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&RS\ULJKW « E\1RYD 6FLHQFH 3XEOLVKHUV ,QF

$00 ULJKW VLR HWDHUN HRG WKLY ERRN PD\ EH UHSURGXFHG VWRUHG LQ D UHWULHYDO V
DQ\ PHDQV HOHFWURQLF HOHFWURVWDWLF PDJQHWLFHWD®HKRRKMWFKWXGELEDDWIKHRW R F
SHUPLVVLRQ RI WKH 3XEOLVKHU

:H KDYH SDUWQHUHG ZLWK &RS\ULJKW &OHDUDQFH &HQWMNYVHWRRBRIWH WWIWHDR/\ IRU \F
WKLV SXEOLFDWLRQ 6LPSO\ WDSDJBWRHY WRIBWOYHKIWHSX@O6 LERAOWEY WKH 3*HW 3HUPLVVL
EHORZ WKHLWWWR® GHUFLEXWWRQ LVIVOBEENHAGVGELEBRAFWIHWRR WRIS\WLIWWHFRP $OWHUQ
FDQ YLVLW FRS\ULJKW FRP DQG VHDUFK E\ WLWOH ,6%1 RU ,661

JRU IXUWKHU TXHVWLRQV DERXW XVLQJ WKH VHUYLFH RQ FRS\ULJKW FRP SOHDVH FR(
&RSMNUKW &OHDUDQFH &HQWHU
3KRQH )D[ (PDLO LQIR#FRS\ULJKW FRP

127,&( 72 7+( 5($'(5
7KH 3XEOLVKHU KDV WDNHQ UHDVRQDEOH FDUH LQ WKH SOHISGUZDWURQ@ WY WIKDQ\ERRN
NLQG D/XPHODW QR UHVSRQVLELOLW\ IRU DQ\ HUURUV RU RPLVVLRGWOWRDOLDELOLW\ L\
GDPDJHV LQ FRQQHFWLRQ ZLWK RU DULVLQJ RXW RI LQIRURRD \HHRMLBEQWDRQHIQLQ WI
VSHFLDO FRQVHHDHHPGWDDO® GDPDJHV UHVXOWLQJ LYXYKRROHRWUUWOED QWH IXIFRRPQW WHK LLV
PDWHULDO $Q\ SDUWV RI WKLV ERRN EDVHG RQ JRYHUQHWGE QRWUUWRKRVM & DUWWVVWVR R QG I
WKH HIWHQW DSSWILRIBORIWRFRERBUNN

,QGHSHQGHQW YHULILFDWLRQ VKRXOG EH VRXJKW IRU DERRNDWQ DIGGYLWHRRU QRIFRPP
UHVSRQVLELOLW\ LV DVVXPHG E\ WKH SXEOLVKHU IRU IQ\ IURMXBYWREGVRU GDPDJH W
SURGXFWV LQVWUXFWLRQV LGHDV RU RWKHUZLVH FRQWDLQHG LQ WKLV SXEOLFDWLF
7KLV SXEOLFDWLRQ LV GHVLJQHG WR SURYLGH DFFXUD\EM HFQ\G PIXWWKIRW LARRIYW UG LQI
KHUHLQ ,W LV VROG ZLWK W KMKFOIDCED XDIGHW VW MR GO WK G LQ UHQGHULQJ OHJDO
VHUYLFHV ,1 OHJDO RU DQ\ RWKHU H[SHUW DVVLVWD®K® GVE H HVIROLLKING )WXMH $VHU Y L FH
"(&1$5%$7,21 2) 3$57,&,3%$176 -2,17/< $'237(" %< $(&2OT,F{7($0(5,8&%1 %$5

$662&,$7,21 $1' $ &200,77(( 2) 38%/,6+(56

$GGLWLRQDO FRORU JUDSKLER PN \YEK \DLYRDQ ®RD BOKH. V. E RRM H
/ILEUDU\ Rl &RQJUHY R XPADFORMILRI 'DWD
,6% 1

SXEOLVKHG E\ BXEDB¥KHQV¥H,QF , 1HZ <RUN
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SUHIDFH L[
$EEUHYLDWLRQV /LVW [L
ODLQ 6\PEROV [LLL

&KDSWHU’KH &KDUDFWHUEGWWDE R6 WKW HI\R Q
Rl WKH 3XPSLQS$ RBRPE ORI

&KDSWHURUNLQJ RXW WKH ORGHOV RI D 3XPSLQJ &RPSOH]
ZLWK D 9UHLIIDEHAH\ (OHFWULF 'ULYH
DW WKH '"HYHO BSWHDGN RURRHKVVHV
LQ WKH 3LSHOLQH 1HWZRUN

&KDSWHU7KH OHWKRGY DQG 3ULQFLSOHYV RI ODNLQJ WKH &RQWL
6\VWHPV RI WKHR(IOW KW BXP SLOQWH& RPSOH|
LQ 1RQHDG\ 2SHUDWLRQ 6WDWHYV

&KDSWHU7KH ,GHQWLILFDWLRQ RBDUWKDPBXAHBULWYI &RPSOH]
LQ 1RQHDG\ 2SHUDWLRQ 6WDWHYV

&KDSWHU:RUNLQJ RXW WKH 6\WVWHPV RI WKH $XWRPDWLF &RQWL
RI VBKRSILQRP S(OMFWULF 'ULYH
DW WKH 'HYHOR S®W 8 D/GR I3WR AHMR/G! V
Q WKH +\GURQHWZRUN

&KDSWHU([SHULPHQWDO 5HVHDUFK
&RQFOXVLRQ

SHIHUHQFHYV

$SSHQGLFHYV

$XWKRBROWDFW ,QIRUPDWLRQ
,QGH]
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ORGHUQ SXPSLQHV FRBRSOHHSUHVHQW FRPGOXPD@HG SRZ
WHFKQRORJLFDO VI\VWHPV LQFOX®LGREBHAUDRL QH Y IPUDDU S ORI
IRU WKH FRPPRQ PDQLIROG D QHWZRUN RRGWSROLQBG ZLW
VDIHW\ YDOYHV 'XULQJ 3& IXQFWLRQ LW LV QHFHVVDU\ WR
DFFRUGDQFH ZLWK WKH FXUUHQW ZDWHUNKERQVRPSWLRQ 7k
SDUDPHWHU UHJXODWLRQ FRQVLVWYV LQ RUKWK¥D SXPWLRQ R
LPSHOOHU E\ PHD QIW HRIXHB QFD LHOEPOW YWF S&RLYPHR MW W K H
DFFXUDWH FRLQFLGHQFH ZLWK WKH UHTXLUHG VFKHGXOH R
SRZHU ORKVWVDSSURDFK PDNHV LW SRVWRLEWKHWHRQMDYH XS
FRQVXPHG E\ 3& DQBIXBKMRSXPSHG OLTXLG

"KHQ 3&UDSMLRY PRBGJH FRPSOH[ K\GUREBFEDPLE WHRFHV VI
SLSHOLQH WKH\ DUH DFFRPSDQLHG E\ LQFUHDVHG G\QDPLF
RVFLOODWLRQV DQG SUHVVXUH GLIIHUHQFH E\MWWKMH YLEUDWL
6XFK SURFHVVHV UMW GBHDW WKBQWHPRI WKH SUHVVXUH I¢
K\GUDXOLF DBWGL\®WREZBBH 7KH DERYH VDLG LV FDXVHG E\ W
HPHUJHQF\ VKXWGRZQ RI WKH 38 SRZHU VXSSODVWKH DFWXD
VKXWWLQJ RSHQLQRIRW WH R/@® IHDRY WW RSHULRGLF VWRSV UHSH
WKH FRPPXWDWLRQ VZLWFKLQJ WKH SXPSV K\GUDXOLF FRQV
PRGHV UHVXOWV LQ WKH IDLOXUH RI WKH SDUPDINIQRQHTXLSP
UHVRXUFH RI WKH SLSHOLQH YDOYHV EUHDNDJH RI WKH SLSH

