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

� %6, � -XO\ ����

,6%1 � ��� ����� �

1DWLRQDO IRUHZRUG

7KLV %ULWLVK 6WDQGDUG LV WKH RIILFLDO (QJOLVK ODQJXDJH YHUVLRQ RI
(1 �������������

7KH 8. SDUWLFLSDWLRQ LQ LWV SUHSDUDWLRQ ZDV HQWUXVWHG WR 7HFKQLFDO &RPPLWWHH 
:((���� 1RQGHVWUXFWLYH WHVWLQJ� 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 RU (XURSHDQ
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 (1 WLWOH SDJH� 
SDJHV � WR �� 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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)RUHZRUG

7KLV GRFXPHQW �(1 ������������� KDV EHHQ SUHSDUHG E\ 7HFKQLFDO &RPPLWWHH &(1�7& ��� ³1RQ GHVWUXFWLYH
WHVWLQJ´� WKH VHFUHWDULDW RI ZKLFK LV KHOG E\ $)125� 

7KLV (XURSHDQ 6WDQGDUG VKDOO EH JLYHQ WKH VWDWXV RI D QDWLRQDO VWDQGDUG� HLWKHU E\ SXEOLFDWLRQ RI DQ LGHQWLFDO WH[W RU
E\ HQGRUVHPHQW� DW WKH ODWHVW E\ 1RYHPEHU ����� DQG FRQIOLFWLQJ QDWLRQDO VWDQGDUGV VKDOO EH ZLWKGUDZQ DW WKH ODWHVW
E\ 1RYHPEHU ����� 

7KLV (XURSHDQ 6WDQGDUG DERXW ³1RQ GHVWUXFWLYH WHVWLQJ � ;�UD\ GLIIUDFWLRQ IURP SRO\FU\VWDOOLQH DQG DPRUSKRXV
PDWHULDO´ LV FRPSRVHG RI�

� SU(1 �������� 7HUPLQRORJ\ � 3DUW ��� ;�5D\ 'LIIUDFWLRQ IURP 3RO\FU\VWDOOLQH DQG $PRUSKRXV 0DWHULDOV

� (1 �������� 3DUW ��*HQHUDO SULQFLSOHV

� (1 �������� 3DUW �� 3URFHGXUHV

� (1 ������� 3DUW �� ,QVWUXPHQWV

� :, ��������� 5HIHUHQFH 0DWHULDOV

,Q RUGHU WR H[SODLQ WKH UHODWLRQVKLS EHWZHHQ WKH WRSLFV GHVFULEHG LQ WKH GLIIHUHQW VWDQGDUGV� D GLDJUDP LOOXVWUDWLQJ
W\SLFDO RSHUDWLRQ LQYROYHG LQ ;53' LV JLYHQ LQ $QQH[ $� 

$FFRUGLQJ WR WKH &(1�&(1(/(& ,QWHUQDO 5HJXODWLRQV� WKH QDWLRQDO VWDQGDUGV RUJDQL]DWLRQV RI WKH IROORZLQJ
FRXQWULHV DUH ERXQG WR LPSOHPHQW WKLV (XURSHDQ 6WDQGDUG� $XVWULD� %HOJLXP� &\SUXV� &]HFK 5HSXEOLF� 'HQPDUN�
(VWRQLD� )LQODQG� )UDQFH� *HUPDQ\� *UHHFH� +XQJDU\� ,FHODQG� ,UHODQG� ,WDO\� /DWYLD� /LWKXDQLD� /X[HPERXUJ� 0DOWD�
1HWKHUODQGV� 1RUZD\� 3RODQG� 3RUWXJDO� 6ORYDNLD� 6ORYHQLD� 6SDLQ� 6ZHGHQ� 6ZLW]HUODQG DQG 8QLWHG .LQJGRP� 
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,QWURGXFWLRQ

;�UD\ SRZGHU GLIIUDFWLRQ �;53'� LV D SRZHUIXO 1RQ�'HVWUXFWLYH 7HVWLQJ �1'7� PHWKRG IRU GHWHUPLQLQJ D UDQJH RI
SK\VLFDO DQG FKHPLFDO FKDUDFWHULVWLFV RI PDWHULDOV� 7KHVH LQFOXGH WKH W\SH DQG TXDQWLWLHV RI SKDVHV SUHVHQW� WKH
FU\VWDOORJUDSKLF XQLW FHOO DQG VWUXFWXUH� FU\VWDOORJUDSKLF WH[WXUH� PDFURVWUHVV� FU\VWDOOLWH VL]H DQG PLFURVWUDLQ� DQG
WKH HOHFWURQ UDGLDO GLVWULEXWLRQ IXQFWLRQ� 

7KLV GRFXPHQW DLPV WR GHVFULEH WKH JHQHUDO DVSHFWV RI WKH ;53' WHFKQLTXH DQG LWV DSSOLFDWLRQV EXW QRW WR GHILQH D
VSHFLILF RU GHWDLOHG VWDQGDUG IRU HDFK ILHOG RI DSSOLFDWLRQ RU W\SH RI DQDO\VLV� 

7KH PDLQ SXUSRVHV RI WKH VWDQGDUG DUH WKHUHIRUH WR SURYLGH�

• SUDFWLFDO JXLGDQFH� XQLILHG FRQFHSWV DQG WHUPLQRORJ\ IRU XVH RI WKH ;53' WHFKQLTXH LQ WKH DUHD RI 1RQ�
'HVWUXFWLYH 7HVWLQJ ZLWK JHQHUDO LQIRUPDWLRQ DERXW LWV FDSDELOLWLHV DQG OLPLWDWLRQV RI UHOHYDQFH WR ODERUDWRULHV
ZRUNLQJ DW GLIIHUHQW OHYHOV RI VRSKLVWLFDWLRQ� IURP URXWLQH WHVWLQJ WR UHVHDUFK�

• D EDVLV IRU 4XDOLW\ $VVXUDQFH LQ ;53' ODERUDWRULHV DOORZLQJ SHUIRUPDQFH WHVWLQJ DQG PRQLWRULQJ RI LQVWUXPHQWV
DV ZHOO DV WKH FRPSDULVRQ RI UHVXOWV IURP GLIIHUHQW LQVWUXPHQWV�

• D JHQHUDO EDVLV �ZLWKRXW LPSRVLQJ VSHFLILFDWLRQV� IRU IXUWKHU VSHFLILF 1'7 SURGXFW VWDQGDUGV DQG UHODWHG 4XDOLW\
$VVXUDQFH DSSOLFDWLRQV� ZLWK DVSHFWV FRPPRQ WR PRVW ILHOGV RI DSSOLFDWLRQ� 

