Downloaded from orbit.dtu.dk on: Jun 21, 2021

Hybrid microscale analytical methods for environmental analysis

Lafleur, Josiane P.; Salin, Eric D.

Publication date:
2009

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Lafleur, J. P., & Salin, E. D. (2009). Hybrid microscale analytical methods for environmental analysis.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

x Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
xYou may not further distribute the material or use it for any profit-making activity or commercial gain
xYou may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://orbit.dtu.dk/en/publications/2344b8d1-a175-4141-8793-2bec7972c9e6

+\EULG PLFURVFDOHKRGYORWLHQOLRRWPHQWDO

"RVLDQH 3«Q«ORSH /DIOHXU

'"HIJUHH RI

'"HSDUWPHQW RI &KHPLVWU\ )DFXOW\ RI *UDGXDYV

OF*LOO 8QLYHUVLW\

ORQWUHDO 4XHEHF &DQDGD

-XO0\

$ WKHVLV VXEPLWWHG WR OF*LOO 8RIL WHKHWVUWT XL BPHQ\

WKH GHJUHH RI 'RFWRU RI 3KLORVRSK\

k& RS\ULJKW $00 ULIJKWV U



$SEVWUDFW

7KH FRQWDPLQDWLRQ RI QDWXUDO UHVRKWHYHEBM K X
VRFLR HFRQRPLFDO LPSDFWV (QYLURQPWQWP & \D\GDONWD
UROH LQ WKH VROYLQJ RI WKHVH HQY L UR@PHMWLIR 5O
HQYLURQPHQWDO DQDO\WLFDO SURFHGXUHNHDWLIHN DWOH
VHYHUDO VWHSV +\EULG PLFURVFDOH ©Q QGCOHOAMQ R B 19 GWZLAA
WKH REMHFWLYH RI PLQLPL]LQJ WKH QMBEHD YR LGLBI OMK
XVH Rl RUJDQLF VROYHQWYV DQG UHGXFITQLUMIGH IRU] D @®
DQDO\VLYV DV ZHOO DV LQFUHDVLQJ WKH VSHHG RI DQDO\

$Q ,QGXFWLYHO\ +HDWHG ! (OHFWURWKRXMBDE @ MWSR U
DQ ,QGXFWLYHO\ &RXSOHG 30DVPD ODVV 6SHFAWHKRPHYV
PHUFXU\ IURP VLQJOH KXPDQ KDLU VWUD S GN SDLUDKARDRVD
VXFK DV WKH GHVWUXFWLRQ RI LWV PTHUWLF ERP SO.UB E O/H R
WKRVH REWDLQHG ZLWK D UHIHUHQFH PHWKRG

JRU VDPSOHV UHTXLULQJ FKURPDWRJUD RKLEDWHSDUI
PLQLPL]JHG E\ GLUHFW FRXSOLQJ RI WKHR FKQREBBWRJIUD:
WKURXJK /DVHU $EODWQBQ&IMHUH&&WHSDUDWHG RQ VLOLF
3HUIRUPDQFH 7KLQ /D\HU &KURPDWRJUD S KR X0 P R/ELO H+ 3 7

SKDVHM ZDV XVHG WR YRODWLOL]JH WKH FKURWPLEKP VSt



FKURPDWRJUDSKLF VWDWLRQDU\ SKDVH P/IIXWWY U3 UDROF HRBX U &
DOORZV IRU D UDSLG VHSDUDWLRQ DRGONXDQW I RLNVNDWERSA
7KH VDPH SURFHGXUH ZDV XVHG WR FRX3I®HWLRQDW
63( FROXPQV LPSOHPHQWHG RQ FHQWWIQ X,BBOO® LWRRI1O
GHWHUPLQH SUH FRQFHQWUDWHG PHWD DKHKHAIOCOMWDAMNX W
63( GHYLEFHVXLUH RQO\ | DEOOREBSQHW UHGXFWLRQ RI W
RUGHUV RI PDJQLWXGH LQ VDPSOH VL]H $BREPG®XWGHWR W
WKH GHYLFH UHTXLUHVY QR PRUH WKD@ DOWRLAP S/AKHH AFRIV@ R/W W ]
PLFURIOXLGLF 63( GLVFV FDQ EH XVHGFWRR®MNUVR B R OVEDW R F

DQG DOORZ WKH HDV\ VWRUDJH RI VD BDERHD KR LR UR W 5D @&\

06 DQDO\VLYV

)LQDOO\ WKH FHQWULIXJDO PLFURIORLBOP 3 (WKLHIF
FRXSOLQJ WR DEVRUSWLRQ DQG IOXRUHVBPNQRMHKHVSHF
DGYDQWDJHV OLVWHG DERYH WKLV K\GKHA/@DXNWHGLY\W R H |
DTXDWLF RUJDQLF SROOXWDQWY WUDSGHGKRQLMBIG 6K3/L|

VLPSOH DQG VPDOO OLJKW VRXUFHVY DQG GHWHFWRUYV



$EU«I«

/ID FRQWDPLQDWLRQ GHV UHVVRXUFHV QBWSHXD OH
DYRLU GHV LPSDFWV VRFLR «FRQRPLTXHV JURYHYQSRX
G«SHQGHQW HW OD FKLPLH DQDO\WLTXH HQ%PHRWQHP
HVVHQWLHO GDQV OD U«VROXWLRQ GH FRR\HSHREDORH V
OHV SURF«G«V FRQYHQWLRQQHOV G-DQDM®\YHKF MR QMWN B€Q
SOXVLHXUV «WDSHV 30XVLHXUV WHFKQSJINWVDK\G UGB H \
PLQLPLVHU OH QRPEUH G-«WDSHV Q «FH VQ/FKIDUMHW L © ORI
«YLWHU O-XWLOLVDWLRQ GH VROYDGQWYV REKDQWILXOH\R QU
SOXV GH U«GXLUH OH WHPSV Q«FHVVDLUH SRXU FRPSO«V

8Q YDSRULVDWHXU «OHFWURWKHUPLTXW EEXDX«IDJF
XQ SODVPD ¢ FRXSODJH LQGXFWLI DYHFS B «RVHFWH. R Q& SD |
06 &HWWH SURF«GXUH SHUPHW GH TXDQWLXQHEUDG® GH L
FKHYHX VDQV DXFXQH SU«SDUDWLRQ SUKMDOX®EOGDGH
GHVWUXFWLRQ GH VD PDWULFH SDU GVRKWWER® S DH\D EJ&
¢ FHX[ REWHQXV DYHF OD P«WKRGH GH U«I«UHQFH

$ILQ G-REWHQLU SOXV G-LQIRUPDWLRQVVEWH OD I
FHUWDLQV «O«PHQWY LO HVW DYDQWDJWX$DE DMMWRIFL |
VLPSOHV ¢ O-,&3 06 /D FKURPDWRJUDSKLHXWQFRRSPKHYV

GLUHFWHPHQW ¢ /-,&3 06 ¢ O-DLGH G-K WFWAP KD KXW E



VS«FLDWLRQ VXU GX JHO GH VLOLFH BXO DM WHE&EBYX\Q « O X
«W«V SU«OHY«V GLUHFWHPHQW VXU ODWSK BWH PVEXW HRKE
SHUPLV OD VS«FLDWLRQ HW TXDQWLILEFDWXRQ«B RB DRBH. G
GH w/

ID P«"WKRGH /$ ,&3 06 IXW «JDOHPHQW XWLOLV«H
FRPSOH[HV P«WDO K\GUR[\TXLQROLQH S U &KRQ FFHMW U «
PLFURFRORQQHY G-H[WUDFWLRQ HQ SKGNWY YSAGDWGEGHR BBH
PLFURIOXLGLTXHY FHQWULIXJHV &HV @&LANFRAWVLWIH @ WP LG}
«FKDQWLOORQV GH ! w/ XQH U«GXFMM KM G H DGR\
FRPSDUDWLYHPHQW ¢ OD P«WKRGH FRQYHO@W&«BRWHRQ H:
FRPSOH[H FK«ODW« ¢ O-DLGH G-XQ VROYDSHWU PRHW D Q I
O-H[WUDFWLRQ VLPXOWDQ«H GH KXLWU«EKBDQWWULBORDHNUF
«FKDQWLOORQV GXUDQW OHXU WUDQ SPUWSDXBDDERUDW

JLQDOHPHQW FHV SODWHIRUPHY PLFURI®ORALGLTXH'
SHUPHWWUH OH FRXSODJH DYHF XQ VSHEVYWULRREPrWQHSOG XN
GHV DYDQWDJHV VXVPHQWLRQQ«V FH G LH SROLOKD QS\HW
RUJDQLTXHY DTXDWLTXHV GLUHFWHPHQSWD V XLE © R UELD/DHF H

HW IOXRULP«WULH PHVXU«HVY GLUHFWHPHQW VXU OD PLF



&ERQWULEXWLRQV WR RULJLQDO NQRZC

$ VLPSOH PHWKRG ZDV GHYHORSHG IRU WKB TXDQV
VLQJOH KXPDQ KDLU VWUDQG XVLQJ ,QGYPWLRQ

9DSRUL]DWLRQ ,QGXFWLYHO\ &RXSOHG 3QDYPD 0D
&3 06

$ VLPSOH DQG UDSLG PHWKRG ZDV GHYKORBHSGPIRU \
E\ +LJK 3HUIRUPDQFH 7KLQ /D\HU &KURPDWRJUDSK
ZDWHU DV DQ HOXHQW

8VLQJ +37/& SODWHV LW ZDV GHPRQVWUDFWMKGGWKD)\
EH GHWHFWHG DQG TXDQWLILHG E\ GLUM®G W FODEHHQWW
XVLQJ /DVHU $EODWLRQ /$ ,&3 06 DQ@R QXBWHWHHPWR U
LQ WKH VWDWLRQDU\ SKDVH FRXOG EH XRHG DV

FRPSHQVDWH IRU YDULDWLRQV LQ ODVHU HQHUJ\

$ VLPSOH PHWKRG IRU FUHDWLQJ DQG UHRWDRQLQJ

FHQWULIXJDO PLFURIOXLGLF SRO\PHULF SODWIRUP Z
,W ZDV GHPRQVWUDWHG WKDW FKHODW B GGP BK\D/HV F
(IWUDFWLRQ 63( PLFURFROXPQV XQGHU FWQWULIX
H[WUDFWHG DQDO\WHV FRXOG EH SUHRUR SHIE RRUQ WWRK