7KH SRZHU HRILBRHIXFAFWLRQLQJ FDQ EH LPSURYHG GXH W
VIVWHPV RI W& H FS)XUER QGQWUUR 6F ROWWWRRSY D ONWHVHDG \WKH QRC
RSHUDWLRQ VWDWHYV

7R GHFUHDVH WKH G\QDPLF ORID/G\L \L G BRSKRIVIHO WRH JO QW 2 B
LUUHJXODU UDW HOR/IHW KFHR EBWWSER@LQ HR 1Y \BUHHT X IDQED EOM FWULF
GULRMHWKHF R@QWBRO VWRSFRFN 7KH RSWLPDWHORHEQEN WKH VW
HOHFWULF GUYYRERMQWHBO ,W HQDEOHV WKH DOWHUDWLRQ
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K\GURV\VWHP ZLWKLQ WKH DGPLVVLEOH OLPLWV DQG RSHUD
XQGHU WKH HPHUJHQF\ RSHUDWLRQ PRGH

7KH SUMQFARIS@YKH FUHDWLRQ RI WHHHTIXSHQF)QH WD Q/HHPW Y D |
YLD WKH XVH RI WKH UHYHUVH UHODWLRQV RI WWIKIHSUHVVXUH
GHJUHH RI WKH VWRSFRFN RSHQLQJ (' SRUHMQEDFWXBHIURP |
IORZ HQHUJ\ GDPSHU DUH IXUWKHU GHYHORSHG ,W DOORZHC
HOLPLQDWLQJ WKH LOQDGPLVVLEOH LQFUHDVH RI WKH SUHVVX
RI WKH HQHUJ\ RI WKH UHYHUVH IORZ Rl WKH OLTXLG

$ PHWKRG GRWHWUPH QDWLRQ RI \WERMLOWIPK WRRIRE SMIUHD \Q RROQ
ZLWK D YDUHIXEQKR\ HOHFVBURS BWHGEH,W LV EDVHG RQ WKH D
PXWXDO RSHUYUDRILREH BE&EHOXB SILQIDRIR WK D WILFPEO H
ZDWHU FRQVXPSWLRQ ,W PDNHV LW SRVVLEOH WR GHWHUPLC
RI WKH YDULDW LHR@H RW VWIKRHABMAYRQ ZUHFXK HFRFUUHVSRQG WR W
QREDYLWDWLRQ PRGH RI 3& RSHUDWLRQ ZKHQ 38 GLVFKDUJH |
OLPLWYV

7R PLQLPL]H WKH SHRYHWH® REAVMAKH FDYLWDWLRQ LQ WKHF
HOHFWURPHFKDQLFDO GHYLFH LV GHVLJQBSRUWLDWRBEAV WK
GLVFKDUJHG IURP WKH OLTXLG ZLWK LWV VLPXOWDQHRXV UHF

$ 3& SRZHU PRGHO LQ WRB M RUPWKIHWECHO BQ¥BIWRI WKH K\GUD
KDUPRQLF FRRRSRIQH GWXYHU VXSSO\ DQG WKH K\GURV\VWHP HO
FKDQJH Rl WKH SURFHVV YDULDEOHV LV SURMSKRY W& OKX\FLKR R Q [
WR WKH SUREOHPV Rl WKH GHWHUPLQDWLRQ RI WKH SDUDPHVW
DFFRXQW WKH JURXS RSHUDMWHRQHQ F38DDLGV R @D XYDUH.DXEXDHN H C
GULRFFXUUHQFH Rl SHRWRGLFE \§XR ERPWH B DEQWKMVVHFWLRQV
WKH SLSHOLQKH)BWYRUNEHG PHWKRG PDNHV LW SRVVLEOH V
YDULDEOH FRPSRQHQW FDXVHG E\ WKH QRQOZRBNMRU SHULRGL
REWDLQ WKH IUHTXRIQW K AKDRIDHWOS WK AR NEHM V\V W H P

7KH SUHVHQWHG PRQRJUDSK FRQWDLQV WKH WKHRUHWL
HQDEOLROXWKIRY WR WKH WRSLFDO VFLHQWLILF SUREOHP RI
HIILFLBIQG\UHOLDELOLW\ RI 3& IXQFWLRQLQJ :H XVHG WKH IX
FODVVLFDO WKHRU\ RI HOHFWULFDO HQJMWXHHBPHQXRGEWRRG\Q
WKH ILQLWH HOHPHQWY DSSUR[LPDWLRQ DQG WEWLPL]DWLR
PDWKHPDWLFDO DQG H[SHULPHQWDO UHVHDUFK

7KH PRQRJUDSK KDV EHHQ ZULWWHQ LQ .UHPHQFKXN O\NKEC
8QLYHUVLW\ 7KH DXWKRUV:DWH QLOMDRIDX 02 WWRURNRIBINK R Y \D Q C
9 3 5R]JHIRU UHYLHZLQJ DQG VXSSRUW RI WKH PRQRJUDSK F
DVVLVWIKH HGLWLQJ RI VRPH FKDSWHUV RI DXKH RBQ RIWH S K
JUDWHIXCRWRVBDWHKGILU RI .UHPHQFKXN O\NKDLOR 2VWURKUDG YV

9 .RYDOHQNR IRU WKH DVVLVWDQFH LQ WKH SUHSDUDWLR
OD QUKD
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$&6 DXWRPDWLF FRQWURO V\VWHP

$'( DFWLYH GLVVLSDWRU RI HQHUJ\
$7 DLU WXUELQH

& FRQVXPHU

&' FRXSOLQJ GHYLFH

&R’ FRQWURO GHYLFH

&6 FRQWURO V\VWHP

&9 FKHFN YDOYH

'$%$ GHYLFH IRURDXBRPHGWL QJ Rl1 WKH DLU

(' HOHFWULF GULYH

('&&3 HOHFWURPHFKDQLFDO GHYLFH IRU WKH FRQWURO RI
(* HOHFWULF JHQHUDWRU

(0 HOHFWULF PDFKLQH

(5: HPHUJHQF\ UHFRYHU\ ZRUN

(6''/ HOHFWURPHFKDQLFDO V\VWHP RI WKH GHFUHDVH RI C
)& IUHTXHQF\ FRQYHUWHU

0 LQGXFWLRQ PRWRU

/& ORJLF FRQWUROOHU

3 SXPS

3& SXPSLQJ FRPSOH]

