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)RUHZRUG

7KLV GRFXPHQW (1 ,62 ���� �  KDV EHHQ SUHSDUHG E\ 7HFKQLFDO &RPPLWWHH ,62 7& ��
:DWHU TXDOLW\  LQ FROODERUDWLRQ ZLWK 7HFKQLFDO &RPPLWWHH &(1 7& �  :DWHU DQDO\VLV  WKH
VHFUHWDULDW RI ZKLFK LV KHOG E\ ',1  

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\ )HEUXDU\ �  DQG FRQIOLFWLQJ QDWLRQDO
VWDQGDUGV VKDOO EH ZLWKGUDZQ DW WKH ODWHVW E\ )HEUXDU\ �  

7KLV GRFXPHQW VXSHUVHGHV (1 ,62 ���� ���  

$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  

(QGRUVHPHQW QRWLFH

7KH WH[W RI ,62 ���� � KDV EHHQ DSSURYHG E\ &(1 DV (1 ,62 ���� � ZLWKRXW DQ\
PRGLILFDWLRQV  

  



5HIHUHQFH QXPEHU
,62 ���� � (

,17(51$7,21$/
67$1'$5'

,62
���

6HFRQG HGLWLRQ
� �

:DWHU TXDOLW\² 'HWHUPLQDWLRQ RI WKH
HOLPLQDWLRQ DQG ELRGHJUDGDELOLW\ RI
RUJDQLF FRPSRXQGV LQ DQ DTXHRXV
PHGLXP² $FWLYDWHG VOXGJH VLPXODWLRQ
WHVW

4XDOLWp GH O HDX ² 'pWHUPLQDWLRQ GH O pOLPLQDWLRQ HW GH OD
ELRGpJUDGDELOLWp GHV FRPSRVpV RUJDQLTXHV HQ PLOLHX DTXHX[ ² (VVDL
GH VLPXODWLRQ GHV ERXHV DFWLYpHV
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&RQWHQWV 3DJH

)RUHZRUG  LY
6FRSH  
1RUPDWLYH UHIHUHQFHV  

� 7HUPV DQG GHILQLWLRQV  
� 3ULQFLSOH  �
� 7HVW HQYLURQPHQW  �
� 5HDJHQWV  �
� $SSDUDWXV  �
� 3URFHGXUH  �
� *HQHUDO  �
� 3UHSDUDWLRQ RI WKH LQRFXOXP  �
� � 3HUIRUPDQFH RI WKH WHVW  �
� &DOFXODWLRQ DQG H[SUHVVLRQ RI UHVXOWV  
� &DOFXODWLRQ RI WKH GHJUHH RI HOLPLQDWLRQ  
� ([SUHVVLRQ RI UHVXOWV  
� � ,QGLFDWLRQ RI ELRGHJUDGDWLRQ  
� � %LRGHJUDGDWLRQ RI WKH RUJDQLF PHGLXP 

9DOLGLW\ RI WKH WHVW  
7HVW UHSRUW  �

$QQH[ $ LQIRUPDWLYH 0RGLILFDWLRQ RI WKH DFWLYDWHG VOXGJH VLPXODWLRQ WHVW IRU QLWULI\LQJ
GHQLWULI\LQJ VHZDJH WUHDWPHQW SODQWV  �

$QQH[ % LQIRUPDWLYH &RXSOLQJ RI WKH WHVW XQLWV RSWLRQDO   �
$QQH[ & LQIRUPDWLYH 7HVW V\VWHPV  �
$QQH[ ' LQIRUPDWLYH (IIHFWV RI VOXGJH UHWHQWLRQ WLPH RQ HIIOXHQW FRQFHQWUDWLRQ  
$QQH[ ( LQIRUPDWLYH ([DPSOH RI DQ HOLPLQDWLRQ GHJUDGDWLRQ FXUYH �
%LEOLRJUDSK\  �



  

LY

)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& ��  :DWHU TXDOLW\  6XEFRPPLWWHH 6& �  %LRORJLFDO
PHWKRGV  

7KLV VHFRQG HGLWLRQ FDQFHOV DQG UHSODFHV WKH ILUVW HGLWLRQ ,62 ���� ��� ZKLFK KDV EHHQ WHFKQLFDOO\
UHYLVHG



:DWHU TXDOLW\² 'HWHUPLQDWLRQ RI WKH HOLPLQDWLRQ DQG
ELRGHJUDGDELOLW\ RI RUJDQLF FRPSRXQGV LQ DQ DTXHRXV
PHGLXP² $FWLYDWHG VOXGJH VLPXODWLRQ WHVW

:$51,1* $1' 6$)(7< 35(&$87,216² $FWLYDWHG VOXGJH DQG VHZDJH FRQWDLQ SRWHQWLDOO\
SDWKRJHQLF RUJDQLVPV  WKHUHIRUH DSSURSULDWH SUHFDXWLRQV VKRXOG EH WDNHQ ZKHQ KDQGOLQJ WKHP  7R[LF
WHVW FRPSRXQGV DQG WKRVH ZKRVH SURSHUWLHV DUH XQNQRZQ VKRXOG EH KDQGOHG ZLWK FDUH  

 6FRSH
7KLV ,QWHUQDWLRQDO 6WDQGDUG VSHFLILHV D PHWKRG IRU WKH GHWHUPLQDWLRQ RI WKH HOLPLQDWLRQ DQG WKH
ELRGHJUDGDELOLW\ RI RUJDQLF FRPSRXQGV E\ DHURELF PLFUR RUJDQLVPV 7KH FRQGLWLRQV GHVFULEHG VLPXODWH D
ZDVWH ZDWHU WUHDWPHQW SODQW  7ZR WHVW V\VWHPV FDQ EH XVHG� DFWLYDWHG VOXGJH SODQWV RU SRURXV SRWV  7KH WHVWV
FDQ RSWLRQDOO\ EH SHUIRUPHG XQGHU FRQGLWLRQV RI QLWULILFDWLRQ DQG GHQLWULILFDWLRQ $QQH[ $ DQG FRXSOLQJ RI WKH
XQLWV $QQH[ %

7KH PHWKRG DSSOLHV WR RUJDQLF FRPSRXQGV ZKLFK  XQGHU WKH FRQGLWLRQV RI WKH WHVW  DUH

D VROXEOH LQ WDS ZDWHU DW WKH WHVW FRQFHQWUDWLRQ DQG QRW H[SHFWHG WR EH WUDQVIRUPHG WR LQVROXEOH PHWDEROLWHV
LI ELRGHJUDGDWLRQ  LQ DGGLWLRQ WR HOLPLQDWLRQ  LV GHWHUPLQHG�

E SRRUO\ ZDWHU VROXEOH EXW ZKLFK DUH VDWLVIDFWRULO\ GLVSHUVLEOH LQ ZDWHU DQG DOORZ GHWHFWLRQ ZLWK VXLWDEOH
DQDO\WLFDO PHDQV H J  RUJDQLF FDUERQ PHDVXUHPHQWV �

F QRQ YRODWLOH  RU ZKLFK KDYH D QHJOLJLEOH YDSRXU SUHVVXUH XQGHU WKH WHVW FRQGLWLRQV�

G QRW LQKLELWRU\ WR WKH WHVW PLFUR RUJDQLVPV DW WKH FRQFHQWUDWLRQ FKRVHQ IRU WKH WHVW  ,QKLELWRU\ HIIHFWV FDQ EH
GHWHUPLQHG E\ XVLQJ D VXLWDEOH WHVW PHWKRG H J  ,62 � � > �@ RU ,62 �� > �@ &RPSRXQGV LQKLELWRU\ DW
FRQFHQWUDWLRQV XVHG LQ WKLV WHVW PD\ EH WHVWHG DW FRQFHQWUDWLRQV OHVV WKDQ WKHLU (& YDOXH  IROORZHG E\
KLJKHU SUDFWLFDO FRQFHQWUDWLRQV DIWHU D SHULRG RI DFFOLPDWL]DWLRQ

7KH PHWKRG FDQ DOVR EH XVHG WR PHDVXUH WKH ELRGHJUDGDWLRQ DQG HOLPLQDWLRQ RI GLVVROYHG RUJDQLF FRPSRXQGV
LQ ZDVWH ZDWHU DOVR FDOOHG ³WHVW FRPSRXQG´ LQ WKH PHWKRG

,I PRUH RU GLIIHUHQW LQIRUPDWLRQ LV UHTXLUHG WR SUHGLFW WKH EHKDYLRXU RI WHVW FRPSRXQGV RU ZDVWH ZDWHU LQ D
WUHDWPHQW SODQW  RWKHU GHJUDGDWLRQ WHVWV PD\ EH SHUIRUPHG  )RU DSSURSULDWH XVH RI WKLV PHWKRG DQG IRU
DOWHUQDWLYH ELRGHJUDGDWLRQ PHWKRGV  VHH ,62 75 ���  DQG IRU JHQHUDO LQIRUPDWLRQ RQ ELRWHVWLQJ  VHH
,62 ���� �  

 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  

,62 ���� �  :DWHU TXDOLW\ ² 6DPSOLQJ² 3DUW �� *XLGDQFH RQ ELRWHVWLQJ RI VDPSOHV

,62 ���  :DWHU TXDOLW\ ² *XLGDQFH IRU WKH SUHSDUDWLRQ DQG WUHDWPHQW RI SRRUO\ ZDWHU VROXEOH RUJDQLF
FRPSRXQGV IRU WKH VXEVHTXHQW HYDOXDWLRQ RI WKHLU ELRGHJUDGDELOLW\ LQ DQ DTXHRXV PHGLXP

,62 75 ���  :DWHU TXDOLW\ ² 6HOHFWLRQ RI WHVWV IRU ELRGHJUDGDELOLW\

  



� 7HUPV DQG GHILQLWLRQV

)RU WKH SXUSRVHV RI WKLV GRFXPHQW  WKH IROORZLQJ WHUPV DQG GHILQLWLRQV DSSO\

�
DFFHOHUDWLQJ UHPRYDO SKDVH
DFWLYDWHG VOXGJH VLPXODWLRQ WHVW WLPH IURP WKH HQG RI WKH ODJ SKDVH XQWLO WKH SODWHDX SKDVH LV UHDFKHG  GXULQJ
ZKLFK WKH ELRGHJUDGDWLRQ RI D FRPSRXQG RU RUJDQLF PDWWHU LQFUHDVHV

127( $FFHOHUDWLQJ UHPRYDO SKDVH LV H[SUHVVHG LQ GD\V  

�
DFWLYDWHG VOXGJH
ELRPDVV DQG LQHUW PDWWHU SURGXFHG LQ WKH DHURELF WUHDWPHQW RI ZDVWHZDWHU E\ WKH JURZWK RI EDFWHULD DQG RWKHU
PLFUR RUJDQLVPV LQ WKH SUHVHQFH RI GLVVROYHG R[\JHQ

� �
FKHPLFDO R[\JHQ GHPDQG
&2'
PDVV FRQFHQWUDWLRQ RI R[\JHQ HTXLYDOHQW WR WKH DPRXQW RI D VSHFLILHG R[LGDQW FRQVXPHG E\ D FKHPLFDO
FRPSRXQG RU RUJDQLF PDWWHU ZKHQ D ZDWHU VDPSOH LV WUHDWHG ZLWK WKDW R[LGDQW XQGHU GHILQHG FRQGLWLRQV

127( &2' LV H[SUHVVHG  LQ WKLV FDVH  DV PLOOLJUDPV RI R[\JHQ FRQVXPHG SHU PLOOLJUDP RU SHU JUDP RI WHVW
FRPSRXQG

� �
FRQFHQWUDWLRQ RI VXVSHQGHG VROLGV RI DQ DFWLYDWHG VOXGJH
DPRXQW RI VROLGV REWDLQHG E\ ILOWUDWLRQ RU FHQWULIXJDWLRQ DW NQRZQ FRQGLWLRQV RI D NQRZQ YROXPH RI DFWLYDWHG
VOXGJH DQG GU\LQJ DW DERXW � �& WR FRQVWDQW ZHLJKW

� �
GHJUHH RI HOLPLQDWLRQ
ELRGHJUDGDWLRQ
DFWLYDWHG VOXGJH VLPXODWLRQ WHVW PHDQ HOLPLQDWHG ELRGHJUDGHG DPRXQW RI D FKHPLFDO FRPSRXQG RU RUJDQLF
PDWWHU  FDOFXODWHG IURP WKH PHDVXUHG FRQFHQWUDWLRQV LQ WKH LQOHW DQG WKH RXWOHW RI WKH V\VWHP

127( 7KH GHJUHH RI HOLPLQDWLRQ ELRGHJUDGDWLRQ  LV GHWHUPLQHG ZKHQ QR IXUWKHU HOLPLQDWLRQ FDQ EH PHDVXUHG DQG LV
H[SUHVVHG DV D SHUFHQWDJH  

� �
GHQLWULILFDWLRQ
UHGXFWLRQ RI QLWUDWH DQG QLWULWH WR WKH HQG SURGXFW QLWURJHQ LQ WKH IRUP RI WKH JDV  E\ WKH DFWLRQ RI EDFWHULD

� �
GLVVROYHG RUJDQLF FDUERQ
'2&
SDUW RI WKH RUJDQLF FDUERQ LQ D VDPSOH RI ZDWHU ZKLFK FDQQRW EH UHPRYHG E\ VSHFLILHG SKDVH VHSDUDWLRQ

127( 3KDVH VHSDUDWLRQ PD\ EH REWDLQHG  IRU H[DPSOH  E\ FHQWULIXJDWLRQ RI WKH ZDWHU VDPSOH DW �   P V IRU
� PLQ RU E\ PHPEUDQH ILOWUDWLRQ XVLQJ PHPEUDQHV ZLWK D SRUH VL]H RI �� �P  

� �
ODJ SKDVH
DFWLYDWHG VOXGJH VLPXODWLRQ WHVW WLPH IURP WKH VWDUW RI D WHVW XQWLO D VLJQLILFDQW HOLPLQDWLRQ ELRGHJUDGDWLRQ  RI
D FRPSRXQG RU RUJDQLF PDWWHU FDQ EH PHDVXUHG WKH EHJLQQLQJ RI WKH DFFHOHUDWHG UHPRYDO SKDVH

127( 7KH ODJ SKDVH LV H[SUHVVHG LQ GD\V  

  



�

� �
QLWULILFDWLRQ
R[LGDWLRQ RI DPPRQLXP VDOWV E\ EDFWHULD ZKHUH XVXDOO\ WKH LQWHUPHGLDWH SURGXFW LV QLWULWH DQG WKH HQG SURGXFW
QLWUDWH

�
SODWHDX SKDVH
DFWLYDWHG VOXGJH VLPXODWLRQ WHVW WLPH IURP WKH HQG RI WKH DFFHOHUDWLQJ UHPRYDO SKDVH XQWLO WKH HQG RI D WHVW LQ
ZKLFK WKH ELRGHJUDGDWLRQ RI D FRPSRXQG RU RUJDQLF PDWWHU LV LQ D VWHDG\ VWDWH

127( 7KH SODWHDX SKDVH LV H[SUHVVHG LQ GD\V  

�
SUH H[SRVXUH
SUH LQFXEDWLRQ RI DQ LQRFXOXP LQ WKH SUHVHQFH RI WKH WHVW FRPSRXQG RU RUJDQLF PDWWHU  ZLWK WKH DLP RI
HQKDQFLQJ WKH DELOLW\ RI WKLV LQRFXOXP WR ELRGHJUDGH WKH WHVW FRPSRXQG E\ DGDSWDWLRQ DQG RU VHOHFWLRQ RI WKH
PLFUR RUJDQLVPV

�
SUH FRQGLWLRQLQJ
SUH LQFXEDWLRQ RI DQ LQRFXOXP XQGHU WKH FRQGLWLRQV RI WKH VXEVHTXHQW WHVW LQ WKH DEVHQFH RI WKH WHVW
FRPSRXQG DQG RWKHU RUJDQLF PDWWHU  ZLWK WKH DLP RI LPSURYLQJ WKH SHUIRUPDQFH RI WKH WHVW E\ DFFOLPDWL]DWLRQ
RI WKH PLFUR RUJDQLVPV WR WKH WHVW FRQGLWLRQV

� �
SULPDU\ ELRGHJUDGDWLRQ
VWUXFWXUDO FKDQJH WUDQVIRUPDWLRQ  RI D FKHPLFDO FRPSRXQG E\ PLFUR RUJDQLVPV UHVXOWLQJ LQ WKH ORVV RI D
VSHFLILF SURSHUW\