,Q RUGHU WR PDNH WKH VWDQGDUG LPPHGLDWHO\ XVDEOH LQ D ZLGH UDQJH RI ODERUDWRULHV DQG DSSOLFDWLRQV� GLIIUDFWRPHWHUV
ZLWK %UDJJ�%UHQWDQR JHRPHWU\ DUH FRQVLGHUHG LQ PRUH GHWDLO WKDQ RWKHU LQVWUXPHQWV�

5DGLDWLRQ 3URWHFWLRQ� ([SRVXUH RI DQ\ SDUW RI WKH KXPDQ ERG\ WR ;�UD\V FDQ EH LQMXULRXV WR KHDOWK� ,W LV WKHUHIRUH
HVVHQWLDO WKDW ZKHQHYHU ;�UD\ HTXLSPHQW LV XVHG� DGHTXDWH SUHFDXWLRQV VKRXOG EH WDNHQ WR SURWHFW WKH RSHUDWRU
DQG DQ\ RWKHU SHUVRQ LQ WKH YLFLQLW\� 5HFRPPHQGHG SUDFWLFH IRU UDGLDWLRQ SURWHFWLRQ DV ZHOO DV OLPLWV IRU WKH OHYHOV
RI ;�UDGLDWLRQ H[SRVXUH DUH HVWDEOLVKHG E\ QDWLRQDO OHJLVODWLRQ LQ HDFK FRXQWU\� ,I WKHUH DUH QR RIILFLDO UHJXODWLRQV RU
UHFRPPHQGDWLRQV LQ D FRXQWU\� WKH ODWHVW UHFRPPHQGDWLRQV RI WKH ,QWHUQDWLRQDO &RPPLVVLRQ RQ 5DGLRORJLFDO
3URWHFWLRQ VKRXOG EH DSSOLHG� 
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� 6FRSH

7KLV GRFXPHQW VHWV RXW WKH FKDUDFWHULVWLFV RI LQVWUXPHQWV XVHG IRU ;�UD\ SRZGHU GLIIUDFWLRQ �³SRZGHU´ DV GHILQHG LQ
(1 ������������� &ODXVH �� DV D EDVLV IRU WKHLU FRQWURO DQG KHQFH TXDOLW\ DVVXUDQFH RI WKH PHDVXUHPHQWV PDGH
E\ WKLV WHFKQLTXH� 3HUIRUPDQFH WHVWLQJ LQGLFDWRUV DUH JLYHQ IRU GLIIUDFWRPHWHU SHUIRUPDQFH WHVWLQJ� 'LIIHUHQW W\SHV
DQG PDNHV RI ;�UD\ SRZGHU GLIIUDFWRPHWHU YDU\ FRQVLGHUDEO\ LQ WKHLU GHVLJQ DQG LQWHQGHG ILHOGV RI DSSOLFDWLRQ� 7KLV
GRFXPHQW DWWHPSWV WR FRYHU DV PXFK RI WKLV UDQJH DV SRVVLEOH E\ NHHSLQJ WR FRPPRQ SULQFLSOHV� 7R PDNH WKH
VWDQGDUG PRUH UHDGLO\ DSSOLFDEOH� WKH %UDJJ�%UHQWDQR FRQILJXUDWLRQ LV DGGUHVVHG LQ PRVW GHWDLO EHFDXVH RI LWV ZLGH
XVH� $GGLWLRQDO FRQVLGHUDWLRQV DQG DGDSWDWLRQV PD\ EH QHFHVVDU\ WR FRYHU VRPH W\SHV RI LQVWUXPHQWV RU
FRQILJXUDWLRQ DQG VRPH ILHOGV RI DSSOLFDWLRQ� 6RPH RI WKHVH W\SHV RI LQVWUXPHQW DUH GHVFULEHG LQ $QQH[ %� 

� 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� 

(1 ������������� 1RQ�GHVWUXFWLYH WHVWLQJ ± ;�UD\ GLIIUDFWLRQ IURP SRO\FU\VWDOOLQH DQG DPRUSKRXV PDWHULDOV ± 3DUW
�� 3URFHGXUHV

SU(1 ������������� 1RQ�GHVWUXFWLYH WHVWLQJ ± 7HUPLQRORJ\ ± 3DUW ��� ;�UD\ 'LIIUDFWLRQ IURP 3RO\FU\VWDOOLQH DQG
$PRUSKRXV 0DWHULDOV

� 7HUPV DQG GHILQLWLRQV

)RU WKH SXUSRVHV RI WKLV GRFXPHQW� WKH WHUPV DQG GHILQLWLRQV RI SU(1 ������������ DSSO\�

� 'HVFULSWLRQ RI HTXLSPHQW

��� *HQHUDO

7KLV GHVFULSWLRQ LV SDUWLFXODUO\ LQWHQGHG IRU LQVWUXPHQWV GHGLFDWHG WR WKH ILHOGV RI DSSOLFDWLRQ GHVFULEHG LQ
(1 �������� )RU RWKHU DSSOLFDWLRQV� DGGLWLRQDO FRQVLGHUDWLRQV PD\ EH UHTXLUHG� 

$ GLIIUDFWRPHWHU JHQHUDOO\ FRPSULVHV�

− JRQLRPHWHU�

− ;�UD\ VRXUFH�

− LQFLGHQW EHDP RSWLFV ZKLFK PD\ LQFOXGH PRQRFKURPDWLVDWLRQ RU ILOWHULQJ� FROOLPDWLRQ DQG�RU IRFXVLQJ RU
SDUDOOHOLVP RI WKH EHDP�

− GLIIUDFWHG EHDP RSWLFV ZKLFK PD\ LQFOXGH PRQRFKURPDWLVDWLRQ RU ILOWHULQJ� FROOLPDWLRQ DQG�RU IRFXVLQJ RU
SDUDOOHOLVP RI WKH EHDP�

− VSHFLPHQ VWDJH�

− GHWHFWRU�

− GDWD FROOHFWLRQ V\VWHP� 

7KHVH SDUWV RI WKH LQVWUXPHQW DUH FRQVLGHUHG LQ PRUH GHWDLO EHORZ� $ GDWD SURFHVVLQJ V\VWHP LV DOVR UHTXLUHG WR
SURGXFH PHDVXUHPHQWV IURP WKH LQVWUXPHQW� 'DWD SURFHVVLQJ V\VWHPV� ZKHWKHU PDQXDO RU FRPSXWHULVHG� VKDOO EH
LQFOXGHG ZLWK WKH GDWD SURFHVVLQJ SURFHGXUHV RI (1 �������� 
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$ ZHOO�FRQWUROOHG HQYLURQPHQW �WHPSHUDWXUH DQG SUHVVXUH� LV VWURQJO\ UHFRPPHQGHG IRU DQDO\VLV ZKHUH
UHSURGXFLEOH PHDVXUHPHQW RI OLQH SURILOH SRVLWLRQ� ZLGWK DQG VKDSH LV UHTXLUHG� 