33 SXPSLQJ SODQW

36 SUHVVXUH VHQVRU

36 SXPSLQJ VWDWLRQ

38 SXPSLQJ XQLW

5 UHFHLYHU

6 VWRSFRFN

6: VRIWZDUH
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WKH DYHUDJHG QRUP RI WKH GHSUHFLDWLRQ IRU V

HTXLSPHQW
WKH ZLGWK RI WKH VWRSFRFN VHDOLQJ ULQJ

WKH YHORFLW\ Rl VRXQG LQ WKH OLTXLG DW UHVW
WKH HFRQRPLF HITHFW RI WKH LOQWURGXFWLRQ RI $&¢

WKH HFRQRPLF HIITHFW RI V8 KR GFFMKAWAL B R ZRIIUWAKRY Q@
FDXVHG E\ WKH SUHVHQFH RI FDYLWDWLRQ SURFHVVL

WKH HFRQRPLF HIIHFW RI WKIBWIREKSKUB WIQRHQ Rl WKH

WKH HFRQRPLF HIIHFW RI WKH UHGXFWLRQ Rl WKH
GHFUHDVH RI 3& EUHDNGRZQ UDWH
(5: FRVW

ODERU FRVW

PDWHULDO FRVW

WUDQVSRUW DQG PHFKDQLVPV FRVW

WKH FRVW RI WKH ZDWHU ORVYV

WKH FRVW RI WKWKH. BRMMODAWORQERHDNGRZQV RI WK

QHWZRUN
WKH FRVW RI WKH OLTXLGDWLRQ RI RQH EUHDNGRZQ

SLSH GLDPHWHU
WKH LOQWHUQDO GLDPHWHU RI WKH VWRSFRFN VHDOL

WKH HIWHUQDO GLDPHWHIL®J WKH VWRSFRFN VHDOLC
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WKH GLDPHWHU RI WKH VWRSFRFN VSLQGOH

WKH UHGXFHG PRGXOXV RI HODVWLFLW\ RI WKH SLSH
<RXWJIJPRGXOXV |RILW RH [ IV HU

WKH PRGXOXV RI HODVWLFLW\ RI WKH SLSH PDWHULD
WKH FRHIILFLHQW RI IULFWLRQ LQ WKH VWRSFRFN EH
WKHIIFRFLHQW RI IULFWLRQ RQ WKH VWRSFRFN VHDOL
WKH FRHIILFLHQW RI IULFWLRQ LQ WKH VWRSFRFN JD
WKH IUHTXHQF\ Rl FDYLWDWLRQ RVFLOODWLRQYV

WKH IUHTXHQF\ Rl WKH YROWDJH VXSSOLHG WR ,0 VW
WKHWLRQ LQ WKH VWRSFRFN ERG\ VHDOLQJ VXUID

PHGLXP LQSXW
WKH IULFWLRQ LQ WKH VWRSFRFN ERG\ VHDOLQJ V

PHGLXP RXWSXW
WKH JUDYLWDWLRQ DFWLQJ RQ WKH VWRSFRFN ZHGJI

DFFHOHUDWLRQ RI JUDYLW\
KHDG

VWDWLF KHDG

WKH FULWLFDO KHDG DW WKH SLSHOLQH VHFWLRQ F|

GHYHORSPHQW RI FDYLWDWLRQ SURFHVVHYV
WKH UDWHG KHDG LQ WKH FRQVXPHU QHWZRUN

WKH KHDG LQ WKH SLSHOLQH

WKH KHDG DRWWE&XWS XP S

WKH XNP& DW |]HUR GLVFKDUJH

WKH KHDG DW WKH VWRSFRFN EHIRUH WKH VWDUW RI
WKH KHDG LQ WKH FRQVXPHU QHWZRUN

WKH KHDG DW WKH SLSHOLQH VHFWLRQ RXWSXW
WKH KHDG DW WKH SLSHOLQH VHFWLRQ LQSXW

WKH VHW YDOXH RI WKH KHDG

WKH FXUUHQMHDBOXH RI WKH
KHDG ORVVHYV
WKH LQFUHDVH RI WKH KHDG DW WKH GLUHFW VXUJH
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FDYLWDWLRQ UHVHUYH

KHDG GLVFUHSDQF\

WKH KHDG ORVVHV FDXVHG E\ WKH SUHVHQFH RI FL
K\GURQHWZRUN

WKH IULFWLRQ KHDG ORVVHYVY LQ WKH SLSHOLQH

WKH KHLIJKW RI WKH VWRSFRFN JDVNHW

TXDOLW\ FULWHULRQ

WKH YHFWRU RI ,0 VWDWRU ZLQGLQJ FXUUHQW

WKH YHFWRU RI ,0 URWRU ZLQGLQJ FXUUHQW

WKH YDOXHV RI WKH TXDOLW\ FULWHULRQ DW WKH FX
WKH YDOWKH TRKDOLW\ FULWHULRQ DW WKH SUHYLRXYV
WKH YDOXHV RI WKH TXDOLW\ FULWHULRQ DW WKH FX
WKH YDOXHV RI WKH TXDOLW\ FULWHULRQ DW WKH SL
WKH VKRFN SDUDPHWHU RI WKH SLSHOLQH

WKH WRWDO LQHUWLD PRPHQW RI WKH VWRSFRFN ('
WKH ZKW FRHIILFLHQW E\ WKH KHDG

WKH ZHLJKW FRHIILFLHQW E\ WKH SRZHU

WKH ZHLJKW FRHIILFLHQW E\ WKH SRZHU RI UHFXSHU
WKH YROXPH VKDUH RI WKH XQVROYHG DLU LQ WKH O
SURSRUWLRQDWLW\ FRHIILFLHQW

WKH ZHLJKW FRHIIERPE®W HQW W RHWKHPHXDOLW\ FULW
WKH FRHIILFLHQW RI WKH RYHUORDGLQJ DELOLW\ R

PRPHQW
UHVHUYH FRHIILFLHQW

SLSH OHQJWK
WKH LOQGXFWDQFH RI ,0 VWDWRU ZLQGLQJ

WKH LQGXFWDQFH RI ,0 URWRU ZLQGLQJ
WKH PXWXDO LQGXFWDQFH RI ,0 VWDWRU DQG URWRL
WKH OHDNDJH LQGXFWDQFH RI ,0 VWDWRU ZLQGLQJ

WKH OHDNDJH LQGXFWDQFH RI ,0 URWRU ZLQGLQJ
OLTXLG PDVV
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WKH PDVV RI WKH VWRSFRFN ZHGJH

WKH HOHFWURPDJQHWLF PRPHQW RI ,0

WKH PRPHQW RAUULBWLROQNVKAHHFVWRSFRFN VSLQGOH W
WKH PRPHQW RI IULFWLRQ LQ WKH VWRSFRFN EXVK E

WKH PRPHQW RI UHVLVWDQFH FUHDWHG E\ WKH SXPS

WKH PD[LPDO DOORZDEOH PRPHQW RQ WKH VWRSFRF!
WKH WEHNTHKAHR SHG E\ WKH WXUELQH

WKH PRPHQW RI WKH VWRSFRFN UHVLVWDQFH

WKH FRHIILFLHQW RI WKH LQWHQVLW\ RI WKH FRQWUR
FRQVXPHG SRZHU

WKH QXPEHU RI WKH VHFWLRQV

WKH UHDFWLRQ RI WKH VWRSFRFN ERG\ VHDOLQJ V

PHGLXP LQSXW
WKH UHDFWLRQ RI WKH VWRSFRFN ERG\ VHDOLQJ V

PHGLXP RXWSXW
WKH QXPEHU RI EUHDNGRZQEXULWKWHD SHPHOLQH QHW.

WKH K\GUD RO WK$SRDWUYDLH W X UH

WKH FXUUHQW YDOXH RI WKH SRZHU FRQVXPHG E\
SURFHVVHY LQ WKH SLSHOLQH
K\GUD XOLERYNWAHWUFDXVHG E\ WKH RFHWH@NHLRI! FDYL!