DQDO\VLYV

Vi



W ZDV GHPRQVWUDWHG WKDW DQDO\WHVW VEBWDSSHG
UHWULHYHG DQG TXDQWLILHG GLUHFWWLREQ /MBI, wXKE6
FROXPQ-V SURWHFWLYH SRO\FDUERQDWHHG OW KHDW , W
LOWHUQDO VWDQGDUGY FRXOG EH DGGHGRNR WKH
SUHFLVLRQ DQG DFFXUDF\ IRU FHUWDLQ HOHPHQWYV
W ZDV GHPRQVWUDWHG WKDW L@LUYUMHFXR WDHEWHHILBRML
VSHFWURPHWU\ FRXOG EH SHUIRUPHG VHGHBWHRMMO\
RUJDQLF DQDO\WHV WUDSSHG RQ FHQWUWLIDRIWO PL
VFUHHQLQJ RI DTXDWLF SROOXWDQWW VeV URRERWBOL\QLHQ

PDWFKHG UHVXOWY SUHGLFWHG E\ WKHRU\

Vil



&ERQWULEXWLRQV RI DXWKRUYV

$00 Rl WKH H[SHULPHQWDO ZRUN RI WKKN DYKWMKRVY .
ZLWK VRPH H[FHSWLRQV LQ &KDSWHUV DIOQEHG L/®H H
&KDSWHU ZHUH SHUIRUPHG RYHU WKH RRXUDIG XFIWDH |
VWXGHQW 0V B5HEHFFD /DP MRLQHG WKH DXMKRU RW
H[SHULPHQWY LQ WKH ILQDO PRQWK RIUHG6HWK FHHVXW W

SDSHU /DIOHXU - 3 [/DP 5 &KDQRSSHE 0 6DOLQ (

,Q WKH FDVH RI &KDSWHU WKH DXWKRIWYZHDY WRKHWV X
RSSRUWXQLW\ WR VXSHUYLVH WZR XQG® WKHS KR WUHV HRR)
KHU JUDGXDWH VWXGLHV 7KH WZR +R QKXW Y RGNXICHDQW.\R
RI WKH DXWKRU-VPDLQ SURMHFW 'LUHGB6WR QG HVHIRMULR R J |
PLFURIOXLGLF FKURPDWRJUDSKLF FROXPQXRDBDBYVY F&SQUEFIHR L
$QGULHQ 5DFNRY DQG GLUHFW DEVRURKRWLRQ&3IBBRWW 0
RWK VWXGHQWY ZRUNHG XQGHU WKHJID&WXIRAH- G K\ IUIHR/
PDWHULDOV DQG SURWRFROV SURYLGHW®WKH WI[KSHH UDLXPWHKQRNA
ZHUH SHUIRUPHG WZR E\ WZR WKH DXWKRW D®RHQ W VV W
WRIJHWKHU 7TKH DXWKRU LQGHEWHG WKD HBWHKR UK HQHWK
SURMHFW 7KH DXWKRU SHUIRUPHG DOOWWHKHU B DXDWW(Q

S D S Hadleur, J. P.; Rackov, A. A.; McAuley, S.; Salin, E. D. Talanta 2009, Ms.

Ref. No.: TAL-D-09-01648R01641).
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$FNQRZOHGJIJPHQWYV

, ZRXOG OLNH WR H[SUHVV P\ VLQFHUHWW UWUDWRIW X
(ULF ' 6DOLQ IRU KLV JXLGDQFH VXSSRIWKWRXQ&RXW PH
JUDGXDWH VWXGLHV , ZRXOG DOVR OLNHDWRLWKDQN
FRPPLWWHH 3URI 'DYLG %XUQV 3URI! -RDENBRDHW DRWG
WKHLU KHOSIXO FRPPHQWY DQG LGHDVKEN RBXRIR XWUW K
ODGRX DQG 'U +RUDFLR .LGR IURP WKHY&E@H HUVLW\ RI &

0DQ\ WKDQNV WR )UHG .OXFN DQG KLV DYWDWWDQ\
PDFKLQH VKRS DV ZHOO DV 5LFEN 5RVVL GBSDKM/P BEWLDK
HOHFWURQLFV VKRS IRU WKHLU LQYDOXQEOBQ®HOS
WURXEOHVKRRWLQJ PDQ\ UHIUDFWRU\ LQVWUXPHQWV

, DOVR WKDQN P\ PDQ\ FROOHDJXHV DQRBUODE® DWKHY/
HGLWLQJ DQG IRUPDWWLQJ

., YHU\ JUDWHIXOO\ DFENQRZOHGJH VFKROMDNDWOKLS \
6FLHQFH DQG (QJLQHHULQJ 5HVHDUFK &RXQFLO RI &DQDC

)LQDOO\ , ZRXOG OLNH WR WKDQN P\ VMNSEHRGW DQ
HVSHFLDOO\ 0 EHFDXVH LW WRRN D ORW WR UMHH WX IRX WM
ERQG WKURXJK WKHVH \HDUV DQG / ZKRWIR\G HFRRX@WWIHDWA

ZKDW PRPV DUH JRRG IRU



/DEOH RI &RQWHQWYV

+\EULG PLFURVFDOH DQDO\WLFDO PHWKRGV IRU HQYLURQPHQWDOLD ¢
$EVWUDFW LL
$EU«I« LY
&GRQWULEXWLRQV WR RULJLQDO NQRZOHGJH
&RQWULEXWLRQV RI DXWKRUYV YLLL
$FNQRZOHGJPHQWYV L[
7DEOH RI &RQWHQWYV [
/[LVW RI )LIXUHV [YLL
/ILVW RI WDEOHYV [[LY
&KDSWHU , QWURGXFWLRQ
7TKHVLVY RXWOLQH DQG REMHFWLYHYV
7TKHRUHWLFDO FRQFHSWY DQG OLWHUDKKWRPEPBWRYWB I KY) WRRP AFLRFQURH Q
GHYLFHYV
&KURPDWRJUDSKLF VHSDUDWLRQV RI PHWDO LRQV
*HQHUDO FKURPDWRJUDSK\ WKHRU\
7KLQ OD\HU FKURPDWRJUDSK\
6ROLG 3KDVH ([WUDFWLRQ 63(
,RQ FKURPDWRJUDSK\ ,RQ H[FKDQJH FKURPDWRJUDSK\
,RQ FKURPDWRJUDSK\ ,RQ SDLU FKURPDWRJUDSK\
&DSLOODU\ HOHFWURSKRUHVLYV
&DSLOODU\ HOHFWBBR KRUHMLIFY GRHY PEH YV
&DSLOODUN ]JRQH HOHFWURSKRUHVLV &=(
, VRWDFKRSKRUHVLV ,7&
+\SKHQDWHG DQG F\FOLF PHWKRGYV
$Q DOWHUQDWLY H \8 R PH5Q QR WEIRQWQH WU DO IRUFH
EHQWULIXJDO PLFURIOXLGLF GHYLFHV
)XQGDPHQWDOURZ LQX&BSLOODULHYV
ODFURVFDOH IOXLG IORZ
/LTXLG IORZ LQ RSHQ PLFURFKDQQHOW\ DBICOHYHE SUKWR X UKH F H

ILTXLG IORZ LQ SDFNHG PLFURFKDQQHGOD ERIGKFHE&G 8 KHR X XK

*DWLQJ RI WKH IORZ RI OLTXLGY LQ PLFURIOXLGLF GHYLFHV
*DWLQJ RI WKH IOXLG IORZ LQ FRQYHQWLRQDO PLFURIOXLGLF G
*DWLQJ RI WKH IOXLG IORZ LQ FHQWULIXJDO PLFURIOXLGLF GHY

X



+\GURSKRELF YDOYHYV
&DSLOODU\ EXUVW YDOYHV
OL[LQJ LQ FHQWULIXJDO PLFURIOXLGLF GHYLFHYV
OL[LQJ E\ GLIIXVLRQ
OL[LQJ E\ FKDRWLF DGYHFWLRQ
%DWFK PRGH PL[LQJ
'XDO 3XPSLQJ PLFURIOXLGLF GHYLFHV
'"HWHFWLRQ RI LQRUJDQLF LRQV RQ PLFURIOXLGLF GHYLFHYV
(OHFWURFKHPLFD® IGRIGMHFWLRQ PH
&KHPLOXPLQHVFHQFH
,RQ 6HOHFWLYH 2SWRGHYV
,QGXFWLYHO\ &RXSOHG 30DVPD 0ODVV 6SHFWURPHWU\ ,&3 06
SHIHUHQFHYV
&KDSWHU ,QGXFWLRQ KHDWLQJ HOHBWBEWR WKHFXDO IYQBS & VLD R L RX
KXPDQ KDLU VWUDQG E\ LQGXFWLYHO\ FRRXSOHG SODVPD PDVV VSHF\
$EVWUDFW
,QWURGXFWLRQ
([SHULPHQWDO
,QVWUXPHQWDWLRQ
6DPSOHV DQG VWDQGDUGYV
5HVXOWV DQG GLVFXVVLRQ
$FNQRZOHGJIJPHQWYV
SHIHUHQFHYV
&KDSWHU 5DSLG VSHFLDWLRQ RI FKUR® LOXXP\ HEV KIKIKR 8 B WIRUPDIKA HZ
GLUHFW GHWHUPLQDWLRQ E\ ODVHU PBDOPMLR QSIHFGXFRPLHMON FRX S C
$EVWUDFW
,QWURGXFWLRQ
([SHULPHQWDO VHFWLRQ
,QVWUXPHQWDWLRQ
,QVWUXPHQWDO SDUDPHWHU RSWLPL]DWLRQ
6WDQGDUGY DQG UHDJHQWYV
$QDO\WLFDO 3URFHGXUH
5HVXOWV DQG GLVFXVVLRQ
&KURPDWRJUDSKLF VHSDUDWLRQ
3UH FRQFHQWUDWLRQ FDSDELOLWLHYV
6LOLFRQ DV DQ LQWHUQDO VWDQGDUG
AXDQWLILFDWLRQ E\ /$ ,&3 06

Xi



&RQFOXVLRQV
$FNQRZOHGJIJPHQWYV
SHIHUHQFHYV

&KDSWHU '"HVLJQ DQG IDEULFDWLRQRALGHEEWVHI KJWO PAWURQOGHS

$EVWUDFW
,QWURGXFWLRQ
([SHULPHQWDO 6HFWLRQ
'"HVLJQ DQG &RQFHSWLRQ
'"HYLFH $VVHPEO\
&ROXPQ 3DFNLQJ
5HVXOWV DQG 'LVFXVVLRQ
&ROXPQ 5HVWULFWLRQ DQG 3DFNLQJ
JOXLGLF 1HWZRUN