+XPLGLW\ LV PD\ EH LPSRUWDQW EHFDXVH FRPSRXQGV LQ WKH VSHFLPHQ PD\ UHDFW ZLWK ZDWHU RU DEVRUE LW ZLWK D
FRQVHTXHQW FKDQJH LQ WKHLU ODWWLFH FRQVWDQWV� H�J� FOD\ PLQHUDOV�

7KH ;�UD\ EHDP LV SDUWLDOO\ VFDWWHUHG DQG DWWHQXDWHG E\ WKH DLU LQ WKH EHDP SDWK ZLWK FRQVHTXHQWLDO HIIHFWV RQ WKH
GHWHFWHG GLIIUDFWLRQ SDWWHUQ EDFNJURXQG DQG LQWHQVLW\� 7KLV HIIHFW KDV VRPHWLPHV EHHQ PLQLPLVHG E\ XVH RI DQ
HYDFXDWHG RU KHOLXP ILOOHG EHDP SDWK� 

)RU DOO WKH LWHPV GHVFULEHG LQ WKLV FODXVH WKH FRUUHVSRQGLQJ PDLQ FKDUDFWHULVWLFV WR EH FRQWUROOHG DUH JLYHQ LQ
&ODXVH �� 

��� ;�UD\ VRXUFHV

����� *HQHUDO

7KHUH DUH VHYHUDO W\SHV RI [�UD\ VRXUFH WKDW FDQ EH XVHG IRU ;53' PHDVXUHPHQWV UDQJLQJ IURP FRQYHQWLRQDO
ODERUDWRU\ VRXUFHV WR LQWHQVH DQG ZHOO�FROOLPDWHG V\QFKURWURQ VRXUFHV� (DFK VRXUFH H[KLELWV FKDUDFWHULVWLFV WKDW
PDNH LW PRUH VXLWDEOH IRU SDUWLFXODU W\SHV RI DQDO\VLV� 7KH PDLQ VRXUFH W\SHV DUH GHVFULEHG EHORZ�

����� &RQYHQWLRQDO ;�UD\ VRXUFHV �VHDOHG WXEHV DQG URWDWLQJ DQRGH VRXUFHV�

;�UD\V DUH REWDLQHG E\ ERPEDUGLQJ D PHWDO DQRGH ZLWK HOHFWURQV HPLWWHG E\ WKH WKHUPRLRQLF HIIHFW DQG DFFHOHUDWHG
LQ D VWURQJ HOHFWULF ILHOG SURGXFHG E\ D KLJK�YROWDJH JHQHUDWRU� 0RVW RI WKH NLQHWLF HQHUJ\ RI WKH HOHFWURQV LV
FRQYHUWHG WR KHDW� ZKLFK OLPLWV WKH SRZHU RI WKH WXEHV DQG UHTXLUHV HIILFLHQW DQRGH FRROLQJ� $Q LQFUHDVH RI DERXW
WZR RUGHUV RI PDJQLWXGH LQ EULOOLDQFH FDQ EH REWDLQHG XVLQJ URWDWLQJ DQRGHV LQVWHDG RI VHDOHG WXEHV� 0LFURIRFXV
VRXUFHV RSHUDWH DW UHODWLYHO\ ORZ SRZHU VHWWLQJV EXW PDLQWDLQ EULJKWQHVV E\ HOHFWURVWDWLFDOO\ RU PDJQHWLFDOO\ VWHHULQJ
WKH EHDP LQVLGH WKH ;�UD\ WXEH RQWR WKH WDUJHW� 7KH VSHFWUXP HPLWWHG E\ D FRQYHQWLRQDO ;�UD\ VRXUFH RSHUDWLQJ DW
VXIILFLHQWO\ KLJK YROWDJH FRQVLVWV ILUVWO\ RI D FRQWLQXRXV EDFNJURXQG RI SRO\FKURPDWLF UDGLDWLRQ ZLWK D VKDUS FXW RII DW
VKRUW ZDYHOHQJWKV GHWHUPLQHG E\ WKH PD[LPXP YROWDJH DSSOLHG� 8SRQ WKLV LV VXSHULPSRVHG D OLPLWHG QXPEHU RI
QDUURZ FKDUDFWHULVWLF OLQHV ZKRVH ZDYHOHQJWKV DUH FKDUDFWHULVWLF RI WKH DQRGH PDWHULDO� 7KH HPLWWHG UDGLDWLRQ LV QRW
SRODULVHG� 

7KH W\SH RI ;�UD\ VRXUFH DQG WKH HOHFWURQ HPLVVLRQ FXUUHQW� DQG DFFHOHUDWLQJ YROWDJH DSSOLHG WR LW E\ WKH KLJK
YROWDJH JHQHUDWRU KDYH D PDUNHG HIIHFW RQ ;�UD\ LQWHQVLW\ DQG LWV HQHUJ\ GLVWULEXWLRQ� 7KH HPLVVLRQ FXUUHQW DQG
DFFHOHUDWLQJ YROWDJH RI D FRQYHQWLRQDO ;�UD\ WXEH QRUPDOO\ JLYH UHSURGXFLEOH DGMXVWPHQW RI WKH ;�UD\ EHDP LQWHQVLW\
DQG HQHUJ\ VSHFWUXP RQ D WLPH VFDOH RI GD\V� +RZHYHU� H[SHULHQFH KDV VKRZQ WKDW WKH DEVROXWH ;�UD\ LQWHQVLW\
GLIIHUV VLJQLILFDQWO\ IRU QRPLQDOO\ HTXDO VRXUFHV DQG WKDW LW GHFUHDVHV ZLWK VRXUFH DJH� 

����� 6\QFKURWURQ UDGLDWLRQ VRXUFHV

$ EHDP RI FKDUJHG SDUWLFOHV VWURQJO\ DFFHOHUDWHG LQ DQ HOHFWULF ILHOG DQG GHIOHFWHG LQ D PDJQHWLF ILHOG HPLWV D
FRQWLQXRXV VSHFWUXP RI ;�UD\V WKDW LV DV PXFK DV ���� WLPHV DV EULOOLDQW DV VHDOHG ;�UD\ WXEHV� ,W LV FDOOHG
�V\QFKURWURQ UDGLDWLRQ�� 7KLV LQFUHDVHG EULOOLDQFH UHODWHV WR WKH WRWDO HQHUJ\ VSHFWUXP� 0RQRFKURPDWLVDWLRQ RI WKH
EHDP W\SLFDOO\ UHVXOWV LQ GLIIUDFWLRQ LQWHQVLWLHV RQH RU WZR RUGHUV RI PDJQLWXGH JUHDWHU WKDQ IURP FRQYHQWLRQDO
VRXUFHV�

7KH PDLQ DGYDQWDJHV RI XVLQJ V\QFKURWURQ UDGLDWLRQ IRU ;53' PHDVXUHPHQWV DUH�

� QHDUO\ SDUDOOHO�EHDP GLIIUDFWLRQ JHRPHWU\�

� KLJKO\ PRQRFKURPDWLVHG DQG WXQDEOH UDGLDWLRQ�

� YHU\ VPDOO DQG DOPRVW V\PPHWULF FRQWULEXWLRQ RI WKH LQVWUXPHQW WR WKH REVHUYHG OLQH VKDSH WKDW OHDGV WR VLPSOHU
FKDUDFWHULVDWLRQ RI OLQH SURILOHV DQG YHU\ JRRG DQJXODU UHVROXWLRQ� 
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7KLV W\SH RI ;�UD\ UDGLDWLRQ VRXUFH UHTXLUHV EHDP IOX[ PRQLWRULQJ ZLWK WLPH �WKH EHDP IOX[ FDQ GHFUHDVH
VLJQLILFDQWO\ GXULQJ WKH H[SHULPHQW� DQG ZDYHOHQJWK FDOLEUDWLRQ� 7KH HPLWWHG UDGLDWLRQ LV VWURQJO\ SRODULVHG LQ WKH
SODQH RI GHIOHFWLRQ RI WKH FKDUJHG SDUWLFOHV� 

��� ,QFLGHQW DQG GLIIUDFWHG ;�UD\ EHDP RSWLFV

����� *HQHUDO

7KH PDLQ FKDUDFWHULVWLFV RI WKH LQFLGHQW DQG GLIIUDFWHG EHDPV DUH WKHLU ZDYHOHQJWK VSHFWUXP� WKHLU GLUHFWLRQ RI
SURSDJDWLRQ� WKHLU FURVV�VHFWLRQDO DUHD DQG VKDSH DW WKH VSHFLPHQ DV ZHOO DV WKHLU GHJUHH RI FROOLPDWLRQ �D[LDO DQG
HTXDWRULDO GLYHUJHQFH� DQG IRFXVLQJ� 7KH LWHPV RI HTXLSPHQW WKDW GHWHUPLQH WKHVH FKDUDFWHULVWLFV DUH FDOOHG �EHDP
RSWLFV�� 7KH HIIHFWV RI WKHVH LWHPV DUH UHIHUUHG WR E\ WKH JHQHUDO WHUP �EHDP FRQGLWLRQLQJ�� 

7KH LWHPV RI HTXLSPHQW GHVFULEHG EHORZ DUH XVHG WR REWDLQ GLIIHUHQW GHJUHHV RI UDGLDWLRQ SXULW\ DQG GLIIHUHQW
JHRPHWULHV� L�H� D VR�FDOOHG �IRFXVHG� EHDP� �PRQRFKURPDWLVHG� EHDP� �FROOLPDWHG� EHDP� RU �SDUDOOHO� EHDP�

����� 0RQRFKURPDWRUV

������� *HQHUDO

7KH ZDYHOHQJWKV FRQYHQWLRQDOO\ XVHG ZLWK ODERUDWRU\ VRXUFHV FRUUHVSRQG WR WKH FKDUDFWHULVWLF VSHFWUDO OLQHV IURP
VSHFLILF DQRGH PDWHULDOV� 

)RU PDQ\ ;53' DSSOLFDWLRQV LW LV DGYDQWDJHRXV WR HOLPLQDWH DOO RWKHU VSHFWUDO FRPSRQHQWV HPLWWHG IURP WKH ;�UD\
VRXUFH RU WKH VSHFLPHQ� :KHQ XVLQJ WKH .α��� GRXEOHW LV VRPHWLPHV KHOSIXO WR DGGLWLRQDOO\ VXSSUHVV WKH .α��OLQH� L�H�
WR ZRUN ZLWK KLJKO\ PRQRFKURPDWLF .α��UDGLDWLRQ� 

0RQRFKURPDWLVDWLRQ GHYLFHV FDQ EH XVHG VLQJO\ RU LQ FRPELQDWLRQ� 

������� )LOWHUV DQG ββββ ILOWHUV

3DUWLDO PRQRFKURPDWLVDWLRQ FDQ EH REWDLQHG XVLQJ .β ILOWHUV� L�H� IRLOV PDGH RI D PHWDO VHOHFWHG DV KDYLQJ DQ
DEVRUSWLRQ HGJH EHWZHHQ WKH ZDYHOHQJWKV RI WKH .α DQG .β UDGLDWLRQ HPLWWHG E\ WKH VRXUFH� 

6WDQGDUG .β ILOWHUV DUH GHVLJQHG WR UHGXFH WKH .β LQWHQVLW\ WR DERXW WZR RUGHUV RI PDJQLWXGH OHVV WKDQ WKH
.α LQWHQVLW\� 6XFK D ILOWHU DOVR DWWHQXDWHV WKH .α GRXEOHW LQWHQVLW\� W\SLFDOO\ E\ D IDFWRU RI �� DQG UHGXFHV WKH
SRO\FKURPDWLF UDGLDWLRQ IURP WKH VRXUFH� 7ZR ILOWHUV DUH VRPHWLPHV FRPELQHG WR IRUP VR�FDOOHG �EDODQFHG ILOWHUV�
>�@�

6SHFWUDO ILOWHUV VKDOO EH XVHG ZLWK FDXWLRQ EHFDXVH WKH DEVRUSWLRQ HGJHV RI WKH ILOWHU PDWHULDO FDXVH VLJQLILFDQW VWHSV
LQ WKH EDFNJURXQG FORVH WR HDFK RI WKH REVHUYHG GLIIUDFWLRQ OLQHV� 6XFK VWHSV LPSHGH DFFXUDWH DQDO\VLV ZKHQ WKH
FRPSOHWH OLQH SURILOH�V� DUH XVHG� IRU H[DPSOH� LQ OLQH�EURDGHQLQJ DQDO\VLV� 

,Q VRPH FDVHV LW LV XVHIXO WR DWWHQXDWH WKH LQFLGHQW RU WKH GLIIUDFWHG EHDP� 7KHQ D IRLO LV XVHG WKDW LV PDGH RI D
PHWDO �RIWHQ DOXPLQLXP� VHOHFWHG DV KDYLQJ QR DEVRUSWLRQ HGJH QHDU WKH UDGLDWLRQ ZDYHOHQJWK XVHG� 