� �
WRWDO RUJDQLF FDUERQ
72&
DOO WKH FDUERQ SUHVHQW LQ RUJDQLF PDWWHU ZKLFK LV GLVVROYHG DQG VXVSHQGHG LQ WKH ZDWHU

� �
XOWLPDWH DHURELF ELRGHJUDGDWLRQ
EUHDNGRZQ RI D FKHPLFDO FRPSRXQG RU RUJDQLF PDWWHU E\ PLFUR RUJDQLVPV LQ WKH SUHVHQFH RI R[\JHQ WR
FDUERQ GLR[LGH ZDWHU DQG PLQHUDO VDOWV RI DQ\ RWKHU HOHPHQWV SUHVHQW PLQHUDOL]DWLRQ  DQG WKH SURGXFWLRQ RI
QHZ ELRPDVV

� 3ULQFLSOH

7KLV PHWKRG LV GHVLJQHG WR GHWHUPLQH WKH HOLPLQDWLRQ DQG  LI SRVVLEOH  WKH SULPDU\ RU XOWLPDWH ELRGHJUDGDWLRQ
RI ZDWHU VROXEOH RUJDQLF FRPSRXQGV IURP ZDWHU E\ DHURELF PLFUR RUJDQLVPV LQ D FRQWLQXRXVO\ RSHUDWLQJ WHVW
V\VWHP VLPXODWLQJ WKH DFWLYDWHG VOXGJH SURFHVV  $Q HDVLO\ ELRGHJUDGDEOH RUJDQLF PHGLXP DQG WKH RUJDQLF WHVW
FRPSRXQG DUH WKH VRXUFHV RI FDUERQ DQG HQHUJ\ IRU WKH PLFUR RUJDQLVPV  

7ZR WHVW XQLWV DFWLYDWHG VOXGJH SODQWV RU SRURXV SRWV  DUH UXQ LQ SDUDOOHO XQGHU LGHQWLFDO FRQGLWLRQV  QRUPDOO\
ZLWK D PHDQ K\GUDXOLF UHWHQWLRQ WLPH  +57  RI � K � � DQG D PHDQ VOXGJH UHWHQWLRQ WLPH  657 VOXGJH DJH
RI � G WR  G � � �

127( +75 LV WKH PHDQ SHULRG RI UHWHQWLRQ RI ZDVWH ZDWHU LQ WKH DHUDWLRQ YHVVHO  ,W LV FDOFXODWHG E\ GLYLGLQJ WKH
YROXPH RI VOXGJH  H[SUHVVHG LQ OLWUHV  E\ WKH UDWH RI IORZ RI ZDVWH ZDWHU  H[SUHVVHG LQ OLWUHV SHU GD\  

127( 657 LV WKH PHDQ SHULRG RI UHWHQWLRQ RI DFWLYDWHG VOXGJH LQ WKH DHUDWLRQ YHVVHO  ,W LV FDOFXODWHG E\ GLYLGLQJ WKH
YROXPH RU ZHLJKW RI VOXGJH LQ WKH DHUDWLRQ YHVVHO E\ WKH YROXPH RU ZHLJKW RI VOXGJH GLVFDUGHG SHU GD\  ,I D SHULRG RI
� GD\V LV FKRVHQ  UHPRYH � RI WKH YROXPH RI WKH DFWLYDWHG VOXGJH RI WKH DHUDWLRQ YHVVHO HDFK ZRUNLQJ GD\ DQG GLVFDUG LW  

  



�

7KH WHVW FRPSRXQG LV DGGHG WRJHWKHU ZLWK WKH RUJDQLF PHGLXP  XVXDOO\ DW D FRQFHQWUDWLRQ HTXLYDOHQW WR D
'2& EHWZHHQ PJ O DQG  PJ O  WR WKH LQIOXHQW RI RQO\ RQH RI WKH WHVW XQLWV 7KH VHFRQG XQLW LV XVHG DV
FRQWURO XQLW WR GHWHUPLQH WKH GHJUHH RI ELRGHJUDGDWLRQ RI WKH RUJDQLF PHGLXP ZKHQ WKH DQDO\VLV LV EDVHG RQ
'2& RU &2'  

6DPSOHV RI WKH HIIOXHQWV WDNHQ DW UHJXODU LQWHUYDOV DUH DQDO\]HG IRU '2& RU &2'  7KH GLIIHUHQFH EHWZHHQ
YDOXHV LQ WKH HIIOXHQW RI WKH WHVW DQG WKH FRQWURO XQLW FRPSDUHG ZLWK WKH LQIOXHQW FRQFHQWUDWLRQ RI WKH WHVW
FRPSRXQG LV XVHG WR GHWHUPLQH WKH GHJUHH RI HOLPLQDWLRQ RI WKH WHVW FRPSRXQG 'HSHQGLQJ RQ WKH HOLPLQDWLRQ
FKDUDFWHULVWLFV DQG RWKHU DYDLODEOH LQIRUPDWLRQ  H J  IURP RWKHU WHVWV  XOWLPDWH ELRGHJUDGDELOLW\ FDQ EH VWDWHG  

,I UHTXLUHG  WKH SULPDU\ ELRGHJUDGDWLRQ RI WKH WHVW FRPSRXQG FDQ EH GHWHUPLQHG E\ VXEVWDQFH VSHFLILF
DQDO\VLV  2SWLRQDOO\  WKH XQLWV PD\ EH RSHUDWHG XQGHU GHQLWULI\LQJ FRQGLWLRQV VHH $QQH[ $  RU EH FRXSOHG VHH
$QQH[ %

� 7HVW HQYLURQPHQW

7KH WHVW VKDOO WDNH SODFH LQ GLIIXVHG OLJKW RU LQ WKH GDUN  LQ DQ HQFORVXUH ZKLFK LV IUHH IURP YDSRXUV WR[LF WR
PLFUR RUJDQLVPV DQG DW D FRQWUROOHG WHPSHUDWXUH LQ WKH UDQJH RI  �& WR � �&  )RU VSHFLDO SXUSRVHV  LW LV
SHUPLVVLEOH WR XVH D WHVW WHPSHUDWXUH LQ DQRWKHU UDQJH

� 5HDJHQWV

8VH RQO\ UHDJHQWV RI UHFRJQL]HG DQDO\WLFDO JUDGH  XQOHVV RWKHUZLVH VSHFLILHG  

�  7DS ZDWHU  FRQWDLQLQJ OHVV WKDQ � PJ O '2&  

� 'HLRQL]HG ZDWHU  FRQWDLQLQJ OHVV WKDQ PJ O '2&  

� � 2UJDQLF PHGLD

� � *HQHUDO

6\QWKHWLF VHZDJH  GRPHVWLF VHZDJH RU D PL[WXUH RI ERWK DUH SHUPLVVLEOH DV DQ RUJDQLF PHGLXP  0HDVXUH WKH
'2& H J  ,62 � ��> �@  RU &2' H J  ,62 � � > �@  FRQFHQWUDWLRQ LQ HDFK QHZ EDWFK RI RUJDQLF PHGLXP DQG
GHWHUPLQH WKH DONDOLQLW\  LI UHTXLUHG DQG QRW DOUHDG\ NQRZQ  

([SHULHQFH KDV VKRZQ WKDW WKH VR FDOOHG 2(&' PHGLXP> �@ � � PLJKW QRW EH VXLWDEOH LQ VRPH FDVHV
7KHUHIRUH  WZR PRUH V\QWKHWLF PHGLD ZKLFK KDYH VXFFHVVIXOO\ EHHQ WHVWHG LQ ODERUDWRULHV DUH GHVFULEHG LQ WKLV
,QWHUQDWLRQDO 6WDQGDUG  'RPHVWLF VHZDJH � � �  PD\ DOVR EH XVHG  ,WV XVH LV UHFRPPHQGHG  DV D FRQWLQXRXV
LQRFXODWLRQ WDNHV SODFH DQG D YDVWO\ JUHDWHU QXPEHU RI QXWULHQWV LV DYDLODEOH WR LPSURYH WKH ELRGHJUDGDWLRQ
SRWHQWLDO RI WKH WHVW  

� � 6\QWKHWLF VHZDJH  2(&' PHGLXP ZKLFK JLYHV D PHDQ '2& FRQFHQWUDWLRQ RI DERXW PJ O
DQG D &2' RI DERXW � PJ O LQ WKH LQIOXHQW  

,W LV FRPSRVHG RI WKH IROORZLQJ�

SHSWRQH �  PJ

PHDW H[WUDFW  PJ

XUHD �  PJ

DQK\GURXV SRWDVVLXP PRQRK\GURJHQSKRVSKDWH . +32�  � PJ

VRGLXP FKORULGH 1D&O � PJ

  



�

FDOFLXP FKORULGH GLK\GUDWH &D&O  + 2  � PJ

PDJQHVLXP VXOIDWH KHSWDK\GUDWH 0J62� �+ 2  PJ

WDS ZDWHU �   O

� � � 6\QWKHWLF VHZDJH  ZKLFK JLYHV D PHDQ '2& FRQFHQWUDWLRQ RI DERXW �  PJ O DQG D &2' RI DERXW
�  PJ O LQ WKH LQIOXHQW  

,W LV FRPSRVHG RI WKH IROORZLQJ�

SHSWRQH �  PJ

PHDW H[WUDFW �� PJ

JOXFRVH PRQRK\GUDWH � PJ

DPPRQLXP FKORULGH 1+�&O  � PJ

DQK\GURXV SRWDVVLXP GLK\GURJHQSKRVSKDWH .+ 32�  � PJ

GLVRGLXP K\GURJHQSKRVSKDWH GLK\GUDWH 1D +32�  + 2  �  PJ

VRGLXP K\GURJHQ FDUERQDWH 1D+&2�  �� PJ

VRGLXP FKORULGH 1D&O �  PJ

LURQ ,,,  FKORULGH KH[DK\GUDWH )H&O� �+ 2  � PJ

WDS ZDWHU �   O

,W LV VWURQJO\ UHFRPPHQGHG WR DGG WKH LURQ FKORULGH VROXWLRQ VHSDUDWHO\ DQG GLUHFWO\ WR WKH DHUDWLRQ YHVVHO WR
SUHYHQW SUHFLSLWDWLRQ  HVSHFLDOO\ LI D FRQFHQWUDWHG VROXWLRQ LV VWHULOL]HG � � )RU H[DPSOH  LI D VWRFN VROXWLRQ
RI �� J O LURQ ,,,  FKORULGH KH[DK\GUDWH LV SUHSDUHG  � PO VKRXOG EH DGGHG GDLO\ WR WKH DHUDWLRQ YHVVHO  

� � � 6\QWKHWLF VHZDJH �  ZKLFK JLYHV D PHDQ '2& FRQFHQWUDWLRQ RI DERXW �  PJ O DQG D &2' RI DERXW
��  PJ O LQ WKH LQIOXHQW  

7KH FRPSRVLWLRQ LV VSHFLDOO\ EDODQFHG IRU QXWULHQW UHPRYDO V\VWHPV DV GHVFULEHG LQ $QQH[ $  EXW LW LV HTXDOO\
XVDEOH LQ WKH VWDQGDUG WHVW V\VWHP  ,W LV FRPSRVHG RI WKH IROORZLQJ IRU PRUH LQIRUPDWLRQ  VHH 5HIHUHQFHV >�@
DQG >�@ �

SHSWRQH � PJ

PHDW H[WUDFW � PJ

SRWDWR VWDUFK �  PJ

PLON SRZGHU  PJ

JO\FHURO �  PJ

VRGLXP DFHWDWH  PJ

XUHD �� PJ

XULF DFLG � PJ

  



�

DPPRQLXP FKORULGH 1+�&O   PJ

PDJQHVLXP K\GURJHQ SKRVSKDWH WULK\GUDWH 0J+32� �+ 2  � PJ

WULSRWDVVLXPSKRVSKDWH WULK\GUDWH .�32� �+ 2  PJ

GLDWRPDFHRXV HDUWK  PJ

O\RSKLOLVHG  SRZGHUHG DFWLYDWHG VOXGJH �  PJ�

QDWXUDO GLHW  ILEUHV �  PJ

OLQHDU DON\OEHQ]HQH VXOIRQDWH /$6  PJ

DOFRKRO HWKR[\ODWH & WR & � (2� RU DQ\ RWKHU HDVLO\ ELRGHJUDGDEOH VXUIDFWDQW  PJ

HWK\OHQH GLDPLQH WHWUDDFHWLF DFLG WHWUD VRGLXP VDOW 1D� ('7$  � PJ

WUDFH HOHPHQWV�

&D&O � PJ

1D+&2� � PJ

)H62� �+ 2  PJ

&X&O  + 2 �� PJ

&R&O �+ 2 � PJ

=Q&O  � PJ

0Q62� + 2  PJ

. 0R2�  PJ

&U 12� � �+ 2 �� PJ

1L62� �+ 2 � PJ

7DS ZDWHU  O

127( 7KLV PHGLXP FRQWDLQV VXUIDFWDQWV DQG WKHUHIRUH PLJKW QRW EH VXLWDEOH IRU WKH GHWHUPLQDWLRQ RI WKH
ELRGHJUDGDELOLW\ RI VXUIDFH DFWLYH DJHQWV  

� � � 'RPHVWLF VHZDJH  IUHVK  VHWWOHG ODUJHO\ IUHH IURP FRDUVH SDUWLFOHV DQG  LI QHFHVVDU\  QHXWUDOL]HG WR
S+ �  �

3UHIHUDEO\ XVH VHZDJH �  IURP WKH VDPH SODQW DV WKH VOXGJH LQRFXOXP  6HZDJH FDQ EH VWRUHG IRU VHYHUDO
GD\V DW DERXW � �& LI LW KDV EHHQ SURYHQ WKDW WKH '2& RU &2' GRHV QRW VLJQLILFDQWO\ GHFUHDVH GXULQJ VWRUDJH
IRU H[DPSOH  E\ OHVV WKDQ DERXW FRPSDUHG WR WKH LQLWLDO FRQFHQWUDWLRQ ,Q RUGHU WR OLPLW GLVWXUEDQFHV WR
WKH DFWLYDWHG VOXGJH V\VWHP  DGMXVW HDFK QHZ EDWFK WR DQ DSSURSULDWH FRQVWDQW YDOXH RI  IRU H[DPSOH   PJ O
'2& RU � PJ O &2' E\ GLOXWLRQ ZLWK WDS ZDWHU  

� � � 0RGLILHG RUJDQLF PHGLXP  D GLOXWLRQ RI DQ RUJDQLF PHGLXP � �  WR � � � ZLWK WDS ZDWHU

(;$03/( ,I V\QWKHWLF VHZDJH  � �  LV GLOXWHG �  D '2& FRQFHQWUDWLRQ LQ WKH LQIOXHQW RI DERXW � PJ O LV
REWDLQHG  

  



�

'RPHVWLF VHZDJH RI ORZ DFLGLW\ RU DONDOLQLW\ RU V\QWKHWLF VHZDJH SUHSDUHG IURP WDS ZDWHU RI ORZ DFLGLW\ RU
DONDOLQLW\ FDQ UHTXLUH WKH DGGLWLRQ RI D VXLWDEOH EXIIHU WR LPSURYH WKH ELRORJLFDO SURFHVVHV  HVSHFLDOO\
QLWULILFDWLRQ  $ S+ RI DERXW � � � LQ WKH DHUDWLRQ YHVVHO GXULQJ WKH WHVW PD\ EH DFKLHYHG  IRU H[DPSOH  E\
DGGLQJ D EXIIHU VROXWLRQ RI � PJ O SRWDVVLXP GLK\GURJHQ SKRVSKDWH .+ 32�  WR WKH V\QWKHWLF VHZDJH 
� � :KHQ DQG KRZ PXFK EXIIHU LV DGGHG VKDOO XVXDOO\ EH GHFLGHG RQ DQ LQGLYLGXDO EDVLV  GHSHQGLQJ RQ WKH
DFLGLW\ RU DONDOLQLW\ RI WKH RUJDQLF PHGLXP DQG WKH S+ YDOXHV PHDVXUHG LQ WKH DHUDWLRQ YHVVHO  

� � 7HVW FRPSRXQG VWRFN VROXWLRQ  D VROXWLRQ RI D VXLWDEOH FRQFHQWUDWLRQ  H J  � J O  RI WKH WHVW FRPSRXQG
LQ WDS ZDWHU �  RU GHLRQL]HG ZDWHU �

&KHFN WKDW GLOXWLQJ WKLV VROXWLRQ ZLWK WDS ZDWHU WR JLYH WKH UHTXLUHG WHVW FRQFHQWUDWLRQ GRHV QRW SURGXFH D
SUHFLSLWDWH  

'HWHUPLQH WKH '2& DQG 72& RI WKH VWRFN VROXWLRQ  ,I WKH GLIIHUHQFH EHWZHHQ WKH '2& DQG 72& LV   
'2& FDQ EH XVHG DV DQDO\WLFDO SDUDPHWHU  ,I WKH GLIIHUHQFH EHWZHHQ WKH '2& DQG 72& LV   FKHFN WKDW
WKH WHVW FRPSRXQG LV FRPSOHWHO\ ZDWHU VROXEOH DW WKH GHVLUHG WHVW FRQFHQWUDWLRQ � �  ,W LV UHFRPPHQGHG WR
UHSHDW DW OHDVW WKH '2& PHDVXUHPHQW IRU HDFK QHZ EDWFK RI WKH VWRFN VROXWLRQ WR HQVXUH LWV FRUUHFW
SUHSDUDWLRQ  &RPSDUH WKH '2& RI WKH VWRFN VROXWLRQ ZLWK WKH WKHRUHWLFDO YDOXH WR DVFHUWDLQ ZKHWKHU WKH
DQDO\WLFDO UHFRYHU\ LV JRRG HQRXJK QRUPDOO\ � FDQ EH H[SHFWHG (QVXUH  HVSHFLDOO\ IRU GLVSHUVLRQV  
ZKHWKHU RU QRW WKH '2& FDQ EH XVHG DV DQ DQDO\WLFDO SDUDPHWHU  )RU GLVSHUVLRQV  FHQWULIXJDWLRQ RI WKH
VDPSOHV LV UHTXLUHG  ,I SULPDU\ ELRGHJUDGDWLRQ VKDOO EH GHWHUPLQHG  FKHFN WKH WHVW FRPSRXQG FRQFHQWUDWLRQ RI
WKH VWRFN VROXWLRQ PHDVXUHG E\ VSHFLILF DQDO\VLV ZLWK WKH WKHRUHWLFDO YDOXH  

'HWHUPLQH WKH S+ RI WKH VWRFN VROXWLRQ> �@  ([WUHPH S+ YDOXHV LQGLFDWH WKDW WKH WHVW FRPSRXQG PD\ KDYH DQ
LQIOXHQFH RQ WKH S+ RI WKH DFWLYDWHG VOXGJH LQ WKH WHVW V\VWHP  ,Q WKLV FDVH  QHXWUDOL]H WKH VWRFN VROXWLRQ WR JHW
D S+ YDOXH RI  SUHIHUDEO\  � � ZLWK VPDOO DPRXQWV RI LQRUJDQLF DFLG RU EDVH  EXW DYRLG SUHFLSLWDWLRQ RI WKH
WHVW FRPSRXQG  ,Q WKH HYHQW RI SUHFLSLWDWH IRUPDWLRQ  XVH DQRWKHU S+ UDQJH ZKLFK \LHOGV QR SUHFLSLWDWH  

� $SSDUDWXV

� 7HVW V\VWHP  FRQVLVWLQJ  IRU RQH WHVW FRPSRXQG  RI D WHVW XQLW DQG D FRQWURO XQLW  

7KH WHVW XQLW VKDOO EH HLWKHU DQ DFWLYDWHG VOXGJH SODQW D VR FDOOHG +XVPDQQ DSSDUDWXV  RU D SRURXV SRW VHH
$QQH[ & ,Q ERWK FDVHV  VWRUDJH YHVVHOV VXIILFLHQWO\ ODUJH IRU WKH LQIOXHQW DQG WKH HIIOXHQW DUH QHHGHG  DV ZHOO
DV SXPSV WR GRVH WKH LQIOXHQW  2QH FRQWURO XQLW FDQ EH XVHG IRU VHYHUDO WHVW XQLWV  ,Q WKH FDVH RI FRXSOLQJ VHH
$QQH[ % XVH RQH FRQWURO XQLW IRU HDFK WHVW XQLW  

(DFK DFWLYDWHG VOXGJH SODQW FRQVLVWV RI DQ DHUDWLRQ YHVVHO ZLWK D FDSDFLW\ RI DERXW � O IRU DFWLYDWHG VOXGJH DQG
D VHSDUDWRU VHFRQGDU\ FODULILHU  ZKLFK KROGV DERXW � O  9HVVHOV RI GLIIHUHQW VL]H DUH SHUPLVVLEOH LI WKH\ DUH
RSHUDWHG ZLWK FRPSDUDEOH K\GUDXOLF ORDGV  ,I LW LV QRW SRVVLEOH WR NHHS WKH WHVW WHPSHUDWXUH LQ WKH WHVW URRP LQ
WKH GHVLUHG UDQJH  XVH  IRU H[DPSOH  ZDWHU MDFNHWHG YHVVHOV ZLWK ZDWHU DW D FRQWUROOHG WHPSHUDWXUH  8VH D
GRVLQJ SXPS RU D VXLWDEOH DLU OLIW SXPS WR UHF\FOH WKH DFWLYDWHG VOXGJH IURP WKH VHSDUDWRU WR WKH DHUDWLRQ
YHVVHO  HLWKHU FRQWLQXRXVO\ RU LQWHUPLWWHQWO\  7KH XVH RI D GRVLQJ SXPS DOORZV WKH UHF\FOLQJ RI VHWWOHG VOXGJH WR
WKH VHZDJH LQIOXHQW DQG WKHQ EDFN WR WKH DHUDWLRQ YHVVHO  VR WKDW WKH VHWWOHG VOXGJH GRHV QRW EHFRPH
DQDHURELF  7KH GHVLJQ RI WKH DLU OLIW SXPS DORQH GRHV QRW DOORZ WKLV  

7KH SRURXV SRW V\VWHP FRQVLVWV RI DQ LQQHU  SRURXV F\OLQGHU ZLWK D FRQLFDO ERWWRP VXVSHQGHG LQ D VOLJKWO\
ODUJHU YHVVHO RI WKH VDPH VKDSH  EXW PDGH RI LPSHUYLRXV PDWHULDO  6HSDUDWLRQ RI WKH VOXGJH IURP WKH WUHDWHG
RUJDQLF PHGLXP LV PDGH E\ GLIIHUHQWLDO SDVVDJH WKURXJK WKH SRURXV ZDOO  7KH HIIOXHQW FROOHFWV LQ WKH DQQXODU
VSDFH IURP ZKHUH LW RYHUIORZV LQWR WKH FROOHFWLQJ YHVVHO  1R VHWWOHPHQW RFFXUV DQG KHQFH WKHUH LV QHLWKHU
VOXGJH UHWXUQ QRU IRUPDWLRQ RI DQR[LF ]RQHV  7KH ZKROH V\VWHP PD\ EH PRXQWHG LQ D WKHUPRVWDWLFDOO\
FRQWUROOHG URRP RU ZDWHU EDWK  3RURXV SRWV FDQ VRPHWLPHV EORFN DQG RYHUIORZ LQ WKH LQLWLDO VWDJHV RI WKH WHVW  
,Q VXFK D FDVH  UHSODFH WKH EORFNHG SRW ZLWK D FOHDQ SRW WR ZKLFK WKH VOXGJH IURP WKH EORFNHG SRW KDV EHHQ
DGGHG  &OHDQ EORFNHG SRWV E\ VRDNLQJ WKHP LQ GLOXWH VRGLXP K\SRFKORULWH VROXWLRQ  WKHQ LQ ZDWHU  IROORZHG E\
WKRURXJK ULQVLQJ ZLWK ZDWHU

127( $V PDWHULDO IRU WKH F\OLQGHU  SRURXV SRO\HWK\OHQH ZLWK D PD[LPXP SRUH VL]H RI � �P DQG D WKLFNQHVV RI PP
FDQ EH XVHG  

  



�

)RU DHUDWLRQ RI WKH VOXGJH LQ WKH DHUDWLRQ YHVVHOV RI ERWK V\VWHPV  VXLWDEOH WHFKQLTXHV  H J  VLQWHUHG FXEHV
GLIIXVHU VWRQHV  DQG FRPSUHVVHG DLU  DUH UHTXLUHG  7KH DLU VKDOO EH FOHDQHG  LI QHFHVVDU\  E\ SDVVLQJ WKURXJK
D VXLWDEOH ILOWHU DQG ZDVKHG  6XIILFLHQW DLU VKDOO SDVV WKURXJK WKH V\VWHP WR PDLQWDLQ DHURELF FRQGLWLRQV DQG
WKH VOXGJH IORFV LQ VXVSHQVLRQ DW DOO WLPHV GXULQJ WKH WHVW  

1HLWKHU WHVW V\VWHP IXOO\ PLPLFV IXOO VFDOH DFWLYDWHG VOXGJH SODQWV  EXW ERWK V\VWHPV KDYH VKRZQ WKHLU
VXLWDELOLW\ IRU ODERUDWRU\ H[SHULPHQWV IRU PDQ\ \HDUV

� $QDO\WLFDO HTXLSPHQW  XVH ODERUDWRU\ FDUERQ DQDO\]HU WR GHWHUPLQH '2& DQG 72& VHH H J
,62 � �� > �@ RU HTXLSPHQW IRU &2' GHWHUPLQDWLRQ VHH H J  ,62 � � > �@ DQG  LI QHFHVVDU\  VXLWDEOH
HTXLSPHQW IRU VXEVWDQFH VSHFLILF DQDO\VHV RU VXUIDFWDQWV > @ > �@ > �@  (TXLSPHQW WR GHWHUPLQH VXVSHQGHG
VROLGV > �@  S+ > �@  R[\JHQ FRQFHQWUDWLRQ LQ ZDWHU > �@  WHPSHUDWXUH  LI UHTXLUHG DFLGLW\ DQG DONDOLQLW\ DQG  LI
QLWULILFDWLRQ DQG GHQLWULILFDWLRQ DUH EHLQJ LQYHVWLJDWHG  DPPRQLXP > �@  QLWULWH DQG QLWUDWH > @

� � )LOWUDWLRQ DSSDUDWXV RU FHQWULIXJH

� � 'HYLFH IRU ILOWUDWLRQ  ZLWK PHPEUDQH ILOWHUV RI VXLWDEOH SRURVLW\ QRPLQDO SRUH VL]H RI �� �P  ZKLFK
DGVRUE RUJDQLF FRPSRXQGV DQG UHOHDVH RUJDQLF FDUERQ WR DQ LQVLJQLILFDQW GHJUHH

,I ILOWHUV DUH XVHG ZKLFK UHOHDVH RUJDQLF FDUERQ ZDVK WKHP FDUHIXOO\ ZLWK KRW ZDWHU WR UHPRYH OHDFKDEOH
RUJDQLF FDUERQ  %H DZDUH WKDW ILOWHUV WUHDWHG LQ WKLV ZD\ PLJKW EH YHU\ IUDJLOH  WKHUHIRUH FHQWULIXJDWLRQ LV
JHQHUDOO\ UHFRPPHQGHG  

� � &HQWULIXJH  VXLWDEOH IRU RSHUDWLQJ DW �  P V

� 3URFHGXUH

� *HQHUDO

7KH SURFHGXUH LV GHVFULEHG IRU WKH DFWLYDWHG VOXGJH SODQWV +XVPDQQ DSSDUDWXV ,W VKDOO EH DGDSWHG IRU WKH
SRURXV SRW V\VWHP  

� 3UHSDUDWLRQ RI WKH LQRFXOXP

,QRFXODWH WKH WHVW V\VWHP DW WKH EHJLQQLQJ RI WKH WHVW ZLWK HLWKHU DFWLYDWHG VOXGJH RU DQ LQRFXOXP FRQWDLQLQJ D
ORZ FRQFHQWUDWLRQ RI PLFUR RUJDQLVPV  .HHS WKH LQRFXOXP DHUDWHG DW URRP WHPSHUDWXUH XQWLO LW LV XVHG DQG XVH
LW ZLWKLQ � K  

,Q WKH ILUVW FDVH  WDNH D VDPSOH RI DFWLYDWHG VOXGJH IURP WKH DHUDWLRQ YHVVHO RI DQ HIILFLHQWO\ RSHUDWHG ELRORJLFDO
ZDVWH ZDWHU WUHDWPHQW SODQW H J  IURP WKH H[LW HQG RI D SOXJ IORZ W\SH  RU IURP D ODERUDWRU\ WUHDWPHQW SODQW
ZKLFK UHFHLYHV SUHGRPLQDQWO\ GRPHVWLF VHZDJH  

'HWHUPLQH WKH FRQFHQWUDWLRQ RI VXVSHQGHG VROLGV  ,I QHFHVVDU\  FRQFHQWUDWH WKH VOXGJH E\ VHWWOLQJ VR WKDW WKH
YROXPH DGGHG WR WKH WHVW V\VWHP LV PLQLPDO (QVXUH WKDW WKH VWDUWLQJ FRQFHQWUDWLRQ LQ WKH DHUDWLRQ YHVVHO LV
DERXW � J O GU\ PDWWHU

,Q WKH VHFRQG FDVH  XVH PO O WR  PO O RI HIIOXHQW IURP D GRPHVWLF ELRORJLFDO ZDVWH ZDWHU WUHDWPHQW SODQW DV
DQ LQRFXOXP  7KH DFWLYDWHG VOXGJH GHYHORSV DQG JURZV LQ WKH WHVW V\VWHP  7R JHW DV PDQ\ GLIIHUHQW VSHFLHV RI
EDFWHULD DV SRVVLEOH  LW PLJKW EH KHOSIXO WR FRPELQH LQRFXOD IURP YDULRXV VRXUFHV :KHQ D VPDOOHU LQRFXOXP LV
XVHG  LW XVXDOO\ WDNH ORQJHU WR DFKLHYH VXIILFLHQW VOXGJH FRQFHQWUDWLRQV  

� � 3HUIRUPDQFH RI WKH WHVW

� � 'RVDJH RI RUJDQLF PHGLXP

$VVHPEOH WKH WHVW V\VWHPV � LQ D FRQWUROOHG WHPSHUDWXUH URRP &ODXVH �  RU XVH ZDWHU MDFNHWWHG WHVW XQLWV  

  



�

3UHSDUH D VXIILFLHQW DPRXQW RI WKH GHVLUHG RUJDQLF PHGLXP � � ,QLWLDOO\ ILOO WKH DHUDWLRQ YHVVHO DQG WKH
VHSDUDWRU ZLWK RUJDQLF PHGLXP DQG DGG WKH LQRFXOXP �  6WDUW DHUDWLRQ VXFK WKDW WKH VOXGJH LV NHSW LQ
VXVSHQVLRQ DQG DHURELF� EHJLQ GRVLQJ WKH LQIOXHQW DQG UHF\FOLQJ WKH VHWWOHG VOXGJH  

'RVH WKH RUJDQLF PHGLXP RXW RI VWRUDJH YHVVHOV LQWR WKH DHUDWLRQ YHVVHOV RI WKH WHVW DQG EODQN XQLWV  7R JHW
WKH QRUPDO K\GUDXOLF UHWHQWLRQ WLPH VHH QRWH  &ODXVH �  RI � K LQ WKH DHUDWLRQ YHVVHO  SXPS WKH RUJDQLF
PHGLXP DW � O K LQWR WKH DHUDWLRQ YHVVHO  SUHIHUDEO\ DW DSSURSULDWH LQWHUYDOV VHH QRWH LQ � � �  WR LPSURYH WKH
VHWWOHDELOLW\ RI WKH VOXGJH  0HDVXUH WKH DPRXQW RI RUJDQLF PHGLXP GRVHG LQWR WKH XQLWV FDUHIXOO\

,I WKH RUJDQLF PHGLXP LV NHSW IRU ORQJHU WKDQ RQH GD\ FRROLQJ DW DERXW � �& LV QHFHVVDU\ WR SUHYHQW PLFURELDO
JURZWK DQG ELRGHJUDGDWLRQ RXWVLGH RI WKH WHVW XQLWV

,I V\QWKHWLF VHZDJH LV XVHG  LW LV SRVVLEOH WR DGG WKH FRQFHQWUDWHG VWRFN VROXWLRQ RI V\QWKHWLF VHZDJH H J  
IROG VWUHQJWK DQG WKH FRUUHVSRQGLQJ DPRXQW RI WDS ZDWHU VHSDUDWHO\ WR JHW WKH GHVLUHG '2& FRQFHQWUDWLRQ RU
&2' YDOXH LQ WKH LQIOXHQW  6WRUH WKH VWRFN VROXWLRQ DW DERXW � �& LQ D UHIULJHUDWRU DQG XVH GLUHFWO\ RU XVH D
VWHULOL]HG VROXWLRQ  

,I GRPHVWLF VHZDJH LV XVHG  LQVWDOO D SLSH  H J  D ULQJ SLSHOLQH  DQG FRQWLQXRXVO\ SXPS VHWWOHG RU GHFDQWHG
VHZDJH LQ D FORVHG ORRS  'LVFKDUJH ZDVWH ZDWHU IURP WKLV SLSHOLQH LQWR D VWRUDJH YHVVHO DW VXFK DQ RYHUIORZ
UDWH WKDW IUHVK ZDVWH ZDWHU LV DOZD\V DYDLODEOH DQG WKDW WKH FRQFHQWUDWLRQ RI GLVVROYHG R[\JHQ GRHV QRW IDOO
EHORZ DERXW � PJ O  

