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)RUHZRUG

7KLV (XURSHDQ 6WDQGDUG (1 � �� �  KDV EHHQ SUHSDUHG E\ 7HFKQLFDO &RPPLWWHH (&,66 7&  ³0HWKRGV RI
FKHPLFDO DQDO\VLV RI IHUURXV SURGXFWV´  WKH VHFUHWDULDW RI ZKLFK LV KHOG E\ 6,6  

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 �  

$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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 6FRSH

7KLV (XURSHDQ 6WDQGDUG VSHFLILHV D JORZ GLVFKDUJH RSWLFDO HPLVVLRQ VSHFWURPHWULF PHWKRG IRU WKH GHWHUPLQDWLRQ RI
WKH WKLFNQHVV DQG FKHPLFDO FRPSRVLWLRQ RI PHWDOOLF VXUIDFH FRDWLQJV FRQVLVWLQJ RI ]LQF DQG DOXPLQLXP EDVHG DOOR\V
7KH DOOR\LQJ HOHPHQWV FRQVLGHUHG DUH DOXPLQLXP  QLFNHO  VLOLFRQ DQG OHDG  

7KLV PHWKRG LV DSSOLFDEOH WR ]LQF FRQWHQWV EHWZHHQ �  P P  DQG  P P � DOXPLQLXP FRQWHQWV EHWZHHQ
  P P  DQG �  P P � QLFNHO FRQWHQWV EHWZHHQ  P P  DQG �  P P � VLOLFRQ FRQWHQWV EHWZHHQ
  P P  DQG �  P P � OHDG FRQWHQWV EHWZHHQ �  P P  DQG   P P

 1RUPDWLYH UHIHUHQFHV

1RW DSSOLFDEOH

� 3ULQFLSOH

7KH DQDO\WLFDO PHWKRG GHVFULEHG KHUH LQYROYHV WKH IROORZLQJ SURFHVVHV�

D &DWKRGLF VSXWWHULQJ RI WKH VXUIDFH FRDWLQJ LQ D GLUHFW FXUUHQW JORZ GLVFKDUJH GHYLFH�

E 2SWLFDO H[FLWDWLRQ RI WKH DQDO\WH DWRPV LQ WKH SODVPD IRUPHG LQ WKH JORZ GLVFKDUJH GHYLFH�

F 6SHFWURPHWULF PHDVXUHPHQW RI FKDUDFWHULVWLF HPLVVLRQ VSHFWUDO OLQHV RI WKH DQDO\WH DWRPV DV D IXQFWLRQ RI
VSXWWHULQJ WLPH GHSWK SURILOH � DQG

G &RQYHUVLRQ RI WKH GHSWK SURILOH LQ XQLWV RI LQWHQVLW\ YHUVXV WLPH WR PDVV IUDFWLRQ YHUVXV GHSWK E\ PHDQV RI
FDOLEUDWLRQ IXQFWLRQV TXDQWLILFDWLRQ  &DOLEUDWLRQ RI WKH V\VWHP LV DFKLHYHG E\ PHDVXUHPHQWV RQ FDOLEUDWLRQ
VDPSOHV RI NQRZQ FKHPLFDO FRPSRVLWLRQ DQG PHDVXUHG VSXWWHULQJ UDWH  

� $SSDUDWXV

�  *ORZ GLVFKDUJH RSWLFDO HPLVVLRQ VSHFWURPHWHU

�  *HQHUDO

$Q RSWLFDO HPLVVLRQ VSHFWURPHWHU HTXLSSHG ZLWK D *ULPP W\SH  RU VLPLODU GLUHFW FXUUHQW JORZ GLVFKDUJH VRXUFH
DQG D VLPXOWDQHRXV RSWLFDO VSHFWURPHWHU  LQFRUSRUDWLQJ VXLWDEOH VSHFWUDO OLQHV IRU WKH DQDO\WH HOHPHQWV VHH 7DEOH 
IRU UHFRPPHQGHG OLQHV  VKDOO EH XVHG

7KH LQQHU GLDPHWHU RI WKH KROORZ DQRGH RI WKH JORZ GLVFKDUJH VKDOO EH LQ WKH UDQJH  PP WR � PP  $ FRROLQJ GHYLFH
IRU WKLQ VDPSOHV VXFK DV D PHWDO EORFN ZLWK FLUFXODWLQJ FRROLQJ OLTXLG  LV DOVR UHFRPPHQGHG  EXW QRW VWULFWO\
QHFHVVDU\ IRU LPSOHPHQWDWLRQ RI WKH PHWKRG  

,W LV GHVLUDEOH IRU WKH LQVWUXPHQW WR FRQIRUP WR WKH SHUIRUPDQFH VSHFLILFDWLRQV JLYHQ LQ � DQG � �  WR EH
HYDOXDWHG LQ � �  

�  0LQLPXP UHSHDWDELOLW\

3HUIRUP  PHDVXUHPHQWV RI WKH HPLVVLRQ LQWHQVLW\ RQ D KRPRJHQHRXV EXON VDPSOH ZLWK D FRQWHQW RI WKH DQDO\WH
H[FHHGLQJ   P P  $OORZ WKH GLVFKDUJH DW OHDVW � V VWDELOLVDWLRQ WLPH RIWHQ UHIHUUHG WR DV SUHEXUQ  EHIRUH HDFK
LQWHQVLW\ PHDVXUHPHQW  (DFK PHDVXUHPHQW VKDOO EH ORFDWHG RQ D QHZO\ SUHSDUHG VXUIDFH RI WKH VDPSOH  &DOFXODWH
WKH VWDQGDUG GHYLDWLRQ RI WKH  PHDVXUHPHQWV  7KH VWDQGDUG GHYLDWLRQ VKRXOG QRW H[FHHG  RI WKH PHDQ
LQWHQVLW\ RI WKH DQDO\WH  ,I WKLV LV WKH FDVH  UHSHDW WKH WHVW WZR PRUH WLPHV  ,I WKH KLJK VWDQGDUG GHYLDWLRQ LV
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UHSHDWDEOH  WKHUH LV SUREDEO\ VRPH PDOIXQFWLRQ LQ WKH LQVWUXPHQW RU WKH VDPSOH XVHG LV QRW KRPRJHQHRXV  %HIRUH
SURFHHGLQJ  WKH FDXVH RI WKH SUREOHP VKRXOG EH LQYHVWLJDWHG DQG UHFWLILHG

� � /LPLW RI GHWHFWLRQ

'HWHFWLRQ OLPLWV DUH LQVWUXPHQW GHSHQGHQW DQG PDWUL[ GHSHQGHQW  &RQVHTXHQWO\  WKH GHWHFWLRQ OLPLW IRU D JLYHQ
DQDO\WH FDQQRW EH XQLTXHO\ GHWHUPLQHG IRU HYHU\ DYDLODEOH LQVWUXPHQW RU IRU WKH IXOO UDQJH RI =Q EDVHG DOOR\V
FRQVLGHUHG KHUH  )RU WKH SXUSRVHV RI WKLV GRFXPHQW  WKH GHWHFWLRQ OLPLW IRU HDFK DQDO\WH ZLOO EH DFFHSWDEOH LI LW LV
HTXDO WR RU OHVV WKDQ RQH WKLUG RI WKH ORZHVW FRQFHQWUDWLRQ WR EH GHWHUPLQHG LQ WKH LQWHQGHG DSSOLFDWLRQV  7KH
GHWHFWLRQ OLPLW LV GHWHUPLQHG XVLQJ WKH PHWKRG H[SODLQHG EHORZ

D 6HOHFW D EXON VDPSOH WR EH XVHG DV D EODQN  7KH VDPSOH FRPSRVLWLRQ VKRXOG EH VLPLODU WR WKH FRDWLQJV WR EH
DQDO\]HG LQ WHUPV RI WKH HOHPHQWDO FRPSRVLWLRQ RI WKH PDWUL[  )XUWKHU LW VKDOO EH NQRZQ WR FRQWDLQ OHVV WKDQ

 PJ NJ RI WKH DQDO\WH

E 3HUIRUP WHQ UHSOLFDWH EXUQV RQ WKH EODQN  )RU HDFK EXUQ  DFTXLUH WKH HPLVVLRQ LQWHQVLW\ DW WKH DQDO\WLFDO
ZDYHOHQJWK IRU  V  7KHVH DUH WKH EDFNJURXQG HPLVVLRQ LQWHQVLW\ PHDVXUHPHQWV  7KH JORZ GLVFKDUJH
FRQGLWLRQV XVHG VKRXOG EH WKH VDPH DV WKRVH WKDW ZLOO EH XVHG LQ WKH DQDO\VLV RI WKH FRDWHG VDPSOHV  )RU HDFK
PHDVXUHPHQW WKH EODQN VKRXOG EH SUHEXUQHG DW WKHVH FRQGLWLRQV IRU D VXIILFLHQW OHQJWK RI WLPH WR DFKLHYH
VWDEOH VLJQDOV SULRU WR WKH TXDQWLILFDWLRQ RI WKH HPLVVLRQ LQWHQVLW\  $Q XQVSXWWHUHG DUHD RI WKH VXUIDFH RI WKH
EODQN IRU HDFK LQGLYLGXDO EXUQ VKDOO EH XVHG  