WKH SLSHOLQH
WKH PD[LPDO YDOXH RI WKH UHFXSHUDWHG SRZHU
WKH FXUUHQW YDOXH RI WKH UHFXSHUDWHG SRZHU

WKH GLVFUHSDQF\ E\ WKH SRZHUDRM BHMOSHHUDWLRQ |
WKH IRUFH RI WKH OLTXLG K\GURVWDWLF SUHVVXUH

WKH DBEVWROMWMKHH LQ WKH SLSHOLQH
WKH QXPEHU RI ,0 SROH SDLUV

WKH SUHVVXUH LQ WKH FDYHUQ

WKH SUHVVXUH LQ WKH OLTXLG IORZ

WKH SUHVVXUH RI VDWXUDWHG VWHDP
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WKH VSHFLILF ORDG VOWURMWLGHYY WKMWIKOHDINWRSFRFN

VXUIDFH
GLVFKDUJH

WIGHVFKDUJH LQ WKH FRQVXPHU QHWZRUN

WKH UDWHG GLVFKDUJH LQ WKH FRQVXPHU QHWZRUN
WKH GLVFKDUJH DW WKH SLSHOLQH VHFWLRQ RXWSX)
WKH GLVFKDUJH DW WKH SLSHOLQH VHFWLRQ LQSXW

WKH GLVFKDUJH RI WKH DLU WXUELQH
WKH GLVFKDUBHDM RVMK W XYWHH D

JURVYV D[LDO WKUXVW RQ WKH VWRSFRFN VSLQGOH
WKH D[LDO HIIRUW FRPSRQHQW IRU RYHUFRPLQJ WKH IULF
WKH D[LDO HIIRUW FRPSRQHQW IRU RYHUFRPLQJ WKH IRUF

WKH D[LDO WKUXVW FRPSRQHQW IRU RYHUFRPLQJ W
VWRSFRFN VSLQGOH EXWW
WKH JHDU UHGXFWLRQ UDWH

WKH DYHUDJH UDGLXV RI WKH VWRSFRFN VSLQGOH W

EXEEOH UDGLXV
WKH UHVLVWLYH LPSHGDQFH RI ,0 VWDWRU

WKH UHGXFHG HGIDVQ VW IRY HOLFRWD WRU

WKH LOQOWHUQDO UHVLVWDQFH RI WKH SXPS

WKH UDWHG K\G RD X\CKLIHF FRRHIQY\L X MDD F H

WKH UDGLXV WR WKH FHQWHU RI WKH VWRSFRFN EHD
K\GUDXOLF QHWZRUN UHVLVWDQFH

WKH LQOQWNUQWDQFH RI WKH SXPS

WKH K\GURG\QDPLF UHVLVWDQFH RI WKH SLSHOLQH C
WKH K\GURG\QDPLF UHVLVWDQFH FRUUHVSRQGLQJ W

SURFHVVHYV
WKH FURVVY VHFWLRQ DUHD RI WKH SLSHOLQH

,0 VOLG
SLSHOLQH UHVLVWLYLW\
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WKH ZHGJH VXUIDFH DUHD VXEMHFWHG WR WKH OLTX

WKH FXUUHQW WLPH
WKH WLPH RI WKH FRPSOHWH VKXWWLQJ RI WKH SLSFH

OLTXLG WHPSHUDWXUH
WKH LOQHUWLDO WLPH FRQVWDQW RI WKH OLTXLG FRC

WKH FDSDMFRQWWDRMWPIRI WKH ZDWHU FRQGXLW

WKH LOQHUWLDO WLPH FRQVWDQW RI WKH FDYLWDWLR
WKH WLPH FRQVWDQW RI WKH SXPS

WKH FXUUHQW YROWDJH VXSSOLHG WR ,0 VWDWRU ZL
WKH DPSOLWXGH RI WKH YROWDJH VXSSOLHG WR ,0 V
WIKHLWLFDO YROXPH RI WKH FDYLWDWLRQ FDYHUQ
UHFHYLRAGXPH

WKH YROXPH RI WKH FDYLWDWLRQ FDYHUQ

WKH FRRUGLQDWH DORQJ WKH SLSHOLQH D[LV
JHRGHVLF KHLJKW
WKH UHODWLYH FXUUHQW IUHTXHQF\ RI ,0

WKH DQJOH RI WKH VWRSFRFN ZHGJH
WK@eJIJDH RI WKH OHDG RI WKH VWRSFRFN VSLQGOH WK

WKH GHJUHH RI RSHQLQJ RI WKH UHJXODWLQJ YDOY
WKH VSHFLILF ZHLIJKW RI WKH OLTXLG

WKH UHODWLYH YROWDJH RI1 ,0

WKH WKLFNQHVYV RI WKH SLSHOLQH ZDOOV
HITLFLHQF\
WKH HITRFIWIQHF\JHDU

WKH HIITRFIWIQHF\K\GUDXOLF IORZ $'(
WKH HITRF (W WIQH\HOHFWULF JHQHUDWRU
IULFWLRQ K\GUDXOLF FRHIILFLHQW

WKH FRHIILFLHQW WDNLQJ LQWR DFFRXQW WKH IULFYV
WKH UHODWLYH WRRWMKWLROPISUHTXHQF\
WKH ZHLIJKW FRHIILFLHQW DW WKH KHDG FRPSRQHQW
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UHO MVWOLYIRWDWWHRE WKHT SEKK@B\WRYLGLQJ WKH

QREDYLWDWLRRQ REHUD\WURY\VWHP

WKH
WKH

FRHIILFLHQW RI WRHWKGUPLSHTFLQHVLVWDQFH
FRHIILFLHQW RI WKH VWRSFRFN K\GUDXOLF UHV

OLTXLG GHQVLW\

WKH

GHQVLW\DR U WKHWMXWIKL G

VXUIDFH WHQVLRQ FRHIILFLHQW

WKH
WKH
WKH
WKH
WKH
WKH

WKH

RYHUDOO FRHIILFLHQW Rl ,0 GLVVLSDWLRQ

FRHIILFLHQW RI GLVVLSDWLRQ RI ,0 VWDWRU ZL¢
FRHIILFLHQW RI GLVVLSDWLRQ RI ,0 URWRU ZLQ¢
YHORFLW\ Rl OLTXLG PRWLRQ LQ WKH SLSHOLQH
|O0RZ PRUJARIPLIARR) EHQUQQLQJ RI WKH FDYLWDWLRC
DQJOH RI IULFWLRQ LQ WKH VWRSFRFN VSLQGOF

FXUUHQW URWDWLRQ DQJOH RI WKH VWRSFRFN

FDYLWDWLRQ QXPEHU
WKH FULWLFDO QXPEHU RI FDYLWDWLRQ

WKH

YHFWRU RI WKH IOX[ OLQNDJH RI ,0 VWDWRU

WH YHFWRU RI WKH IOX[ OLQNDJH RI ,0 URWRU

WKH
WKH
WKH

WKH
WKH
WKH
WKH
WKH

FRHIILFLHQW WDNLQJ LQWR DFFRXQW WKH GHIRI
DQJXODU URWDWILRWRWHTXHQF\
FXUUHQW URWPOWLRQ IUHTXHQF\

VIQFKURQRXV RRWDWLRQ IUHTXHQF\
DQJXODU VOLS IUHTXHQF\ RI ,0
FXUUHQW URWD/WHRIXPWBHTXHQF\
UDWHG URWDWKIHRQXBEHTXHQF\
FXUUHQW URWD/WHRQVIRSFAKHQRFSLQGOH
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7KH VA\VWHPV RI SXEOLF DQG LQGXVWULDO ZDWHU DQG KH!|
HOHFWULFLW\ XVHUV UHTXHQHQJ\XFRYRXPSRILRWAHRWWRWHB &1 QWF