� � 'RVDJH RI WHVW FRPSRXQG

$GG DSSURSULDWH DPRXQWV RI WKH VWRFN VROXWLRQ RI WKH WHVW FRPSRXQG � �  WR WKH VWRUDJH YHVVHO RI WKH LQIOXHQW
RU GRVH LW GLUHFWO\ LQWR WKH DHUDWLRQ YHVVHO FRQWLQXRXVO\ RU GLVFRQWLQXRXVO\ ZLWK D VHSDUDWH SXPS  7KH QRUPDO
PHDQ WHVW FRQFHQWUDWLRQ LQ WKH LQIOXHQW VKRXOG EH VXFK WKDW WKH '2& OLHV EHWZHHQ  PJ O DQG PJ O  ZLWK DQ
XSSHU FRQFHQWUDWLRQ RI QR PRUH WKDQ �  PJ O  ,I WKH ZDWHU VROXELOLW\ RI WKH WHVW FRPSRXQG LV ORZ RU LI WR[LF
HIIHFWV DUH OLNHO\ WR RFFXU  UHGXFH WKH WHVW FRQFHQWUDWLRQ  EXW WR QRW OHVV WKDQ � PJ O '2& IRU DQDO\WLFDO UHDVRQV
/RZHU WHVW FRQFHQWUDWLRQV PD\ EH XVHG LI WKH SULPDU\ ELRGHJUDGDWLRQ LV GHWHUPLQHG XVLQJ VSHFLILF DQDO\VLV
&KHFN WKDW WKHUH LV QR SUHFLSLWDWLRQ ZKHQ WKH VWRFN VROXWLRQ LV DGGHG WR WKH WDS ZDWHU $ GLVSHUVHG  SRRUO\
ZDWHU VROXEOH WHVW FRPSRXQG PD\ EH DGGHG XVLQJ VSHFLDO GRVLQJ WHFKQLTXHV  )RU PRUH LQIRUPDWLRQ  VHH
,62 ���  

$GG WKH WHVW FRPSRXQG IURP WKH EHJLQQLQJ RI WKH WHVW RU DGG LW RQO\ DIWHU D VWDELOL]DWLRQ SHULRG LQ ZKLFK WKH
'2& KDV EHHQ ODUJHO\ DERXW �  UHPRYHG IURP WKH RUJDQLF PHGLXP  ,W LV LPSRUWDQW WR FKHFN WKDW DOO XQLWV
DUH ZRUNLQJ HTXDOO\ HIILFLHQWO\  ,I WKH\ DUH QRW  LW XVXDOO\ KHOSV WR PL[ WKH LQGLYLGXDO VOXGJHV DQG WR UH GLVWULEXWH
HTXDO YROXPHV WR WKH LQGLYLGXDO XQLWV  'LUHFW SURJUHVVLYH DGGLWLRQ RI WKH WHVW FRPSRXQG IURP WKH EHJLQQLQJ KDV
WKH DGYDQWDJH WKDW WKH DFWLYDWHG VOXGJH LV EHWWHU DEOH WR DGDSW WR WKH WHVW FRPSRXQG  

'HWHUPLQH WKH YROXPH LQ WKH VWRUDJH YHVVHO DW UHJXODU LQWHUYDOV RU PHDVXUH WKH IORZ UDWH WR GHWHUPLQH H[DFWO\
KRZ PXFK WHVW FRPSRXQG KDV EHHQ GRVHG WR WKH WHVW V\VWHP  

� � � +DQGOLQJ RI DFWLYDWHG VOXGJH

7KH FRQFHQWUDWLRQ RI VROLGV LQ DFWLYDWHG VOXGJH QRUPDOO\ VWDELOL]HV GXULQJ WKH WHVW  LQGHSHQGHQW RI WKH LQRFXOXP
XVHG  LQ WKH UDQJH RI J O WR � J O  GHSHQGLQJ RQ WKH TXDOLW\ DQG FRQFHQWUDWLRQ RI WKH RUJDQLF PHGLXP  WKH
RSHUDWLQJ FRQGLWLRQV  WKH QDWXUH RI WKH PLFUR RUJDQLVPV SUHVHQW DQG WKH LQIOXHQFH RI WKH WHVW FRPSRXQG  

(LWKHU GHWHUPLQH WKH VXVSHQGHG VROLGV H J  ,62 � �> �@  LQ WKH DHUDWLRQ YHVVHO DW OHDVW ZHHNO\ DQG GLVFDUG
WKH VXUSOXV VOXGJH WR PDLQWDLQ WKH FRQFHQWUDWLRQ DW J O WR � J O RU  SUHIHUDEO\  FRQWURO WKH PHDQ VOXGJH
UHWHQWLRQ WLPH  657 VOXGJH DJH DW D FRQVWDQW YDOXH LQ WKH UDQJH RI � G WR G  7KH 657 FDQ EH FRQWUROOHG
E\ UHPRYLQJ D FHUWDLQ YROXPH HDFK GD\ RU E\ PHDQV RI DQ DXWRPDWLF LQWHUPLWWHQWO\ ZRUNLQJ SXPS� VHH DOVR
$QQH[ '  

127( )RU WKH YROXPH UHPRYDO  LI D SHULRG RI � GD\V LV FKRVHQ  UHPRYH � RI WKH YROXPH RI WKH DFWLYDWHG VOXGJH RI
WKH DHUDWLRQ YHVVHO HDFK ZRUNLQJ GD\ DQG GLVFDUG LW� VHH DOVR QRWH  &ODXVH �  

  



0DLQWDLQLQJ D QHDUO\ FRQVWDQW FRQFHQWUDWLRQ RI VXVSHQGHG VROLGV GRHV QRW PDLQWDLQ D FRQVWDQW VOXGJH
UHWHQWLRQ WLPH  ZKLFK HVVHQWLDOO\ GHWHUPLQHV WKH GHJUHH RI ELRGHJUDGDWLRQ DQG KHQFH WKH FRQFHQWUDWLRQ RI WKH
WHVW FRPSRXQG LQ WKH HIIOXHQW  %HFDXVH WKH FRQFHQWUDWLRQ RI VXVSHQGHG VROLGV LQ D VOXGJH LV QRW DQ
LQGHSHQGHQW YDULDEOH WKH KLJKHU YDOXHV H J � J O  DUH QRW UHDFKHG LI LQIOXHQWV RI ORZ FRQFHQWUDWLRQV DUH
WUHDWHG  &RQYHUVHO\  KLJK UHPRYDO RI '2& LV QRW REWDLQHG ZKHQ ORZ FRQFHQWUDWLRQV RI VXVSHQGHG VROLGV DUH
PDLQWDLQHG ZLWK LQIOXHQWV RI KLJK '2& FRQFHQWUDWLRQV  

$W OHDVW GDLO\ WKURXJKRXW WKH WHVW  UHPRYH DQ\ VOXGJH DGKHULQJ WR WKH ZDOOV RI WKH DHUDWLRQ YHVVHO DQG WKH
VHSDUDWRU VR WKDW LW LV UH VXVSHQGHG  &KHFN DQG FOHDQ UHJXODUO\ DOO WXEHV WR SUHYHQW WKH JURZWK RI ELRILOP  ,I D
GLVWLQFW VOXGJH DJH LV UHTXLUHG  UHPRYH VOXGJH IURP WKH DHUDWLRQ YHVVHO DW OHDVW RQFH D GD\  5HF\FOH WKH
VHWWOHG VOXGJH IURP WKH VHSDUDWRU WR WKH DHUDWLRQ YHVVHO  SUHIHUDEO\ E\ LQWHUPLWWHQW SXPSLQJ  

127( ,Q WKH +XVPDQQ  DFWLYDWHG VOXGJH SODQWV � SRRU VHWWOHPHQW DQG ORVV RI VOXGJH PLJKW RFFXU  7KLV PD\ EH
UHFWLILHG E\ D QXPEHU RI DFWLRQV ZKLFK FDQ EH SHUIRUPHG LQ SDUDOOHO LQ WHVW DQG FRQWURO XQLWV�

$GG DSSURSULDWH DPRXQWV RI IUHVK VOXGJH DW UHJXODU LQWHUYDOV H J  ZHHNO\  

'RVH WKH RUJDQLF PHGLXP DW LQWHUYDOV H J  IRU � PLQ WR  PLQ HYHU\ KRXU  LQWR WKH DHUDWLRQ YHVVHO

3XPS VOXGJH LQWHUPLWWHQWO\ H J  IRU � PLQ HYHU\ � K WR UHF\FOH O K WR � O K  IURP WKH VHSDUDWRU WR WKH DHUDWLRQ
YHVVHO

5HSODFH WKH DLU OLIW E\ D SHULVWDOWLF SXPS DQG XVH D VOXGJH UH FLUFXODWLRQ IORZ ZKLFK DSSUR[LPDWHO\ HTXDOV WKH LQIOXHQW
IORZ  

3DVV DLU LQ VKRUW EXUVWV H J  IRU  V HYHU\ KRXU  WKURXJK WKH VHWWOHG VOXGJH LQ WKH VHSDUDWRU

8VH D QRQ WR[LF DQWL IRDPLQJ DJHQW  H J  VLOLFRQH RLO  DW D PLQLPDO FRQFHQWUDWLRQ WR SUHYHQW ORVV E\ IRDPLQJ  

$GG  LQ DQ DSSURSULDWH ZD\  D VXLWDEOH IORFFXODQW  H J  DERXW PO RI DQ LURQ ,,,  FKORULGH VROXWLRQ �  J O )H&O�  SHU
XQLW� HQVXUH LQ DGYDQFH WKDW QR UHDFWLRQ RU SUHFLSLWDWLRQ RI WKH WHVW FRPSRXQG RFFXUV  

� � � 6DPSOLQJ DQG DQDO\VHV

$W UHJXODU LQWHUYDOV  PHDVXUH WKH GLVVROYHG R[\JHQ FRQFHQWUDWLRQ H J  ,62 �� �> �@ WKH WHPSHUDWXUH DQG WKH
S+ H J  ,62 � �> �@  RI WKH DFWLYDWHG VOXGJH LQ WKH DHUDWLRQ YHVVHOV  (QVXUH WKDW VXIILFLHQW R[\JHQ  PJ O
LV DOZD\V DYDLODEOH DQG WKDW WKH WHPSHUDWXUH LV NHSW LQ WKH GHVLUHG UDQJH QRUPDOO\  �& WR � �& .HHS WKH
S+ LQ D UDQJH RI � � �  E\ GRVLQJ VPDOO DPRXQWV RI LQRUJDQLF EDVH RU DFLG LQWR WKH DHUDWLRQ YHVVHO RU LQWR
WKH LQIOXHQW  RU E\ LQFUHDVLQJ WKH EXIIHU FDSDFLW\ RI WKH RUJDQLF PHGLXP � � 7KH IUHTXHQF\ RI PHDVXULQJ
GHSHQGV RQ WKH SDUDPHWHU WR EH PHDVXUHG DQG WKH VWDELOLW\ RI WKH V\VWHP DQG FDQ YDU\ IURP GDLO\ WR ZHHNO\
PHDVXUHPHQWV

)RU XOWLPDWH ELRGHJUDGDWLRQ  PHDVXUH WKH '2& H J  ,62 � ��> �@  RU &2' H J  ,62 � � > �@  LQ WKH LQIOXHQW WR
DQG WKH HIIOXHQW IURP WKH WHVW DQG WKH FRQWURO XQLWV  )RU SULPDU\ ELRGHJUDGDWLRQ  PHDVXUH WKH WHVW FRPSRXQG
FRQFHQWUDWLRQ E\ VXEVWDQFH VSHFLILF DQDO\VHV LQ WKH LQIOXHQW WR DQG WKH HIIOXHQW IURP WKH WHVW XQLW  7KH
UHODWLYHO\ VPDOO GLIIHUHQFH EHWZHHQ WZR UHODWLYHO\ ODUJH '2& FRQFHQWUDWLRQV RU &2' LQ WKH RUJDQLF PHGLXP
DQG WKDW VSLNHG ZLWK WHVW FRPSRXQG FDQ OHDG WR YDULDEOH GDWD  7KHUHIRUH  DOWHUQDWLYHO\ HVWLPDWH WKHVH
SDUDPHWHUV IURP WKH FRQFHQWUDWLRQ RI WKH VWRFN VROXWLRQ RI WKH WHVW FRPSRXQG � � WKH RUJDQLF PHGLXP � �
DQG WKH YROXPHV GRVHG LQWR WKH WHVW DQG FRQWURO XQLWV

7R UHGXFH WKH QXPEHU RI VDPSOHV DQG WKH YDULDELOLW\ RI WKH GDWD RI WKH LQIOXHQW  LW LV UHFRPPHQGHG WR PHDVXUH
WKH &2' DQG WKH FRQFHQWUDWLRQV RI '2& RU WKH WHVW FRPSRXQG LQ HDFK QHZ EDWFK RI WKH VWRFN VROXWLRQ DQG
RUJDQLF PHGLXP DQG WR FDOFXODWH WKH FRQFHQWUDWLRQ LQ WKH LQIOXHQW IURP WKHVH YDOXHV LQVWHDG RI PHDVXULQJ LW
GLUHFWO\ LQ WKH LQIOXHQW  

)RU PHDVXUHPHQWV LQ WKH HIIOXHQW  WDNH VXLWDEOH VDPSOHV H J  � K FRPSRVLWHV  IURP WKH FROOHFWHG HIIOXHQW DQG
ILOWHU � �  WKHP RU FHQWULIXJH � � WKHP DW DERXW �   P V IRU DERXW � PLQ  &HQWULIXJLQJ LV SUHIHUUHG  
HVSHFLDOO\ LI ILOWHULQJ LV GLIILFXOW  'HWHUPLQH '2& RU &2' DW OHDVW LQ GXSOLFDWH WR PHDVXUH WKH XOWLPDWH
ELRGHJUDGDWLRQ DQG  LI GHVLUHG  WKH SULPDU\ ELRGHJUDGDELOLW\ E\ DQ DQDO\VLV VSHFLILF IRU WKH WHVW FRPSRXQG

7KH XVH RI &2' DV VXPPDU\ SDUDPHWHU PLJKW JLYH ULVH WR DQDO\WLFDO SUREOHPV DW ORZ YDOXHV  ,W LV WKHUHIRUH
UHFRPPHQGHG RQO\ LI D VXIILFLHQWO\ KLJK DERXW �  PJ O &2'  WHVW FRQFHQWUDWLRQ LV XVHG  

  



,Q WKH FDVH RI DGVRUELQJ WHVW FRPSRXQGV  LW LV UHFRPPHQGHG WR PHDVXUH WKH DPRXQW RI DGVRUEHG VXEVWDQFH
RQ WKH VOXGJH XVLQJ DQ DQDO\WLFDO WHFKQLTXH VSHFLILF IRU WKH WHVW VXEVWDQFH  7KH DGVRUSWLRQ SRWHQWLDO RI
FRPSRXQGV RQ VOXGJH FDQ DOVR EH GHWHUPLQHG E\ D VSHFLDO DGVRUSWLRQ WHVW H J  ,62 ����> �@

7KH IUHTXHQF\ RI VDPSOLQJ GHSHQGV RQ WKH H[SHFWHG GXUDWLRQ RI WKH WHVW  $ UHFRPPHQGHG IUHTXHQF\ LV WKUHH
VDPSOHV SHU ZHHN  2QFH WKH XQLWV DUH RSHUDWLQJ HIILFLHQWO\  DOORZ IURP RQH ZHHN WR D PD[LPXP RI VL[ ZHHNV
DIWHU WKH WHVW FRPSRXQG KDV EHHQ LQWURGXFHG IRU DGDSWDWLRQ WR UHDFK D VWHDG\ VWDWH  7KHQ  REWDLQ DW OHDVW
� YDOLG YDOXHV LQ WKH SODWHDX SKDVH IRU WKH HYDOXDWLRQ RI WKH WHVW UHVXOW  7KH WHVW PD\ EH ILQLVKHG ZKHQ D
VXIILFLHQW UHGXFWLRQ H J �  KDV EHHQ UHDFKHG DQG � YDOXHV DUH DYDLODEOH  7KH QRUPDO WHVW GXUDWLRQ LV
QRW PRUH WKDQ  ZHHNV DIWHU DGGLWLRQ RI WKH WHVW FRPSRXQG  