F &RPSXWH WKH GHWHFWLRQ OLPLW XVLQJ WKH IROORZLQJ HTXDWLRQ�

P
6'/ ×= �

ZKHUH

'/ LV WKH GHWHFWLRQ OLPLW�

6 LV WKH VWDQGDUG GHYLDWLRQ RI WKH WHQ EDFNJURXQG LQWHQVLW\ PHDVXUHPHQWV SHUIRUPHG LQ VWHS �

P LV WKH DQDO\WLFDO VHQVLWLYLW\ GHULYHG IURP WKH LQVWUXPHQW FDOLEUDWLRQ H[SUHVVHG DV WKH UDWLR RI LQWHQVLW\ WR PDVV
IUDFWLRQ  

,I WKH GHWHFWLRQ OLPLW FDOFXODWHG LV JUHDWHU WKDQ RQH WKLUG RI WKH ORZHVW FRQFHQWUDWLRQ WR EH GHWHUPLQHG LQ WKH
LQWHQGHG DSSOLFDWLRQV  WKHQ WKH WHVW VKRXOG EH UHSHDWHG  ,I WKH VHFRQG YDOXH FDOFXODWHG LV DOVR JUHDWHU WKDQ RQH WKLUG
RI WKH ORZHVW FRQFHQWUDWLRQ WR EH GHWHUPLQHG LQ WKH LQWHQGHG DSSOLFDWLRQV  WKHQ WKHUH PD\ EH DQ LQVWUXPHQW
PDOIXQFWLRQ ,Q VXFK D FDVH  WKH SUREOHP VKRXOG EH LQYHVWLJDWHG SULRU WR DQDO\]LQJ XQNQRZQ VDPSOHV  

�  'DWD DFTXLVLWLRQ

6LQFH WKH SULQFLSOH RI GHWHUPLQDWLRQ LV EDVHG RQ FRQWLQXRXV VSXWWHULQJ RI WKH VXUIDFH FRDWLQJ  WKH VSHFWURPHWHU VKDOO
EH HTXLSSHG ZLWK D GLJLWDO UHDGRXW V\VWHP IRU WLPH UHVROYHG PHDVXUHPHQW RI WKH HPLVVLRQ LQWHQVLWLHV  $ V\VWHP ZLWK
FDSDELOLW\ IRU GDWD DFTXLVLWLRQ VSHHG RI DW OHDVW � PHDVXUHPHQWV VHFRQG SHU VSHFWUDO FKDQQHO LV UHFRPPHQGHG  
EXW IRU WKH DSSOLFDWLRQV ZLWKLQ WKH VFRSH RI WKLV VWDQGDUG D VSHHG RI PHDVXUHPHQWV VHFRQG SHU VSHFWUDO FKDQQHO
PD\ EH DFFHSWDEOH  

� 6DPSOLQJ

&DUU\ RXW VDPSOLQJ LQ DFFRUGDQFH ZLWK WKH UHFRPPHQGDWLRQV RI WKH PDQXIDFWXUHU RI WKH FRDWHG PDWHULDO  ,Q JHQHUDO  
WKH HGJHV RI D FRDWHG VWULS VKRXOG EH DYRLGHG  7KH VL]H RI WKH WHVW VDPSOHV VKRXOG EH VXLWDEOH IRU WKH JORZ
GLVFKDUJH VRXUFH XVHG  7\SLFDOO\ URXQG RU UHFWDQJXODU VDPSOHV ZLWK D ZLGWK RI  PP WR  PP DUH VXLWDEOH  
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� 3URFHGXUH

�  6HOHFWLRQ RI VSHFWUDO OLQHV

)RU HDFK DQDO\WH WR EH GHWHUPLQHG WKHUH H[LVWV D QXPEHU RI VSHFWUDO OLQHV ZKLFK FDQ EH XVHG  6XLWDEOH OLQHV VKDOO
EH VHOHFWHG RQ WKH EDVLV RI VHYHUDO IDFWRUV LQFOXGLQJ WKH VSHFWUDO UDQJH RI WKH VSHFWURPHWHU XVHG  DQDO\WH
FRQFHQWUDWLRQ UDQJH  VHQVLWLYLW\ RI WKH VSHFWUDO OLQHV DQG VSHFWUDO LQWHUIHUHQFH IURP RWKHU HOHPHQWV SUHVHQW LQ WKH
VDPSOHV  ,Q WKLV W\SH RI DSSOLFDWLRQ  ZKHUH PRVW RI WKH DQDO\WHV RI LQWHUHVW DUH PDMRU HOHPHQWV LQ WKH VDPSOHV
VSHFLDO DWWHQWLRQ VKDOO EH SDLG WR WKH RFFXUUHQFH RI VHOI DEVRUSWLRQ RI FHUWDLQ KLJKO\ VHQVLWLYH VSHFWUDO OLQHV 6HOI
DEVRUSWLRQ PD\ FDXVH VHYHUH QRQ OLQHDULW\ RI FDOLEUDWLRQ FXUYHV DW KLJK DQDO\WH FRQFHQWUDWLRQ OHYHOV  DQG VXFK OLQHV
VKRXOG WKHUHIRUH EH DYRLGHG IRU WKH GHWHUPLQDWLRQ RI PDMRUV  ,Q 7DEOH  VRPH VXJJHVWLRQV FRQFHUQLQJ VXLWDEOH
VSHFWUDO OLQHV DUH JLYHQ  

7DEOH ² 6XJJHVWHG VSHFWUDO OLQHV IRU GHWHUPLQDWLRQ RI JLYHQ HOHPHQWV

(OHPHQW :DYHOHQJWK

QP  

(VWLPDWHG XVHIXO
FRQFHQWUDWLRQ UDQJH

 P P  

&RPPHQWV

=Q �� �  WR 

=Q ��� � WR 

=Q �� �� WR  

$O � � WR 

$O ��� �  WR D 6HOI DEVRUSWLRQ

1L � � � WR 

1L �� ��  WR D :HDN VHOI DEVRUSWLRQ

1L ��� � � WR D :HDN VHOI DEVRUSWLRQ

3E WR

3E � � ��  WR

6L � 1R GDWD DYDLODEOH

6L � � 1R GDWD DYDLODEOH

6L �� �  WR

)H �� � � WR 

)H �� ��  WR

)H � ��  WR 

)H �� �� � WR D :HDN VHOI DEVRUSWLRQ

)H ��� �  WR

&X ��  WR

&X � � �  WR � D 6WURQJ VHOI DEVRUSWLRQ

D 8VH RI QRQ OLQHDU FDOLEUDWLRQ FXUYH UHFRPPHQGHG

�  2SWLPLVLQJ WKH JORZ GLVFKDUJH VSHFWURPHWHU VHWWLQJV

�  *HQHUDO

)ROORZ WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV IRU SUHSDULQJ WKH LQVWUXPHQW IRU XVH  ,Q SDUWLFXODU  FKHFN WKDW WKH HQWUDQFH VOLW
WR WKH VSHFWURPHWHU LV FRUUHFWO\ DGMXVWHG  IROORZLQJ WKH SURFHGXUH JLYHQ E\ WKH LQVWUXPHQW PDQXIDFWXUHU  7KLV
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HQVXUHV WKDW WKH HPLVVLRQ LQWHQVLWLHV DUH PHDVXUHG RQ WKH SHDNV RI WKH VSHFWUDO OLQHV IRU RSWLPDO VLJQDO WR
EDFNJURXQG UDWLR )RU IXUWKHU LQIRUPDWLRQ  VHH H J  ,62 �� �  

7KH VRXUFH SDUDPHWHUV VKDOO EH FKRVHQ WR DFKLHYH WKUHH DLPV� DGHTXDWH VSXWWHULQJ RI WKH VDPSOH  WR UHGXFH WKH
DQDO\VLV WLPH ZLWKRXW RYHU KHDWLQJ WKH FRDWLQJV� JRRG FUDWHU VKDSH  IRU JRRG GHSWK UHVROXWLRQ� DQG FRQVWDQW
H[FLWDWLRQ FRQGLWLRQV LQ FDOLEUDWLRQ DQG DQDO\VLV  IRU RSWLPXP DFFXUDF\  7KHUH DUH RIWHQ WUDGHRIIV DPRQJ WKH WKUHH
VSHFLILHG DLPV

0RGHUQ '& JORZ GLVFKDUJH VSHFWURPHWHUV XVXDOO\ KDYH SURYLVLRQV IRU FRPSOHWH FRQWURO PHDVXUHPHQW RI WKH
HOHFWULFDO SDUDPHWHUV FXUUHQW  YROWDJH  SRZHU DOORZLQJ DQ\ WZR RI WKHVH SDUDPHWHUV WR EH ORFNHG WR FRQVWDQW
YDOXHV E\ YDU\LQJ WKH SUHVVXUH DFWLYH SUHVVXUH UHJXODWLRQ  2OGHU VSHFWURPHWHUV RIWHQ ODFN DQ DFWLYH SUHVVXUH
UHJXODWLRQ V\VWHP  EXW WKH SUHVVXUH FDQ VWLOO EH DGMXVWHG PDQXDOO\ WR PDLQWDLQ QHDUO\ FRQVWDQW FXUUHQW DQG YROWDJH
GXULQJ FDOLEUDWLRQ PHDVXUHPHQWV  