������� &U\VWDO 0RQRFKURPDWRUV

0RQRFKURPDWLVDWLRQ RI UDGLDWLRQ LV PRVW RIWHQ DFFRPSOLVKHG E\ GLIIUDFWLRQ IURP D FU\VWDO� :H PD\ GLVWLQJXLVK�

D� D PRVDLF FU\VWDO� 7KH UHODWLYH HQHUJ\ RU ZDYHOHQJWK UHVROXWLRQ �ΔΕ/Ε DQG Δλ/λ� UHVSHFWLYHO\� LV W\SLFDOO\ D IHZ
SDUWV SHU KXQGUHG� 0RVW RI WKH .β UDGLDWLRQ DQG RI WKH FRQWLQXRXV SRO\FKURPDWLF UDGLDWLRQ LV HOLPLQDWHG� 7KH
RULHQWDWLRQV RI WKH FRKHUHQWO\ GLIIUDFWLQJ SDUWV RI WKH PRVDLF FU\VWDO �JHQHUDOO\ JUDSKLWH� DUH VSUHDG RYHU DERXW
��� GHJUHHV IRU PDQ\ FRPPHUFLDOO\ DYDLODEOH PRQRFKURPDWRUV� )RU VXFK FU\VWDOV PRUH WKDQ �� � RI WKH LQFLGHQW
LQWHQVLW\ RI WKH .α1,2 GRXEOHW FDQ EH UHWDLQHG� 0RVDLF FU\VWDO PRQRFKURPDWRUV DUH XVXDOO\ LQVWDOOHG LQ WKH GLIIUDFWHG
EHDP� ,Q WKLV FRQILJXUDWLRQ� WKH\ DOVR HOLPLQDWH VSHFLPHQ IOXRUHVFHQFH IURP DOO HOHPHQWV H[FHSW WKH RQH WKDW
FRQVWLWXWHV WKH DQRGH� 
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E� D VLQJOH FU\VWDO� 7KH HQHUJ\ UHVROXWLRQ LV W\SLFDOO\ EHWWHU WKDQ WZR SDUWV SHU WKRXVDQG� 7KH WZR FRPSRQHQWV RI
WKH .α1,2 GRXEOHW FDQ EH VHSDUDWHG DQG WKH .α� UDGLDWLRQ HOLPLQDWHG� 7KLV W\SH RI PRQRFKURPDWLVDWLRQ FDXVHV D
ODUJH ORVV LQ LQWHQVLW\ DV W\SLFDOO\ RQO\ DERXW �� � RI WKH LQFLGHQW LQWHQVLW\ RI D VSHFWUDO OLQH LV UHWDLQHG� 6LQJOH
FU\VWDO PRQRFKURPDWRUV �XVXDOO\ DOPRVW SHUIHFW VLQJOH FU\VWDOV RI TXDUW]� VLOLFRQ RU JHUPDQLXP� DUH JHQHUDOO\ XVHG
RQ WKH SULPDU\ EHDP RIWHQ LQ D IRFXVLQJ DUUDQJHPHQW� 7KH LQWHQVLW\ ORVV PD\ EH ODUJHO\ RIIVHW E\ WKH DVVRFLDWHG
UHGXFWLRQ LQ D[LDO GLYHUJHQFH RI WKH EHDP� HOLPLQDWLQJ WKH QHHG IRU RQH VHW RI 6ROOHU VOLWV �VHH ����������� 

7ZR RU PRUH FU\VWDOV �H�J� >�@� PD\ EH FRPELQHG WR DFKLHYH PXFK EHWWHU UHVROXWLRQ WKDQ RQH� EXW WKH XVH RI PXOWLSOH
FU\VWDOV PD\ \LHOG LQVXIILFLHQW LQWHQVLW\ IRU QRUPDO SRZGHU GLIIUDFWLRQ� &DUH VKDOO EH WDNHQ WR HQVXUH WKDW WKH
KDUPRQLFV RI WKH FKRVHQ ZDYHOHQJWK DUH HOLPLQDWHG E\ WKH SRVLWLRQLQJ RI VXLWDEOH DSHUWXUHV �VOLWV� ZLWKLQ WKH
PRQRFKURPDWRU� RU E\ RWKHU PHDQV� 

7KHVH GHYLFHV FDQ EH XVHG LQ WKH LQFLGHQW DQG�RU GLIIUDFWHG EHDPV �VHH )LJXUHV � DQG ���

.H\
� )RFXV RI ;�UD\ WXEH
� 0RQRFKURPDWRU
� $SSDUHQW VRXUFH �RQ WKH JRQLRPHWHU FLUFOH� 

)LJXUH � � 3RVLWLRQLQJ WKH PRQRFKURPDWRU RQ WKH LQFLGHQW EHDP
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.H\
� 5HFHLYLQJ VOLW
� 0RQRFKURPDWRU
� 'HWHFWRU VOLW

)LJXUH � � 3RVLWLRQLQJ WKH PRQRFKURPDWRU RQ WKH GLIIUDFWLRQ EHDP

������� (OHFWURQLF ILOWHUV

(OHFWURQLF ILOWHULQJ XVHV SKRWRQ�FRXQWLQJ GHWHFWRUV �VHH ���� DQG LV RIWHQ UHIHUUHG WR DV SXOVH KHLJKW GLVFULPLQDWLRQ
RU ³GLVFULPLQDWLRQ´ RU ³HQHUJ\ GLVFULPLQDWLRQ´� ,W HOHFWURQLFDOO\ VHOHFWV WKH SXOVHV DULVLQJ IURP WKH SKRWRQV RI WKH
UDGLDWLRQ FKRVHQ IRU WKH H[SHULPHQW� 

$Q HIIHFW VLPLODU WR SDUWLDO PRQRFKURPDWLVDWLRQ FDQ EH DFKLHYHG E\ WKH XVH RI D VROLG�VWDWH GHWHFWRU� H�J� 3HOWLHU�
FRROHG� 7KH UHODWLYH HQHUJ\ UHVROXWLRQ RI WKHVH V\VWHPV LV RI WKH VDPH RUGHU DV WKDW RI D PRVDLF FU\VWDO
PRQRFKURPDWRU �DERXW RQH SDUW SHU ����� L�H� LW LV VXIILFLHQW WR HOLPLQDWH WKH .β FRPSRQHQW DQG PRVW RI WKH
FRQWLQXRXV EDFNJURXQG� EXW QRW WR VHSDUDWH WKH .α��� GRXEOHW� 'HWHFWRUV RI WKLV W\SH W\SLFDOO\ KDYH KLJK FRXQWLQJ
HIILFLHQFLHV EXW DUH VXVFHSWLEOH WR GHDG WLPH HIIHFWV �SU(1 ��������� 6XFK HIIHFWV UHVXOW LQ D QRQ�OLQHDU UHVSRQVH
DERYH DERXW ��� FRXQWV SHU VHFRQG� LQFOXGLQJ DOO ZDYHOHQJWKV UHJLVWHUHG E\ WKH GHWHFWRU� ZKHWKHU RU QRW XVHG IRU
WKH PHDVXUHPHQW� &DUH VKDOO WKHUHIRUH EH WDNHQ WR OLPLW WKH PD[LPXP FRXQW UDWH REVHUYHG WR D OHYHO DW ZKLFK WKH
GHWHFWRU IXQFWLRQ SURSHUO\� ,I QHFHVVDU\ DQ DSSURSULDWH GHDG WLPH FRUUHFWLRQ VKDOO EH DSSOLHG� 