3XPSLQJ FRPSOH[HV 3& UHSUHVHQW D FRPSOLFDWHG HOH
SXPSLQJ SODQWYV 33 ZLWK YOQUUWXYV 38D W R/GQIPVMWRR QXMBS EUL
K\GURG\QDPLF QHWZRUN FKDUDFWHUL]J]HG E\ WKH SUHVHQFH
UHVLVW@EIPKUHVKRZY D 3& WA\SLFDO IORZVKHHW

]
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JLIXUH 7KH VWUXFWXUH RI| DxQx#&KRW FRB8SKR{JWURO YDOYHV
38 £3&+SXPSQLWM68EVDIHWY YDOYHV FKHFN YDOYH

3&& RSHUDWGRQHRFREGWHRQ PDQ\ IDFWRUV WKH W\SH DQG WKH
XVHG WHBEKRQLVP 38 FRQQHFWLRQ SDWWHUQ WKH SLSHOLQH
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SUHVHQFHRIR IDWQKXWDIHW\ YDOYHY WKH FRQVXPHUTfV RSHUDWL
SDUDPHWRDW ILRHQ tHWF7KH FRQVXPHUIV RSHUDWLRQ GLDJUD
LUUHJXODU WLPH YDULDWLRQ RI WKH GLVFKDUJH LQ WKH V\V\
WKH DERYH VDLG )LJXUH

4pp

'LVFKDUWXIH

4PLQ

7LPHK
JLIXUH $ W\SLKPXU ZDWHU FRQVXPSWLRQ GLDJUDP

,Q PRVZDWHU DQG KHDW VXI$3® GHS/ABYHPY PREAESGHPWULIXJID
FKDUDFWHUL]J]HG E\ D QXPEHU RI P\DUKHDMHUVSRGHYFKDUJH
FRQVXPSIWLINRQ HIILFLHOBR\G SRVLWLYH OMoREWLR@ KHDG
'"HSHQGH®&FHY +4 Ukrs UHIHU WR SNKKEHD SKWHG GDWD DQG DUH FL
WKH UDWHG URWOQ® LARQ! HWHHTQW GR\DPHWHUV RI WKH SXPS LPSFH

7TKHDQDO\WLV RBEMWHKHL S KRASQGHQWMEOHG UHYHDOLQJ WKUHH ED
WKH KHBWBEKDUJH FKDUDFWHULVWLFV )UHQMOFXMOMRSLQJ FKDUL
VWHHSO\ |ID QIOIXQUH REXHWY H DQG FKDUDIFRFALMW IPDWLLRFXP ZLWK t
JLIXUH FXUYH

3XPSV ZLWK JHQWO\ VORSLQJ FKDUDFWHULVWLFV DQG WKF
XVHG LQ 3&V UHTXLULQJA@ALVEKBUUB QRIRQMMUFXCPOW LQVLIQLILFI
SUHVVXUH ,Q SXPSVYLEXWKWKEHOAKDWDFWHULVWLF SDUW VLWX
WKH PD[LPXP SRLQW LV WKH RSHUDWLRQ JRQH 3XPSV ZLWK \
XVHG LQ 33V UHTXLULQJ SUHVVXUH ZLGH UHJXODWLRQ DW WK

&GHQWULIXIJDODSNEBRYLKQDYSRZHU )RKBUB FRKHUYIHVW LB [LD O
SXPSV KDYH D GHFUHDVYIRUHERKRUDPHWHULVWLF

&XUYH FKDUDFWHUL]HVY WKH DUHD FRH RKIDW L R @ DDON XN RIQFR MWD KF

URWDWLRQWKBHWXEQREQ WKH UDQJH RIK,, RLIRDHPXP YDOXH
FXUYHV
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JLIXUH KX®wasy FKDUJH DQG SRZHU FKDUDFWHULVWLFV

&XUNHtd UHSUHVHQWMOWRNHSSRSH KHDG ORVYV GHSHQGHQFH
IRU WKRFD Y R@DW LR Q P RRGH IRD QUK/HP R SHERWLRQ

,Q SUDFWLFH 33 FRPSRHFKNQUMPMUDIHWXWERJ VLPXOWDQF
FRPPRQ SLSHOLQH B6HTXHQWLDO VZLWFKLQJ RI SXPSV SURY
FDVH WKH WRWDO KHDG HTXDOV WKH VXP RI WEH KHDGV FUH
DW WKH VDPH GLVE@DUJH YDOXH >

A A

+

~)

(@)
N
+

1T

+

: 1 «—— 4,4 4—»|F
4 Tl
0,
A v v >
== [ . LVFKDUJIN =4 'LVFKDUJH
Z E
YLIXUH 7KH GLDIQERYSRD SR ASDIHWMFZRYINT X HQWLDO VZLWFKLQJ

E SDUDOOHO VZLWFKLQJ

3XPSV SDUDOOHQO MIZHVWEEK DOIXDOO\ XVHG WR LQFUHDVH GL
REWDLQ WRKWDD ¥R B/KMVHNVYBOXHV RI WKH VXSSO\ RI WKH XQLW
VDPH YDOXH RI WKH KHDG DUH DGGHG
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$OWHUQDWLQJ FXUUHQW LQGXFWLRQ DQG XVBEKDRQRXV HO
SXPBIOHFWUWL.FGGHW LWR WKH FRPSDFW GHVLJQ VLPSOH FRQQ
PHFKDQLVP HDV\ DXWRPDWLRQ DQG UHODWLYHO\ ORZ RSHUL
QRWHG WKDW V\VWDHR DB K QFFX PFSO/H W WKLIFY 6@ UL HQ ZLGHO\
XVHG LQ SUDFWLFH Rl 33 RSHUDWLRQ UHFHQWO\ 7KH\ PDNH
SDUDPHWHUYV JUDGXDOO\ ZLWKRXW XQ6HRSR\WFWLIEYHD LORMIN RR |
WKH LPSURYHPHQW RI WKH IORZVKHKHW DFFRY LR FDE G VAL Q 0 F\
GXUDELOLW\ Rl SLSHOLQHYV DQG HTXLSPHQW GXH WR WKH UHG
FDXVHG E\ KLJK SXOVDWERQJY 3 SUPNYXURQWIBEH WR 38V HQ
DQG GHFWKEBNUQIXPEHU

7KH K\GURG\QDPLF QHWZRUN RI ZDWHU DQG KHDW VXSSO\
SLSHOLQH VI\VWHP FRQVLVWLQJ RI WKH SLSHOLQH SDUDOOHO
LV FKDWIBFEHUWN RZQ GLDPHWHU OHQJWK FRHRGBWGLF SRVLW
FRQWURO YD@Y®BVY HWF >

7KH KE@DWFKDUJH FKDUDFWHULVWLF RI WKH K\GUDXOLF QH'
YLIXUH @ DQG LV GHVFULEHG E\ GHSHQGHQFH

+  +yw 54

ZKHWUH+VWDWLF KHDG FDXVHG E\ WKH GLIIHUHQFH EHWZHHQ
GLVFKDUJH D GG+ KQGWIDNGD L IUGH WIKHVBIGEAHOMRQ H QHW ZR U N

5y

5v 5,

+H DWKX

'LVFKDUXJH

JLIXUH +HBGVFKDUJH FKDUDFWHULVWLFV RI WKH SLSHOLQH QHWZRUN

7KH DQDO\WVLY UHYHDOHG WKDW LQ WKH V\VWHPV RI ZDWH
PDNHV RI WKH 38 UDWHG KHDG ZKLUWFK/ HVRFEXLIOG LEQ JIJW KDHQ K
WKH JHRGHVLF SRVLWLRQ RI WKH SLSHOLQH SURILOH
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7KH VHFRQG FRPSRQHQW LQ H[SUHVVLRQ FKDUDFWHU
SLSHOLQH OHQJWK DQG BW WKH OREDIA U KM QWDOW DR OHRW ¥HV L C