�  &RQVWDQW DSSOLHG FXUUHQW DQG YROWDJH

7KH WZR FRQWURO SDUDPHWHUV DUH DSSOLHG FXUUHQW DQG YROWDJH  6HW WKH SRZHU VXSSO\ IRU WKH JORZ GLVFKDUJH VRXUFH WR
FRQVWDQW FXUUHQW ± FRQVWDQW YROWDJH RSHUDWLRQ  )LUVW VHW WKH FXUUHQW DQG YROWDJH WR W\SLFDO YDOXHV UHFRPPHQGHG E\
WKH PDQXIDFWXUHU  ,I QR UHFRPPHQGHG YDOXHV DUH DYDLODEOH  VHW WKH FXUUHQW WR D YDOXH LQ WKH UDQJH � P$ WR P$
IRU D PP RU � PP DQRGH  � P$ WR � P$ IRU D � PP DQRGH  �  P$ WR P$ IRU D � PP RU � PP DQRGH  ,I
QR EHIRUHKDQG NQRZOHGJH DERXW WKH RSWLPXP FXUUHQW LV DW KDQG  LW LV UHFRPPHQGHG WR VWDUW ZLWK D YDOXH
VRPHZKHUH LQ WKH PLGGOH RI WKH UHFRPPHQGHG UDQJH  DQG WKH YROWDJH DW �  9

6HW WKH KLJK YROWDJH RI WKH GHWHFWRUV DV GHVFULEHG LQ � �

$GMXVW WKH GLVFKDUJH SDUDPHWHUV DV GHVFULEHG LQ � �  DGMXVWLQJ ILUVW WKH FXUUHQW DQG LI QHFHVVDU\ WKH YROWDJH  

� � &RQVWDQW DSSOLHG FXUUHQW DQG SUHVVXUH

7KH WZR FRQWURO SDUDPHWHUV DUH DSSOLHG FXUUHQW DQG SUHVVXUH  6HW WKH SRZHU VXSSO\ IRU WKH JORZ GLVFKDUJH VRXUFH
WR FRQVWDQW FXUUHQW RSHUDWLRQ  )LUVW VHW WKH FXUUHQW WR D W\SLFDO YDOXH UHFRPPHQGHG E\ WKH PDQXIDFWXUHU  ,I QR
UHFRPPHQGHG YDOXHV DUH DYDLODEOH  VHW WKH FXUUHQW WR D YDOXH LQ WKH UDQJH � P$ WR P$ IRU D PP RU � PP
DQRGH  � P$ WR � P$ IRU D � PP DQRGH  � P$ WR P$ IRU D � PP RU � PP DQRGH  ,I QR EHIRUHKDQG
NQRZOHGJH DERXW WKH RSWLPXP FXUUHQW LV DW KDQG  LW LV UHFRPPHQGHG WR VWDUW ZLWK D YDOXH VRPHZKHUH LQ WKH PLGGOH
RI WKH UHFRPPHQGHG UDQJH  6SXWWHU D W\SLFDO FRDWHG WHVW VDPSOH  DQG DGMXVW WKH SUHVVXUH XQWLO D YROWDJH RI DSSUR[L
PDWHO\ � 9 LV DWWDLQHG LQ WKH FRDWLQJ  

6HW WKH KLJK YROWDJH RI WKH GHWHFWRUV DV GHVFULEHG LQ � �

$GMXVW WKH GLVFKDUJH SDUDPHWHUV DV GHVFULEHG LQ � �  DGMXVWLQJ ILUVW WKH FXUUHQW DQG LI QHFHVVDU\ WKH SUHVVXUH  

%HIRUH VSXWWHULQJ D QHZ VDPSOH W\SH PDNH D WHVW UXQ LQ RUGHU WR HQVXUH WKDW WKH YROWDJH LV QRW DOWHUHG PRUH WKDQ
�  IURP WKH SUHYLRXVO\ VHOHFWHG YDOXH  ,I WKLV LV WKH FDVH  UHDGMXVW WKH SUHVVXUH XQWLO WKH FRUUHFW YDOXH LV DWWDLQHG
7KHVH FRQGLWLRQV DUH WKHQ XVHG GXULQJ DQDO\VLV

� � 6HWWLQJ WKH KLJK YROWDJH RI WKH GHWHFWRUV

6HOHFW WHVW VDPSOHV ZLWK FRDWLQJV RI DOO W\SHV WR EH GHWHUPLQHG  8VLQJ WKHVH VDPSOHV  UXQ WKH VRXUFH ZKLOH
REVHUYLQJ WKH RXWSXW VLJQDOV IURP WKH GHWHFWRUV IRU WKH DQDO\WH DWRPV $GMXVW WKH KLJK YROWDJH RI WKH GHWHFWRUV LQ
VXFK D ZD\ WKDW VXIILFLHQW VHQVLWLYLW\ DW WKH ORZHVW DQDO\WH FRQFHQWUDWLRQV LV HQVXUHG  ZLWKRXW VDWXUDWLRQ RI WKH
GHWHFWRU V\VWHP DW WKH KLJKHVW DQDO\WH FRQFHQWUDWLRQV  

� � $GMXVWLQJ WKH GLVFKDUJH SDUDPHWHUV

)RU HDFK W\SH RI WHVW VDPSOH FDUU\ RXW D IXOO GHSWK SURILOH PHDVXUHPHQW  VSXWWHULQJ LW LQ WKH JORZ GLVFKDUJH IRU D
VXIILFLHQWO\ ORQJ WLPH WR UHPRYH WKH FRDWLQJ FRPSOHWHO\ DQG FRQWLQXH ZHOO LQWR WKH EDVH PDWHULDO %\ REVHUYLQJ WKH
HPLVVLRQ LQWHQVLWLHV DV D IXQFWLRQ RI VSXWWHULQJ WLPH RIWHQ UHIHUUHG WR DV WKH TXDOLWDWLYH GHSWK SURILOH  YHULI\ WKDW WKH
VHOHFWHG VRXUFH VHWWLQJV JLYH VWDEOH HPLVVLRQ VLJQDOV WKURXJKRXW WKH GHSWK SURILOH DQG LQWR WKH VXEVWUDWH 8QVWDEOH
HPLVVLRQ VLJQDOV PD\ LQGLFDWH WKHUPDO LQVWDELOLW\ RQ WKH VDPSOH VXUIDFH� VDPSOH FRROLQJ LV EHQHILFLDO LQ WKLV UHJDUG
,I WKLV LV IRXQG QRW WR EH WKH FDVH  UHGXFH RQH RI WKH FRQWURO SDUDPHWHUV E\ D VPDOO DPRXQW DQG VSXWWHU WKURXJK WKH
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FRDWLQJV DJDLQ  ,I WKH VWDELOLW\ LV VWLOO XQVDWLVIDFWRU\  UHGXFH WKH RWKHU FRQWURO SDUDPHWHU E\ D VPDOO DPRXQW DQG
UHSHDW WKH PHDVXUHPHQWV  ,I IRXQG QHFHVVDU\  UHSHDW WKLV SURFHGXUH IRU D QXPEHU RI FRQWURO SDUDPHWHU
FRPELQDWLRQV XQWLO VWDEOH HPLVVLRQ FRQGLWLRQV DUH REWDLQHG

� � 3UHOLPLQDU\ SUHFLVLRQ WHVW

6HOHFW D IHZ VXLWDEOH EXON FDOLEUDWLRQ VDPSOHV VHH � � � DQG SHUIRUP WHVWV GHVFULEHG LQ � DQG � �  (QVXUH
WKDW WKH GLVFKDUJH SDUDPHWHUV DQG GHWHFWRU KLJK YROWDJHV DUH WKH VDPH DV WKRVH VHOHFWHG IRU WKH FRDWHG PDWHULDOV
7KHVH WHVWV DUH FDUULHG RXW WR FRQILUP WKDW WKH RSHUDWLRQ SURFHGXUH LV DGHTXDWH  

� � &DOLEUDWLRQ

� �  *HQHUDO

&DOLEUDWLRQ RI WKH V\VWHP FRQVLVWV RI GHWHUPLQLQJ  IRU HDFK DQDO\WH DQG VSHFWUDO OLQH  D TXDQWLW\ NQRZQ DV WKH
HPLVVLRQ \LHOG � �  ZKLFK LV GHILQHG DV WKH LQWHJUDWHG HPLVVLRQ LQWHQVLW\ SHU XQLW PDVV RI WKH DQDO\WH  7KH
SULQFLSOH RI TXDQWLILFDWLRQ XVHG LQ WKLV VWDQGDUG LV EDVHG RQ WKH REVHUYDWLRQ WKDW WKH HPLVVLRQ \LHOG LV D PDWUL[
LQGHSHQGHQW TXDQWLW\  RU DW OHDVW YHU\ QHDUO\ VR � �  ,Q RUGHU WR GHWHUPLQH WKH HPLVVLRQ \LHOG  LW LV QHFHVVDU\ WR
NQRZ ERWK WKH FKHPLFDO FRPSRVLWLRQ DQG WKH VSXWWHULQJ UDWHV PDVV ORVV UDWH  RI WKH FDOLEUDWLRQ VDPSOHV  