������� 0XOWLOD\HU PLUURUV

0XOWLOD\HU PLUURUV XVXDOO\ FRQVLVW RI DOWHUQDWLQJ WKLQ OD\HUV RI WZR HOHPHQWV �H�J� : DQG &� GHSRVLWHG RQWR DQ
DSSURSULDWHO\ FXUYHG VXEVWUDWH� 7KH OD\HUV KDYH D WKLFNQHVV RI WKH RUGHU RI D IHZ WLPHV WKH ZDYHOHQJWK RI WKH
;�UDGLDWLRQ XVHG >�@� 

0XOWLOD\HU PLUURUV IRU ;�UDGLDWLRQ DUH SULPDULO\ XVHG WR UHFRQILJXUH D GLYHUJHQW EHDP LQWR DQ LQWHQVH SDUDOOHO RU
FRQYHUJHQW EHDP �VHH ����������� 7KH PLUURU XQLW DOVR DFWV DV D PRQRFKURPDWRU E\ VXSSUHVVLQJ WKH .β DQG
SRO\FKURPDWLF UDGLDWLRQ IURP WKH VRXUFH� 7KH WKLFNQHVV RI WKH OD\HUV GHSRVLWHG RQ WKH VXUIDFH YDULHV DORQJ WKH
OHQJWK RI WKH PLUURU LQ VXFK D ZD\ WKDW %UDJJ¶V ODZ LV VDWLVILHG RYHU D UDQJH RI EHDP GLYHUJHQFH DQJOHV DQG WKH
FRUUHVSRQGLQJ LQFLGHQFH DQJOHV DW WKH PLUURU� 7KHVH V\VWHPV UHDFK D UHIOHFWLYLW\ FORVH WR ��� � DQG WKHUHE\
SURYLGH KLJK LQWHQVLW\ EHDPV� $ FRPPRQ FRQILJXUDWLRQ XVHV D SDUDEROLF JUDGHG PLUURU WR WUDQVIRUP WKH GLYHUJHQW
LQFLGHQW UDGLDWLRQ IURP WKH VRXUFH LQWR DQ LQWHQVH QHDUO\ SDUDOOHO EHDP� (OOLSWLF JUDGHG PLUURUV PD\ EH XVHG WR
WUDQVIRUP WKH GLYHUJHQW UDGLDWLRQ IURP WKH VRXUFH LQWR D FRQYHUJHQW �IRFXVHG� EHDP� )RU VSHFLDO DSSOLFDWLRQV
VHYHUDO PLUURUV FDQ EH FRPELQHG LQ WKH LQFLGHQW DQG�RU GLIIUDFWHG EHDPV�
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����� %HDP GLPHQVLRQV DQG JHRPHWU\

������� *HQHUDO

7KH JHRPHWULF GLPHQVLRQV RI WKH LQFLGHQW DQG GLIIUDFWHG ;�UD\ EHDPV FDQ EH FRQWUROOHG XVLQJ FROOLPDWRUV DQG VOLWV�
7KH JHRPHWULF GLPHQVLRQV PD\ DOVR EH DOWHUHG VLJQLILFDQWO\ E\ FU\VWDO PRQRFKURPDWRUV DQG JUDGHG PXOWLOD\HU
PLUURUV�

7KH LWHPV GHVFULEHG EHORZ GHILQH WKH EHDP GLPHQVLRQV DQG JHRPHWU\ DQG DUH LOOXVWUDWHG VFKHPDWLFDOO\ LQ )LJXUH �� 

.H\
�� � 3RVVLEOH SRVLWLRQ RI GLYHUJHQFH DQWL�VFDWWHU VOLW
�� � 3RVVLEOH SRVLWLRQ RI UHFHLYLQJ DQWL�VFDWWHU VOLW
� 6RXUFH
� 'LYHUJHQFH VOLW
� .QLIH HGJH
� 6SHFLPHQ VXUIDFH
� 'HWHFWRU ZLQGRZ
�� 5HFHLYLQJ VOLW
�� *RQLRPHWHU FLUFOH
$� %� ' 3RVVLEOH SRVLWLRQ RI 6ROOHU VOLW
& &HQWUH RI VSHFLPHQ VXUIDFH DQG RI WKH JRQLRPHWHU FLUFOH

)LJXUH �² 6FKHPDWLF DUUDQJHPHQW RI WKH GHYLFHV IRU FRQWURO RI EHDP GLPHQVLRQ DQG JHRPHWU\ ZLWK
UHVSHFW WR WKH FHQWUH RI WKH JRQLRPHWHU FLUFOH �&� 

������� 6OLWV

��������� *HQHUDO

'LIIHUHQW W\SHV RI VOLW FDQ EH SODFHG LQ WKH LQFLGHQW DQG GLIIUDFWHG EHDP SDWKV� XVXDOO\ WR OLPLW WKHLU HTXDWRULDO DQG
D[LDO �VHH ������ GLYHUJHQFH� 6OLWV FDQ DOVR VHUYH WR UHGXFH SDUDVLWLF VFDWWHULQJ� WR GHILQH WKH UDGLXV RI WKH IRFXVLQJ
FLUFOH DQG WR FRQWURO WKH DQJXODU UHVROXWLRQ� 7KH\ DUH RIWHQ PDGH RI D PHWDO ZLWK KLJK ;�UD\ DWWHQXDWLRQ� 2UWKRJRQDO
VOLW SDLUV DUH XVHG IRU VRPH PHDVXUHPHQWV �H�J� IRU FU\VWDOORJUDSKLF WH[WXUH PHDVXUHPHQWV� WR FRQWURO WKH
HTXDWRULDO DQG D[LDO EHDP GLYHUJHQFH� ,Q ��������� WR ��������� RQO\ VOLWV ZLOO EH GHDOW ZLWK� EHFDXVH LQ ;53' VOLWV
DUH IDU PRUH ZLGHO\ XVHG WKDQ RWKHU DSHUWXUHV�
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$ XVHIXO TXDQWLWDWLYH JHRPHWULF WUHDWPHQW RI VOLWV IRU %UDJJ�%UHQWDQR GLIIUDFWRPHWHUV LV GHVFULEHG LQ >�@� 