SLSHOLQH RQH FDQ GHMHADBR REIH K HEUDDQILR QMWKH FRQILIXU
PDWHULDO DQG JHRPHWULF GLPHQVLRQV Rl WKH SLSHOLQH

GHQVLW\ DQG SKDVHYV
7R GHWHUPLQH WKH OHQJWK KHOFEDRFKVHVXDHV XRE@ VWKH 'D

ZKHOHWKH SLSH GHWRKHK SPSH GLDFKHGEUHDX®LF IULFWLRQ IDFW
J PVt DFFHOHUDWLRQ)> RI{ OLUXYGW\YHORFLW\ LQ WKH
X 4/6 4/SG PV

7KH DQD®\VIxV@ UHYHDOHG WKDWVKHDGHQRWYHNWD OWRKUE X O

PRWLRQ WDNLQJ SODFH LQ Z)RWX¥WH D G® SKHHDGV RWX XSGV BXO L F
IULFWLR® IDFWRU

O

5

ZKHL'SH-H)—(;;iWKH 5H\QROGY —QXPEHU — +NLQHPDWLF
YLVFRVLW\ MU EOWHW® DW

+HDG ORVVHV DW DR DRD XHVG VEMDWKHWKDUS FKDQJH RI V
FRQILIXUDWLRQ WKH FKDQJH RI WKH YHORFLW\ PRGH WKH
MRLQW DQG GLYLVLRQRIWRK G FROMQURORYDWKYXHY ,Q WKH JHQ
KHDG ORVVHV DUMKGHWHVUPDEK GIEX@WLRQ P >

Ks]—J

ZKHYyHWKH ORFDO UHVLVWDQFH FRHIILFLHQW GHSHQGHQW R(

WKH 5H\QROGYV QXPEHU

7TDEOH $ FROQWDLQV GHSHQGHQFHYV IRU WKH GHWHUPLQDW
WA\SHV RUHKDRADMD QFHVY RFFXUULQJ LQ WKH SUDFWLFH RI RSHU
3&V
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$ UHDO SLSHOUKHUAWMMQIWYND WRWDOLW\ RI WKH SLSHOLQF
VHULHY DQG LQ SDUDOOHO WKH\ FIDQ LK) X QIHWH® WK DLYMXHE

— U =
) )

JLIXUH 7KH SLSHOVQHR Q HWXZ RDEN WR@ JV & X E

JRU WKH FDOFXODWLRQ RI SLIWELQHVXKDRWL@PI DVIQKWERQV
GLIIHUHQW SDKBEAWHAKNNUWMKHKDUDFWHULVWLF RI WKH SLSFH
FUHDWHG E\ DGGLQJ WKH RUGLQRWHWH KHDGV DW WKH VDPH

7KH KHDG ORVVHV LQ VXFK SLSHOLQHV P

K K

+
™—=0
>~
T—=0
™—=0

Q Q
ZKHL:H%iWRWDO KHDG ORVVHV:D{QR\QR\M/D(CB-I IOHIG VOR VR HY DW
L L

UHVLVWIAWHKWYW ®XPEHU RI ORFDO UHVLVWDQFH VHFWLRQV

JRU WKH JUDSKLF FUGDWKDPQY R AKCHUBHAWEULVWLFV RI WKH
SDUDOOHO EUDQFKHYVY ZLWK FRPPRQ QRGH SRLQWV LQ WKHL
DEVFLVVDV GtMHAKDWIHAWRULVWLFYVY DW WKBHXWMHPH RUGLQDWH

7KH KHDG ORVVHY DUH DQDO\WLFDOO\ GHVFULEHG E\ WKH
p

s Tk T I
* | K | K | I%
L L L

7DNLQJ LQWR DFFRXQW WKH DERYH VDV WKH SLSHOLQH K!
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ZKHWBH +WKH SLSHOW@HR/U:—I\S,J_V—WJ—L\"L—] +tWKH VXP RI

I G
ORFDO UHVEV@#WEHHYLSHOLQH OHQJWK P
>

+HDG
"KFRQVW

'LVFKDUJH

YLIXUH 7KH SGEMPKRQUJIKHPKDUDFWHULVWLFV DWRGGKRAGWRQO S DOQ
RI WKH VHFWLRQV

6WRSFRFMSVWHENYBROWMHY FRKHHAHWF¥DOYH XVHG LQ 3& DV SLSHO
SURYLGLQJ SURWHFWLYH SUHYHQWLYH MQG6FRQMNONRL IXQFW
FROWURO LQIOXHQFHV WKH FKDQ DNWFRVH K& U DWUDLEV Y MOQWH B LER
XVXDO PRGHV DGMXVWPHQW VWDUW DQG SWHMPMUBHQF\ R(
YDOYHVY HWF DUH RIWHQ VKXW RSHQHG ZLWKRXW REVHUYL
FROQWURO ZKLFK RHE¥XOWNQEG WIK FDYLWDWLRQ SURFHVVHYV
FRPPXQLFDWLRQ QHWZRUN LQFUHDVHG YLEUDWLRQV RI WKH
XQLW DQG WKH SLSHOLQH YDOYHVY RVFLOODWLRQV RI WKH PR

7+('<1%$0,&/2%'6 ,1 7+( 25.,1* $1' (0(5*(1&<
02'(6 2) 7+(3803,1*&203/(; 23(5%7,21

KHQ 3& RSHUDWERQ QRRIGWKHUH DSSHDU VWDWLRQDU\ R
SURFRHGEHWWDUW VWRS WKH VWDUW RI DGMDFHQW SXPSV VX
QRQYWDWLRQDU\ HPHUJHQF\ WUDQVLHQW SURFHVVHV 7KH OL
RIl RI DOO RU D JURXS RI VLPXOWDQHRXVO\ RSHUDWLQJ SXPS
E\ WKH RZLWFKRQH RI WKH VLPXOWDQHRXVO\ RSHUDWLQJ S>
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VWRSFRFN RQ LWV KHDG OLDIHVKED @ KRB N @/ IVWR SRARF NS RRS D K|
HTXLSSHG ZLWK [E\FRHFHNFXDQMIH®IVWHKWWWRSFRAN DW WKH V
Rl WKH ZKROH ZDWHU FRQGXLW RU LWV VHSDUDWH VHFWLR(
RSHUDWLQJ YDOYHYV

7KH DQDO\VLV > @ UHYHDOHG WKDW WKH OLVWHG PF
EUHDNGRZQ UDWH IOR®Z/ UBKLDKE LAYLWD X\VHG E\ WKH REFEXUUHC
G\QDPLF ORDGV LQ WKH IRUP RI SUHVVXUH SXOVDWLRQV V)
SLSHOLQH K\GUD XO)LRE ¥UHFRIPWDQL®WBGLIIHUHQW PRGHV DQG F
G\QDPLF ORDGV LQ 3&

7KH H/BMQFH Rl 3& RSHUDWLRQ UHYHDOV WKDW WKH EDVL
RFFXU DW VXGGHQ GLVFRQQHFWLRQ RI WKH HOHFWULF PRWR
VWRSV WDNLQJ SODFH VHYHUDO WLPHV D GD\ DQG GXULQJ \
SDUDPHWHUV@>