,W LV QRW QHFHVVDU\ WR SUHSDUH D QHZ FDOLEUDWLRQ IRU HDFK VHULHV RI GHWHUPLQDWLRQV RI XQNQRZQ VDPSOHV  ,QVWHDG
RQO\ D OLPLWHG QXPEHU RI WKH FDOLEUDWLRQ VDPSOHV DUH UH UXQ LQ RUGHU WR GHWHUPLQH WKH LQVWUXPHQWDO GULIW LQ VHQVLWLYLW\
DQG EDFNJURXQG IRU HDFK VSHFWUDO FKDQQHO XVHG LQ WKH PHWKRG  )RU HDFK FKDQQHO D KLJK DQG D ORZ LQWHQVLW\ SRLQW LV
UHTXLUHG  7KH PHDVXUHG LQWHQVLWLHV DUH WKHQ FRUUHFWHG IRU WKH GULIW SULRU WR WKH FDOFXODWLRQ RI WKH TXDQWLWDWLYH UHVXOWV
7KLV SURFHGXUH  UHIHUUHG WR DV GULIW FRUUHFWLRQ RU UHFDOLEUDWLRQ  LV URXWLQHO\ HPSOR\HG LQ ERWK RSWLFDO HPLVVLRQ DQG ;
UD\ IOXRUHVFHQFH VSHFWURPHWU\ IRU EXON DQDO\VLV

� �  &DOLEUDWLRQ VDPSOHV

� �  *HQHUDO

:KHQHYHU SRVVLEOH  VSHFWURPHWULF FDOLEUDWLRQ VDPSOHV LVVXHG DV &50V &HUWLILHG 5HIHUHQFH 0DWHULDOV VKRXOG EH
XVHG  'XH WR WKH TXDQWLILFDWLRQ EHLQJ EDVHG RQ HPLVVLRQ \LHOGV  WKH FDOLEUDWLRQ VDPSOHV QHHG QRW EH YHU\ VLPLODU WR
WKH FRDWLQJ PDWHULDOV LQ FRPSRVLWLRQ  EXW VKDOO KDYH VSXWWHULQJ UDWHV ZKLFK DUH UHSURGXFLEOH  ,Q SDUWLFXODU SXUH RU
QHDUO\ SXUH ]LQF VDPSOHV DUH QRW UHFRPPHQGHG GXH WR GLIILFXOWLHV LQ REWDLQLQJ UHSURGXFLEOH DQG VWDEOH VSXWWHULQJ
UDWHV LQ ]LQF  )XUWKHUPRUH  KLJK SXULW\ PHWDOV DUH QRW QHFHVVDU\ LQ RUGHU WR FDOLEUDWH FRUUHFWO\ IRU KLJK
FRQFHQWUDWLRQV  EXW WKH\ DUH YDOXDEOH IRU WKH GHWHUPLQDWLRQ RI WKH VSHFWUDO EDFNJURXQGV  7KH IROORZLQJ
FRQVLGHUDWLRQV DUH WKH PRVW LPSRUWDQW LQ WKH VHOHFWLRQ RI WKH FDOLEUDWLRQ VDPSOHV�

D WKHUH VKDOO EH DW OHDVW � FDOLEUDWLRQ VDPSOHV IRU HDFK DQDO\WH  FRYHULQJ D UDQJH IURP ]HUR WR WKH KLJKHVW
FRQFHQWUDWLRQV WR EH GHWHUPLQHG�

E VDPSOHV VKDOO EH KRPRJHQHRXV�

F VDPSOHV VKDOO KDYH ZHOO GHWHUPLQHG VSXWWHULQJ UDWHV  

%DVHG RQ WKHVH JHQHUDO UHFRPPHQGDWLRQV  WKH IROORZLQJ W\SHV RI FDOLEUDWLRQ VDPSOHV DUH VXJJHVWHG LQ � �  WR
� � �  ,W VKRXOG EH QRWHG WKDW WKHVH UHFRPPHQGDWLRQV FRQVWLWXWH D PLQLPXP UHTXLUHPHQW  DQG DGGLWLRQDO
FDOLEUDWLRQ VDPSOHV RI RWKHU DOOR\ W\SHV FRQWDLQLQJ WKH DQDO\WHV PD\ EH XVHG  

� �  %UDVV FDOLEUDWLRQ VDPSOHV

6HOHFW DW OHDVW WZR EUDVV VDPSOHV ZLWK ]LQF FRQWHQWV RI � WR �  P P � DOXPLQLXP FRQWHQWV RI  WR �
P P � OHDG FRQWHQWV RI  WR �  P P

� � � =Q$O DOOR\ VDPSOHV

6HOHFW DW OHDVW WZR =Q$O DOOR\ VDPSOHV ZLWK D ]LQF FRQWHQW RI �   WR ��  P P
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� � � 6WDLQOHVV VWHHO VDPSOHV

6HOHFW DW OHDVW WZR VWDLQOHVV VWHHOV ZLWK QLFNHO FRQWHQWV RI   WR �  P P

� � � 1LFNHO EDVHG DOOR\ VDPSOHV

6HOHFW DW OHDVW RQH QLFNHO EDVHG DOOR\ VDPSOH ZLWK D QLFNHO FRQWHQW RI PRUH WKDQ �   P P

� � � $OXPLQLXP VLOLFRQ DOOR\ VDPSOHV

6HOHFW DW OHDVW RQH DOXPLQLXP VLOLFRQ DOOR\ VDPSOH ZLWK D VLOLFRQ FRQWHQW RI � WR   P P

� � � +LJK SXULW\ FRSSHU VDPSOH

6HOHFW D KLJK SXULW\ FRSSHU VDPSOH ZLWK FRQFHQWUDWLRQV RI WKH DQDO\WHV OHVV WKDQ  P P  7KLV VDPSOH FDQ
EH XVHG DV ]HUR SRLQWV IRU DOO DQDO\WHV H[FHSW FRSSHU  HYHQ LI WKH H[DFW FRQFHQWUDWLRQV RI WKH DQDO\WHV DUH QRW
NQRZQ

� � � 'HWHUPLQDWLRQ RI WKH VSXWWHULQJ UDWH RI FDOLEUDWLRQ VDPSOHV

7KH WHUP VSXWWHULQJ UDWH LV XQGHUVWRRG KHUH WR EH HTXLYDOHQW WR WKH PDVV ORVV UDWH GXULQJ VSXWWHULQJ LQ WKH JORZ
GLVFKDUJH  ,Q RUGHU WR GHWHUPLQH WKLV TXDQWLW\ IRU WKH FDOLEUDWLRQ VDPSOHV  WKH IROORZLQJ SURFHGXUH LV UHFRPPHQGHG�

D SUHSDUH WKH VDPSOH VXUIDFH DFFRUGLQJ WR UHFRPPHQGDWLRQV IURP WKH LQVWUXPHQW PDQXIDFWXUHU�

E DGMXVW WKH JORZ GLVFKDUJH FXUUHQW DQG YROWDJH WR WKRVH VHOHFWHG LQ � �

F VSXWWHU WKH VDPSOH IRU D WLPH HVWLPDWHG WR UHVXOW LQ D FUDWHU µP WR �  µP GHHS  UHFRUGLQJ WKH WRWDO VSXWWHULQJ
WLPH�

G UHSHDW F  VHYHUDO WLPHV LI WKH VDPSOH VXUIDFH DUHD LV VXIILFLHQWO\ ODUJH  UHFRUGLQJ WKH WRWDO VSXWWHULQJ WLPH IRU
HDFK FUDWHU�

H PHDVXUH WKH DYHUDJH GHSWK RI HDFK FUDWHU E\ PHDQV RI DQ RSWLFDO RU PHFKDQLFDO SURILORPHWHU GHYLFH  
SHUIRUPLQJ DW OHDVW � SURILOH WUDFHV LQ GLIIHUHQW GLUHFWLRQV DFURVV WKH FHQWUH RI WKH FUDWHU�

I FDOFXODWH WKH VSXWWHUHG YROXPH RI HDFK FUDWHU WKH VSXWWHUHG PDVV DV WKH YROXPH PXOWLSOLHG E\ WKH GHQVLW\ RI
WKH VDPSOH�

J FDOFXODWH WKH VSXWWHULQJ UDWH IRU HDFK FUDWHU DV WKH PDVV ORVV GLYLGHG E\ WKH WRWDO VSXWWHULQJ WLPH�

K FDOFXODWH WKH DYHUDJH VSXWWHULQJ UDWH DQG WKH VWDQGDUG GHYLDWLRQ IURP WKH PHDVXUHPHQWV RI HDFK FUDWHU

7KH SURILORPHWHU VKRXOG KDYH DQ DFFXUDF\ LQ WKH GHSWK FDOLEUDWLRQ EHWWHU WKDQ � 

127( 7KH VSXWWHUHG PDVV FDQ DOVR EH GHWHUPLQHG E\ ZHLJKLQJ VDPSOHV EHIRUH DQG DIWHU VSXWWHULQJ  +RZHYHU  WKLV
UHTXLUHV WKH XVH RI VFDOHV RI H[WUHPHO\ KLJK DFFXUDF\  DQG WKH XQFHUWDLQW\ LQ VXFK PHDVXUHPHQWV LV JHQHUDOO\ JUHDWHU WKDQ WKRVH
REWDLQHG E\ FUDWHU GHSWK PHDVXUHPHQWV