OLQLPDJ ,
oLQLPD[,, 9,
oLQLPDI[ 9,, 9,,,
OLQLPDI ,; ;
OLQLPDT ;, .,

&RQFOXVLRQV
SHIHUHQFHYV
&KDSWHU OLQLDWXUH FHQWULIXJD X i KWLRP BRREINQWKIDAVG R QLB E @
GHWHUPLQDWLRQ RI OHDG LQ DTXHRXV VDPSOHYV
$EVWUDFW
,QWURGXFWLRQ
([SHULPHQWDO
&HQWULIXJDO PLFURIOXLGLF GHYLFHV
6ROLG 3KDVH ([WUDFWLRQ 3URFHGXUH
/$ ,&3 06 $QDO\VLV
5HVXOWV DQG GLVFXVVLRQ
"\QDPLF LPPRELOL]DW MRKHRIWDWIRRD DU\ $SKPVH OLQLPD]
JLUVW H[WUDFWLRQ UHVXOWV REWDLQHG&XWRMJ, WKH FRQYHQWLR
$WWHPSWV DW XVLQJ ODUJHU UHVHUYRLUV OLQLPDJ ;
&RQFOXVLRQV
SHIHUHQFHYV
&KDSWHU 3UH FRQFURQMHPMWRQ R RRURHIDW GILIX BDO L ZLWK GLUH!
GHWHUPLQDWLRQ E\ /DVHU $EODWLRQ ,Q6XHFMNYRPNWRXSOHG 30DVP

Xii



$EVWUDFW
,QWURGXFWLRQ
6ROLG 3KDVH ([WUDFWLRQ
&HQWULIXJDO &KURPDWRJUDSK\ DQG OLQLDWXUL]DWLRQ
([SHULPHQWDO VHFWLRQ
6WDQGDUGY DQG UHDJHQWYV
'HYLFH )DEULFDWLRQ
&ROXPQ 3DFNLQJ
6ROLG 3KDVH ([WUDFWLRQ
$QDO\WLFDO OHWKRGRORJ\
6SHFWURVFRSLF $QDO\VLV
5HVXOWYV DQG GLVFXVVLRQ
6DPSOLQJ ([WUDFWLRQ DQG 6WRUDJH
/IDVHU VDPSOLQJ
AXDQWLILFDWLRQ E\ /$ ,&3 06
,QWHUQDO 6WDQGDUGYV
&RQFOXVLRQV
$FNQRZOHGJPHQW
S5HIHUHQFHV
&KDSWHU OLQLDWXULVHG FHQWULIXRNOLBKURPIBMRIRDGKQF SQMHHW
FRQFHQWUDWLRQ DQG VSHFWURPHW U LIFQGIHNMXHHRW VRVODRBEBHYDQLF SR
$EVWUDFW
,QWURGXFWLRQ
([SHULPHQWDO
6WDQGDUGY DQG UHDJHQWYV
'HYLFH )DEULFDWLRQ
&ROXPQ 3DFNLQJ
6ROLG 3KDVH ([WUDFWLRQ
6SHFWURVFRSLF $QDO\VLV
5HVXOWYV DQG GLVFXVVLRQ
&RQFOXVLRQV
$NQRZOHGJIJPHQWYV
5HIHUHQFHV
&KDSWHU &RQFOXVLRQV DQG VXJJHVWLRQV IRU IXWXUH ZRUN
5HIHUHQFHV
$SSHQGL[ $ 2SWLPL]DWLRQ RI WKH ,QB)PDNMLYBESOR Y HHWH G+ ! (7O H FRI
KDLU DQDO\VLV

Xiii



,QWURGXFWLRQ
([SHULPHQWDO
*UDSKLWH FXSV
7HPSHUDWXUH FDOLEUDWLRQ
"HWHFWRUV
5HVXOWV DQG GLVFEXVVLRQ
7HPSHUDWXUH FDOLEUDWLRQ
&XS 'HVLJIQ
7KHUPDO 6SHFLDWLRQ
&RQFOXVLRQV
$SSHQGL[ % 'HWHUPLQDWLRQ RI PHUF®BU\OHPMWI R K 8 G XB W LOYDHSMR\U+
FRXSOHG WR DQ DWRPLF DEVRUSWLRQ VSHFWURSKRWRPHWHU
,QWURGXFWLRQ
([SHULPHQWDO
,+ (79 VDPSOH LQWURGXFWLRQ V\VWHP
OHUFXU\ YDSRXU DWRPLF DEVRUSWLRQ GHWHFWRU
6WDQGDUGY DQG UHDJHQWYV
5HVXOWV DQG GLVFXVVLRQ
'DUN VLJQDO PHDVXKWPBIOOBWDQK OLJ
1RLVH LQ WKH EODQN
,QVWUXPHQW GHWHFWLRQ OLPLW IRU PHUFXU\
6LJQDO WR QRLVH UDWLR FKDUDFWHUL]DWLRQ
2WKHU VRXUFHV RI QRLVH
&RQFOXVLRQV
SHIHUHQFHYV
$SSHQGL[ & 2SWLPL]DWLRQ RI WKH /6;IRU G\DKHH D @QE@\VWVY. FRQ 6 L\OW F
WKLQ OD\HU FKURPDWRJUDSK\ SODW H ¥ URIPIKWSRH W IIRSHK DSYFBIVWHK/L R X
PLFURIOXLGLF VROLG SKDVH H[WUDFWLRQ FROXPQV
/IDVHU $SEODWLRQ 6\VWHP
"HWHFWRU
/IDVHU SDUDPHWHU RSWLPL]DWLRQ
7/& RSWLPL]DWLRQ
/IDVHU '"HIRFXV 2SWLPL]DWLRQ
2SWLPL]DWLRQ Rl WKH 3XOVH 5HSHWLWLRQ 5DWH
(QHUJ\ /HYHO 2SWLPL]DWLRQ
/IDVHU VFDQ UDWH RSWLPL]DWLRQ
2SWLPL]DWLRQ VXPPDU\ IRU 7/& SODWHV

XV



+37/& RSWLPL]DWLRQ
/IDVHU (QHUJ\ 2SWLPL]DWLRQ
/IDVHU 6FDQ 5DWH 2SWLPL]DWLRQ
IDVHU '"HIREFXV 2SWLPL]DWLRQ
3XOVH 5HSHWLWLRQ 5DWH 2SWLPL]DWLRQ
6XPPDU\ Rl 2SWLPDO 3DUDPHWHUV IRU /$ RI +37/& SODWHYV
OLQLPD[ RSWLPL]DWLRQ
$SSHQGL[' 'LUHFW HOHPHQWDO D QD ®SHK\SRIDWKILN D/E\HEA PHOWRIRIC
DEODWLRQ /$ LQGXFWLYHO\ FRXSOHG ®BDVPD PDVV VSHFWURPHW
/IDVHU $EODWLRQ 6\WWHP
"HWHFWRU
3UHSDUDWLRQ RI 7/& SODWHYV
6WDQGDUGY DQG UHDJHQWYV
5HVXOWV DQG GLVEXVVLRQ
'LUHFW VDPSOLQJ RI &RSSHU E\ /$ ,&3 06 RQ D 7/& SODWH
3UH FRQFHQWUDWLRQ VWXGLHYV
$QDO\VLV RI 7/& SODWBYOHVDQOMWKADE®DEODWLRQ PHWK
6HSDUDWLRQ RI &G DQG 3E E\ 7/& XVLQSKDMHWRQ ; DV D PRELC
6SHFLDWLRQ RI &KURPLXP
&RQFOXVLRQV
SHIHUHQFHYV
$SSHQGL[ ( 6SHHG ORQLWRULQJ DQG 'LJLWDO &RQWURO RI D '& OR
ORWRU
7DFKRPHWHU GHVLJQ
'LJLWDO FRQWURO RI WKH '& PRWRU
3EDVLF 3URJUDP
$SSHQGL[) )ORZ PRGHOLQJ DQG FROX® @ LHIUIRA DKQ B\L FR & DFFHNGI\G UALR

&ROXPQ HIILFLHQF\ PRGHO IRU WKH PLQDBWIXRUBHHFWYLIXIJDO FKU
&RQYHUVLRQ Rl WKH RSWLPDO PRELOWBXDDWMWHORFLW\ WR YROXF
SHIHUHQFHYV

$SSHQGL[ * 6XSSOHPHIRUD&K D BIKHIH

/IRZ &RQFHQWUDWLRQ 'ULQNLQJ :DWHU (3 / &50

+LJK &RQFHQWUDWLRQ 'ULQNLQJ :DWHU (3 + &50

(IWUDFWLRQ RI &RQWDPLQDWHG 9V 3XUH 6WDQGDUGYV
$UWLILFLDO KLJK FRQFHQWUDWLRQ GULQNLQJ ZDWHU

XV



$SSHQGL[ + 7KHRUHWLFDO FDOFXODMWLRQW VEIGH WDL\R QDO | R.U XSLKHD\

&KRLFH RI ODWHULDO IRU 2SWLFDO $SSOLFDWLRQV
5HFRYHU\ VWXGLHV
BUHGLFWLRQ RI WKH H[SHFWHG OLPLW RI GHWHFWLRQ
&LUFXLW VFKHPDWLFV

XVi



ILVW RI )LIXUHYV

YJLIXUH $ VLPSOH EHDNHU FRYHUHG YHW KDD B DGWFYKH ORS Y Q F B K DEPHE
71&

)LIXUH JRUPDWLRQ RI D QHXWUDO PHWDO +4 FKHODWH

YJLIXUH ORYHPHQW RI DQDO\WHV GRS L@.R &S DWORVL AR H EWRWRWR P
JLIXUH 'RXEOH LIRRHG DW\B W LR LKW ERGS LICQOMHI IDRE DGDSWHG IR
DQG 2GD DQG /DQGHUV

JLIXUH BHSDUDWLRQ RI FDWLRQV H (M)RWDFXKRSKRWHYEVZKZ®IS WA

DQDO\WH LV LQM HFRKHIGOIHD & HQ/Z B I G\WHD L6GIISPI B WHRW IRFF XUV ZKHQ
YROWDJH LV DPSO $16® SWR\WEWRRP &DPLOOHUL

)LIXUH ODFURVFDOH IOXLG IORZ

Y)LIXUH 6XPPDU\ RI WKH GLIIHUHQWGSD®Q MWPKHVE UWGHI DYXW HRRY VRK
OLTXLG RQ PLFURIOXLGLF GLVNV $ 3DRMH® PLFUR FKDQQHOV% DQ:!
JLIXUH OHWDO FOWBMOLQIKEVFKIQR UHDFWLRQ RI OXPLQR

Y)LIXUH 7UDQVLHQW SRRIYDHWNVRRN W\SHV RI VDPSOHV

7DEOH '"HWHUPLQDWLRQ RI PHUFXUQ GFRQFHQWUDWLRQV LQ KDLU \
)LIXUH /$ VSHFWUXP VKRZLQJ WKHHUWHGE DA W LS QDRPRBRMGD BV RE
PRELOH BKLV VHSDUDWLRQ ZDV REWDLQHG DIWHUWGHZIHOR SPHDW R
71 LQ '