��������� 9DULDEOH DSHUWXUH VOLWV

0HFKDQLFDOO\ RU FRPSXWHU FRQWUROOHG VOLWV FDQ EH DSSOLHG DV YDULDEOH GLYHUJHQFH� DQWLVFDWWHU DQG UHFHLYLQJ VOLWV�

$ YDULDEOH DSHUWXUH VOLW LV PRVW RIWHQ XVHG LQ GLIIUDFWRPHWHUV ZLWK %UDJJ�%UHQWDQR JHRPHWU\ WR PDLQWDLQ D FRQVWDQW
LUUDGLDWHG VXUIDFH DUHD RI WKH VSHFLPHQ ZKLOH WKH DQJOH EHWZHHQ WKH LQFLGHQW EHDP DQG WKH VSHFLPHQ VXUIDFH LV
YDULHG� $V D FRQVHTXHQFH� WKH LUUDGLDWHG VSHFLPHQ YROXPH YDULHV GXULQJ WKH 2θ VFDQ� 

$ PDWFKHG YDULDEOH DQWL�VFDWWHU VOLW PD\ EH XVHG LQ FRQMXQFWLRQ ZLWK D YDULDEOH GLYHUJHQFH VOLW� 7KLV FDQ EH
SDUWLFXODUO\ HIIHFWLYH LQ PLQLPLVLQJ SDUDVLWLF VFDWWHULQJ DW ORZ 2θ DQJOHV� 

��������� 'LYHUJHQFH VOLWV

'LYHUJHQFH VOLWV EHWZHHQ WKH ;�UD\ WXEH DQG WKH VSHFLPHQ� 7KH\ OLPLW WKH HTXDWRULDO GLYHUJHQFH RI WKH LQFLGHQW
EHDP� 

��������� $QWLVFDWWHU VOLWV

$QWLVFDWWHU VOLWV UHGXFH SDUDVLWLF VFDWWHULQJ FDXVHG E\ WKH LQWHUDFWLRQ RI WKH LQFLGHQW DQG GLIIUDFWHG EHDPV ZLWK WKH
DLU� WKH VSHFLPHQ VWDJH DQG WKH FRPSRQHQWV RI WKH RSWLFDO V\VWHP� 7KH\ DUH SODFHG LQ WKH SDWK RI WKH ;�UD\ EHDPV
GLUHFWO\ EHIRUH RU DIWHU WKH VSHFLPHQ RU DIWHU WKH UHFHLYLQJ VOLW� 7KH\ PD\ EH XVHG VLQJO\ RU LQ FRPELQDWLRQ� ,I
SURSHUO\ DOLJQHG WKH\ GR QRW UHVWULFW WKH LQFLGHQW RU GLIIUDFWHG EHDPV DQG WKH\ GR QRW FKDQJH WKH GLIIUDFWLRQ
JHRPHWU\� 

��������� .QLIH HGJH

7KH VR�FDOOHG �NQLIH HGJH� FDQ EH XVHG IRU IODW VSHFLPHQV� ,W LV D IODW EODGH RU ZHGJH ZLWK D VWUDLJKW HGJH SRVLWLRQHG
FORVH WR WKH VSHFLPHQ VXUIDFH� SDUDOOHO WR WKH VSHFLPHQ VXUIDFH DQG WKH JRQLRPHWHU D[LV� $ NQLIH HGJH UHGXFHV WKH
SDUDVLWLF VFDWWHULQJ E\ OLPLWLQJ WKH LUUDGLDWHG DUHD RI WKH VSHFLPHQ� ,W KDV WKH VDPH IXQFWLRQ DV WKH GLYHUJHQFH DQG
WKH DQWLVFDWWHU VOLWV� 7KH SRVLWLRQ RI WKH NQLIH HGJH FDQ EH VWDWLRQDU\ RU YDULDEOH� DQG LW FDQ EH PHFKDQLFDOO\ RU
FRPSXWHU FRQWUROOHG� 

��������� 5HFHLYLQJ VOLWV

$ UHFHLYLQJ VOLW VHUYHV WR VHOHFW WKH UDGLDWLRQ VHHQ E\ WKH GHWHFWRU DW WKH DQJXODU SRVLWLRQ VDPSOHG� ,W LV SODFHG LQ WKH
GLIIUDFWHG EHDP� LQ IURQW RI WKH GHWHFWRU RU LQ IURQW RI WKH GLIIUDFWHG EHDP PRQRFKURPDWRU� LI SUHVHQW� 

)RU %UDJJ�%UHQWDQR JHRPHWU\� WKH UHFHLYLQJ VOLW VKDOO EH SODFHG RQ WKH IRFXVLQJ FLUFOH �VHH ������� ,WV VL]H LV DQ
LPSRUWDQW IDFWRU LQ GHWHUPLQLQJ WKH DQJXODU UHVROXWLRQ� ,W LV VRPHWLPHV FDOOHG D ³IRFXVLQJ VOLW´� RU ³UHVROXWLRQ VOLW´�

��������� 'HWHFWRU VOLWV

$ GHWHFWRU VOLW VHOHFWV WKH UDGLDWLRQ GLIIUDFWHG E\ WKH VSHFLPHQ WKDW LV DOORZHG WR HQWHU WKH GHWHFWRU� ,W SUHYHQWV
SDUDVLWLF UDGLDWLRQ IURP HQWHULQJ WKH GHWHFWRU� H�J� UDGLDWLRQ VFDWWHUHG E\ FRPSRQHQWV RI WKH LQVWUXPHQW� RU .β

UDGLDWLRQ ZKHQ WKH PRQRFKURPDWRU LV WXQHG WR Κα UDGLDWLRQ� 7KH UHFHLYLQJ VOLW RIWHQ VHUYHV DV GHWHFWRU VOLW� 

,I D PRQRFKURPDWRU LV XVHG LQ WKH GLIIUDFWHG EHDP� D GHWHFWRU VOLW FDQ EH SODFHG LQ WKH GLIIUDFWHG EHDP EHWZHHQ WKH
PRQRFKURPDWRU DQG WKH GHWHFWRU DQG LV RIWHQ LQFRUSRUDWHG LQ WKH PRQRFKURPDWRU KRXVLQJ� )RU �SDUD�IRFXVLQJ
PRQRFKURPDWRUV LW LV XVXDOO\ SRVLWLRQHG DW WKH IRFXVLQJ SRLQW RI WKH UDGLDWLRQ GLIIUDFWHG E\ WKH PRQRFKURPDWRU� 
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������� &ROOLPDWRUV DQG UHODWHG FRPSRQHQWV