� � � (PLVVLRQ LQWHQVLW\ PHDVXUHPHQWV RI FDOLEUDWLRQ VDPSOHV

7KH SURFHGXUH IRU PHDVXULQJ WKH FDOLEUDWLRQ VDPSOHV LV DV IROORZV�

D SUHSDUH WKH VXUIDFHV RI WKH FDOLEUDWLRQ VDPSOHV DFFRUGLQJ WR WKH LQVWUXPHQW PDQXIDFWXUHU¶V LQVWUXFWLRQV  

E DGMXVW WKH LQVWUXPHQW WR WKH FXUUHQW DQG YROWDJH VHWWLQJV VHOHFWHG LQ �  D SUHEXUQ WLPH RI V WR V DQG D
VLJQDO LQWHJUDWLRQ WLPH RI � V WR � V  
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F PHDVXUH WKH HPLVVLRQ LQWHQVLWLHV RI WKH DQDO\WHV ]LQF  DOXPLQLXP  QLFNHO  LURQ  VLOLFRQ  FRSSHU DQG OHDG IRU HDFK
FDOLEUDWLRQ VDPSOH  $GGLWLRQDO DQDO\WHV  ZKLFK DUH SUHVHQW LQ WKH FDOLEUDWLRQ VDPSOHV  PD\ EH PHDVXUHG
VLPXOWDQHRXVO\  7KH XQLWV LQ ZKLFK WKH LQWHQVLWLHV DUH JLYHQ LV RI QR LPSRUWDQFH FRPPRQO\ XVHG XQLWV DUH
FRXQWV SHU VHFRQG FSV  RU YROWV 9  0HDVXUH HDFK VDPSOH DW OHDVW WZR WLPHV DQG FDOFXODWH WKH DYHUDJH
YDOXHV  

� � � &DOFXODWLRQ RI FDOLEUDWLRQ FRQVWDQWV

&DOFXODWLRQ RI FDOLEUDWLRQ FRQVWDQWV FRQVWLWXWHV SORWWLQJ GDWD IURP WKH FDOLEUDWLRQ PHDVXUHPHQWV LQ DSSURSULDWH
JUDSKV DQG ILWWLQJ WR D FXUYH E\ VR FDOOHG UHJUHVVLRQ FDOFXODWLRQ  )ROORZ RQH RI WKH SURFHGXUHV JLYHQ LQ $QQH[ $
QRUPDWLYH  DSSURSULDWH IRU WKH LQVWUXPHQW DQG VRIWZDUH V\VWHP DYDLODEOH  

� 9HULILFDWLRQ RI WKH DQDO\WLFDO DFFXUDF\

6HOHFW IURP WKH VHW RI FDOLEUDWLRQ VDPSOHV D IHZ VDPSOHV ZKLFK FRQWDLQ WKH UHOHYDQW DQDO\WHV LQ FRQFHQWUDWLRQV DV
FORVH DV SRVVLEOH WR WKRVH IRXQG LQ WKH FRDWLQJ W\SHV WR EH GHWHUPLQHG  3UHSDUH WKH VDPSOH VXUIDFHV LQ WKH VDPH
ZD\ DV IRU FDOLEUDWLRQ PHDVXUHPHQWV  $GMXVW WKH RSHUDWLQJ FRQGLWLRQV IRU HDFK VDPSOH WR WKH VDPH YDOXHV DV WKRVH
XVHG GXULQJ FDOLEUDWLRQ  5XQ HDFK VDPSOH DV DQ XQNQRZQ IRU D WLPH UHVXOWLQJ LQ D VSXWWHUHG GHSWK RI µP WR
� µP  &DOFXODWH WKH FRPSRVLWLRQ DQG VSXWWHUHG GHSWK XVLQJ WKH FDOLEUDWLRQ FRQVWDQWV RI WKH PHWKRG  

9HULI\ WKDW WKH PHDVXUHG IUDFWLRQ RI HDFK DQDO\WH LV DFFXUDWH WR ZLWKLQ WKH DFFHSWDEOH XQFHUWDLQW\ UHODWLYH WR WKH
FHUWLILHG YDOXH  7KH DFFHSWDEOH XQFHUWDLQW\ FDQQRW EH XQLTXHO\ GHILQHG IRU DOO DQDO\WHV  EXW IRU PDMRUV  D UHODWLYH
DFFXUDF\ EHWWHU WKDQ �  LV DFKLHYDEOH LQ PRVW FDVHV  9HULI\ DOVR WKDW WKH PHDVXUHG VSXWWHUHG GHSWK LV DFFXUDWH WR
ZLWKLQ   RI WKDW FDOFXODWHG IURP WKH NQRZQ VSXWWHULQJ UDWH RI WKH VDPSOH  

,I FRDWHG WHVW VDPSOHV ZLWK ZHOO GHWHUPLQHG FRPSRVLWLRQ DQG FRDWLQJ WKLFNQHVV DUH DYDLODEOH  UXQ WKHVH VDPSOHV DV
XQNQRZQV DQG YHULI\ WKDW PHDVXUHG FRPSRVLWLRQ DQG WKLFNQHVV DUH DFFXUDWH ZLWKLQ WKH DFFHSWDEOH XQFHUWDLQW\

,I XQDFFHSWDEO\ ODUJH GHYLDWLRQV EHWZHHQ PHDVXUHG DQG FHUWLILHG YDOXHV DUH IRXQG WKH LQVWUXPHQW VKDOO EH GULIW
FRUUHFWHG DV GHVFULEHG LQ � �  7KH YHULILFDWLRQ WHVWV VKDOO WKHQ EH UHSHDWHG  ,I WKH GHYLDWLRQV DUH VWLOO XQDFFHSWDEO\
ODUJH  WKH FDOLEUDWLRQ VKDOO EH FKHFNHG DQG SRVVLEO\ UHSHDWHG  

� ([SUHVVLRQ RI UHVXOWV

�  0HWKRG RI FDOFXODWLRQ

$OO DQDO\WLFDO LQIRUPDWLRQ REWDLQHG LV FRQWDLQHG LQ WKH TXDQWLWDWLYH GHSWK SURILOH )LJXUH  
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.H\

$QDO\WH ZHLJKW LQ SHUFHQW

 'HSWK LQ PLFURPHWHUV

)LJXUH ² 4XDQWLWDWLYH GHSWK SURILOH RI D *DOYDQQHDO =Q)H  FRDWLQJ RQ VWHHO

,Q RUGHU WR GHWHUPLQH WKH WRWDO FRDWLQJ ZHLJKWV SHU HOHPHQW  WKH DUHD XQGHU HDFK FXUYH LV LQWHJUDWHG IRU WKH WRWDO
GHSWK RI WKH FRDWLQJ  )RU WKH PDMRU HOHPHQWV  WKH IROORZLQJ UHFRPPHQGDWLRQ IRU GHWHUPLQDWLRQ RI WKH LQWHJUDWLRQ
GHSWK LV JLYHQ�

D GHWHUPLQH FRDWLQJ WKLFNQHVV DV WKH GHSWK ZKHUH WKH FRQFHQWUDWLRQ RI WKH PDMRU HOHPHQW LV UHGXFHG WR �   RI
WKH DYHUDJH YDOXH LQ WKH FRDWLQJ�

E GHWHUPLQH WKH ZLGWK RI WKH LQWHUIDFH UHJLRQ  WKH SUDFWLFDO GHSWK UHVROXWLRQ  DV WKH GLIIHUHQFH EHWZHHQ WKH WZR
SRLQWV LQ GHSWK ZKHUH WKH FRQFHQWUDWLRQV RI WKH PDMRU HOHPHQW DUH ��  DQG � UHVSHFWLYHO\ RI WKH DYHUDJH
YDOXH LQ WKH FRDWLQJ�

F GHWHUPLQH WKH LQWHJUDWLRQ GHSWK DV WKH VXP RI WKH FRDWLQJ WKLFNQHVV DQG WKH LQWHUIDFH ZLGWK  

7KH DYHUDJH FRQFHQWUDWLRQV RI HDFK HOHPHQW DUH GHWHUPLQHG DV WKH IUDFWLRQV RI WKH VXP RI WKH FRDWLQJ ZHLJKWV RI
DOO HOHPHQWV SUHVHQW LQ WKH FRDWLQJ  

�  3UHFLVLRQ

$ SODQQHG WULDO RI WKLV PHWKRG ZDV FDUULHG RXW E\ HLJKW ODERUDWRULHV  XVLQJ VL[ LQGXVWULDOO\ SURGXFHG FRDWHG VWHHOV DV
WHVW PDWHULDOV (DFK ODERUDWRU\ PDGH WKUHH GHWHUPLQDWLRQV RQ RQH VLGH RI HDFK PDWHULDO  FDOFXODWLQJ WKH LQWHJUDWHG
FRDWLQJ ZHLJKW RI HDFK HOHPHQW  7KH HOHPHQWV GHWHUPLQHG LQ WKH FRDWLQJV ZHUH =Q  $O  1L  3E DQG 6L  ,Q RUGHU WR
REWDLQ GDWD UHOHYDQW WR WKH OLPLWV RI GHWHUPLQDWLRQ  $O  1L  3E DQG 6L ZHUH DOVR GHWHUPLQHG LQ WKH PDWHULDOV ZKHUH
WKHVH HOHPHQWV DUH QRW SUHVHQW DW DOO RU DW YHU\ ORZ WUDFH OHYHOV
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7KH WHVW PDWHULDOV DUH OLVWHG LQ 7DEOH  