$OO DQDO\VHV VKRXOG EH SHUIRUPHG DV VRRQ DV SRVVLEOH  ,I DQDO\VHV DUH SRVWSRQHG  VWRUH WKH VDPSOHV DW DERXW
� �& LQ WKH GDUN LQ IXOO  WLJKWO\ VWRSSHUHG ERWWOHV  ,I VDPSOHV DUH VWRUHG IRU PRUH WKDQ �� K  SUHVHUYH WKHP E\
GHHS IUHH]LQJ  DFLGLILFDWLRQ H J  WKH DGGLWLRQ RI  PO O RI D � J O VXOIXULF DFLG VROXWLRQ  RU E\ WKH DGGLWLRQ RI D
VXLWDEOH WR[LF VXEVWDQFH >H J  PO O RI D J O VROXWLRQ RI PHUFXU\ ,,  FKORULGH@  (QVXUH LQ DGYDQFH WKDW WKH
SUHVHUYDWLRQ WHFKQLTXH GRHV QRW LQIOXHQFH WKH FRQFHQWUDWLRQV RI WKH WHVW FRPSRXQG LQ WKH VDPSOHV  

� &DOFXODWLRQ DQG H[SUHVVLRQ RI UHVXOWV

� &DOFXODWLRQ RI WKH GHJUHH RI HOLPLQDWLRQ

7R GHWHUPLQH WKH SHUFHQWDJH HOLPLQDWLRQ RI WKH WHVW FRPSRXQG RQ WKH EDVLV RI '2& RU &2' PHDVXUHPHQWV
XVH (TXDWLRQ 
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ZKHUH

)W LV WKH GHJUHH RI HOLPLQDWLRQ  H[SUHVVHG LQ SHUFHQW  RI WKH WHVW FRPSRXQG RQ WKH EDVLV RI WKH '2&
RU &2' PHDVXUHPHQW  DW WLPH  W�

9L� LV WKH '2& FRQFHQWUDWLRQ RU &2' YDOXH  ERWK H[SUHVVHG LQ PLOOLJUDPV SHU OLWUH  LQ WKH LQIOXHQW GXH
WR WKH WHVW FRPSRXQG  SUHIHUDEO\ HVWLPDWHG IURP WKH VWRFN VROXWLRQ�

9H�W LV WKH PHDVXUHG '2& FRQFHQWUDWLRQ RU &2' YDOXH  ERWK H[SUHVVHG LQ PLOOLJUDPV SHU OLWUH  LQ WKH
WHVW HIIOXHQW DW WLPH  W�

9F�H LV WKH PHDVXUHG '2& FRQFHQWUDWLRQ RU &2' YDOXH ERWK H[SUHVVHG LQ PLOOLJUDP SHU OLWUH  LQ WKH
FRQWURO HIIOXHQW DW WLPH  W

7KH GHJUHH RI HOLPLQDWLRQ RI WKH RUJDQLF PHGLXP LQ WKH FRQWURO XQLW RQ WKH EDVLV RI WKH '2& RU &2'
PHDVXUHPHQW  LV KHOSIXO LQIRUPDWLRQ WR DVVHVV WKH ELRGHJUDGDWLRQ DFWLYLW\ RI WKH DFWLYDWHG VOXGJH GXULQJ WKH
WHVW  &DOFXODWH WKH GHJUHH RI HOLPLQDWLRQ DV VSHFLILHG LQ (TXDWLRQ 
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ZKHUH

)P�W LV WKH GHJUHH RI HOLPLQDWLRQ  H[SUHVVHG LQ SHUFHQW  RI WKH RUJDQLF PHGLXP LQ WKH FRQWURO XQLW  RQ
WKH EDVLV RI WKH '2& RU &2' PHDVXUHPHQW  DW WLPH  W�

9F L LV WKH '2& FRQFHQWUDWLRQ RU &2' YDOXH  ERWK H[SUHVVHG LQ PLOOLJUDP SHU OLWUH  RI RUJDQLF PHGLXP
RI WKH FRQWURO LQIOXHQW  

  



7R GHWHUPLQH WKH UHPRYDO RI WKH WHVW FRPSRXQG PHDVXUHG ZLWK VSHFLILF DQDO\WLFDO PHWKRGV  XVH (TXDWLRQ �
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ZKHUH

)6�W LV WKH GHJUHH RI HOLPLQDWLRQ  H[SUHVVHG LQ SHUFHQW  RI WKH WHVW FRPSRXQG DW WLPH  W�

96�L LV WKH PHDVXUHG RU HVWLPDWHG FRQFHQWUDWLRQ  H[SUHVVHG LQ PLOOLJUDP SHU OLWUH  RI WKH WHVW FRPSRXQG
LQ WKH LQIOXHQW�

96 H LV WKH PHDVXUHG FRQFHQWUDWLRQ  H[SUHVVHG LQ PLOOLJUDP SHU OLWUH  RI WKH WHVW FRPSRXQG LQ WKH WHVW
HIIOXHQW DW WLPH  W

� ([SUHVVLRQ RI UHVXOWV

3ORW WKH SHUFHQWDJH RI HOLPLQDWLRQ )W DQG  LI DYDLODEOH  )6 W  YHUVXV WLPH IRU H[DPSOH  VHH $QQH[ ( )URP WKLV
HOLPLQDWLRQ FXUYH RI WKH WHVW FRPSRXQG  WKH IROORZLQJ LQIRUPDWLRQ FDQ EH GHWHUPLQHG DQG XVHG WR LGHQWLI\ D
ELRGHJUDGDWLRQ FXUYH  

,I D KLJK '2& HOLPLQDWLRQ LV REVHUYHG IURP WKH EHJLQQLQJ RI WKH WHVW  WKH WHVW FRPSRXQG LV SUREDEO\ HOLPLQDWHG
E\ DGVRUSWLRQ RQWR WKH DFWLYDWHG VOXGJH  ,W LV SRVVLEOH WR SURYH WKLV ZLWK DQ DGVRUSWLRQ WHVW ZLWK DFWLYDWHG
VOXGJH VHH ,62 ����> �@ SUHIHUDEO\ E\ GHWHUPLQLQJ WKH DGVRUEHG WHVW FRPSRXQG ZLWK VSHFLILF DQDO\VHV  

&DOFXODWH WKH PHDQ IURP WKH HOLPLQDWLRQ YDOXHV RI WKH SODWHDX SKDVH  7KH GXUDWLRQ RI WKH SODWHDX SKDVH
VKRXOG EH DW OHDVW WKUHH ZHHNV DQG KDYH DERXW � PHDVXUHG YDOLG YDOXHV  

5RXQGHG WR WKH QHDUHVW ZKROH SHUFHQW WKH PHDQ LV WKH OHYHO RI HOLPLQDWLRQ RI WHVW FRPSRXQG  &DOFXODWH
WKH �� FRQILGHQFH LQWHUYDO RI WKH PHDQ YDOXH  

� � ,QGLFDWLRQ RI ELRGHJUDGDWLRQ

,I WKH WHVW VXEVWDQFH GRHV QRW DGVRUE VLJQLILFDQWO\ RQWR DFWLYDWHG VOXGJH DQG WKH HOLPLQDWLRQ FXUYH KDV WKH
W\SLFDO VLJPRLGDO VKDSH RI D ELRGHJUDGDWLRQ FXUYH ZLWK ODJ  DFFHOHUDWHG UHPRYDO DQG SODWHDX SKDVHV  DVVLJQ
WKH PHDVXUHG HOLPLQDWLRQ RI WKH WHVW FRPSRXQG WR ELRGHJUDGDWLRQ  ,I D KLJK LQLWLDO DGVRUSWLRQ KDV WDNHQ SODFH  
WKH VLPXODWLRQ WHVW FDQQRW GLIIHUHQWLDWH EHWZHHQ ELRORJLFDO DQG DELRWLF HOLPLQDWLRQ SURFHVVHV ,Q VXFK D FDVH
DQG LQ RWKHU FDVHV ZKHUH WKHUH LV DQ\ GRXEW RQ ELRGHJUDGDWLRQ H J  LI VWULSSLQJ WDNHV SODFH DQDO\VH
DGVRUEHG WHVW FRPSRXQGV RU SHUIRUP DGGLWLRQDO ELRGHJUDGDWLRQ WHVWV EDVHG RQ SDUDPHWHUV FOHDUO\ LQGLFDWLQJ
ELRORJLFDO SURFHVVHV  VXFK DV D UHVSLURPHWULF WHVW H J  ,62 �� �> �@  RU D WHVW ZLWK D PHDVXUHPHQW RI WKH
FDUERQ GLR[LGH SURGXFWLRQ H J  ,62 ����> @ RU ,62 ����> �@ ,Q VXFK D FDVH  LW LV UHFRPPHQGHG WR XVH WKH
SUH H[SRVHG LQRFXOXP IURP WKH VLPXODWLRQ WHVW  

� � %LRGHJUDGDWLRQ RI WKH RUJDQLF PHGLXP

3ORW WKH FXUYH RI WKH SHUFHQWDJH RI ELRGHJUDGDWLRQ RI WKH RUJDQLF PHGLXP LQ WKH FRQWURO XQLW  )P W  RQ WKH
EDVLV RI WKH '2& RU &2' PHDVXUHPHQW  YHUVXV WLPH DQG SURFHHG LQ WKH VDPH ZD\ DV IRU WKH WHVW FRPSRXQG  

9DOLGLW\ RI WKH WHVW

,QIRUPDWLRQ RQ WKH QRUPDO ELRGHJUDGDWLRQ EHKDYLRXU RI WKH LQRFXOXP LV DFKLHYHG E\ GHWHUPLQLQJ WKH GHJUHH RI
ELRGHJUDGDWLRQ RI WKH RUJDQLF PHGLXP RI WKH FRQWURO XQLW  &RQVLGHU WKH WHVW WR EH YDOLG LI WKH GHJUHH RI '2& RU
&2' GHJUDGDWLRQ LQ WKH FRQWURO XQLW LV � DIWHU WZR ZHHNV DQG QR XQXVXDO REVHUYDWLRQV KDYH EHHQ PDGH
,I WKLV YDOXH LV QRW UHDFKHG  FKHFN SURFHGXUHV XVLQJ DQ LQRFXOXP IURP D GLIIHUHQW VRXUFH RU D GLIIHUHQW RUJDQLF
PHGLXP

  



�

7HVW UHSRUW

7KH WHVW UHSRUW VKDOO FRQWDLQ DW OHDVW WKH IROORZLQJ LQIRUPDWLRQ�

D D UHIHUHQFH WR WKLV ,QWHUQDWLRQDO 6WDQGDUG H J  ,62 ���� � �

E W\SH RI WKH WHVW V\VWHP DFWLYDWHG VOXGJH SODQW RU SRURXV SRW �

F W\SH DQG FRQFHQWUDWLRQ RI RUJDQLF PHGLXP�

G RULJLQ DQG FRQFHQWUDWLRQ RI WKH LQRFXOXP XVHG DQG DQ\ SUH WUHDWPHQW�

H PHDQ K\GUDXOLF UHWHQWLRQ WLPH  PHDQ VOXGJH DJH DQG DYHUDJH GDLO\ DPRXQW RI VOXGJH UHPRYHG�

I TXDOLWLHV RI WKH DFWLYDWHG VOXGJH GXULQJ WKH WHVW  VXFK DV EXONLQJ  VOXGJH YROXPH LQGH[  VXVSHQGHG VROLGV
LQ WKH HIIOXHQW�

J DOO QHFHVVDU\ LQIRUPDWLRQ IRU WKH LGHQWLILFDWLRQ RI WKH WHVW FRPSRXQG�

K WHVW FRQFHQWUDWLRQ DQG '2&  72& DQG WHVW FRPSRXQG FRQFHQWUDWLRQV RI WKH VWRFN VROXWLRQ�

L LQIRUPDWLRQ RQ FRXSOLQJ WKH WHVW DQG EODQN XQLW�

M DQDO\WLFDO WHFKQLTXH XVHG IRU '2&  &2'  VXEVWDQFH VSHFLILF DQDO\VLV �

N DOO WKH PHDVXUHG GDWD  VXFK DV '2&  &2'  FRQFHQWUDWLRQ RI WKH WHVW FRPSRXQG E\ VSHFLILF DQDO\VLV  S+
WHPSHUDWXUH  R[\JHQ FRQFHQWUDWLRQ  VXVSHQGHG VROLGV�

O DOO WKH FDOFXODWHG YDOXHV )W )P�W DQG )6�W LQ WDEXODU IRUP DQG WKH HOLPLQDWLRQ ELRGHJUDGDWLRQ FXUYH�

P LQIRUPDWLRQ RQ ODJ DQG SODWHDX SKDVHV  WHVW GXUDWLRQ  WKH GHJUHH RI HOLPLQDWLRQ RI WKH WHVW FRPSRXQG DQG
WKH RUJDQLF PHGLXP LQ WKH FRQWURO XQLW ZLWK VWDWLVWLFDO LQIRUPDWLRQ�

Q D VWDWHPHQW RI ELRGHJUDGDELOLW\ RI WKH WHVW FRPSRXQG DQG WKH YDOLGLW\ RI WKH WHVW�

R DQ\ DOWHUDWLRQ RI WKH VWDQGDUG SURFHGXUH DQG DQ\ FLUFXPVWDQFHV WKDW PD\ KDYH DIIHFWHG WKH UHVXOWV

  



�

$QQH[ $
LQIRUPDWLYH  

0RGLILFDWLRQ RI WKH DFWLYDWHG VOXGJH VLPXODWLRQ WHVW IRU QLWULI\LQJ
GHQLWULI\LQJ VHZDJH WUHDWPHQW SODQWV

$ 6FRSH DQG SULQFLSOH
1HZ W\SHV RI ZDVWH ZDWHU WUHDWPHQW SODQWV KDYH EHHQ HVWDEOLVKHG LQ WKH ODVW \HDUV DQG DUH LQFUHDVLQJO\ XVHG
7KH\ RIWHQ LQFOXGH ELRORJLFDO WHFKQLTXHV WR UHPRYH QXWULHQWV  HVSHFLDOO\ QLWURJHQ FRPSRXQGV IURP ZDVWH ZDWHU
7KH PRGLILFDWLRQ RI WKH DFWLYDWHG VOXGJH VLPXODWLRQ WHVW IRU QLWULILFDWLRQ DQG GHQLWULILFDWLRQ DV GHVFULEHG LQ WKLV
DQQH[ LV DQ H[DPSOH IRU VXFK D QHZ WUHDWPHQW SODQW  2WKHU WHFKQLTXHV DQG DSSDUDWXV DUH SHUPLVVLEOH  IRU
H[DPSOH ZKLFK DUH DOVR VXLWHG IRU ELRORJLFDO SKRVSKRUXV UHPRYDO  

7KH SULPDU\ DLP LQ XVLQJ WKLV WHVW PRGLILFDWLRQ LV WKH GHWHUPLQDWLRQ RI WKH ELRGHJUDGDELOLW\ RI D WHVW FRPSRXQG
XQGHU WKH FRQGLWLRQV RI VXFK QHZ ZDVWH ZDWHU WUHDWPHQW SODQWV>�@

8VH VSHFLDO ODERUDWRU\ DFWLYDWHG VOXGJH SODQWV DV WHVW HTXLSPHQW VHH $ � DQG )LJXUH $  7KH FRQWURO XQLW LV
FRQWLQXRXVO\ IHG ZLWK RUJDQLF PHGLXP DQG WKH WHVW XQLW ZLWK RUJDQLF PHGLXP DQG WHVW FRPSRXQG  

6WDEOH QLWULILFDWLRQ DQG GHQLWULILFDWLRQ DUH HQVXUHG E\ WKH XVH RI D PHGLXP ZLWK D EDODQFHG & 1 3 UDWLR D ORZ
DFWLYDWHG VOXGJH ORDGLQJ  DQ XSVWUHDP GHQLWULILFDWLRQ YHVVHO ZLWK DQ DQR[LF VWDJH  DQ DSSURSULDWH PHDQ WRWDO
K\GUDXOLF UHWHQWLRQ WLPH RI DERXW � K WR � K LQ WKH DHUDWLRQ YHVVHO DQG UHF\FOLQJ RI QLWULILHG ZDVWH ZDWHU DQG
DFWLYDWHG VOXGJH  7KH DFWLYDWHG VOXGJH ORDGLQJ LV WKH DPRXQW RI '2& VXSSOLHG SHU GD\ SHU DPRXQW RI
VXVSHQGHG VROLGV RI DFWLYDWHG VOXGJH LQ WKH DHUDWLRQ YHVVHO  

7KH VOXGJH FDQ EH UHF\FOHG WR WKH GHQLWULILFDWLRQ WDQN LQ WZR ZD\V  2QH LV IURP WKH VHSDUDWRU VHFRQGDU\
FODULILHU  WR WKH GHQLWULILFDWLRQ YHVVHO WKH RWKHU LV IURP WKH DHUDWLRQ YHVVHO WR WKH GHQLWULILFDWLRQ YHVVHO YLD D
VHFRQG LQWHUQDO FLUFXLW  

