFHV

��� &DOLEUDWLRQV ZLWK WKHUPROXPLQHVFHQFH GRVHPHWHUV

7KLQ �OHVV WKDQ �� PJ FP �� WKHUPROXPLQHVFHQFH GRVHPHWHUV �7/'V� RI PDWHULDOV ZLWK ORZ DWRPLF QXPEHU� 
VXFK DV /L)� /L�%�2�� 0J�%�2�� RU $O�2�� PD\ EH XVHG VXFFHVVIXOO\ ZLWKRXW FRUUHFWLRQ IRU GHWHFWRU WKLFNQHVV
IRU WKH FDOLEUDWLRQ RI EHWD�SDUWLFOH UDGLDWLRQ ILHOGV IRU DOO EXW WKH ORZHVW HQHUJLHV �(PD[  ��� NH9�� )RU WKH EHVW
UHVXOWV� WKHVH V\VWHPV VKRXOG EH FDOLEUDWHG LQ UHIHUHQFH EHWD�SDUWLFOH UDGLDWLRQ ILHOGV� +RZHYHU� DGHTXDWH
UHVXOWV FDQ EH REWDLQHG ZLWK DEVRUEHG�GRVH FDOLEUDWLRQV LQ KLJK�HQHUJ\ SKRWRQ EHDPV XQGHU FRQGLWLRQV RI
HOHFWURQLF HTXLOLEULXP� ,W LV SRVVLEOH WR XVH WKLFNHU GRVHPHWHUV ZLWKRXW FRUUHFWLRQV IRU WKLFNQHVV LI WKH\ DUH
ORDGHG ZLWK DQ RSDTXH PDWHULDO WR HIIHFWLYHO\ OLPLW WKH OLJKW HPLWWHG RQO\ WR WKH GRVHPHWHU VXUIDFH� ,I WKLFNHU
GRVHPHWHUV DUH XVHG� WKHQ DQ LQGHSHQGHQW PHDQV VKDOO EH XVHG WR GHWHUPLQH WKH WUDQVPLVVLRQ IXQFWLRQ LQ WKH
PHGLXP RI LQWHUHVW LQ RUGHU WR FRUUHFW WKH GRVHPHWHU UHDGLQJ IRU YROXPH DYHUDJLQJ HIIHFWV �VHH �����
0HDVXUHPHQWV RI UHIHUHQFH DEVRUEHG�GRVH UDWH VKRXOG EH SHUIRUPHG ZLWK WKH FHQWUH RI WKH GRVHPHWHU DW D
GHSWK RI � PJ FP � LQ D WLVVXH�HTXLYDOHQW SKDQWRP� 

��� &DOLEUDWLRQV ZLWK WKHUPDOO\ VWLPXODWHG H[R�HOHFWURQ HPLVVLRQ GRVHPHWHUV

7KHUPDOO\ RU RSWLFDOO\ VWLPXODWHG H[R�HOHFWURQ HPLVVLRQ IURP %H2 FDQ EH XVHG DV D GRVHPHWHU IRU
EHWD�SDUWLFOH UDGLDWLRQ DW DOO UHIHUHQFH UDGLDWLRQ HQHUJLHV RI LQWHUHVW� EHFDXVH WKH ORZ HQHUJ\ RI WKH HPLWWHG
H[R�HOHFWURQV OLPLWV WKHLU HPLVVLRQ WR RQO\ WKH YHU\ RXWHU ���� QP RU OHVV� VXUIDFH RI WKH GHWHFWRU� WKXV PDNLQJ
WKHP HIIHFWLYHO\ H[WUHPHO\ WKLQ� $V ZLWK WKHUPROXPLQHVFHQFH GRVHPHWHUV� WKH\ DUH EHVW FDOLEUDWHG LQ UHIHUHQFH
EHWD�SDUWLFOH UDGLDWLRQ ILHOGV� 

��� &DOLEUDWLRQV ZLWK LRQL]DWLRQ FKDPEHUV

7KLQ �D IHZ PP RU OHVV� IL[HG�YROXPH SDUDOOHO SODWH LRQL]DWLRQ FKDPEHUV PD\ EH XVHG WR FDOLEUDWH EHWD�SDUWLFOH
UDGLDWLRQ ILHOGV IRU DOO EXW WKH ORZHVW HQHUJLHV �(PD[ ��� NH9�� 7KLFNHU GHWHFWRUV DUH VXLWDEOH IRU WKH KLJKHVW
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