7DEOH ² 7HVW PDWHULDOV XVHG

,GHQWLW\ 7\SH $SSUR[LPDWH WRWDO
FRDWLQJ ZHLJKW

J P

$SSUR[LPDWH
FRPSRVLWLRQ

 P P

+' +RW GLSSHG JDOYDQLVHG VWHHO
VKHHW

�  $O � 3E  

+' +RW GLSSHG JDOYDQLVHG VWHHO
VKHHW

�  $O � 3E �

=Q1L (OHFWURSODWHG =Q1L DOOR\ RQ
VWHHO VKHHW

�� 1L  

*DOYDQQHDO +RW GLSSHG JDOYDQLVHG DQG
DQQHDOHG VWHHO VKHHW

� $O � )H 

*DOIDQ +RW GLSSHG JDOYDQLVHG VWHHO
VKHHW

 $O �

$OX]LQF +RW GLSSHG JDOYDQLVHG VWHHO
VKHHW

�  $O �� 6L  

7KH WRWDO FRDWLQJ ZHLJKW DQG WKH PDMRU HOHPHQW =Q DUH UHSRUWHG LQ XQLWV RI J P � DOO RWKHU HOHPHQWV LQ XQLWV
RI  P P 7KH UHVXOWV ZHUH WUHDWHG VWDWLVWLFDOO\ LQ DFFRUGDQFH ZLWK ,62 �� � ,62 �� � DQG ,62 �� � �  7KH
WHVW UHVXOWV DUH VXPPDULVHG LQ 7DEOHV � WR �

7DEOH �² 7RWDO FRDWLQJ ZHLJKW UHSHDWDELOLW\ DQG UHSURGXFLELOLW\

,GHQWLW\ 7RWDO FRDWLQJ ZHLJKW
J P

5HSHDWDELOLW\
U

5HSURGXFLELOLW\
5

+' �� � � � �  

+'  �  �  � �

=Q1L �� � � � � �

*DOYDQQHDO Q G  Q G  Q G

*DOIDQ � � � �  

$OX]LQF �� � � � �  

7DEOH �² =LQF FRDWLQJ ZHLJKW UHSHDWDELOLW\ DQG UHSURGXFLELOLW\

,GHQWLW\ =LQF FRDWLQJ ZHLJKW
J P

5HSHDWDELOLW\
U

5HSURGXFLELOLW\
5

+' ��  � � �  

+'  � � �  � �

=Q1L ��  � � � �

*DOYDQQHDO � � � �  

*DOIDQ � � � � �  

$OX]LQF �� � � � �
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7DEOH �² $OXPLQLXP UHSHDWDELOLW\ DQG UHSURGXFLELOLW\

,GHQWLW\ $OXPLQLXP FRQWHQW
 P P

5HSHDWDELOLW\
U

5HSURGXFLELOLW\
5

+' ��� � �

+' ��� � ��

=Q1L � � � � � �

*DOYDQQHDO �� �� �

*DOIDQ � �� �� �

$OX]LQF �   � �

7DEOH �² 1LFNHO UHSHDWDELOLW\ DQG UHSURGXFLELOLW\

,GHQWLW\ 1LFNHO FRQWHQW
 P P

5HSHDWDELOLW\
U

5HSURGXFLELOLW\
5

+'  � � �

+'  �  � �

=Q1L � � � �

*DOYDQQHDO Q G Q G  Q G

*DOIDQ  �  � �

$OX]LQF Q G Q G Q G

7DEOH �² /HDG UHSHDWDELOLW\ DQG UHSURGXFLELOLW\

,GHQWLW\ /HDG FRQWHQW
 P P

5HSHDWDELOLW\
U

5HSURGXFLELOLW\
5

+'  �  � �

+' � � �

=Q1L � �  � � �

*DOYDQQHDO  � � � � �

*DOIDQ  �   ��  ��

$OX]LQF Q G Q G Q G

7DEOH �² 6LOLFRQ UHSHDWDELOLW\ DQG UHSURGXFLELOLW\

,GHQWLW\ 6LOLFRQ FRQWHQW
 P P

5HSHDWDELOLW\
U

5HSURGXFLELOLW\
5

+'  �  � �

+'  �  �  �

=Q1L �  � � �

*DOYDQQHDO  �  � 

*DOIDQ �  � � �

$OX]LQF �  ��
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127( 7KH SRRU UHSURGXFLELOLW\ LQ VHYHUDO FDVHV PDLQO\ UHIOHFW WKH LQKRPRJHQHLW\ RI LQGXVWULDO PDWHULDOV  

.H\

 5HSURGXFLELOLW\ 6'  P P

 $YHUDJH FRQWHQW  P P

)LJXUH ² /RJ ORJ GLDJUDP $OXPLQLXP
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.H\

 5HSURGXFLELOLW\ 6'  P P

 $YHUDJH FRQWHQW  P P

)LJXUH �² /RJ ORJ GLDJUDP 1LFNHO
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.H\

 5HSURGXFLELOLW\ 6'  P P

 $YHUDJH FRQWHQW  P P

)LJXUH �² /RJ ORJ GLDJUDP /HDG
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.H\

 5HSURGXFLELOLW\ 6'  P P

 $YHUDJH FRQWHQW  P P

)LJXUH �² /RJ ORJ GLDJUDP 6LOLFRQ

� 7HVW UHSRUW

7KH WHVW UHSRUW VKDOO LQFOXGH WKH IROORZLQJ LQIRUPDWLRQ�

D DOO LQIRUPDWLRQ QHFHVVDU\ IRU WKH LGHQWLILFDWLRQ RI WKH VDPSOH  WKH ODERUDWRU\ DQG WKH GDWH RI DQDO\VLV�

E PHWKRG XVHG  E\ UHIHUHQFH WR WKLV GRFXPHQW�

F UHVXOWV DQG WKH IRUP LQ ZKLFK WKH\ DUH H[SUHVVHG�

G DQ\ XQXVXDO IHDWXUHV QRWHG GXULQJ WKH GHWHUPLQDWLRQ�

H DQ\ RSHUDWLRQ QRW VSHFLILHG LQ WKLV GRFXPHQW RU DQ\ RSWLRQDO RSHUDWLRQ ZKLFK PD\ KDYH LQIOXHQFHG WKH UHVXOWV  
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$QQH[ $
QRUPDWLYH

&DOFXODWLRQ RI FDOLEUDWLRQ FRQVWDQWV DQG TXDQWLWDWLYH HYDOXDWLRQ RI GHSWK
SURILOHV

$  &DOFXODWLRQ RI FDOLEUDWLRQ FRQVWDQWV

,Q WKLV GRFXPHQW  WKH HPLVVLRQ \LHOG 5Lλ RI HOHPHQW L DQG VSHFWUDO OLQH λ LV GHILQHG E\ WKH IROORZLQJ HTXDWLRQ�
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ZKHUH

PL LV WKH VSXWWHUHG PDVV RI HOHPHQW L GXULQJ WLPH LQFUHPHQW ΔW�

,Lλ LV WKH HPLVVLRQ LQWHQVLW\ RI VSHFWUDO OLQH λ RI HOHPHQW L�

%λ LV WKH VSHFWUDO EDFNJURXQG LQWHQVLW\ DW ZDYHOHQJWK λ

$V GHILQHG KHUH  5Lλ GHSHQGV RQ DWRPLF DV ZHOO DV LQVWUXPHQW VSHFLILF SDUDPHWHUV  ,W LV WKHUHIRUH QHFHVVDU\ WR
GHWHUPLQH WKH HPLVVLRQ \LHOGV IRU HDFK DSSDUDWXV XVHG  

7KH TXDQWLW\ PL LV DOVR JLYHQ E\ WKH IROORZLQJ HTXDWLRQ�

WFTP Δ××= LVVL $

ZKHUH

TV LV WKH VSXWWHULQJ UDWH RI VDPSOH V�

FLV LV WKH FRQFHQWUDWLRQ RI HOHPHQW L LQ VDPSOH V

,W FDQ EH LQIHUUHG IURP (TXDWLRQ $ WKDW E\ SORWWLQJ WKH VSXWWHUHG PDVV RI HOHPHQW L DV D IXQFWLRQ RI WKH WLPH
LQWHJUDWHG LQWHQVLW\ RI WKH FRUUHVSRQGLQJ VSHFWUDO OLQH  WKH LQYHUVH RI WKH HPLVVLRQ \LHOG LV REWDLQHG DV WKH VORSH RI
WKH FDOLEUDWLRQ FXUYH  

&RPELQLQJ (TXDWLRQV $  DQG $  JLYHV WKH IROORZLQJ DOWHUQDWLYH H[SUHVVLRQ IRU GHWHUPLQDWLRQ RI WKH HPLVVLRQ
\LHOG�

( )
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LVV U

EOFT λ−=× $ �

,Q SUDFWLFDO DQDO\WLFDO ZRUN  LW LV UHFRPPHQGHG WR XVH (TXDWLRQ $ �  IRU WKH GHWHUPLQDWLRQ RI WKH HPLVVLRQ \LHOGV
UDWKHU WKDQ (TXDWLRQ $  7KLV HTXDWLRQ FDQ FRQYHQLHQWO\ EH PRGLILHG WR QRQ OLQHDU FDOLEUDWLRQ FXUYHV E\
LQFRUSRUDWLQJ D VHFRQG RUGHU WHUP�
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ZKHUH

N LV D FRQVWDQW GHVFULELQJ WKH GHJUHH RI QRQ OLQHDULW\

,I QHFHVVDU\ D WKLUG RUGHU WHUP FDQ DOVR EH DGGHG WR (TXDWLRQ $ � 7KH DFWXDO FDOLEUDWLRQ FRQVWDQWV VKDOO EH
REWDLQHG E\ UHJUHVVLRQ DQDO\VLV RI WKH FDOLEUDWLRQ GDWD DFFRUGLQJ WR D OHDVW VTXDUH ILW DOJRULWKP