7KH WHVW FRPSRXQG VKRXOG EH XVHG LQ D FRQFHQWUDWLRQ ZKLFK KDV QR WR[LF DFWLYLW\ WRZDUGV WKH DFWLYDWHG VOXGJH
RUJDQLVPV  7R[LF HIIHFWV VXFK DV UHVSLUDWLRQ  QLWULILFDWLRQ RU JURZWK LQKLELWLRQ FDQ EH GHWHUPLQHG XVLQJ VXLWDEOH
EDFWHULD WR[LFLW\ WHVWV VXFK DV ,62 � � > �@  ,62 �� �> @ RU ,62 �� > �@

7KH XOWLPDWH ELRGHJUDGDWLRQ PLQHUDOL]DWLRQ  RI WHVW FRPSRXQGV  IRUPXODWLRQV PL[WXUHV RI FRPSRXQGV RU
ZDVWH ZDWHU FDQ EH GHWHUPLQHG XVLQJ '2& RU &2' DV DQ DQDO\WLFDO SDUDPHWHU  3ULPDU\ ELRGHJUDGDWLRQ FDQ
EH GHWHUPLQHG E\ XVLQJ VXEVWDQFH VSHFLILF DQDO\WLFDO PHWKRGV  

$ 2UJDQLF PHGLD DQG WHVW FRPSRXQG VWRFN VROXWLRQ

7R HQVXUH VWDEOH QLWULILFDWLRQ ZKHQ DQ RUJDQLF PHGLXP LV XVHG  WKH UHWHQWLRQ WLPH RI WKH DFWLYDWHG VOXGJH
VKRXOG EH KLJK HQRXJK WR DOORZ WKH QHFHVVDU\ VORZ JURZLQJ QLWULI\LQJ EDFWHULD WR EH PDLQWDLQHG LQ WKH V\VWHP
7KLV LV DFKLHYHG E\ ORZ UHPRYDO UDWHV RI VOXGJH  ,W PD\ DOVR EH KHOSIXO WR XVH D GLOXWHG LQIOXHQW WR DYRLG
LQKLELWLRQ RI QLWULILFDWLRQ DQG NHHS WKH '2& ORDGLQJ ORZ  7KLV LV  IRU H[DPSOH  DFKLHYHG IRU WKH DFWLYDWHG VOXGJH
SODQW $ �  E\ GLOXWLQJ VHZDJH  � �  �  ZLWK WDS ZDWHU DQG GRVLQJ � O K  RU LQ WKH FDVH RI V\QWKHWLF
VHZDJH  � � �  E\ GRVLQJ � O K  6\QWKHWLF VHZDJH � � � � ZDV HVSHFLDOO\ GHVLJQHG IRU D VLPXODWLRQ WHVW
ZLWK QXWULHQW UHPRYDO  )RU GHWDLOV  VHH 5HIHUHQFHV >�@ DQG >�@  

3UHSDUH D VWRFN VROXWLRQ RI WKH WHVW FRPSRXQG DV GHVFULEHG LQ � �  

$ � $SSDUDWXV

7KH ODERUDWRU\ DFWLYDWHG VOXGJH SODQWV DUH WKH VDPH DV GHVFULEHG LQ �  VHH )LJXUH & � IRU GLDJUDPV RI DQ
DHUDWLRQ YHVVHO DQG D VHSDUDWRU  ZLWK GLPHQVLRQV EXW KDYH  LQ DGGLWLRQ  D GHQLWULILFDWLRQ YHVVHO VHH
)LJXUH $  7KLV YHVVHO FRUUHVSRQGV LQ VKDSH WR D VHSDUDWRU VHFRQGDU\ FODULILHU ZLWK D FDSDFLW\ RI � O  7KH
WKUHH YHVVHOV VKRXOG EH DUUDQJHG VXFK WKDW WKH RYHUIORZ LQ YHVVHO � LV DW D OHYHO ZKLFK DOORZV WKH OLTXLG
YROXPHV RI � O LQ YHVVHO DQG � O LQ YHVVHOV DQG �
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$ � 7HVW SURFHGXUH

6HW XS WKH WHVW XQLWV DQG ILOO WKH DHUDWLRQ YHVVHOV ZLWK DFWLYDWHG VOXGJH IURP D ZDVWH ZDWHU WUHDWPHQW SODQW
WUHDWLQJ SUHGRPLQDQWO\ GRPHVWLF VHZDJH DQG DFKLHYLQJ QLWULILFDWLRQ  

3UHSDUH RQH RI WKH RUJDQLF PHGLD � � DQG $ DQG PHDVXUH WKH UHTXLUHG DPRXQW LQWR WKH GHQLWULILFDWLRQ
YHVVHO RI WKH WHVW XQLWV  ,I V\QWKHWLF VHZDJH � �  WR � � � LV XVHG  LW LV SUHIHUDEOH WR PHDVXUH DSSURSULDWH
FRQFHQWUDWHG VWRFN VROXWLRQV DQG WDS ZDWHU VHSDUDWHO\ LQWR WKH WHVW DQG WKH FRQWURO XQLWV

7R SUHYHQW ELRGHJUDGDWLRQ LQ WKH VWRFN VROXWLRQ GXULQJ WKH WLPH LW LV EHLQJ DGGHG WR WKH V\VWHP  VWRUH WKH
XQXVHG SRUWLRQ LQ D UHIULJHUDWRU DW DERXW � �&  7KH FRQFHQWUDWHG QXWULHQW VWRFN VROXWLRQ FDQ EH SUHSDUHG LQ D
VXLWDEOH DPRXQW DQG NHSW IRU VHYHUDO GD\V DW DERXW � �& RU  LI IUR]HQ  IRU XS WR VL[ PRQWKV  7KH VWRFN VROXWLRQ
FDQ DOWHUQDWLYHO\ EH DXWRFODYHG SULRU WR LWV DGGLWLRQ WR WKH WHVW XQLWV XQGHU VWHULOH FRQGLWLRQV  

,I GRPHVWLF VHZDJH LV XVHG  DGMXVW WKH '2& FRQFHQWUDWLRQ RI WKH LQIOXHQW WR YDOXHV FRPSDUDEOH ZLWK WKH
V\QWKHWLF VHZDJH DQG E\ WKLV PHDQV DGMXVW WKH ORDGLQJ LQ WKH DFWLYDWHG VOXGJH SODQW  

6HW WKH WRWDO LQIORZ TL�W  WR  IRU H[DPSOH  � O K WR HQVXUH D PHDQ K\GUDXOLF UHWHQWLRQ WLPH RI � K IRU WKH RUJDQLF
PHGLXP LQ WKH DHUDWLRQ YHVVHO DQG � K LQ GHQLWULILFDWLRQ YHVVHO

5HF\FOH WKH DFWLYDWHG VOXGJH FRQWLQXRXVO\ RU LQWHUPLWWHQWO\ IURP WKH VHSDUDWRU VHFRQGDU\ FODULILHU  WR WKH
GHQLWULILFDWLRQ YHVVHO WR LPSURYH WKH VHGLPHQWDWLRQ RI WKH DFWLYDWHG VOXGJH LQ WKH VHFRQGDU\ FODULILHU  'RVH  IRU
H[DPSOH  DSSUR[LPDWHO\ PO RI DFWLYDWHG VOXGJH VL[ WLPHV SHU KRXU XVLQJ D WLPH VZLWFK ZKLFK FRQWUROV WKH
SXPS VHH LWHP $� LQ )LJXUH $  7KLV FRUUHVSRQGV WR DQ DFWLYDWHG VOXGJH UHF\FOH UDWLR )UHF  RI
DSSUR[LPDWHO\ �  DW DQ DFWLYDWHG VOXGJH UHF\FOH T56 RI LQ WRWDO DSSUR[LPDWHO\  O  &RQWLQXRXV DFWLYDWHG
VOXGJH UHF\FOH T5,  FDQ EH DUUDQJHG IURP WKH DHUDWLRQ YHVVHO WR WKH GHQLWULILFDWLRQ YHVVHO LQWHUQDO FLUFXODWLRQ
7KH RYHUDOO UHF\FOH UDWLR  DV FDOFXODWHG LQ (TXDWLRQ $ VKRXOG QRW H[FHHG �

)UHF  T56 T5, TL�W $  

ZKHUH

)UHF LV WKH DFWLYDWHG VOXGJH UHF\FOH UDWLR�

TL�W LV WKH WRWDO LQIORZ  LQ OLWUHV SHU KRXU  

:LWKGUDZ VXUSOXV VOXGJH UHJXODUO\ H J  GDLO\  IURP WKH WHVW V\VWHP WR REWDLQ D PHDQ VOXGJH UHWHQWLRQ WLPH  
657 VOXGJH DJH RI DERXW � GD\V � � �

$HUDWH LQ VXFK D ZD\ WKDW WKH R[\JHQ FRQFHQWUDWLRQ GRHV QRW IDOO EHORZ DERXW  PJ O RU H[FHHG DERXW
�  PJ O  )RU WKLV SXUSRVH  LQVWDOO DQ R[\JHQ PHWHU HTXLSSHG ZLWK D OLPLW PRQLWRU DQG DQ R[\JHQ HOHFWURGH LQ
WKH DHUDWLRQ YHVVHO  6WDUW WKH DJLWDWRU PRWRUV IRU WKH SDGGOH DJLWDWRUV LGHQWLILHG DV LWHPV %  DQG %  LQ
)LJXUH $ 6HW WKH VSHHG RI DJLWDWRU %  VR WKDW WKH DFWLYDWHG VOXGJH GRHV QRW VHWWOH LQ WKH DHUDWLRQ YHVVHO DQG
RI DJLWDWRU %  VR WKDW WKH DFWLYDWHG VOXGJH GRHV QRW VHWWOH LQ WKH GHQLWULILFDWLRQ YHVVHO DQG WKH R[\JHQ
FRQFHQWUDWLRQ GRHV QRW H[FHHG � PJ O  

,W LV UHFRPPHQGHG WR GLVLQIHFW WKH IHHG KRVH IRU WKH QXWULHQW VWRFN VROXWLRQ RQFH D GD\  IRU H[DPSOH ZLWK
HWKDQRO RU E\ DXWRFODYLQJ LW WRJHWKHU ZLWK WKH QXWULHQW VWRFN VROXWLRQ  %\ WKLV  PLFUR RUJDQLVPV DGKHULQJ WR WKH
LQQHU ZDOO RI WKH KRVH DUH GHVWUR\HG DQG QXWULHQW ORVVHV DUH DYRLGHG  

$GG WKH WHVW FRPSRXQG IURP DQ DSSURSULDWH VWRFN VROXWLRQ � �  WR REWDLQ WKH GHVLUHG WHVW FRQFHQWUDWLRQ � �
&ROOHFW WKH HIIOXHQW LQ WKH FROOHFWLRQ YHVVHO DV D � K WRWDO VDPSOH DQG XVH LW IRU DQDO\VLV DIWHU D WKRURXJK
PL[LQJ  &OHDQ WKH VWRUDJH YHVVHO DQG WKH FROOHFWLRQ YHVVHO WKRURXJKO\ DIWHU HDFK HPSW\LQJ DQG ULQVH LW IUHH RI
FOHDQVHU  

:KHQ WKH DQDO\WLFDO PHWKRGV HPSOR\ VXPPDU\ SDUDPHWHUV  GHWHUPLQH WKH '2& FRQFHQWUDWLRQ RU WKH &2'
YDOXH LQ GXSOLFDWH LQ WKH HIIOXHQWV RI WKH WHVW DQG WKH FRQWURO XQLWV  0HDVXUH GLUHFWO\ LQ WKH LQIOXHQW RU  SUHIHUDEO\
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FDOFXODWH WKH '2& FRQFHQWUDWLRQ RU &2' YDOXH RI WKH WHVW FRPSRXQG LQ WKH LQIOXHQW IURP WKH IORZ UDWH DQG WKH
PHDVXUHG FRQFHQWUDWLRQV LQ WKH VWRFN VROXWLRQ  

:KHQ VXEVWDQFH VSHFLILF DQDO\WLFDO PHWKRGV DUH XVHG H J  GHWHUPLQDWLRQ RI VXUIDFWDQWV XVLQJ ,62 ���� > �@

RU ,62 ���� > �@ GHWHUPLQH WKH FRQFHQWUDWLRQV RI WKH WHVW FRPSRXQG LQ WKH LQIOXHQW DQG WKH HIIOXHQW  

'HWHUPLQH WKH GHJUHHV RI QLWULILFDWLRQ DQG GHQLWULILFDWLRQ WZR WR WKUHH WLPHV SHU ZHHN  7DNH VDPSOHV IURP WKH
LQIOXHQW DQG IURP WKH HIIOXHQW RI WKH VHFRQGDU\ FODULILHU )LJXUHV &  DQG & � ILOWHU PHPEUDQH ILOWHU  SRUH
ZLGWK �� �P  DQG DQDO\VH IRU WKHLU FRQWHQWV RI DPPRQLXP XVH  IRU H[DPSOH  ,62 �� > �@ QLWULWH DQG
QLWUDWH H J  ,62 � � > @

$ � 9DOLGLW\ FULWHULD

$V GLIIHUHQW RUJDQLF PHGLD PD\ EH XVHG  QR VWULFW YDOLGLW\ FULWHULD DUH JLYHQ  7KH WHVW PD\ EH FRQVLGHUHG WR EH
YDOLG LI  IRU H[DPSOH LQ WKH FDVH RI VHZDJH  VHH � � LQ DGGLWLRQ WR WKH FULWHULD GHVFULEHG LQ &ODXVH  WKH
DYHUDJH QLWURJHQ FRQFHQWUDWLRQV LQ WKH HIIOXHQW RI WKH DHUDWLRQ YHVVHO RI WKH FRQWURO XQLW DUH DV IROORZV�

QLWUDWH QLWURJHQ   PJ O�

DPPRQLD QLWURJHQ DQG QLWULWH QLWURJHQ  HDFK   PJ O  

$ � 0HWKRG SHUIRUPDQFH GDWD

7KH PHWKRG GHVFULEHG LQ WKLV DQQH[ ZDV GHYHORSHG E\ WKH ZRUNLQJ JURXS ³'HJUDGDWLRQ DQG %LRWHVWV´ RI WKH
&RPPLWWHH 'HWHUJHQWV RI WKH *HUPDQ &KHPLVWV 6RFLHW\ DQG WHVWHG LQ VHYHUDO LQWHU ODERUDWRU\ WHVWV  7KH
VXEVWDQFHV XVHG ZHUH OLQHDU & WR & � DON\OEHQ]HQH VXOIRQDWH /$6  DQG LVR QRQ\OSKHQRO HWKR[\ODWH
DYHUDJLQJ  PROV (2 13(2 7KH GHJUDGDWLRQ RI ERWK ZDV ��  DV PHDVXUHG E\ DQDO\WLFDO PHWKRGV
VSHFLILF IRU GHWHUJHQWV  7KH PHWKRG SHUIRUPDQFH GDWD RI D UHSUHVHQWDWLYH WHVW GXULQJ ��� WR ��� DUH OLVWHG
LQ 7DEOH $  7KH WHVW ZDV SHUIRUPHG WR FKHFN WKH QLWULILFDWLRQ DELOLW\ RI WKH V\VWHP� QR GHQLWULILFDWLRQ XQLW ZDV
XVHG 7KH SDUWLFLSDWLQJ ODERUDWRULHV XVHG WKH DSSDUDWXV DQG WKH SURFHGXUH GHVFULEHG LQ WKLV ,QWHUQDWLRQDO
6WDQGDUG  V\QWKHWLF VHZDJH  GLOXWHG ZLWK DQ HTXDO YROXPH RI ZDWHU  DQG D PHDQ K\GUDXOLF UHWHQWLRQ WLPH LQ
WKH V\VWHP RI � K  1+� 1 DQG 12 1 ZHUH QRW GHWHFWDEOH LQ WKH HIIOXHQW  1LWURJHQ HOLPLQDWLRQ ZDV EDVHG RQ
WKH GHWHUPLQDWLRQ RI WRWDO QLWURJHQ> @

7DEOH $ ² 0HWKRG SHUIRUPDQFH GDWD IRU WKH HOLPLQDWLRQ RI '2& &2' DQG WRWDO QLWURJHQ

3DUDPHWHU / Q [ V

'2& &2' HOLPLQDWLRQ � � � D � D

12� 1 LQ WKH HIIOXHQW � � � � E � E

1LWURJHQ HOLPLQDWLRQ � � �� D � � D

/ LV WKH QXPEHU RI ODERUDWRULHV
Q LV WKH QXPEHU RI H[SHULPHQWV
[ LV WKH PHDQ YDOXH RI WKHPHDVXUHG RU FDOFXODWHG GDWD
V LV WKH VWDQGDUG GHYLDWLRQ RI WKH PHDQV
D ([SUHVVHG LQ SHUFHQW
E ([SUHVVHG LQ PLOOLJUDPV SHU OLWUH
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.H\
 DHUDWLRQ YHVVHO
 GHQLWULILFDWLRQ YHVVHO
� VHSDUDWRU VHFRQGDU\ FODULILHU
� VWRUDJH YHVVHO IRU GLOXWLRQ ZDWHU
� VWRUDJH YHVVHO IRU FRQFHQWUDWHG RUJDQLF PHGLXP
� HIIOXHQW FROOHFWLRQ YHVVHO