)LIXUH $QDO\WH SUH FRQFHQWUDWIKRQ LQ WKLQ OD\HU FKURPDW
)LIXUH 'LVVROXWILRQ RHORIQ V/& SOPORVEVQOAMKFPFRPSDUHG WR +37

SODWHV ZLWK ZDWHU UHVLVWDQW ELQXGERXY\W HVOEXB GWMYHORZSPHQW ZIL(

YJLIXUH ORGHO OLQLPD[ ;,, GHFRP SR VHIBVHQWR HOD\HAU V$ G ISHVR'YH O
& & ' $GKHVLYH OD\HU ( 3RO\FDYHROXIDWWH [*OPY' W R$SS RBVHU
YLIXUH ([SORGHG YLHZ RI ORGHO 0,1,0$U 9,% $G'HEDWH @D\HU &
&' ' $GKHVLYH OD\HU ( 3RO\FDUERQBWH #L®P WRS$GRHALYH O
YLIXUH 'HYLFH DVVHPEO\ $ $0OLJQPHEGWDOWDJIPHQ¥W RQWHKIHVERQH

& ,QVHUWLRQ DQG DOLJQPHQW RI D\GD\BQ R LUZK\H D IGKHH V LY H. \OFD GO
DVVHPEOHG DQG DOLJQHG WRJHWKHU LWHDGGD\HRWU VORWEKH. D& GIGE® H (L 6l
YLHZ RI WKH VWDJH DQG DVVHPEO\

JLIXUH &ROXPQ UHVWIHEW VRQ@W O BB HWKHDRQRNVKHKBLSDUWLFOHYV VX
FKURPDWRJUDSKLF EHG % 7KH FKDQ @M LDV NMDBWRIQE HQIREVGHU W
JLIXUH &ROXPQ SDFNLQJ VWUDWHIVHNVWKMH FAO XAPIDX U HMW G LIKDGMHF Y

UHVWULFWLRQ $ L$ OHQIOHHN UD R XEemOX PRWR OWKWEBVWH UHVHUYR
/ID\HUV RI DGKHVLYH DUH VXSHULPSRVHG Q QVRH GHL KRV FRIIHW MHH FEK B K

Xvii



ZKLFK JRHV IURP WP GHHS DW WKH FROKWPWUNRWLR® G & HBKBIWZ MW
FKDQQHO LV JUDGXDOO\ UHGXFHG IURPW] ZRR® B O XJwWIPV L'Q$HXWHG
ERWWRP RI WKH FR®KPQ GRZ RH \SVD W MFLVWF O H V

YLIXUH WP SDFNLQJ $ $ UHVWMEKBRWWR@ Q\ERWHBW®E GVBW WKRS (
UHVHUYRLU DQG WKH FROXPQ FKDQQHPR ®XPG H Wi QaIXWKHVSD¥® QY $ R
FROXPQ

YJLIXUH *UDYLW\ SDFNLQJ $ .H\VWR@MW Bl VR Q Q LD IOHH & RZQ WKQ |
% +ROHV LQ WKH SDFNLQJ EHIRUH FR QQRSGIUG BRVQ R Q LZ X WKO PIREIFGIH
RI WKH FROXPQ

)LIXUH OLQLPD[ PRGHO HYROXWLRQ, ® OL@UPD], A % ' ' 00LQQP®DI,,9
( OLQLPD[ 9 ) OLQLPD[ 9, * OLQLPD[ 9,0LOLPDYLPD] DLQLPDJ ;
OLQLPD[;, / OLQLPD[ ;,,

)LIXUH 3DFNHG FROXPQV $ 3DFNLQUHRWHWYBRZ\VZKE QVWK N/ BPEA |
VOXUU\ LV LQVHUWHG IURP WKH WRSDRUXWKE JFR GOFQ L Q4 U8 VAHRGHRQ V
NH\WVWRQH HIITHFW LW XQ AW WRIGG DHW WHUHQY WEHRIDFDNQQJIJFKDQQHO UH\
EORFNDJH DQG GLIILFXOW\ LQ SDFNLQQHORQHFW AP YKH & DPISKD H R\
ZDV DYRLGHG E\ ILOOLQJ WKURXJK D G REXW FRHDQWHULD.® OVMW O D HIK @ HALK
FKDQQHOV DV ZHOO UHVXOWLQJ LQ EWRRNXKRWW RIVEHIR O KK ® OMK-DGV
RYHUIORZ LQ WKH VDPSOH UHVHUYRLWYHUW3IDENDR XDV W KRROHEOK\
ERWWRP Rl WKH FROXPQ $ FKHODWHG AFFHRWX® Q/ DIRSIP®H QI DV UDSIS®I GH
EDQG

YLIXUH &HQWULIXJDO PLFURIOXLGLF IGDICF N XFIFHRXWY Xl GHYLBQ [
'"HWDLOHG YLHZ 6DPSOH UHVHUYRLR ILORMA GHME QYR EKRIDE \ZLWK |
ZLGH DQG PLFURQV GHHS FROXPQ 7KSRUHEDRX\WRQDWHV 2W R & BDZE O D
3DFNLQJ LQOHW WP ZLGH DQG FRDRURHDV ZG MHKS FUHHHQWWMUDLE W R B
TXDUW] ZRRO SOXJ 7KH TXDUW] ZRRO FSIOWK HVG B'Y HFH RMAR DUCHY/ W KRHD ON
g PP GHHS ZDVWH UHVHUYRLU WP GHHS YHQW OLQH

)LIXUH $ BROLGWKRQHSHRWVFUII X UHFNL @BROXPVRSWLRQ RI WKH
FKHODWHG VDPSOH 'LUHFW ODVHU SOFONHELRIQF B R AKCHQ QBIPS O& 7%
VDPH FKDQQHO DIWHU DEODWLRQ RI WKH SRIONFRDERIQDIWH ZLQGRZ W
)LIXUH /$ ,&3 06 VSHFWUD $ 2QO\ VEZKLH SFOB\R D UJEHREQ DW H' XU DGR V
VHFRQG DEODWLRQ VFDQ WKH FKURPDWRJUDSKLF PDWHULDO LV YD
JLIXUH &RPSDULVRQ RI WKH /$ ,&3 0@ HGUDIQVK HAOAR B BJ PIHOWK R BW L

7KH FKHODWRU LV DGGHG GLUHFWO\ W\R G\ RIDAFDSIOOH L PoP RKIHOE KHH® I
VWDWLRQDU\ SKDVH SULRU WR VDPSOH H[WUDFWLRQ

)LIXUH 'HWHUPLQDWLRQ RI /HDG +\QURFR®GOIRSODWOH DG VRUEH G
PLFURFROXPQV PRGHO OLQLPD[,; E\/$ ,&3 06

Xviii



JLIXUH /$ ,&3 06 FDOLEUDWLRQ UHUKOW\WVRQ W IOHD BHJW UDF WV BRSR

JLIXUH 'HYLFH FRPSRQHQW OD\HUV WHPE&OEDV H6/ ERGAKMR P YR OM\H
& &' OD\HU ' $GKHVLYH OD\HU ( 7KLRGERIOWPCHUERQDUIWH*ILOPLQ
ZKLFK ZLQGRZV KDYH BEBPB@ 2 DG BHGVWRR) DWMKH ISRO®\FRYERLQJ WKH 63
FROXPQ + &RPSOHWH'HWIVIHPHE®\YLHZ Q! WK H DRSO BHHVHUYRLU
3DFNHG PLFURFROXPQ ZLWK VXSHULPSRVHG ZLRDBRE] ZRBOF NFIREIX PIQD
:DVWH UHVHUYRLU 9HQW
YLIXUH $ OHWDO +\GUR[\TXLQRODBYV WRKH\ D WKDGVVRHEQGERQ
WKH VROLG SKDVH H[WUDFWLRQ FROXPKD Q% H®D XQ L1KH G/ BP FINFKD B QF
DIWHU ODVHU DEODWERQ RW KV K HQSGRRZ\WRR) EH ®RW R DMKHU L D O
YJLIXUH /$ ,&3 06 WUDQVLHQW VLJQDO@WWKH $WODEDDRRGQWH ZQQ E
YDSRUL]HG VR WKDW QR VLJQDO LV RER/R WYKHGVIR D WHLLRAQKCHU. &/ K BIVVAL C
WUDSSHG DQDO\WHV % 2Q VXEVHTXH QW UDBSKLW IVRQY K F Q @VL WXBISRK
DQG D VLOLFRQ VLJgD/OKHYODNVARU G HBQN DI RO WWKHROXPQ & 7KH
PDJQLILHG WUDFH LQ ' RUGLQDWH ©Q PL.OAWHOH D U B \WAKIRZ VH\E KFDQV VWAKKH
KDOI Rl WKH FROXPQ OHIW RI SORW
)LIXUH OHIW 'HYLFH FRPSRQHQW ODVWHKN UBVBUYRRUV3IRUEDQRW
FRPSOHWHO\ WKUR XJ & WHKGK PP WHU DIDQHRW 3008 XDRIWOD\HU 5LIKW
'HYLFH OD\RXW ' $VVHPEO\ ( 'HWDQOHA WLHZ KD PBIOH HMVUHDUFYARLLR
(IWUDFWLRQ FROXPQ 3DFNLQJ FKDQONWWH UMXBUWRIARRO MHQW
YLIXUH 2SWLFDO GHWHFWLRQ FRQFIH PQBWLRORYEDQ@ AR UP HDX/RKWHH\?