$ WKLUG IRUP RI FDOLEUDWLRQ IXQFWLRQ EDVHG RQ WKH FRQFHSW RI FRQVWDQW HPLVVLRQ \LHOG LV REWDLQHG E\ PXOWLSO\LQJ WKH
PHDVXUHG HPLVVLRQ LQWHQVLWLHV RI HDFK FDOLEUDWLRQ VWDQGDUG ZLWK D VSXWWHULQJ UDWH FRUUHFWLRQ IDFWRU  ZKLFK
QRUPDOLVHV WKH LQWHQVLWLHV WR WKDW RI D UHIHUHQFH PDWHULDO RI ZHOO GHWHUPLQHG VSXWWHULQJ UDWH  7KLV SURFHGXUH
FRPPRQO\ UHIHUUHG WR DV WKH LQWHQVLW\ QRUPDOLVDWLRQ WHFKQLTXH  JLYHV WKH IROORZLQJ H[SUHVVLRQ IRU FDOLEUDWLQJ ZLWK
UHVSHFW WR VDPSOH FRQFHQWUDWLRQV�
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ZKHUH

NLλ LV HTXDO WR 5Lλ× TUHI �

TUHI LV WKH VSXWWHULQJ UDWH RI WKH VHOHFWHG UHIHUHQFH PDWHULDO�

TUHI TV LV WKH VSXWWHULQJ UDWH FRUUHFWLRQ IDFWRU�

%λF LV WKH VSHFWUDO EDFNJURXQG DW ZDYHOHQJWK λ  JLYHQ LQ FRQFHQWUDWLRQ XQLWV RIWHQ UHIHUUHG WR DV EDFNJURXQG
HTXLYDOHQW FRQFHQWUDWLRQ

7KH PDLQ UHDVRQ ZK\ (TXDWLRQ $ �  LV RIWHQ XVHG IRU FDOLEUDWLRQ LQ FRPPHUFLDOO\ DYDLODEOH V\VWHPV LV WKDW LW KDV
WKH VDPH JHQHUDO IRUP DV WKH FDOLEUDWLRQ IXQFWLRQV FRQYHQWLRQDOO\ XVHG LQ EXON DQDO\VLV  ZKHUH WKH DFWXDO
FRQFHQWUDWLRQ LV SORWWHG DV D IXQFWLRQ RI HPLVVLRQ LQWHQVLW\  7KH QXPEHU TUHI LV QRUPDOO\ VHOHFWHG DV WKH VSXWWHULQJ
UDWH RI VRPH IUHTXHQWO\ XVHG EDVH PDWHULDO IRU FDOLEUDWLRQ VWDQGDUGV  H J  SXUH LURQ  7KLV KDV WKH HIIHFW WKDW IRU
VHYHUDO LURQV EDVHG FDOLEUDWLRQ VDPSOHV  WKH VSXWWHULQJ UDWH FRUUHFWLRQ IDFWRU LV FORVH WR XQLW\ ,I TUHI LV VHW HTXDO WR 
XQLW\ VSXWWHULQJ UDWH (TXDWLRQ $ �  EHFRPHV QXPHULFDOO\ HTXLYDOHQW WR (TXDWLRQ $ �  

7KH HPLVVLRQ \LHOGV YDU\ ZLWK WKH FXUUHQW  YROWDJH DQG SRVVLEO\ WKH SUHVVXUH >�@  ,W LV WKHUHIRUH HVVHQWLDO WKDW WKHVH
SDUDPHWHUV DUH NHSW DV FORVHO\ DV SRVVLEOH DW WKH VDPH OHYHOV GXULQJ PHDVXUHPHQW RI FRDWHG VDPSOHV DV GXULQJ
FDOLEUDWLRQ  6LQFH LW LV LPSRVVLEOH LQ SUDFWLFH WR PDLQWDLQ DOO WKUHH SDUDPHWHUV FRQVWDQW IRU DOO VDPSOHV  SULRULW\ LV
JLYHQ WR PDLQWDLQLQJ FXUUHQW DQG YROWDJH FRQVWDQW  XWLOLVLQJ WKH SUHVVXUH DV D YDULDEOH SDUDPHWHU  7KHUH H[LVWV D
PHWKRG WR FRUUHFW IRU YROWDJH DQG FXUUHQW YDULDWLRQV E\ PHDQV RI DQ HPSLULFDOO\ GHULYHG IXQFWLRQ �  DQG WKLV W\SH RI
FRUUHFWLRQ LV RIWHQ LPSOHPHQWHG LQ VRIWZDUH EDVHG RQ WKH LQWHQVLW\ QRUPDOLVDWLRQ PHWKRG DFFRUGLQJ WR (TXDWLRQ
$ �  +RZHYHU  VXFK FRUUHFWLRQV IRU YROWDJH DQG FXUUHQW DUH QRW WR EH LQFOXGHG LQ WKLV VWDQGDUG PHWKRG  ,I DYDLODEOH
LQ WKH VSHFWURPHWHU VRIWZDUH  WKH XVHU VKDOO WKHUHIRUH HQVXUH WKDW WKH YROWDJH WR FXUUHQW FRUUHFWLRQV DUH GLVDEOHG LQ
RUGHU WR LPSOHPHQW WKH PHWKRG FRUUHFWO\  

127( 7KH VSHFWUDO EDFNJURXQG WHUPV LQ (TXDWLRQV $  $ �  DQG $ � DUH QRW WUXH FRQVWDQWV  WKH\ DUH PRUH RU OHVV
PDWUL[ GHSHQGHQW DV ZDV SRLQWHG RXW LQ � � ,Q SUDFWLFDO ZRUN  LW LV DGYLVDEOH DOZD\V WR VHOHFW WKH ORZHVW PHDVXUHG LQWHQVLW\ DV
IL[HG WKH EDFNJURXQG IRU HDFK VSHFWUDO OLQH  

127( $OO FRPPHUFLDOO\ DYDLODEOH LQVWUXPHQWV PDQXIDFWXUHG WRGD\ KDYH SURYLVLRQV WR VXEWUDFW DGGLWLRQDO EDFNJURXQG VLJQDOV
IURP RWKHU DQDO\WH HOHPHQWV OLQH LQWHUIHUHQFH FRUUHFWLRQV  :KHUH DSSOLFDEOH  VXFK FRUUHFWLRQV VKRXOG EH LPSOHPHQWHG
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$  &DOFXODWLRQ RI FRQFHQWUDWLRQV DQG VSXWWHUHG PDVV

7KH FDOFXODWLRQ RI HOHPHQWDO FRQFHQWUDWLRQV DQG VSXWWHUHG PDVV FDQ SURFHHG DFFRUGLQJ WR WZR GLIIHUHQW VHWV RI
DOJRULWKPV GHVFULEHG EHORZ  GHSHQGLQJ RQ ZKLFK FDOLEUDWLRQ IXQFWLRQ ZDV XVHG DFFRUGLQJ WR � � �  7KH ILQDO UHVXOWV
DUH  KRZHYHU  HTXLYDOHQW  

$  &DOFXODWLRQ EDVHG RQ FDOLEUDWLRQ IRU VSXWWHUHG PDVV SHU HOHPHQW

,I (TXDWLRQ $ RU $ � ZDV XVHG IRU FDOLEUDWLRQ  WKH IROORZLQJ FDOFXODWLRQ VWHSV DUH WR EH FDUULHG RXW

)RU HDFK VHJPHQW M DQG FRUUHVSRQGLQJ WLPH LQFUHPHQW ΔWM RI WKH GHSWK SURILOH FDOFXODWH WKH VSXWWHUHG PDVV PLM RI
HOHPHQW L DFFRUGLQJ WR WKH IROORZLQJ HTXDWLRQ�
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,I (TXDWLRQ $ � KDV EHHQ XVHG  WKH VHFRQG RUGHU WHUP LV DGGHG LQ D VWUDLJKW IRUZDUG PDQQHU

3URYLGHG WKDW WKH VXP RI DOO GHWHUPLQHG HOHPHQWV FRQVWLWXWH ! �� RI WKH DQDO\VHG PDWHULDO  FDOFXODWH WKH WRWDO
VSXWWHUHG PDVV  0M RI VHJPHQW M RI WKH GHSWK SURILOH XVLQJ WKH HTXDWLRQ�
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7KH FRQFHQWUDWLRQ FLM RI HOHPHQW , LQ VHJPHQW M LV JLYHQ E\ WKH IROORZLQJ HTXDWLRQ�
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ZKHUH

FLM LV JLYHQ LQ XQLWV RI  E\ PDVV  

7KH WRWDO VSXWWHUHG PDVV  0L  RI HOHPHQW L LQ DQ\ DUELWUDU\ VHFWLRQ RI WKH GHSWK SURILOH LV JLYHQ E\ WKH IROORZLQJ
HTXDWLRQ�
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7KH DQDO\VW GHWHUPLQHV ZKHUH WKH VXPPDWLRQ UDQJH RYHU VHJPHQW M LV  

$  &DOFXODWLRQ EDVHG RQ FDOLEUDWLRQ IRU FRQFHQWUDWLRQV RI WKH HOHPHQWV

,I (TXDWLRQ $ � ZDV XVHG IRU FDOLEUDWLRQ  WKH IROORZLQJ FDOFXODWLRQ VWHSV DUH WR EH FDUULHG RXW  

3URYLGHG WKDW WKH VXP RI DOO GHWHUPLQHG HOHPHQWV FRQVWLWXWH ! ��  RI WKH DQDO\VHG PDWHULDO  WKH FRQFHQWUDWLRQ FLM RI
HOHPHQW L LQ VHJPHQW M LV JLYHQ E\ WKH IROORZLQJ HTXDWLRQ�
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NLλ  %λ DUH WKH FDOLEUDWLRQ FRQVWDQWV FDOFXODWHG IURP (TXDWLRQ $ �  
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127( (TXDWLRQ $ LQFRUSRUDWHV D VXP QRUPDOLVDWLRQ RI DOO FRQFHQWUDWLRQV WR