$ GRVLQJ SXPSV
% VWLUUHUV
& DHUDWRU GLIIXVHU VWRQH  
' DLU PHWHU
( FRROLQJ GHYLFH

D T5,
E T56

)LJXUH $ ² $FWLYDWHG VOXGJH SODQW IRU QLWULILFDWLRQ DQG GHQLWULILFDWLRQ
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$QQH[ %
LQIRUPDWLYH  

&RXSOLQJ RI WKH WHVW XQLWV RSWLRQDO

,I WKH WHVW LV SHUIRUPHG LQ WKH ³FRXSOHG XQLWV´ PRGH  H[FKDQJH HYHU\ ZRUNLQJ GD\ WKH VDPH DPRXQW � PO WR
 � PO IRU DHUDWLRQ YHVVHOV FRQWDLQLQJ � O OLTXRU  RI DFWLYDWHG VOXGJH EHWZHHQ WKH DHUDWLRQ YHVVHO RI WKH WHVW
DQG LWV FRQWURO XQLW  ,I WKH WHVW FRPSRXQG VWURQJO\ DGVRUEV RQWR WKH VOXGJH  FKDQJH RQO\ WKH VXSHUQDWDQW RI WKH
VHSDUDWRUV  8VH D FRUUHFWLRQ IDFWRU WR FDOFXODWH WKH WHVW UHVXOWV VHH �  LI WKH FRXSOHG XQLWV PRGH LV XVHG  

7KH VOXGJH H[FKDQJH FDQ JLYH WKH SUHWHQFH RI TXLWH D FRQVLGHUDEOH GHJUDGDWLRQ VLQFH VRPH PDWHULDO LV
WUDQVIHUUHG  7KHUHIRUH FRUUHFWLQJ IDFWRUV FDQ EH XVHG ZKLFK GHSHQG RQ WKH IUDFWLRQ H[FKDQJHG DQG WKH PHDQ
K\GUDXOLF UHWHQWLRQ WLPH  0RUH GHWDLOV IRU FDOFXODWLRQ FDQ EH IRXQG LQ 5HIHUHQFH > @  

7KH FDOFXODWLRQ IRU WKH FRUUHFWHG '2& RU &2' LV JLYHQ LQ WKH JHQHUDO (TXDWLRQ % �

LQW +5

FRU
LQW +5

W
W

) W)
)

) W
 %  

ZKHUH

)W�FRU LV WKH FRUUHFWHG GHJUHH RI HOLPLQDWLRQ  LQ SHUFHQW  RI WKH WHVW FRPSRXQG RQ WKH EDVLV RI WKH '2&
RU &2' PHDVXUHPHQW  DW WLPH  W�

)W LV WKH GHWHUPLQHG GHJUHH RI HOLPLQDWLRQ  LQ SHUFHQW  RI WKH WHVW FRPSRXQG RQ WKH EDVLV RI WKH
'2& RU &2' PHDVXUHPHQW  DW WLPH  W�

)LQW LV WKH LQWHUFKDQJH IUDFWLRQ RI WKH YROXPH RI WKH DFWLYDWHG VOXGJH SODQWV�

+5W LV WKH PHDQ K\GUDXOLF UHWHQWLRQ WLPH  LQ KRXUV

(;$03/( ,I KDOI RI WKH YROXPH RI WKH DHUDWLRQ YHVVHO LV H[FKDQJHG )LQW �  DQG WKH PHDQ K\GUDXOLF UHWHQWLRQ WLPH
+5W  LV � K  WKH FRUUHFWLRQ (TXDWLRQ %  UHGXFHV WR (TXDWLRQ %  

FRU
�
� �W W) ) %  
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$QQH[ &
LQIRUPDWLYH  

7HVW V\VWHPV

.H\
$ VWRUDJH YHVVHO IRU LQIOXHQW
% GRVLQJ SXPS
& DHUDWLRQ YHVVHO  � O FDSDFLW\
' VHSDUDWRU VHFRQGDU\ FODULILHU  � O FDSDFLW\
( DLU OLIW RU GRVLQJ SXPS IRU UHF\FOLQJ VOXGJH
) HIIOXHQW FROOHFWLRQ YHVVHO
* DHUDWRU GLIIXVHU VWRQH  
+ DLU OLQH

D $UURZV LQGLFDWH GLUHFWLRQ RI IOXLG IORZ  

)LJXUH & ² $FWLYDWHG VOXGJH SODQW

  



.H\
$ VWRUDJH YHVVHO IRU LQIOXHQW
% GRVLQJ SXPS
& SRURXV SRW DHUDWLRQ YHVVHO  � O FDSDFLW\
' RXWHU LPSHUPHDEOH YHVVHO
( HIIOXHQW FROOHFWLRQ YHVVHO
) DHUDWRU GLIIXVHU VWRQH
* DLU OLQH

D $UURZV LQGLFDWH GLUHFWLRQ RI IOXLG IORZ  

)LJXUH & ² 3RURXV SRW V\VWHP

  



'LPHQVLRQV LQ PLOOLPHWUHV

0DWHULDO� JODVV RU WUDQVSDUHQW ZDWHU UHVLVWDQW SODVWLF VXFK DV KDUG 39&  

)LJXUH & �² ([DPSOH GLPHQVLRQV RI DQ DHUDWLRQ YHVVHO DQG D VHSDUDWRU IRU D ODERUDWRU\ DFWLYDWHG
VOXGJH SODQW

  



$QQH[ '
LQIRUPDWLYH  

(IIHFWV RI VOXGJH UHWHQWLRQ WLPH RQ HIIOXHQW FRQFHQWUDWLRQ

'  3ULQFLSOH

7KH DFWLYDWHG VOXGJH VLPXODWLRQ WHVW LV GHVLJQHG WR DVFHUWDLQ ZKHWKHU WKH FKHPLFDOV WHVWHG FDQ EH
ELRGHJUDGHG ZLWKLQ WKH OLPLWV LPSRVHG LQ ZDVWH ZDWHU WUHDWPHQW SODQWV  7KH UHVXOWV DUH H[SUHVVHG LQ WHUPV RI
SHUFHQWDJH UHPRYDO RU ELRGHJUDGDELOLW\  +RZHYHU  LQ VRPH FDVHV  NLQHWLF GDWD ZRXOG EH PRUH XVHIXO  H J  IRU
SUHGLFWLYH SXUSRVHV RU LQ FDOFXODWLQJ HQYLURQPHQWDO FRQFHQWUDWLRQV IRU ULVN DVVHVVPHQWV >�@ >�@ >�@ >�@ > @ > @

7KH FRQGLWLRQV RI RSHUDWLRQ RI WKH DFWLYDWHG VOXGJH SODQWV  LQ UHDOLW\ DV ZHOO DV LQ ODERUDWRU\ VFDOH  DUH VXFK DV
WR DOORZ UDWKHU ZLGH YDULDWLRQV LQ WKH FRQFHQWUDWLRQ RI WKH WHVW FRPSRXQG LQ WKH HIIOXHQW  0DLQ IDFWRUV
GHWHUPLQLQJ WKH SHUIRUPDQFH RI DQ DFWLYDWHG VOXGJH SODQW DUH WKH VOXGJH UHWHQWLRQ WLPH  657  DQG WKH
K\GUDXOLF UHWHQWLRQ WLPH  +57  LQ WKH DHUDWLRQ YHVVHOV  7KH FRQFHQWUDWLRQ RI WKH WHVW FRPSRXQG LQ WKH HIIOXHQW
LV GHWHUPLQHG ODUJHO\ E\ WKH 657 DQG  WR D OHVVHU H[WHQW  E\ WKH +57  7HVWV DUH XVXDOO\ FDUULHG RXW DW RQO\ RQH
QRPLQDO FRQFHQWUDWLRQ RI VOXGJH VROLGV RU DW RQH QRPLQDO 657 DQG WKH VOXGJH ZDVWDJH UHJLPHV GHVFULEHG FDQ
FDXVH WKH YDOXH RI 657 WR YDU\ FRQVLGHUDEO\ GXULQJ WKH WHVW  ERWK GXULQJ D GD\ DQG IURP GD\ WR GD\

+57 PD\ EH LQIOXHQFHG DV GHVFULEHG LQ � � RI WKLV ,QWHUQDWLRQDO 6WDQGDUG  ,Q WKLV DQQH[  D PHWKRG LV GHVFULEHG
WR FRQWURO WKH 657 ZLWKLQ PXFK QDUURZHU OLPLWV  ZKLFK PD\ UHVXOW LQ D PRUH UHDOLVWLF ELRGHJUDGDELOLW\ DQG D
PRUH FRQVWDQW FRQFHQWUDWLRQ RI WKH WHVW FRPSRXQG LQ WKH HIIOXHQW ZKLFK LV QHFHVVDU\ LQ RUGHU WR REWDLQ SUHFLVH
NLQHWLF GDWD  

7KH WHVWV DUH SHUIRUPHG DV GHVFULEHG LQ WKLV ,QWHUQDWLRQDO 6WDQGDUG  ,W LV UHFRPPHQGHG WR XVH WKH SRURXV SRW
XQLWV GHVLJQHG WR IDFLOLWDWH WKH FRQWLQXRXV UHPRYDO RI PL[HG OLTXRU DQG WKHUHIRUH DOORZLQJ YHU\ SUHFLVH FRQWURO
RI WKH 657  $ VXLWDEOH SXPS  SUHIHUDEO\ RSHUDWHG LQWHUPLWWHQWO\  LV UHTXLUHG WR UHPRYH ZDVWH VOXGJH IURP WKH
DHUDWLRQ YHVVHOV LQ WKH GHVLUHG DPRXQW H J  D UHPRYDO UDWH RI � PO PLQ ,W LV HVVHQWLDO WR FRQWURO WKH 657 DW
WKH UHTXLUHG YDOXH RQO\ E\ WKH FRQVWDQW UHPRYDO RI VOXGJH E\ SXPSLQJ  0RQLWRU WKH UDWH RI UHPRYDO IUHTXHQWO\
H J  DW OHDVW WZLFH SHU GD\ DQG DGMXVW  LI QHFHVVDU\ WR ZLWKLQ   RI WKH UHTXLUHG UDWH  2WKHU W\SHV RI
DSSDUDWXV FDQ EH XVHG  EXW JUHDW FDUH VKRXOG EH H[HUFLVHG WR HQVXUH WKDW JRRG FRQWURO RI 657 LV DFKLHYHG
7KH GHVLUHG UHWHQWLRQ WLPH LV XVXDOO\ EHWZHHQ G DQG  G  ,W LV UHFRPPHQGHG WR XVH GRPHVWLF VHZDJH DQG
FRPPXQDO DFWLYDWHG VOXGJH  SUHIHUDEO\ DW DERXW � J O

127( $Q LPSURYHPHQW RI WKH SRURXV SRWV PD\ EH PDGH E\ XVLQJ YHVVHOV ZKLFK FRQVLVW RI DQ LQQHU YHVVHO RU OLQHU
FRQVWUXFWHG IURP SRURXV SRO\SURS\OHQH  �  PP WKLFN ZLWK D SRUH VL]H RI DSSUR[LPDWHO\ �  �P DQG D EXWW ZHOGHG MRLQW  7KH
OLQHU LV ILWWHG LQWR DQ LPSHUYLRXV SRO\HWK\OHQH RXWHU YHVVHO  ZKLFK FRQVLVWV RI WZR SDUWV� D FLUFXODU EDVH LQ ZKLFK KROHV DUH
ERUHG WR DFFRPPRGDWH WZR DLU OLQHV DQG D VOXGJH ZDVWDJH OLQH  DQG DQ XSSHU F\OLQGHU ZKLFK VFUHZV RQ WR WKH EDVH DQG
ZKLFK KDV DQ RXWOHW SODFHG VR DV WR JLYH D NQRZQ YROXPH � O  LQ WKH SRURXV SRW YHVVHO  2QH RI WKH DLU OLQHV LV ILWWHG ZLWK D
GLIIXVHU VWRQH DQG WKH RWKHU LV RSHQ HQGHG DQG VHW DW ULJKW DQJOHV WR WKH VWRQH LQ WKH SRW  7KLV V\VWHP SURGXFHV WKH
QHFHVVDU\ WXUEXOHQFH WR HQVXUH WKDW WKH FRQWHQWV RI WKH SRW DUH FRPSOHWHO\ PL[HG  DV ZHOO DV SURYLGLQJ D FRQFHQWUDWLRQ RI
GLVVROYHG R[\JHQ JUHDWHU WKDQ  PJ O

,W LV SUHIHUDEOH WR DGG WKH WHVW FRPSRXQG VROXWLRQ VHSDUDWHO\ DQG FRQWLQXRXVO\  0RQLWRU WKH IORZ UDWHV RI WKH
LQIOXHQWV DQG HIIOXHQWV DQG  LI QHFHVVDU\  DGMXVW WR ZLWKLQ  IUHTXHQWO\  H J  WZLFH SHU GD\  7R FDOFXODWH
WHQWDWLYH NLQHWLF FRQVWDQWV  WKH UHPRYDO RI WKH WHVW FRPSRXQG SDUHQW FKHPLFDO  LV IROORZHG XVLQJ VSHFLILF
DQDO\VLV 6XLWDEOH DQDO\WLFDO HTXLSPHQW LV  LQ WKLV FDVH  HVVHQWLDO  ,W LV FRQYHQLHQW WR SHUIRUP D WHVW DW IRXU RU
ILYH GLIIHUHQW 657V DW RQH WHPSHUDWXUH  ,Q H[WHQGHG VWXGLHV  WKH LQIOXHQFH RI WHPSHUDWXUH FDQ EH HVWDEOLVKHG
DW WKH VDPH RU GLIIHUHQW 657 YDOXHV  7KH UDQJH RI WHPSHUDWXUH VKRXOG EH XVXDOO\ EHWZHHQ � �& DQG  �&  
2SHUDWH WKH XQLWV DW HDFK VHOHFWHG VHW RI FRQGLWLRQV XQWLO HTXLOLEULXP KDV EHHQ UHDFKHG DQG GHWHUPLQH WKHQ
WKH WHVW FRPSRXQG LQ WKH HIIOXHQW RYHU D SHULRG RI DERXW WKUHH ZHHNV  $GGLWLRQDOO\ RU LI QR VXLWDEOH DQDO\WLFDO
WHFKQLTXH LV DYDLODEOH  GLVVROYHG RUJDQLF FDUERQ  '2&  PD\ EH PHDVXUHG  ,Q WKLV FDVH  FRQWURO XQLWV UHFHLYLQJ
QR WHVW FRPSRXQG DUH RSHUDWHG LQ SDUDOOHO DQG WKH FRQFHQWUDWLRQ RI WKH WHVW FRPSRXQG VKRXOG EH KLJK HQRXJK  
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,I '2& LV XVHG DV DQDO\WLFDO WRRO RU LI WKH WHVW FRPSRXQG LV WKRXJKW WR EH SUHVHQW LQ WKH VHZDJH XVHG  D FRQWURO
XQLW LV UHTXLUHG DV ZHOO  IRU HDFK VHW RI FRQGLWLRQV  

127( 7KH UHPRYDO RI WKH WHVW FRPSRXQG  HLWKHU DV WKH SDUHQW FRPSRXQG RU RQ WKH EDVLV RI WKH '2& PHDVXUHPHQW
DQG RI WKH '2& RI WKH RUJDQLF PHGLXP DUH FDOFXODWHG LQ DFFRUGDQFH ZLWK �  DQG H[SUHVVHG LQ DFFRUGDQFH ZLWK �  7KH
UHODWLRQVKLS EHWZHHQ 657 DQG WKH FRQFHQWUDWLRQ LQ WKH HIIOXHQW LV H[SUHVVHG  IRU H[DPSOH  LQ JUDSKLFDO IRUP  )URP WKLV RU
LQ DQRWKHU ZD\  NLQHWLF FRQVWDQWV DUH FDOFXODWHG  $Q H[DPSOH ZKLFK LV EDVHG RQ WKH 0RQRG PRGHO RI EDFWHULDO JURZWK DQG
VXEVWUDWH XWLOL]DWLRQ LV JLYHQ EHORZ  7KH WHVW UHVXOWV PD\ EH XVHG WR SUHGLFW WKH FRQGLWLRQV XQGHU ZKLFK WKH WHVW FRPSRXQG
FDQ EH WUHDWHG WR SURGXFH JLYHQ HIIOXHQW FRQFHQWUDWLRQV  

'  &DOFXODWLRQ RI NLQHWLF FRQVWDQWV

%\ DVVXPLQJ WKDW 0RQRG NLQHWLFV DSSO\ DQG FRQVLGHULQJ D PDVV EDODQFH RI DFWLYH VROLGV DQG VXEVWUDWH DFURVV
WKH DFWLYDWHG VOXGJH V\VWHP  WKH IROORZLQJ VWHDG\ VWDWH H[SUHVVLRQV FDQ EH REWDLQHG �

PD[
G

65 F

F
.