YLIXUH $ 6LPSOLILHG H[SHULPHQW®QVSBBFNBRUH WK & KH FROX
IXQFWLRQDOL]HG VLOXRDHWEHDQ G V ROOGPHG WoR MOKIR FHVFHLQ WUDSS
FHQWULIXJDO VROLG ¥®DWH H [ @MMDNG EERROXHP\DFE H L Q

JLIXUH $ )OXRUHVFHLQ IOXRUHVFHQFH ZLWK GH® RIME ODFOT H[FLWD
HTXLSSHG ZLWK D QP ORQJSDVV ILO@MHU Z L% K) ® B RRH M BDHQ Q PISEN F-U
UHFRUGHG DW QP ZLWK D SKRWRGLRGH DUUD\ VSHFWURPHWHU
JLIXUH $ ,QGXFWLRQ +HDWLQJ (OHFWURWKHUPDO 9DSRUL]JHU
JLIXUH $ 'LPHQVLRQV RI WKH JUDSKLWH FXS PDFKLQHG LQ KRXVH
JLIXUH $ 7HPSHUDWXUH FDOLEUDWLFRRUBH®KHD®G79 VHDPRQQYVDU
DSSO\LQJ SRZHU

JLIXUH $ 7LPH GHSHQGHQFH RI WKHRIUD B KLRXVFMN.S WG MSHFBEMHW OV
VHWWLQJV

XiX



JLIJXUH $ /HIW 3RZGHUHG &50 VLJQD ® SR LMWK QA ERUDJHHE AD B P $F

E\ -RVLDQH /DIOHXU 5LJKW 3RZGHUHG® @30 RR JI)BROSSUIRVIKOD ¥BISRI!
$FTXLUHG E\ 5SHEHFFD /DP

JLIXUH $ .+ (79 WVHHSSRUDMPPL Q J

JLJXUH % /D\RXW Rl WKH PHUFXU\ YDMRRU DWRPLF DEVRUSWLRQ V

JLJXUH % 8QELDVHG SKRWRGLRGH FLUFXLW

JLIXUH % 6 W D EKIRMW.R\VG LRRIGMKGIDSJ N VQU Q DWHILP EHGQD WK UQHG RQ DQ
PLQXWHV ZDUP XS SHULRG GHOD\HG

JLIXUH %  %ODQN VLJQDO IRU ZKLFKIWKRIUGWMBQOLLDG G HYROWR RWY H

WKH VKDUS SHDN R E QVXGINOWL QR D W KGIE RW WRFRQ VR DHIWHIDFWYV DQG ZI

REVHUYHG LQ DOO PHDVXUHPHQWYV

JLIXUH % 6DPSOH WUDQVLHQW VLJGEHE® REWWDIHEDILR wO RI D

JLJXUH % &DOLEUDWLRQ FXUYH REWDL @QM®R PRE WKWRUSWER®J YDS

VSHFWURSKRWRPHWHU

JLIXUH % '"HSHQGHQFH RI WKH W R WIDOF X UJ FIRE) MHRQ Q/RIDWHL EQW LR |

JLIXUH % 8VHG OMLWKWQGUDISKLWH FXSV

JLIXUH & 2SWLFIO @DYRYW ROMMVLR Q7 MFPKWRP RA(HN& 2PDKD 1( 86

JLIXUH & /HIW 7HQ WP DEODWLR® \BRR\Y W5/L RKQWD6 & FW/DIRBD QUL R
SURILOH

JLJIXUH & /HIW 6LQJOH OLQH VFDQO&FD 4RCGILVWHQBFWHREDIKW 5
6L VLIJQDO SURILOH

JLIXUH & (IIHFW RI YDU\LQJ WKH O@ FHD \BGHUR¥KXDSRQ WKH DEODWL
JLIXUH & (IIHFW Rl YDU\LQJ WKBELODNV®W GHIRFXV RQ WKH

JLIXUH & 6LJQDO WRG6QRLW KVKB VIR HUUGHIRFXV LV YDULHG

JLIXUH &  (ITHFW RISXDWVH @H B/HW 6W MLQ QLDONV H R Q

JLIXUH & 6LJQDO WREDRWWKID®XAVR UKW SHDWILWGRQ UDWH

JLIXUH & (IIHFWV Rl LQFUHDMHGLO@NMBU SRZHU RQ

JLIXUH & 6LJQDO WR QRLVBIVUBKMH RIGBORW LRULQFUHDVHG

JLIXUH & (IITHFW Rl LQFUHDVLQJ6W KK JMIDVHU VFDQ UDWH RQ
JLIXUH & (IHIHFW RI LQFUHD¥IH & LJRD® WER & IR UDWLR

JLIXUH & (IITHFW RI YDU\LQJ WKH ®DYRIILV H QU-DUN L R QURLX YK JROEDDL WL ]
JLIXUH & (IITHEW RI1 YDU\LQJ WKH ODQ/H D GIMXWWPRQVL VLIQDO
JLIXUH & (IITHFW RI YDU\LQJ WKH ®DYRIILVHQHUW L R QI 6Q HV DIBMO/ WP

JLIXUH & (I THFW RI YDU\LQJ WKH ODWRUWQWREME UDWHRR QY RBKJIKLRG W
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JLIXUH & (ITHFW IR IOYDD/UH\W Q/F V& U DOV HLR® &RLS WILPQPDW LR Q
JLIXUH & (IITHFW RI1 YDU\LQJ WKH 0D® WRU QALY WIDMH. R QI 16Q H/ RBQV |

JLIXUH & (I THFW RI1 YDU\LQJ WKH GWHRUXW LRRQ B R X/1K RO MPR.]J@RV L

JLIXUH & (IITHFW RI YDU\LQJ WKH ODWLR GIH IRHF R\S \R DP&]DWUR®Q O
JLIXUH & (IITHFW RI YDU\LQJ WKH QOVR/ BB LG/HHl RIIDXVL R Q 16 Q I LRISMD IOP L
JLIXUH & (IITHFW RI1 YDU\LQJ WKH SMQOQID @ MSRH YRWELIR @ DWIWRI RQ 6
JLIXUH & /IDVHU $SEODWLRQ RI OLQLBD)LUYVYWWDVWP GHIRHFKVQG SD
7KLUG SDVV ' )RXUWK SDVV ( )LIWK SDVV ) 6L[WK SDVV

JLIXUH & /IDVHU S$IEEDPWLRQ PMO  wm GHIRFXVSDVY % 6HFRQG SI
& 7KLUG SDVV ' )RXUWK SDVV ( )LIWK SDVV

JLIXUH & SHPRYDO RI WKH WKLQ SKB\FROKR QU VDHW HOPWRZRY HUL Q J
VXSHULPSRVHG ODVHU DEODWLRQ VFDQVGHIRFXW GHIRFXV % w
JLIXUH ' 'LUHFW /DVHU VDPSOLQJ Rl @BR®W$HU VSRWWHG RQ D 7/& S
JLIJXUH ' 8VH RI WKH VLOLFRQ SUH WHIWDLQD LVp K\vHH V iy DOV IVRVD@OBED, USK
OLQHDULW\

JLJIXUH ' 3UH FRQFHQWUDWLRQ Rl GINB® REVDWR & SRPRMHY VLY ARRUU
DSSOLFDWLRQV

JLJIXUH ' 3UH FRQFHQWUDWLRQ Rl UKRIGSIX®PLRRWLR@EVSODWH |
JLJIXUH ' 3UH FRQFHQWUDWLRQ RI UK GIDVPDROHD L7HY 80 D WHIG ) R UW
VDPSOH ZDV UHDSSOLHG ILYH WLPHV RQ WKH VDPH ORFDWLRQ
JLIXUH ' &DOLEURBW RQQF)UMHN 5K M \VAIQIHWKAD §LMEODWLRQ PHWKF

FXUYH ODEHOOHG ; LOOXVWUDWHY WKH HOHFMWVR R Q VS H DAL IPGHV VIDRAH
ORFDWLRQ RQ WKH SODWH

JLIJXUH ' 6LJQDO SURILOH REVHUYH® NRIRW/ BDIQG $5LI8SP Dw/ SSP

5K VSRW WKDW ZDV UH DSSOLHG VL[ WKHPHN\& B\WWDMKHH VDPH ORFDWLRC

JLIXUH $ D w/ UHG IRRG FRORXU ¥ SBMGRIRDG7TFRSRRWNSRW D

PLJUDWLRQ RQ D 7/&

JLIXUH ' +HDY\ PHRWDIO PR WM ERWW FOFH RV WKRI WRBWHRS ULJKW Z
HOXHQW

JLIXUH &G DQG 3E FDOLEUDWLRQ F&3J¥6V REWDLQHG E\ 7/& /$ ,

JLIXUH &KURPLXP VSHFLDWLRQ ZLWKRI D 7[/& SPRBEMMH SKDVH

JLIXUH &KURPLXP VSHFLDWLRQ ZLWEB7/& SDDWHRQ ; RQ D

JLIXUH '"HWHUPLQB\WHITQ&R/I$ & &3 06

JLIXUH 6L DV DQ LQWHUQDO VWDIQ&WDUG LQ WKH GHWHUPLQDWL]

JLIXUH '"HWHUPLQB\WAIVQ&R/I$ & &3 06

JLIXUH 6L DV DQ LQWHUQDO VWDIQ&WDUG LQ WKH GHWHUPLQDWL]
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)LIXUH
JLIXUH

( 6SHHG PRQLWRULQJ XVLQJ PKWKURXJK EHDP RSWLFDO VZ
( /HIW %HDP WKURXJK RSWILFDROMW.XHWFXLVWBEKKW 5HWUR U
JLIXUH ( &LUFXLW VFKHPDWLFV IRUPRKMFRGLIJLWDO FRQWURO RI WK
J)LIXUH ( 'LJLWDO FRQWURO RI WKH '& PRWRU
J)LJIXUH ( O0DQXDO FRQWURO RI WKH '& PRWRU
JLJIXUH ) ,PSRUWDQW GLPHQVLRQV RI PRGHO OLQLPD]I ;,,
JLIXUH ) 9ROXPHWULF IORZ UDWH ZLWHK PWLF SPFRRQQH@VOLQLPD]
JLJXUH ) 9ROXPHWULF IORZ UDWH ZLWKkV RMFFSRFKDQOHQWLQLPD]
JLIXUH ) 9DQ 'HHPWHU SORW IRU PRGHA WKQLPRDA S,DRZXIHIJI SBRBENMHG
FRPSRXQG ZLWK D K\SRWKHWLFDO N- RI
JLJXUH * &RSSHU FDOLEUDWLRQ FXUNHE&SBWDLQHG E\ VSLNLQJ RI (
JLJXUH * &REDOW FDOLEUDWLRQ FXUYRREWDLQHG E\ VSLNLQJ RI
JLJIXUH * 1LFNHO FDOLEUDWLRQ FXUYH&BEBEWDLQHG E\ VSLNLQJ RI (
JLJIXUH * 9DQDGLXP FDOLEUDWLRQ FXUYRREWDLQHG E\ VSLNLQJ |
J)LIJXUH * /HDG FDOLEUDWLRQ FXUYH REWDLQHG E\ VSLNLQJ RI (3 /
JLIXUH * $OXPLQLXP FDOLEUDWLRQ EXWYHCREWDLQHG E\ VSLNLQJ
JLJIXUH * O9DQDGLXP FDOLEUDWLRQ FXUYH&BEWDLQHG E\ VSLNLQJ |
J)LJXUH * /HDG FDOLEUDWLRQ FXUYH REWDLQHG E\ VSLNLQJ RI (3 +
JLIXUH * &RSSHU FDOLEUDWLRQ FXU¥H REWDLQHG E\ VSLNLQJ RI (
JLIXUH * 1LFNHO FDOLEUDWLRQ FXU¥H & EOWDLQHG E\ VSLNLQJ RI
JLIXUH * 'LVFUHSDQF\ LQ WKH OHIN® VQIE@LE V QWQKBQNVR @AW D B LEYOWH
GULQNLQJ ZDWHU &50 (3 +
JLIXUH * 9DQDGLXP FDOLEUDWLRQ FXDVW LREMLDIOY K GJ K\ ARSLAH. QW |
GULQNLQJ ZDWHU VDPSOH
JLIXUH * 9DQDGLXP GHWHUPLQDWLR@WDWRODQGLXP DV DQ LQWHU
JLIXUH * &RSSHU FDOLEUDWLRQ F XYW LRERMLDIOD K IGJ E \ FRSLAH @W WADK
GULQNLQJ ZDWHU VDPSOH
JLIXUH * 1LFNHO GHWHUPLQDWLRQ
JLIXUH * /HDG FDOLEUDWLRQ FXU YW LRIERA DIOQKIG) K \FRRLNHLGDW WDKAH. |
ZDWHU VDPSOH
JLIXUH * /HDG GHWHUPLQDWLRQ ZLOVKGBIMP XWK DV DQ LQWHUQDC
JLIXUH + 7UDQVPLVVLRQ VSHFWUD RI6FROAWDUERK@MWH $FTXLUHG
JLIXUH + 7UDQVPLVVLRQ VSHFWUD RI &9EXV8BRMWON JHF® 80618 $FTXLU
JLJIXUH + 7UDQVPLVVLRQ VSHFWUD RBBRWW LOWBHXTBH\ $FTXLUHG E\
JLIXUH + 300%$ DXWRIOXRUHVFHQFH ZKHQH)PIPSHGT XL VKHB ZHWKXD
VKRUWSDVYV QP ILOWHU
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JLIXUH + 2YHUOD\HB MSHFRQD R EOD@WKUDFSEOH VROXWLRQV DQC
FRQWHQWYVY IURP WKH ZDVWH UHVHUYRWXWB IBBH WGHYWBEBFWLRQ RQ WK
JLIXUH + &ROOHFWRBOQFRIOWRHHWRWW) BHSREQW VR@EURFH E\ DQ RSWLF
ZLWK DFFHSWDRQFH DQJOH