(3& RSHUDWDRQ PRGHV ( 38G\Q D RLED Gy
A

N I 2SHUDWLRQDO
L VWDWLRQDU\ r———————————————-

|
1l e VYWYV LR
l 38VWDUW) | : C 3UHV\5>¢<L0+/D@£-R-<
: ZLVDKK XWR SERFN |
| | | C >QQ—
| C B BVWRS >| | 38YLEUDWL
| |

| | I( 3LSHO(LLQEHJ‘D9<!—R—
|—><5HJXOIZW\JDRWR}HRFN |
L L S ——m— — |

________________ |
r " (PHUJAOT\ | C 6XUJH )'

| L_QRQWDWLRQD U\

:_.( 38 VWD% | (__3RrviwL

| ZLWK DQ RS VW RS FRFN

| v RSERTI Sowi
6XGQHYDSSHPUDQFH

| ( RB8YROWD}-‘ : C &DYLWDWL
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—»( 38VXSEDHDNXKS :( 38UHYI-HJUR\XN-D9H—R—
|

Q- - - - -

JLIXUH '\QDPLF ORDGV LQ GLIIHUHQW PRGHV RI 3&8 RSHUDWLRQ

$ W\SLFDO IHDWXUH RI FHQWULIXJDO SXPSV FRQVLVWV LQ
PRPHQW RQ WKH VKDIW ZLWK WKH LQFUHDVH RI GLVFKDUJH
RSHRQWRQGLWLRQV WR HOLPLQDWH RYHUORDGV WKH SXPS
LQ WKH DVFHQGLQJ S USHD FHHNQ WWKKHH VS-X/P BURGN BMIL.E QW UPIH X HQ |

PRPH@W WKH RXWSXW VWRSFRFN LV WORMLORSW RH GJ HW KR H HG
G LV FKID/UD R K ) HVOUGH
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,Q VRPH FDVHV FHQWULIXJDO 38V DUH VWDUWHG ZLWK DQ
HPSW\ KHDG FRQGXLW DIWHUKEHIRQUGIRE KO JFKBI\FMVYDON 5 LV W L

X WKH SLSHOLQH VHFWRRW K K FERNFNHPEMRESH RU QR W
ILOOHG ZLWK XY X2@G WKH YDOXH RI WKH KHDG RQ WK
K\GURQHWZRQ@NWKH GRPDLQ RI WKH RSHUDWLQJ KHDGV R
VWDUW ZLWK D ILOOHG SLSHOLQH

X WKH FKHAN YICROW HDWHUORJJHG R Q@ QWK W KHGSHU RV WKKIH S
EHKLQG WKH FKHFEN Y DKCHY IS X-PTSX D @D WR ZHWR D) HPSW\ S
)LJIX)U H

,Q ERWK FDVHV LQ WKH EHJLQQLQJ WKH VWDUW WDNHV SO
EDENUHVVXUH YDOYH UKBDRKWKHKBXBEZEKDW KLIKHU WKDQ WKH

RQH WKH FRISFNQ W DWVYPM PRRHEQAMDOWHU PRIWLRQLEMKLQV

VLPXOWDQHRXV LQFUHDV HXRIWLKHL WREHARPRIY MQFXKHE@B\R X V
LQLIXYHV) VKRZ WKDW ZLWK VXFK PHWXWGS RUNMMDVUMUWKH S X

( FKDQJH ZLWKRXW VSHFLDO IOXFW X D WH ROGAF R\W & Bl QUHHBEGEW U [
LQVLJQLILFDQW LQFUHDVH Rl SUHVVXUH DW WKH PRPHQW RI
LV ZLWKLQ Rl WKH SXIPS KBDG ,Q WKLV FDVH RQH FDQ REVH
VKRUMUP 38 YLEUDWLRQV ZLWXLRH\H EDLFSBUWXIGBIQ WKH YDOX
VWDWRRGBUW @

$W WKHVSWOPBW ZLWK D Q) HPSWAWSK IS FQIHQM XUH LQ WKH DVFI

SSH VWDUWYV JURZLQJ DQG WKHLVHEWORG XEWKROWKXLBEKHFN

7KH DLU LQ WKH SLSHOLQH FRPSUHVVHV WR WKH YDOXH RI W
DIWHU WKDW LW RSHQV XMW WRI ®RPH@WK QGHUDXICL A @ MWKZ R U N

WKHUH RFFXUV ZKHRWVHM YWKWHXSUHVVXUH DWWWRHVSX®S LQFU
FRPSDULVRQ ZLWK WKH UDWHG YDOXH :KHQ WYXHUPKHFN YDO?
LQFUHDVH RI WKH SXPS BREKY YODEERMSIRW ERQ ZLWK WKH YDO
VWDWLRQDU\ PRGHV RI WKH XQLW RSHUDWLRQ 7KHQ LQ WKH
DFFRPSDQLHG E\ D GHHS GHFUHDVH RI SUHVVXUH DW WKH ¢
DGPLVVLEOH KWRAERXGP DSSHDUDQFH RI FDYLWDWLRQ ,Q WKLV

SKHQRPHQD WDNH SODFH RFFXUUWG®EH RW IDP B\RMVIWH Y ¥ DWOX U J F

GHFUHDVH RI WKH SXPS VXSSO\ SUDFWLFDOO\ WR JHUR \%
YLEUDWLRQVLBHVPEQURERRQ ZLWK WKH UDWHG YDOXHV DQG
ZKRVH DPSOLWXGH URIDMKKH SXPS UDWHG KHDG > @ :KHQ
GLVDSSHDUV WKH D QD OUJHHSSH W/ W DMHWYLHHLODAD SNIRPAHW Y HW K JU D G X

38LV VWRSSHG E\ ('f GLVFRQQHFWLRQ IURP WKH HOHFWULF
VKXWWLQJ RI WKH VWRSBRWVNXRJH WBRIDYALVYRY BMKHN SUHVVXUH C
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SURFHVYV RIVWRI BIXRBIHRQH FDQ REVHUYH BRI WRFSEBWK VW RIFUHD \
JHUR WLPHWRPH@QMJHDVH RI WKH SUHVVXUH LQ WKH KHDG F

LQFUHDVH RI WKH G\QDPLF ORDGYVY RQ WKH XQLW LQ FRPSDUL
PRGH %\ WKH PRPHQW RI WKH VWRSFRHENSXRYWXBRPSXXOGWHNY
UHDFK RI WKH SXPS UDWHG KHDG DQG WKH YLEUDWLRQV D
WLPHYV LQ FRPSDULVRQ ZLWK WKH YDOXHW LQKWEHNYKWDWLR(

HOHFWULF PRWRU LV GHUHRQYQHFIWWG QHWERWKHKWILPH PRPH!