W F F
'  

F G 65

65 PD[ G

F . W
F

W .
'  

ZKHUH

F LV WKH FRQFHQWUDWLRQ  H[SUHVVHG LQ PLOOLJUDP SHU OLWUH  RI VXEVWDQFH LQ WKH HIIOXHQW�

FF LV WKH KDOI VDWXUDWLRQ FRQFHQWUDWLRQ FRQVWDQW H J  WKH FRQFHQWUDWLRQ DW ZKLFK PD[
H[SUHVVHG LQ PLOOLJUDP SHU OLWUH�

LV WKH VSHFLILF JURZWK UDWH H[SUHVVHG LQ SHU GD\�

PD[ LV WKH PD[LPXP YDOXH RI  H[SUHVVHG LQ SHU GD\�

.G LV WKH VSHFLILF GHFD\ UDWH  H[SUHVVHG LQ SHU GD\  RI DFWLYH VROLGV�

65W LV WKH PHDQ VOXGJH UHWHQWLRQ WLPH  657  H[SUHVVHG LQ GD\V  

([DPLQDWLRQ RI WKLV HTXDWLRQ OHDGV WR WKH IROORZLQJ FRQFOXVLRQV  

D 7KH HIIOXHQW FRQFHQWUDWLRQ F  LV LQGHSHQGHQW RI WKDW LQ WKH LQIOXHQW F KHQFH  WKH SHUFHQWDJH
ELRGHJUDGDWLRQ YDULHV ZLWK WKH LQIOXHQW FRQFHQWUDWLRQ F

E 7KH RQO\ SODQW FRQWURO SDUDPHWHU DIIHFWLQJ F LV WKH VOXGJH UHWHQWLRQ WLPH  65W  H[SUHVVHG LQ GD\V  

F )RU D JLYHQ FRQFHQWUDWLRQ F  LQ WKH LQIOXHQW  WKHUH LV D FULWLFDO VOXGJH UHWHQWLRQ WLPH ZKLFK LV GHVFULEHG E\
(TXDWLRQ ' � �

PD[
G

65 F F

F
.

W F F
 ' �  

ZKHUH

65 FW LV WKH FULWLFDO VOXGJH UHWHQWLRQ WLPH  H[SUHVVHG LQ GD\V  EHORZ ZKLFK WKH FRPSHWHQW PLFUR
RUJDQLVPV DUH ZDVKHG RXW RI WKH SODQW  
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G 6LQFH WKH RWKHU SDUDPHWHUV LQ (TXDWLRQ ' DUH DVVRFLDWHG ZLWK JURZWK NLQHWLFV  WHPSHUDWXUH LV OLNHO\ WR
DIIHFW HIIOXHQW VXEVWUDWH OHYHO� DQG WKH FULWLFDO VOXGJH DJH  L H  WKH VOXGJH UHWHQWLRQ WLPH QHHGHG WR REWDLQ D
FHUWDLQ GHJUHH RI WUHDWPHQW  LQFUHDVHV ZLWK GHFUHDVLQJ WHPSHUDWXUH  

)URP D PDVV EDODQFH RI VROLGV LQ WKH SRURXV SRW V\VWHP  DQG DVVXPLQJ WKDW WKH VROLGV FRQFHQWUDWLRQ LQ WKH
SODQW HIIOXHQW  FH LV ORZ FRPSDUHG ZLWK WKDW LQ WKH DHUDWLRQ YHVVHO FD  WKH VOXGJH UHWHQWLRQ WLPH  65W LV
FDOFXODWHG DFFRUGLQJ WR (TXDWLRQV ' �  DQG ' �

D
65

L Z VO H Z VO D

9 F
W

T T F T F
 ' �  

DQG

D
65

Z VO D Z VO

9 F 9W
T F T

' �  

ZKHUH

9 LV WKH YROXPH  H[SUHVVHG LQ OLWUHV RI DFWLYDWHG VOXGJH LQ WKH DHUDWLRQ YHVVHO�

FD LV WKH FRQFHQWUDWLRQ  H[SUHVVHG LQ PLOOLJUDPV SHU OLWUH  RI VROLGV LQ WKH DHUDWLRQ YHVVHO�

FH LV WKH FRQFHQWUDWLRQ  H[SUHVVHG LQ PLOOLJUDPV SHU OLWUH  RI VROLGV LQ WKH HIIOXHQW�

TL LV WKH IORZ UDWH  H[SUHVVHG LQ OLWUHV SHU GD\  RI LQIOXHQW�

TZ VO LV WKH IORZ UDWH  H[SUHVVHG LQ OLWUHV SHU GD\  RI ZDVWH VOXGJH  

7KXV  LW LV SRVVLEOH WR FRQWURO WKH VOXGJH UHWHQWLRQ WLPH DW DQ\ SUH VHOHFWHG YDOXH E\ WKH FRQWURO RI WKH ZDVWH
VOXGJH IORZ UDWH TZ VO

' � &RQFOXVLRQV

7KH PDLQ SXUSRVH RI WKH WHVW LV WKXV WR DOORZ WKH HIIOXHQW FRQFHQWUDWLRQ  DQG KHQFH WKH OHYHOV RI WHVW FRPSRXQG
LQ WKH UHFHLYLQJ ZDWHUV  WR EH SUHGLFWHG  

%\ SORWWLQJ F YHUVXV 65W  WKH FULWLFDO VOXGJH UHWHQWLRQ WLPH  65 FW  FDQ VRPHWLPHV EH UHDGLO\ HYDOXDWHG :KHQ
WKLV LV QRW SRVVLEOH  65 FW PD\ EH FDOFXODWHG  WRJHWKHU ZLWK DSSUR[LPDWH YDOXHV RI PD[ DQG FF  E\ SORWWLQJ F
YHUVXV F 65W

5HDUUDQJHPHQW RI (TXDWLRQ ' JLYHV (TXDWLRQ ' � �

65 F

65 G PD[ PD[

F W F F
W .

' �  

LI .G LV VPDOO  WKHQ  65W .G  DQG (TXDWLRQ ' �  UHGXFHV WR (TXDWLRQ ' � �

F
65

PD[ PD[

F FF W ' �  

7KXV  WKH SORW F YHUVXV F 65W VKRXOG EH D VWUDLJKW OLQH RI VORSH PD[ DQG LQWHUFHSW FF PD[ DQG
65 FW  PD[
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$QQH[ (
LQIRUPDWLYH  

([DPSOH RI DQ HOLPLQDWLRQ GHJUDGDWLRQ FXUYH

.H\
; WLPH  H[SUHVVHG LQ GD\V
< '2& HOLPLQDWLRQ  H[SUHVVHG LQ SHUFHQW

 SODWHDX SKDVH
 ODJ SKDVH
� DFFHOHUDWLQJ UHPRYDO SKDVH

)LJXUH (  ² (OLPLQDWLRQ RI SRO\HWK\OHQH JO\FRO �
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%LEOLRJUDSK\

> @ ),6&+(5  : .  *(5,.(  3  DQG +2/70$11 :  %LRGHJUDGDELOLW\ 'HWHUPLQDWLRQV YLD 8QVSHFLILF $QDO\VHV
&KHPLFDO 2[\JHQ 'HPDQG  'LVVROYHG 2UJDQLF &DUERQ  LQ &RXSOHG 8QLWV RI WKH 2(&' &RQILUPDWRU\
7HVW ,  7KH 7HVW  :DWHU 5HVHDUFK � ���  SS  � ��

> @ 1,76&+.(  /  %HVWLPPXQJ YRQ DQLRQLVFKHQ  QLFKWLRQLVFKHQ XQG NDWLRQLVFKHQ 7HQVLGHQ PLWWHOV +3/&
>'HWHUPLQDWLRQ RI DQLRQLF  QRQLRQLF DQG FDWLRQLF VXUIDFWDQWV E\ +3/&@  7HQVLGH 6XUI  'HW �  ���
SS � � � �

>�@ *521(1%(5*  &  DQG 6&+g%(5/  3 'LH (UZHLWHUXQJ GHV PRGLIL]LHUWHQ 2(&' &RQILUPDWRU\ 7HVWV XP
HLQH YRUJHVFKDOWHWH 'HQLWULILNDWLRQVVWXIH >([WHQGLQJ WKH PRGLILHG 2(&' FRQILUPDWRU\ WHVWV E\ DQ
XSVWUHDP GHQLWULILFDWLRQ VWDJH@  7HQVLGH 6XUI  'HW � ���  SS  � � � �

>�@ %2(,-(  *  &2567$1-(  5  5277,(56  $  DQG 6&+2:$1(.  '  $GDSWDWLRQ RI WKH &$6 7HVW 6\VWHP DQG
6\QWKHWLF 6HZDJH IRU %LRORJLFDO 1XWULHQW 5HPRYDO  3DUW ,� 'HYHORSPHQW RI D QHZ V\QWKHWLF VHZDJH
&KHPRVSKHUH �� ���  SS  ��� � �

>�@ 5277,(56  $  %2(,-(  *  &2567$1-(  5  '(&5$(1(  .  )(,-7(/  7 & -  0$77+,-6  (  DQG 6&+2:$1(.
'  $GDSWDWLRQ RI WKH &$6 7HVW 6\VWHP DQG 6\QWKHWLF 6HZDJH IRU %LRORJLFDO 1XWULHQW 5HPRYDO  3DUW ,,�
'HVLJQ DQG YDOLGDWLRQ RI WHVW XQLWV &KHPRVSKHUH ��  ���  SS  � � �

>�@ 3$,17(5  + $  DQG %($/,1*  ' -  ([SHULHQFH DQG 'DWD IURP WKH 2(&' DFWLYDWHG VOXGJH VLPXODWLRQ
WHVWV LQ /DERUDWRU\ 7HVW IRU 6LPXODWLRQ RI :DWHU 7UHDWPHQW 3URFHVVHV (GLWRUV� -DFREVHQ  % 1
0XQWDX  +  DQG $QJHOHWWL * :DWHU 3ROOXWLRQ 5HVHDUFK 5HSRUW �  %UXVVHOV ���

>�@ %,5&+  5 5  7KH ELRGHJUDGDELOLW\ RI DOFRKRO HWKR[\ODWHV ;,,, -RUQDGR &RUQ  (VSDQRO 'HWHUJ  ��  
SS  �� ��

>�@ %,5&+  5 5  %LRGHJUDGDWLRQ RI QRQLRQLF VXUIDFWDQWV - $ 2 & 6 �  ���  SS  �� ���

>�@ %,5&+  5 5  3UHGLFWLRQ RI WKH IDWH RI GHWHUJHQW FKHPLFDOV GXULQJ VHZDJH WUHDWPHQW  -  &KHP  7HFK
%LRWHFKQRO �  �� SS  � �

> @ *5$'<  & 3 /  60(76  % )  DQG %$5%($8  ' 6  9DULDELOLW\ LQ NLQHWLF SDUDPHWHU HVWLPDWHV� $ UHYLHZ RI
SRVVLEOH FDXVHV DQG D SURSRVHG WHUPLQRORJ\ :DW  5HV � �  ���  SS  �� ���

> @ %LRGHJUDGDWLRQ NLQHWLFV� *HQHUDWLRQ DQG XVH RI GDWD IRU UHJXODWRU\ GHFLVLRQ PDNLQJ ��� :RUNVKRS
DW 3RUW 6XQOLJKW  8.  (GV +DOHV  6* )HLWMHO  7  .LQJ  +  )R[  .  DQG 9HUVWUDHWH  : � � 6HSWHPEHU
���  6(7$& (XURSH  %UXVVHOV  

> @ ,62 ���� :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI .MHOGDKO QLWURJHQ² 0HWKRG DIWHU PLQHUDOL]DWLRQ ZLWK
VHOHQLXP

> �@ ,62 �� �  :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI GLVVROYHG R[\JHQ² (OHFWURFKHPLFDO SUREH PHWKRG

> �@ ,62 � �  :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI WKH FKHPLFDO R[\JHQ GHPDQG

> �@ ,62 � �  :DWHU TXDOLW\ ² 7HVW IRU LQKLELWLRQ RI R[\JHQ FRQVXPSWLRQ E\ DFWLYDWHG VOXGJH

> �@ ,62 � �� :DWHU TXDOLW\ ² *XLGHOLQHV IRU WKH GHWHUPLQDWLRQ RI WRWDO RUJDQLF FDUERQ 72&  DQG
GLVVROYHG RUJDQLF FDUERQ '2&

> �@ ,62 ���� :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI VXUIDFWDQWV ² 3DUW � 'HWHUPLQDWLRQ RI DQLRQLF
VXUIDFWDQWV E\ PHDVXUHPHQW RI WKH PHWK\OHQH EOXH LQGH[ 0%$6
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> �@ ,62 ����  :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI VXUIDFWDQWV ² 3DUW � 'HWHUPLQDWLRQ RI QRQ LRQLF
VXUIDFWDQWV XVLQJ 'UDJHQGRUII UHDJHQW

> �@ ,62 �� � :DWHU TXDOLW\ ² (YDOXDWLRQ RI XOWLPDWH DHURELF ELRGHJUDGDELOLW\ RI RUJDQLF FRPSRXQGV LQ
DTXHRXV PHGLXP E\ GHWHUPLQDWLRQ RI R[\JHQ GHPDQG LQ D FORVHG UHVSLURPHWHU

> @ ,62 ����  :DWHU TXDOLW\ ² (YDOXDWLRQ RI XOWLPDWH DHURELF ELRGHJUDGDELOLW\ RI RUJDQLF FRPSRXQGV LQ
DTXHRXV PHGLXP² &DUERQ GLR[LGH HYROXWLRQ WHVW

> @ ,62 �� � :DWHU TXDOLW\ ² 0HWKRG IRU DVVHVVLQJ WKH LQKLELWLRQ RI QLWULILFDWLRQ RI DFWLYDWHG VOXGJH PLFUR
RUJDQLVPV E\ FKHPLFDOV DQG ZDVWH ZDWHUV

> @ ,62 � �  :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI GLVVROYHG DQLRQV E\ OLTXLG FKURPDWRJUDSK\ RI LRQV ²
3DUW � 'HWHUPLQDWLRQ RI EURPLGH  FKORULGH  QLWUDWH  QLWULWH  RUWKRSKRVSKDWH DQG VXOIDWH LQ ZDVWH ZDWHU

> �@ ,62 � �  :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI S+

> �@ ,62 �� :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI DPPRQLXP QLWURJHQ E\ IORZ DQDO\VLV &)$ DQG ),$  DQG
VSHFWURPHWULF GHWHFWLRQ

> �@ ,62 � �  :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI VXVSHQGHG VROLGV E\ ILOWUDWLRQ WKURXJK JODVV ILEUH ILOWHUV

> �@ ,62 ����  :DWHU TXDOLW\ ² (YDOXDWLRQ RI XOWLPDWH DHURELF ELRGHJUDGDELOLW\ RI RUJDQLF FRPSRXQGV LQ
DTXHRXV PHGLXP² 0HWKRG E\ DQDO\VLV RI LQRUJDQLF FDUERQ LQ VHDOHG YHVVHOV &2 KHDGVSDFH WHVW

> �@ ,62 ��  :DWHU TXDOLW\ ² 'HWHUPLQDWLRQ RI WKH LQKLELWRU\ HIIHFW RI ZDWHU FRQVWLWXHQWV RQ WKH JURZWK
RI DFWLYDWHG VOXGJH PLFURRUJDQLVPV

> �@ ,62 ����  :DWHU TXDOLW\ ² $GVRUSWLRQ RI VXEVWDQFHV RQ DFWLYDWHG VOXGJH² %DWFK WHVW XVLQJ VSHFLILF
DQDO\WLFDO PHWKRGV

> �@ 2(&' *XLGHOLQHV IRU WKH 7HVWLQJ RI &KHPLFDOV² 3URSRVDO IRU 8SGDWLQJ *XLGHOLQH � �² 6LPXODWLRQ
7HVW² $HURELF 6HZDJH 7UHDWPHQW  3DULV ���
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