JLIXUH + S$QWIQUDEKRW HVFHQFH DORQJ WKH FROXPQ

JLIXUH + 'HWHUPLQDWLRQ RI DQWKHDFHQHRHEL @ DURIERU R © RCLVPX | GD}
E\ UHJXODU IOXRUHVFHQFH LQ D FXYHWWRI WJKWQ Z LDIDIG 8WH/KRH G-H @
307 HTXLSSHG ZLWK D QP ORQJSDVV ILOWHU

JLIXUH + &LUFXLWIGH BOUDP TR%W 6HRXQGSFHRWRER/ &R SRZHU VXSS

JLIXUH + &LUFXLW GLDJUDP IRU FRQ Q@ HF+FMADRIDWK/KX 307 SRZHU VXS
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ILVW RI WDEOHYV

7DEOH &ROXPQ YDULDEOHV WKDW GHWHUPLQH SHDN VKDSH
7DEOH '"HWHUPLQDWLRQ RI PHUFXUQ GRQFHQWUDWLRQV LQ KDLU \
7DEOH '"HWHUPLQDWLRQ RI FKURPLXP HV/GH&3HOR ROG+BIVWKSODW
71 LQ ZDWHU

7DEOH ,QVWUXPHQWY DQG GHVLJQ VRIWZDUH

7DEOH 6XSSRUWV ILOPV DQG DGKHVLYHYV

7DEOH 3UH FRQFHQWUDWLRQ RI WUDRB PHRHIOWU LU R PD® UR IQMLLRID :
7DEOH $UWLILFLDO KLJK FRQFHQWUDWLRQ GULQNLQJ ZDWHU
7DEOH &RPSDULVRQ Rl WKH DQDO\WLED @ 5B IDIRD G DQMHWRH FEKIQ LA
7DEOH &D O LE UR W WRKH UGIMXHORVMY GRHIN B QP E QFIRIDIHRFX ®HY WUDSSHG F

PLQLDWXUH FHQWULIXJDO 63( SODWIRUP

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7DEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

R R RO RO RO R X R R R R R R

, &3 06 RSHUDWLQJ SDUDPHWHUYV

/IDVHU VHWWLQJV XVHG GRULQJ WKH GHIRFXV RSWLPL]D\
/IDVHU WKW\WKQYWH IRWS HW]DWWIRRQUDWH RSWLP

/IDVHU VHWWLQJV IRU WKH HQHUJ\ OHYHO RSWLPL]DWLR(
/DVHU VHWWLQJV IRU WKRIQODVHU VFDQ VSHHG RSWLPL]
2SWLPDO ODVHU RSHUDWQOQRI D& OHDWHHWYY IRU WKH DEO
/DVHU SDUDPHWHU VHWWMWQLPL]JIRWLWKRH HQHUJ\ VHWWLQ.
/IDVHU SDUDPHWHU VHWWD®/JIWROQRU WKH VFDQ UDWH RSW|
/IDVHU SDUDPHWHU VHWWLRXV IRU WKH GHIRFXV RSWLPL
/IDVHU VHWWLQJV IRU WKHDSWARMH UHSHWLWLRQ UDWH R
2SWLPD/WOLQD\SHHW RBHW B URQIRU AW K& DMV MAL

SDUDPHWHUYV IRU WKH /$ RVOLQLPDJ[ ;,, DW ORZ GHIRF
SDUDPHWHUV IRU WKH /$ RXMLQLPD[ ;,, DW KLJK GHIR
&(7%$& /6; RSWLPDO RSHUDWLQJ SDUDPHWHUYV

,&3 06 RSHUDWLQJ SDUDPHWHUYV

'"HWHFWLRQ OLPLWYV REWDILGHBQWUPHKRREIRIXWY XVLQJ WZR
SDUDPHWHU YDOXHV WR FDIDWMNQDWH QMKPHD Y ROXPHWULF |
JOXRUHVFHLQ DQG DQWKUDFHQH SK\VLFDO SURSHUWLHYV
7TKHRUHWLFDO SDUDPHWHUYV

BUHGLFWHG DQG H[SHULPH® WRW EHWHFMWAHRIHOLPLWY R

XXV



&KDSWHQWURGXFWLRQ

+\EULG WHFKQLTXHV LQ ZKLFK D VSHFL®WURHHG VD
FKURPDWRJUDSKLF VHSDUDWLRQ FKURPDHVRIWB SKDB HHC
FRXSOHG GLUHFWO\ WR YDULRXV GHWWFWRBB NQVMOHPR/H (
DQG RUJDQLF DQDO\WHV B6HYHUDO VW HS&HUW RQ R/WMDIYOF
D QDWXUDO®° VDPSOH LQWR D IRUP \@KIDQW RVD\X D\§ D DOW
LQVWUXPHQW 7KHVH VWHSV DUH YHU\ EPISRWAVVGW D F\WHX
DQDO\VLY FDQQRW EH FRPSHQVDWHG IRU BAKRBNQDWE&H
LQVWUXPHQWBWIRRQW FRPPRQ VWHSY LQYROYHG LQ D PF
DUWDPSONPPSOH SUHVHIADOH RBY HSDRGD WITEEDON VL V
(UURUV FDQ RFFXU GXULQJ VDPSOLQJ BWHRWRWIRE &LM
DQDO\WH LQ LWV QDWXUDO PDWUL[ 6BREOMOSBRHVH PRV
DQDO\WHV DUH QRW SHUIRUPHG RQ VLWHR GRBH & KEHHIWHA R
WKH VDPSOLQJ DQG WKH DQDO\VLV ZKHQHWKR UBRSEHM DY
FRQWDPLQDWLRQ 7KH PRVW LPSRUWDQWHVW®W V VIDPREROWH
RI DQ DQDO\WW-V WLPH DQG FRQWULBXWWKH BRRW®D (
DQDO\VLV RI D VPRFRPISDULVRQ RQO\ DERXW RI WKH
VSHQW RQ WKH DFWXDO PHDVXUHPHQWRKHWKH VDPG U
WKH WLPH LV XVHG E\ VDPSOLQJ DQG G D\DV ISRIQR FIQ\F\DLXGE]

VWHSV VXFK DV KRPRJHQL]DWLRQ VL]H QUHGXWWRQ QD QH



FOHDQ MSHUH DUH VHYHUDO ZD\V Rl LPSURYLQJIRDPSOH
HQYLURQPHQWDO DQDO\VLV $ UHGXFW LRIU D LVRIQH VQOXHPS
FDQ PLQLPL]H VDPSOH ORVVHV GXULQJDW®PUQ DWIHIY ®XQE (
KDQGOLQJ DV ZHOO DV DQDO\VLV WLPR D5RROLYH G W XFOLQR
WKH VDPSOH DV ZHOO DV WKH LQWURBKGWWRR QR R F R Q WX
VROYHQWV LV DOVR GHVLUDEOH WR UHGXEMW KK QIHGW K
JRYHUQPHQW UHJXODWLRQV DQG SROIPBLOH V)i 8 DRDIA EM
EHQHILFLDO WR IDFLOLWDWH DXWRP DWILUD® VBRSO B DG T

VLWH VFUHHQLQJ



7+(6,6 287/,1( $1' 2%-(&7,9(6

7KH JHQHUDO REMHFWLYH RI WKH SURRMHFWR ¥ B P OMR
DQDOVWLFDO PHWKRGV WKDW PLQLPLVHVYNVDRSPHQ B/ DHDS
DQDO\WLFDO FKHPLVW-V WRROER[ ORVW\RD QW DK ZGRWN
DOWKRXJK WKH ODVW FKDSWHU SUHVHRBNO DWW\ HR[IS @/RKWID
PHWKRGYV WR RUJDQLF DQDO\VHV DV ZHOO

,Q WKH ILUVW SDSHU &KDSWHU V D AL$Q 19 DSAUHHG D U
FRPSOHWHO\ DV KDLU VWUDQGYV DUH LBOWURHKXF H B D@/LH
(OHFWURWKHUPDO 9DSRULJHU ,+ (79 FRXGKGE G3 W\DR/ D)
0DVV 6SHFWURPHWHU ,&3 06 IRU PHUFXU\SOBD®UWLV 2
WUHDWPHQW VXFK DV GLJHVWLRQ 3URYRGH G X IR B\ W
WRWDO PHUFXU\ UHVXOWV LQ OHVV WWKUR® D PLQXWH DIW

6RPH DWWHPSWYV KDYH EHHQ PDGH $SSHBGLWEHDW
WKHUPDO VSHFLDWLRQ RI PHWK\OPHUFKM\KIDIRP LRSI DY
IURP &KDSWHU 6SHFLDWLRQ LV LPSRHWDQW D/Q® PMKW
SRWHQWLDO IRU ELR DFFXPXODWLRQ LQUKRRBBLYEBMIREW
7KH IROORZLQJ SDSHU &KDSWHU WK H UBHIRLHW LRRRX V HX
WKLV &KDSWHU WKH XVH RI QR[LRXV RHORPLGDWRDG H DK/
VHSDUDWLRQ LV FDUULHG RXW ZLWK ZNMWPSOBVVWKHB SR