��������� *HQHUDO

$ FROOLPDWRU LV D GHYLFH LQWHQGHG WR UHQGHU WKH ;�UD\ EHDP PRUH QHDUO\ SDUDOOHO� DFFRPSOLVKLQJ WKLV E\ UHVWULFWLQJ
WKH EHDP GLPHQVLRQV DQG � RU WKH GLYHUJHQFH RI WKH EHDP� ,W VKRXOG EH FRQVWUXFWHG LQ VXFK D ZD\ WKDW WKH VWUD\
UDGLDWLRQ SURGXFHG IURP WKH VOLWV RU GLDSKUDJPV XVHG IRU WKLV WDVN LV H[FOXGHG DV FRPSOHWHO\ DV SRVVLEOH IURP WKH
GLIIUDFWLRQ SDWWHUQ RI WKH VSHFLPHQ UHJLVWHUHG E\ WKH GHWHFWRU� 7KH GHVLJQ RI FROOLPDWRUV PD\ GLIIHU FRQVLGHUDEO\ DQG
GHSHQGV RQ WKH GLIIUDFWRPHWHU FRQILJXUDWLRQ DQG WKH GLIIUDFWLRQ JHRPHWU\ XVHG� 7KH\ DUH RIWHQ PDGH RI D PHWDO ZLWK
KLJK ;�UD\ DWWHQXDWLRQ� 6LPSOH VOLWV� FU\VWDO PRQRFKURPDWRUV DQG JUDGHG PXOWL�OD\HU PLUURUV DUH QRUPDOO\ QRW
UHJDUGHG WR EH FROOLPDWRUV� DOWKRXJK VRPH RI WKHLU IXQFWLRQV PD\ EH VLPLODU� 

��������� 3DUDOOHO SODWH FROOLPDWRUV �6ROOHU VOLWV� 

$ SDUDOOHO SODWH FROOLPDWRU �RU VHW RI 6ROOHU VOLWV� FRPSULVHV DQ DUUD\ RI SDUDOOHO WKLQ SODWHV �IRLOV� WKDW OLPLW WKH EHDP
GLYHUJHQFH� LQ WKH GLUHFWLRQ SHUSHQGLFXODU WR WKH IRLOV� 7KH\ FDQ EH XVHG LQ WKH LQFLGHQW DQG�RU GLIIUDFWHG EHDPV DQG
WKH\ FDQ EH XVHG WR OLPLW WKH GLYHUJHQFH LQ WKH D[LDO DQG�RU HTXDWRULDO GLUHFWLRQ� 

��������� 7XEH FROOLPDWRUV

$ WXEH FROOLPDWRU LV D WXEH ZLWK GLDSKUDJPV RU VHWV RI VOLWV DW HDFK HQG WR FRQWURO WKH GLPHQVLRQV DQG WKH
GLYHUJHQFH RI WKH EHDP� 

��������� &DSLOODU\ RSWLFV

&DSLOODU\ RSWLFV DUH IRUPHG IURP KROORZ RSWLFDO ILEUHV WKDW JXLGH WKH UDGLDWLRQ E\ WRWDO UHIOHFWLRQ RQ WKHLU LQQHU ZDOOV� 
3ODFHG LQ WKH LQFLGHQW EHDP� WKH\ W\SLFDOO\ OLPLW LWV GLYHUJHQFH WR DERXW ��� GHJUHHV DQG VXSSUHVV VKRUW ZDYHOHQJWK
UDGLDWLRQ ZKLOH LQFUHDVLQJ WKH LQWHQVLW\ DW WKH VSHFLPHQ� $ VLQJOH FDSLOODU\ SURGXFHV D EHDP ZLWK D YHU\ VPDOO FURVV�
VHFWLRQ� $Q DVVHPEO\ PDGH IURP D ODUJH QXPEHU RI SDUDOOHO ILEUHV EXQGOHG WRJHWKHU SURGXFHV D ODUJH FURVV�VHFWLRQ
EHDP ZLWK ORZ GLYHUJHQFH DQG UHGXFHG VKRUW ZDYHOHQJWK UDGLDWLRQ >�@� 

0LFURPLUURUV DUH PRQRFDSLOODULHV ZLWK D VKDSHG LQQHU VXUIDFH� QRUPDOO\ SDUDEROLF DQG JROG FRDWHG� 7KH FXUYDWXUH
FKDQJHV ZLWK SRVLWLRQ DORQJ WKH PLUURU VR WKDW D FRQYHUJHQW �IRFXVHG� ;�UD\ EHDP LV IRUPHG E\ VLQJOH ERXQFH WRWDO
UHIOHFWLRQ �VHH ���������

��� 'HWHFWRUV

����� 7\SHV RI GHWHFWRU

'HWHFWRUV XVHG LQ ;53' PD\ EH YHU\ GLIIHUHQW LQ W\SH� VL]H� VKDSH �FXUYDWXUH� DQG LQ WKH SK\VLFDO SULQFLSOHV E\
ZKLFK WKH\ IXQFWLRQ� 7KH\ LQFOXGH SKRWRJUDSKLF ILOPV� JDV LRQLVDWLRQ FRXQWHUV �*HLJHU�0�OOHU DQG SURSRUWLRQDO��
VROLG�VWDWH GHWHFWRUV �VFLQWLOODWRUV RU VHPLFRQGXFWRUV�� IOXRUHVFHQW VFUHHQV DQG LPDJH SODWHV� 'HWHFWRUV FDQ EH
FDWHJRULVHG E\ FRQVLGHULQJ�

D� SK\VLFDO SULQFLSOH RI UDGLDWLRQ GHWHFWLRQ�

� LQWHJUDWLQJ GHWHFWRUV� SKRWRJUDSKLF ILOPV� LPDJH SODWHV DQG FKDUJH FRXSOHG GHYLFHV �&&'�� 7KHVH GHWHFWRUV
DFFXPXODWH ;�UD\V RYHU D WLPH LQWHUYDO DQG ZLWK LQWULQVLF VSDWLDO UHVROXWLRQ� 7KH\ KDYH D OLPLWHG G\QDPLF UDQJH
�WRWDO QXPEHU RI ;�UD\V SHU DQJXODU LQWHUYDO� DQG ORZ HQHUJ\ UHVROXWLRQ� (OHFWURQLF UHDGRXW RI GDWD IURP WKHVH
GHWHFWRUV LV UHTXLUHG IRU UHSURGXFLEOH PHDVXUHPHQWV�

� SKRWRQ FRXQWLQJ GHWHFWRUV� *HLJHU�0�OOHU FRXQWHUV� SURSRUWLRQDO FRXQWHUV� VFLQWLOODWLRQ FRXQWHUV DQG VHPL�
FRQGXFWRU GHWHFWRUV� 7KH\ KDYH� LQ SULQFLSOH� DQ XQOLPLWHG G\QDPLF UDQJH� ZKHQ FRXQWV DUH VXPPHG LQWR D
FRPSXWHU PHPRU\� +RZHYHU� WKH\ KDYH D OLPLWHG OLQHDU UHVSRQVH UDQJH IRU FRXQW UDWHV�

E� SRVLWLRQ VHQVLWLYLW\ RI WKH GHWHFWRU�
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