)RU HDFK VHJPHQW  M  RI WKH GHSWK SURILOH FDOFXODWH WKH VSXWWHULQJ UDWH  TL  XVLQJ WKH HTXDWLRQ�
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TUHI LV WKH VSXWWHULQJ UDWH RI WKH VHOHFWHG UHIHUHQFH PDWHULDO  

)RU HDFK VHJPHQW  M  DQG FRUUHVSRQGLQJ WLPH LQFUHPHQW ΔW,  RI WKH GHSWK SURILOH  WKH VSXWWHUHG PDVV  PLM  RI WKH
HOHPHQW LV JLYHQ E\ WKH IROORZLQJ HTXDWLRQ�
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7KH WRWDO VSXWWHUHG PDVV  0L RI HOHPHQW L LV FDOFXODWHG DFFRUGLQJ WR (TXDWLRQ $ � RI $  

$ � &DOFXODWLRQ RI VSXWWHUHG GHSWK

$ �  *HQHUDO

7KH DQDO\WLFDO PHWKRG GHVFULEHG LQ WKLV GRFXPHQW GHWHUPLQHV WKH VSXWWHUHG PDVV DQG FRQFHQWUDWLRQV RI HDFK
HOHPHQW ,Q RUGHU WR GHWHUPLQH WKH VSXWWHUHG GHSWK  LW LV QHFHVVDU\ WR FDOFXODWH DOVR WKH YROXPH RI WKH VSXWWHUHG
PDWHULDO  ,Q RUGHU WR GR VR  WKH GHQVLW\ RI WKH VSXWWHUHG PDWHULDO VKDOO EH NQRZQ 7KLV FDQ EH HVWLPDWHG IURP WKH
HOHPHQWDO FRPSRVLWLRQ DQG WKH GHQVLWLHV RI WKH SXUH HOHPHQWV

7KHUH DUH WZR H[LVWLQJ PHWKRGV WR FDOFXODWH WKH VSXWWHUHG GHSWK  ERWK RI ZKLFK FDQ EH XWLOLVHG IRU WKH SXUSRVHV RI
WKLV VWDQGDUG PHWKRG  

$ �  &DOFXODWLRQ EDVHG RQ IUDFWLRQDO YROXPHV

)RU HDFK VHJPHQW  M  RI WKH GHSWK SURILOH FDOFXODWH WKH VSXWWHUHG YROXPH  9M  XVLQJ WKH HTXDWLRQ�
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ρ, LV WKH GHQVLW\ RI HOHPHQW L  

)RU HDFK VHJPHQW  M RI WKH GHSWK SURILOH  FDOFXODWH WKH GHSWK 'M  RI WKDW VHJPHQW UHODWLYH WR WKH VDPSOH VXUIDFH
XVLQJ WKH HTXDWLRQ�
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$V LV WKH DUHD RI WKH VSXWWHUHG VSRW  
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)RU HDFK VHJPHQW M  RI WKH GHSWK SURILOH  FDOFXODWH WKH DWRPLF IUDFWLRQ DLM  XVLQJ WKH HTXDWLRQ�
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ZL LV WKH DWRPLF PDVV RI HOHPHQW L

)RU HDFK VHJPHQW  M  RI WKH GHSWK SURILOH  FDOFXODWH WKH HVWLPDWHG GHQVLW\  ρM  XVLQJ WKH HTXDWLRQ�
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)RU HDFK VHJPHQW  M  RI WKH GHSWK SURILOH  FDOFXODWH WKH VSXWWHUHG YROXPH 9M XVLQJ WR WKH HTXDWLRQ�
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&DOFXODWH WKH VSXWWHUHG GHSWK  'M  XVLQJ (TXDWLRQ $ �  RI $ �

127( ,Q RUGHU WR GHWHUPLQH WKH VSXWWHUHG GHSWK DFFXUDWHO\  LW LV HVVHQWLDO WR KDYH DQ DFFXUDWH YDOXH RI WKH DUHD RI WKH
VSXWWHUHG VSRW $ LQ (TXDWLRQ $ � ,Q PRVW FRPPHUFLDO VRIWZDUH IRU TXDQWLILFDWLRQ RI *' 2(6 GHSWK SURILOHV  $ LV VLPSO\
FDOFXODWHG IURP WKH QRPLQDO GLDPHWHU RI WKH KROORZ DQRGH RI WKH JORZ GLVFKDUJH VRXUFH H J  � PP RU � PP 7KLV HVWLPDWH LV
RIWHQ QRW DFFXUDWH HQRXJK DQG LW LV WKHUHIRUH HVVHQWLDO WR PHDVXUH DFFXUDWHO\ WKH DFWXDO GLDPHWHU RI WKH VSXWWHUHG VSRW IRU HDFK
GHYLFH DQG DQRGH XVHG  

127( ,Q $ WKH FDOFXODWLRQ VWHS WKDW JLYHV WKH DFWXDO VSXWWHULQJ UDWH RI HDFK VHJPHQW  M  LV VWULFWO\ VSHDNLQJ QRW
QHFHVVDU\ ,W LV SRVVLEOH WR FDOFXODWH WKH VSXWWHUHG PDVV SHU HOHPHQW DFFRUGLQJ WR D VLPSOHU DOJRULWKP  +RZHYHU  WKH VSXWWHULQJ
UDWH LV D SDUDPHWHU WKDW RIWHQ LV RI FRQVLGHUDEOH DQDO\WLFDO LQWHUHVW  ZKLFK LV WKH UHDVRQ IRU LQWURGXFLQJ WKLV DV DQ LQWHUPHGLDWH
FDOFXODWLRQ VWHS  
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> @ *ULPP : ��� 6SHFWURFKLP  $FWD �% S  ���  

> @ 7DNDGRXP  -  3LUULQ -  & 3RQV &RUEHDX  - %HUQHURQ 5  DQG &KDUERQQLHU  - &  ��� 6XUI  ,QWHUI  $QDO �
S  ��  

>�@ 7DNLPRWR . 1LVKL]DND  .  6X]XNL  .  DQG 2KWVXER  7  ��� 1LSSRQ 6WHHO 7HFKQLFDO 5HSRUW ��  S  �

>�@ %HQJWVRQ  $  (NOXQG $  DQG 6DULF  $ �� -  $QDO  $W 6SHFWURP �  S  ���

>�@ 1DRXPLGLV $  *XQWXU  '  0D]XUNLHZLF]  0  1LFNHO  +  DQG )LVFKHU :  ��  3URF  �UG 8VHU 0HHWLQJ
$QDO\WLVFKH *OLPPHQWODGXQJV 6SHNWURVNRSLH  S  ��  -�OLFK

>�@ ,62 �� � � ��� $FFXUDF\ WUXHQHVV DQG SUHFLVLRQ  RI PHDVXUHPHQW PHWKRGV DQG UHVXOWV ² 3DUW �
*HQHUDO SULQFLSOHV DQG GHILQLWLRQV

>�@ ,62 �� � � ���  $FFXUDF\ WUXHQHVV DQG SUHFLVLRQ  RI PHDVXUHPHQW PHWKRGV DQG UHVXOWV ² 3DUW � %DVLF
PHWKRG IRU WKH GHWHUPLQDWLRQ RI UHSHDWDELOLW\ DQG UHSURGXFLELOLW\ RI D VWDQGDUG PHDVXUHPHQW PHWKRG

>�@ ,62 �� � �� ��� $FFXUDF\ WUXHQHVV DQG SUHFLVLRQ  RI PHDVXUHPHQW PHWKRGV DQG UHVXOWV ² 3DUW ��
,QWHUPHGLDWH PHDVXUHV RI WKH SUHFLVLRQ RI D VWDQGDUG PHDVXUHPHQW PHWKRG

>�@ ,62 �� � �� ���  $FFXUDF\ WUXHQHVV DQG SUHFLVLRQ  RI PHDVXUHPHQW PHWKRGV DQG UHVXOWV ² 3DUW �� %DVLF
PHWKRGV IRU WKH GHWHUPLQDWLRQ RI WKH WUXHQHVV RI D VWDQGDUG PHDVXUHPHQW PHWKRG

> @ ,62 �� � �� ���  $FFXUDF\ WUXHQHVV DQG SUHFLVLRQ RI PHDVXUHPHQW PHWKRGV DQG UHVXOWV ² 3DUW �� 8VH LQ
SUDFWLFH RI DFFXUDF\ YDOXHV

> @ ,62 ����� �� $QDO\WLFDO VSHFWURVFRSLF PHWKRGV ² )ODPH HPLVVLRQ DWRPLF DEVRUSWLRQ DQG DWRPLF
IOXRUHVFHQFH² 9RFDEXODU\

> @ ,62 �� �� 6XUIDFH FKHPLFDO DQDO\VLV ² *ORZ GLVFKDUJH RSWLFDO HPLVVLRQ VSHFWURPHWU\ *'
2(6  ² ,QWURGXFWLRQ WR XVH
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