I[IURP WKH SODWH IROORZHG E\ H[WUDRWLRXE OIQ®TE] GLOK\



3HUIRUPDQFH 7KLQ /D\HU &KURPDWRJUDSKXJK3MEHWR D
$EODWLRQ /$ 7KH XOWUD YLROHW ODMBUFKURR®PLNE W
VSHFLHV GLUHFWO\ RQ DQ +37/& SODWH N®RLWIKHDW DRRE
DQDO\VLV WLPH DUH JUHDWO\ UHGXFHG

7KH IROORZLQJ FKDSWHUV DOO EXLOG KBRQHWKH LC
ZKHUH DQDO\WHV DUH GHWHUPLQHG GLUHFR ®@\L @IQP D] HFK
VDPSOH KDQGOLQJ ,QVWHDG RI 7/& WKHWBH3EDYHUV D
((WUDFWLRQ 63( ZKLFK LV D VDPSOH SUBSDQYDWLR
HQYLURQPHQWDO DQDO\VHV $Q LPSRUWDGW QRYHW®WH
PLQLDWXUL]DWLRQ RI WKH SURFHVV WIKURXOKXLGKH &WM LF
7KH PLQLDWXUL]DWLRQ DOORZV WKH SWRRHOH/Q@ QKR P DG
KLJK SRWHQWLDO IRU DXWRPDWLRQ DQWUDFEMRLWRQ\ DIQE
GHWHFWLRQ &KDSWHU GHVFULEHV IXQ K5 KXW B GOW\WR KFHU HD
WKHVH PLQLDWXUH FHQWULIXJDO FKURSDMWRIQW ¥ KW A VXK
IRU WKH H[WUDFWLRQ RI OHDG RQ VH YAKURP P\R B HOD/S RL
GHYLFHV IROORZHG E\ WKH SDSHU UHSURGX¥FWG/KE BXDS
HOHPHQW SUH FRQFHQWUDWLRQ RI W UDKH GAHFW®IOWF \RQ,
ERWK WKHVH FKDSWHUV PLQLDWXUH 638 G 6 YAIFWHVF IV ON

WKURXJK /$



&KDSWHUYV WR IRFXV RQ WKH FRXSOLQJ RI
FKURPDWRJUDSKLF PHWKRGV WR D UHODWDYWOFDODU
LQVWUXPHQW WKH ,QGXFWLYHO\ &RXSOH& 66DWR 0DV
SHUIRUP WKH DQDO\VLVY VWHS RI WKH MHSRYWXRBNVD QV ISk
VDPSOH SUHSDUDWLRQ VWHSYVY FDQ EH SBHWRVWHG A @ MHK
EH EURXJKW EDFN WR WKH ODERUDWRUWUQIRH VX@®MNO G/H LY
,Q DSSHQGL[ % ZH H[SORUHG KRZ WKH ,XQPFNVERRXROLL WK
DEVRUSWLRQ VSHFWURPHWU\ LQVWHD®YH WRHW&®E 106 LIW)
VLPLODU W\SH RI VWXG\ ZDV FRQGXFWHOGWRU&GKBISQWUL I X
63( GHYLFHVY DUH FRXSOHG WR DEVRUED@PMHLYGCW R XORDUOH

UbSLG RQ VLWH VFUHHQLQJ RI RUJDQLF SROOXWDQWYV



7+(25(7,&%$/ &21&(376 $1' /,7(5%785( 5(9,(: )520
&219(17,21%/ &+520$72*5$31#%<0,&52)/8,"',& '(9,&(6
&KURPDWRJUDSKLF VHSDUDWLRQV RI PHWDO LRQV

7KH DQDO\VLV RI FRPSOH[ HQYLURQPHQWDO VDPS:
HQKDQFHG E\ WKH XVH RI K\EULG PHWKRG®D QRGXFWLY
6SHFWURPHWU\ ,&3 06 WKH PDLQ GHWHRWHR® VAVWHBF
XVHG IRU WKH GHWHUPLQDWLRQ RI WURFHGHMVRXQMY RD ¥
RQO\ RQ WKH HOHPHQWDO DQG LVRWRSLEFFRW &R VW W LLFEQ
Rl PHWDOV GHSHQGV RQ WKHLU FKHPLEBSRIRWP QEW W\R A
DEOH WR GLVWLQJXLVK VSHFLHV &RXSOLIQUKFRDRPDW
VSHFWURPHWU\ FDQ WKHUHIRUH LQFUHIDEWHKH LQIRUPD

&KURPDWRJUDSK\ LV RQH RI WKH PRVW ZLBHO\ XV}
DQDO\WLFDO VHSDUDWLRQV &KURFBRWRBBDQIERDERE WK
DQGUDSKPHDQIIR ZULDA UHFHLYHG FRQVLGHUDEOH LQW
ILUVW GLVFRYHUHG DW WWFHBDMIXIRQ VQUHRHWEKE WHUP LV
WR D YDVW DUUD\ RI VHSDUDWLRQ W MAKRIL R{ HW KW K\DDP S
EHWZHHQ D PRELOH SKDVH DQG D VWDWLRRQ W LIKKCHH E F
D JDV JDV FKURPDWRJUDSK\ RU D OLTXH GLOOTHRIFX VF KRXR

GLVFXVVLRQ RQ PHWKRGV WKDW FDQ EH XVHG WR VHSDU



*HQHUDO FKURPDWRJUDSK\ WKHRU\

,Q HOXWLRQ FKURPDWRJUDSK\ D VDP S{FW HBQIWDDQL
ILQLWH VOXJ RQ D FKURPDWRJUDSKLF & HF® Q3$WL QXKRIX B RE LF
WKH VWDWLRQDU\ SKDVH WKH H[WHQWQRIOWHWWHR®WLR K
FKURPDWRJUDSKLF EHG ZLOO YDU\ 7K H SDQDO WG \EZYBC
XSRQ WKH DPRXQW RI WLPH WKH\ VSHQG SMUWIKMLRQ/
FKURPDWRJUDSK\ WKH FKURPDWRJUDSKLBPBDHG SKIDY H L \
FKURPDWRJUDSK\ RU QRQ SRODU UHYHUWKBUSWDIHVFKIL
FKURPDWRJUDSKLF PHWKRGV FDQ EH XVHGLWR WR S\DK DM
VL]H VL]H H[FOXVLRQ FKURPDWRJUDSK\ RUDSHK\O BB UPFL
DFFRUGLQJ WR WKHLU QHW FKDUJH LRQ HOQRKDWJH
HOHFWURSKRUHVLY LRQ SDLU FKURPDWRJUDSK\ REQ
DFFRUGLQJ WR VSHFLILF LQWHUDFWIKXH IRUFHV DIILQLW

9DQ 'HHPWHU GHYHORSHG D UDWH PRGHO MR WVROXP
H[SUHVVLRQ DFFXUDWHO\ GHVFULEHV FKHBPRWRROXSIQLF
YDULDEOHV OLVWHG LQ 7DEOH YRILH R EY R R WLKFHD 6 RUHXCP\
GHVFULEHG LQ WHUPV RI SODWH KHLJKWLQ DQG ®XPHEH
LQWURGXFHG WKLV WHUPLQRORJ\ LQ RU IMXH O DXW WLHRG
VKDSH Rl FKURPDWRJUDSKLF SHDNV DQG WKFROXBRWH

$FFRUGLQJ WR WKLV WKHRU\ D FKURPDWRRUD S/KV®W HRO



PDGH RI PXOWLSOH FRQWLJXRXV OD\HWHVEDWQRG MWXFH
VWHSZLVH WUDQVIHU RI WKH PRELOH SKEBEWH DJIRMHWRAQ

HTXLOLEUDWLRQ

7TDEOH &ROXPQ YDULDEOHV WKDW GHWHUPLQH SHDN \

9DULDEOH 6\PERO

/ILQHDU YHORFLW\ RI WKH PRELOH SKDVH

'LINXVLRQ FRHIILFLHQW LQ PRELOH SKDVH 0

'LIXVLRQ FRHIILFLHQW LQ VWDWLRQDU\ SKDWH
&DSDFLW\ IDFWRU PDVV GLVWULEXWLRWZHRIPIILFLHQW
WKH VWDWLRQDU\ DQG PRELOH SKDVHV

'LDPHWHU RI SDFNLQJ SDUWLFOHYV s
7TKLFNQHVYV RI WKH VWDWLRQDU\ SKDVH |

7TKH REVWUXFWLRQ IDFWRU

4XDOLW\ IDFWRU e

7KH 9DQ '"HHPWHU HTXDWLRQ LV JHQHUD @@Q\GH&S UHV\
WKH FRHIILFLHQWY IRU HGG\ GLIIXVLRGVIORQD QWK GNLR CPA
WUDQVIHU UHVSHFWLYHO\ OD[LPXP HIWRKHHS® DMA IKWHH J

LV PLQLPDO RU FRQYHUVHO\ WKH QXPEHU RI SODWHV L\

(TXDWLRQ H A CX

B
X

(TXDWLRQ A 2d,



(TXDWLRQ B 2D,

(TXDWLRQ C C

§ ek 1k? d; gk  df -
0241 k)* D, S K)’D,

(TXDWLRQ C

7KHVH HTXDWLRQV ZHUH XVHG WR SUHGKRAW FRO
FHQWULIXJDO FKURPDWRJUDSKLF PLFUBMOXLGLFHGHYILGH'
FDOFXODWLRQV DQG 9DQ 'HHPWHU SORWV FDQ EH IRXQG
7KLQ OD\HU FKURPDWRJUDSK\

7KLQ OD\HU FKURPDWRJUDSK\ 7/& LV [5HGQ\OIDWLYH
WHFKQLTXH URXWLQHO\ XVHG LQ PDQ\ @® BRWILWR U,IH W K
PHWKRG WKH VWDWLRQDU\ SKDVH LV DOERUQXO®\S PRIWAH
VPDOO DOLTXRW RI WKH VDPSOH LV "VSRWWKE °SPORWMH
JHQHUDOO\ E\ FRQWDFW WUDQVIHU 7KHR SODWMNVHD W
FRQWDLQLQJ WKH PRELOH SKDVH FDORW®SUDW H &HLOR BILD

&DSLOODU\ IRUFHV LQGXFH WKH WUDNGWXIIHKU WK HWW K LE



OD\HU (YHQ WKRXJK WKH 9DQ 'HHPWHU RIGXBPMG&RWRZD

GHVFULEH HIILFLHQF\ LQ FROXPQ FKURFDIWRBIWRSKN LW F

)LIXUH $ VLPSOH EHDNHU FRYHUHG ZLWHKG DDV DOW FK

GHYHORSLQJ FKDPEHU IRU 7/&

7KH HIILFLHQF\ RI WKH FKURPDWRJUDSKWRH 8®@NMWR FI

= WKH PLIJUDWLRQ GLVWDQFHWKRA/NBRONZOGWH DWXDOI

(TXDWLRQ N 5545Z/W,)’
2

(TXDWLRQ H %

$OWKRXJIK PRUH FRPPRQO\ XVHG IRU WKHXQIiB¥DUDW L

SURFHGXUHV IRU WKH VHSDUDWLRQ RI H®MMDROQ/P HUXW B C

10



DV &U ,,, DQG &U 9, E\ 7/& KDYHD@HWRQ/ IGH CHKOB\HE) |
H[DPSOH ([WHQVLYH UHYLHZV KDYH EHWWQDDRQ@WHKB E\
VHSDUDWLRQ RI LQRUJDQLF LRQV E\ 7/&
6ROLG 3KDVH ([WUDFWLRQ 63(

63( LV D VSHFLDO FDVH RI OLTXLG FKU R®P\DMDRNWFOBK \
RI WKH VDPSOH FRPSRQHQWY DUH YHU\ RIQHKQWR IMKIDON E\
UHWDLQHG DV D VLQJOH EDQG RIWHQ RIORFQALQHQJIWRKU F
$IWHU D ULQVH WR ZDVK RIlI FRQFRPLWDQW W& HFL® VE HV
HOXWHG LQ D VPDOO DPRXQW RI VRO YRHIQOR Z AIKGH EX OPLWK
3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\ +3/&*&U *DV &
&DPHO UHYLHZHG WKH 63( RI WUDFH HOWRHQW\H Y DQHIZV
IRFXV RQ QHZ VRUERQWRBWHBURDOMIDFH PHWDOV

2FWDGHF\OVLODQH VLOLFD SKDVHV DUH RFRIRRFO\ X
FRPSRXQGV IURP ZDWHU VHH &KDSWHU RIEY X H{I DRSO
WKH SUH FRQFHQWUDWLRQ RI PHWDO LRWNFKXIDTSWH UV
K\GUR[\TXLQROLQH +4 LV XVHG WR IRUIPR®NKHW®RWHV
H[WUDFWHG +4 LV D ELGHQWDWH PRQRSQR\RUP RZHOMO-DW
VROXEOH XQFKDUJHG FKHODWHYV ZLWHKWDW \O B D ¥VE R XIQGHV
+4 WKURXJK WKH ULQJ QLWURJHQ DQG SKHXXRIGIDWH RI\.

$GGLWLRQ RI H[FHVV +4 WR D PHWDOHXRNMUDQ@ WVRIWOWOL R €

11



FKHODWH ZKLFK FDQ WKHQ EH VRUEHG RQWXEKKDDWHYHL
RFWDGHF\OVLODQH VLOLFD ,RQ H[FKD @EHORKURPDQWRIVR

EH XVHG IRU WKH 63( RI PHWDO LRQV

J)LIXUH JRUPDWLRQ RI D QHXWUDO PHWDO +4 FKHOD\

,RQ FKURPDWRJUDSK\ ,RQ H[FKDQJH FKURPDWRJUDSK\
,Q LRQ H[FKDQJH FKURPDWRJUDSK\ WKH DQDO\W
FRQFHQWUDWHG RQ D VWDWLRQDU\ SKDV® ERQ W DRIQRQJIH
UHVLQ 7KH DQDO\WH LRQV DUH H[FKDQJRGSKHYHVUVLE
OHDGLQJ WR DQ HTXLOLEULXP WKDW WKHGBHGE QGMHH WRRY
WKH IXQFWLRQDO JURXSV RI WKH VW DWNYRWDE \L MDD F$
GRPLQDWH QRQ LRQLF LQWHUDFWLRQW @VW KR RO V \WRO
H[DPSOH DGVRUSWLRQ FD@®REGWWH UDFWAHRDY EWWZHHQ
DURPDWLF RU ROHILQLF FDUERQV DQG KMKWDIP$SRMDMYL FL B

LOQMHFWHG RQWR WKH FROXPQ ZKHUH GW SAUHMH @ W KRORQ W

12



SDFNLQJ 7KH VDPSOH LV WKHQ HOXW H GH UGRSP DW K H RPR/O
VROXWLRQ FRQWDLQLQJ D FRXQWHU LRQ\\RH WKKH VHIRMHH ©
RI DQDO\WH UHWHQWLRQ LV GHSHQGH ® YW KD JWHK N LW HM |
BROXWLRQ SDUDPHWHUV VXFK DV S+ LRQSH VWQ HIQ IMAW
VHOHFWLYLW\ /XF\ DQG +DGGDG KDYH &HWHWHR® X\W R Q
LRQ H[FKDQJH FKURPDWRJUDSK\

$OWKRXJK LRQ H[FKDQJH FKURPDWRJUDSK\ LV PR\
VHSDUDWH SURWHLQV DFFRUGLQJ WR WKG® LIR U KDKHH
GHWHUPLQDWLRQ RI KHDY\ DQG WUDQVDWLR[® PSHWDOR |
VHSDUDWLRQV RI PHWDOV RQ LRQ H[FKDWRH HVWHWYI \R Z
VSHFWURSKRWRPHW&WH LEMWAGMLIRQRSHG D FRORULPHW
SKDVH H[WUDFWLRQ &63( PHWKRG IRU WEHFUDWL®R G RQ
&U ,,, DQG &U 9, LQ ZDWHU VDPSOHV G7 KR @\SLSDAND \R K W |
VPDOO LRQ H[FKDQJH GLVNV SODFHG RQ PNREORSIHKWD F&VRI
DTXHRXV VDPSOH LV IRUFHG WKURXJK ROX W IGHL WNR/S ®Q L9R
H[FKDQJH GLVN ZKLOH &U ,,, LV H[WUDFKBGJE\ GALK/H VI
OHDVXUHPHQWYV E\ ®LQPH IV SIHFWHRWF R S\ DDADLARRY. RA HW Kk

FKURPLXP VSHFLHVY DW ORZ SSP OHYHOV

13



,RQ FKURPDWRJUDSK\ ,RQ SDLU FKURPDWRJUDSK\

,Q LRQ SDLU FKURPDWRJUDSK\ SDLULQHURRYV DWRIP H
DGGHG WR WKH PRELOH SKDVH 7KH LR QLW HIQ DO\ \L FEQ
SDLU RQ D FRQYHQWLRQDO UHYHUVHG $KQ WHLKFROXCI O\
ODUJH K\GURSKRELF LRQ ZLWK D FKDUJWRS SRV LW EPBR H
WKH QHJDWLYHO\ FKDUJHG DON\O VXOPRQBWHW DR @& VRDW
SRVLWLYHO\ FKDUJHG ORQJ FKDLQ TXDWHMXYBG\ WP PR(
GHWHUPLQH DQLRQV /HVV FRPPRQO\ LRQQEDPDIOQ I KIDWH
FKURPDWRJUDSK\ ,Q WKLV FDVH WKH EH@QWHUR® D \QR®
DTXHRXV PRELOH SKDVH LV HPSOR\HG 7KHDBDRVEVLR!L\RRI
SDLU FKURPDWRJUDSK\ LV VWLOO QRWRBHDIIDA KD GHH IEVHW R
SURSRVHG RYHU WKH \HDUYV

,RQ SDLU FKURPDWRJUDSK\ KDV RIWHQ BHHHD®VHG D
RI VHSDUDWLQJ KHDY\ PHWDOV E\ FRQYH ®®%H RIQID/OL B B YR
&U ,,, DQG &U 9, E\ LRQ SDLU FKURPDWRQUXRKWHRY ZH
LQGXFWLYHO\ FRXSOHG SODVPD DWRPLF &P BYS/LRQ VSH
ZLWK SRVWFROXPQ GHULYDWL]DWLRQ DQGD®SHEWWRSK
K\GUDXOLF KLJK SUHVVXUH QHEXOL]DWLRQ [PQGX¥WL

VSHFWURPHWU\ +3/& ++31 ,&3 06
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&DSLOODU\ HOHFWURSKRUHVLYV

6HSDUDWLRQ E\ HOHFWURSKRUHVLV UHOQHMWRE WRIK]
FKDUJHG VSHFLHV LQ DQ HOHFWULFDO IUHO®8 (BGBBFW
HOHFWURSKRUHVLY LV SHUIRUPHG URMXIWH@H\D 8RO EDR
HOHFWURSKRUHVLV  &( D WHFKQLTXH LRUHNKLLWKLW Q|
SHUIRUPHG RQ D PLFURVFDOH LQ FDSLOOMR FRGRPQV I
DQG vPDOO FURVV VHFWLRQDO DUHD WKH eR7,KH DSS
DGYDQWDJHV RI &( DUH QXPHURXV 6H YW UHDM®H ADNFWRRMP R
IORZ (2) SURILOH DQG WKH HIILFLHQED H MDRNV WEKLH/ VLIS
VXUIDFH WR YROXPH UDWLR RI WKH FDFULODWURRBVRFREPW
EURDGHQLQJ VR WKDW HIILFLHQFLHV RF KHIYYHDUEBDOH W K R X'\

,Q HOHFWURSKRUHVLV WKH PLJUDWLRGEHSHQE&GHDWA |
XSRQ LWV HOHFWURSKROMWHOG (P PELRHMVIWHKRHNVNDEBEALHG G  {

VKRZQ LQ (TXDWLRQ

(TXDWLRQ ; E

)DVWHU VHSDUDWLRQV FDQ WKHUHIRUREH REWY®HQH
RI WKH DSSOLHG HOHFWULF ILHOG +RMWLYAH UL HBDGG LA FOUCH

UHVXOW LQ DQ LQFUHDVH LQ -RXOH KHDIN MWHP S$HU BRAWOOL-
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JUDGLHQW A7 LV FUHDWHG EHWZHHQ OMKH R2DGPIHWVFHEDG
ZKLFK FDQ GLVVLSDWH WKH KHDW PRUBVMWIWDRAHQWOK
GHSHQGHQFH RI WKH WHPSHUDWXUH JUDGBOQWGRIQOW R W |

ILHOG

(TXDWLRQ  'T | E%*r?

7KLV FDQ UHVXOW LQ XQZDQWHG EDQG HEURIGHQLC
FRQYHFWLYH PL[LQJ (TXDWLRQ G H P RYQLWWAY UR W MK HW
VROXWLRQ N DV ZHOO DV WKH FROXP ® WEKW XVR X VWKIRL