SUHVVXUH SXOVDWLRQV DQG YLEUDWLRQV GHFUHDVH SURS
IUHTXHQ@F WKLYV FDVH WKHUH RFFXU YLEUDWLR@ KLWV GXH W
FRLQFLGHQPEH TRIH@KHHY RI K\GURG\QDPLF DQG PHFKDQLFDO |
WKH JHQHUDWLRQ RI WXUEXOHQW YRUWH[HVY LQ WKH IORZ F
LPSHOOHU URWDWLRQ

ORVW GDQJHURXY G\QDPLF ORDGV LQ 3& RFFXU LQ WKH SUR
38 HYWEF PRWRU IURP WKH SRZHU QHWZRUN 7KH EDVLF G\QD
SURFHVYVY LQFOXGH WKH SUHVVXUH LQWWHKHGKYPBIGD B RIQ XL W KC
SLSHOLQH DW WKH FRXQWHUIORZ RI WKH ZRHNQEQG PHGLXP D
WKH WLPH RI LWV DFKLHYHPHQW SUHVVXUH SXOVDWLRQV D
HTXLSPHQW 'HSHQGLQJ RQ WKH W\SH RI WKH YDOYHV LQVWI
SURFHVY GHYHORSY LQ WZR GLUHFWLRQV

D FKHIFNLYOL@QVWDOOHG LQLWYKWHH38 KHDG OLQH
WKHUH LV QRLOKMRKNDYEPSB LU $UBH

,Q WKH IRUPHU FDVH ZKHQ WKH HOHFWULF PRWRU LV GLVF
WKMRWRU HOHFWURPDJQHWLF PRPHQW GURSV WR JHUR DQC
JUDGXDOO\ GHFUHDVHV E\ LQHUWLD $W WKH EHJLQQLQJ RI W

W WKH FKHFERXWD/ODN Q GWUBK \BIXRIS) LOQWR WKH SXPSLQJ PRGH
RI WKH XQLW URWRU GLUHFW URWDWLRQ LV GHWHUPLQHG E\

OLQH 7KH ZDWHU RXW RI WKH FRQGXLW VHFWLRQ IURP WKH
IORZV GRZQ WKURXHRWMDO®S YRIHYV WKURXJK DOO WKH VWR

PRPH@W DQG LWV RXWXXW, $SDUBPRRWKOVGHFUHDVH WR JHUR
WKH LQHVVHQWLDO UHYHUVH OLTXLG GLVFKDUJH DQG ORZ K
G\QDPLF ORDGYV RQ WRH. RQLRN WRE8 WKRIFEXNVY DUH LQVLJQLILFC
WKH GLDJUPRWYWYHK DAV WKH FKHIFQWY DLAQQY W KKEKXW DG FRQGXLW W
RFFXUV D SRVLIAKIHUHDWUWHKH SUHVVXUWLPB® XKNVIKOHIH LK)

FRPSDULWRRHZUB'WHG YDOXH > @ +LWV RYHUODSSLQJ PD!
LQ RI WKH FKHFN YDOYH DQG PXFK KLJKHU LQFUHDVH RI WKH
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,Q WKH ODWWHU FDVH ZKHQ WKHWKHDLDE QROAKHW¥KHY BORHHV\
RXWDJH RI HOHFWULFLW\ LQ 38 LV FKIRUBRBWHUL]HG E\ WKH IR«

X WKH UHGXFWLRQ RI WKGQ® WRWDBXPEBQQU PRGHQY\R WKH PR
WKH DOWHUDWLRWLRIQWXIH A BW HRQ

x WKH FRXQWHUIORZ PRGH ZKHUHLQ DWRMWKHVQRQP MK K5 LU
IORZ PRYHV IURP WKH KHDG VLGH WR WKH VXFWLRQ VLGH
SXPS VWRS bQG WKH UHYHUVH RI LWV URWDWLRQ GLUHFYV

x WKH WRREHQHKHUHLQURWEBEWSXWPZLWK DFFHOHUDWLRQ LQ
GLUHFWLRQ

Xx WKH DFFHOHUDWLRQ PRGNXDAKWH WHRL @Y KHK K QUL RIUITUAHFW LR Q P

,Q FRPSDULVRQ ZLWK WKH SUHYLRXV RQH UWKREWY RRGH LV D
D QHIDWLYIDWKUIJMHORZLQJ GRZQ IURP WKHFRMHDW HFRIQRXZLW YLL
URWRU URWDWLRQ LQ WKH RSSRVLWH GLUHFWLRQ DQG VKDU
XQLW QDPHO\ E\ WKH LQFUGNDWLRQW KI) SMKHVVAEARHAH SDWK DC
YLEUDWLRQV 6R GXULQJ WKH WUDQVLWLRQ IURP WKH VWD
FRXQWHUIORZ LQ WKH SXPS DVFHQGLQJ SLSH WKH DPRXQW
KLIJKHU WKDQ LQ WKH VWPWA ROUD VWVKBEREGDV¥YH WKH 38 ZzDOO Y
LQFUHDVH DQG H[FHHG WKH FRUUHVSRQGWKDRRHYDOQQ®HWKLIHQ WK
WXUELQH PRGH WKH YLEURPRYHPHQWY DV ZHOO DV WKH SL
UHDFKLQJ WKH OHYHO RIQNV K OHWHWDWKRQDRKLPARERHQYWHRI WKH
URWDWLRQRIUMWIKAHH@KWYS LPSHOOHU WKHUH RFEXUV D YLEU
PD[LPXP H[FHHGLQJ WKH DGPMWMW\WPHEVWOH YDOXHV E\

7+(0($16 2) 7+8803,1*&203/(;
+<'52'<1%$0,& 3527(&7,21

$FFRU@IRQY @W KU R W &FID LNOVNNHAR O O RIZWERH. QVWDOOHG
Y D O NRHDMLWD SOXQMEDRPQV KZID WFHRWD) GRLIWE N OV® HY L &/ IKKERIWFHRWD G X L W
L Q WIRS DD FANALLRK/P D\ODIX\M [V D IRKW K IDRSSU H Y HW WL X L G
UHYHORVEKURSMD | \WO P B®D P SYHDWD FHUFNOXHFR QWUROOHG
RSHOQRQBK X WRVQAXKIHX P & H D0A. QEICL®ICD S K UEDUHPIYE K & W K H
S U H VIVQX FIUHHHID W/ HH Y &/ GG P L V @ L BDOMAFHRWD X B QEBLAD WFHKWD P E H U V
F D SF/X V K L RVIRQUSIBIR FBIG 8 L VELHRQIRBW G X WLEGLD D PIRD.QV
W KH G URV\E VG BVQFGNLER FN HQW H U | BD IR © MW DR A DMU V
HW B HJ X O\DWR RBRIFRNYVYER\QE U D FUHA M ODQRIDREY SK\W UD XO L F
SURWHFWLRQ
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6XFW\SRMNLSH®DOQMNAK RWD QBER Q W WRGS F\R BV WUNR W D U\
V K X WD/QKBUG/U DYXIDQ. B HRA WHNQHL.@ R G HBLAQR IP X Q L FR O B®G X VW UL D O
Z D WHKS S/0AZ DK H D WPLL@JIDQQIGX D 8 M P S IS@.D QWL D\ WRIGWF
DW KA-H D ®VK\G UR G\ CVRIWHFMA®RKL GSSHQGERQWW K@ YU
FRPSDUAIKWUDHFWHULVWLF

6WRS FRENBVY ED SN H V Y B 0D IKQ V W D@VKYHGF WILRRUD I G
E\SDONV@HWIRKWEBXWQ 3ORDIJURRS 8\R'S H U (B IDYUDIO®E O
G LV F KCHDI@HQOBUXHY X DX @I RW KUHH J X OFDMWHKIRI ®GSL V FK D U J H

+\GUDXODRBHRY LEBR\§ B U D PUHHW X 0 D QEEQ R W HFURHR R QY
ZLGHGWUBRBY K Y LFKND OB HM V WDV Z8HD@\E KUHH J X ODW L Q J
VWR S E@\FRIHH DRGE \ S DFVR'Q GIX@ WL Q F O R YHH®& WPLDADOK H DM H
X Q FR Q VKU O IDHXETE) B B M Y I & WV KOHF WR. IRVGERK U LOHL.Q WLREZXW R
W KEHU H DRVMW RSEU H V@ K IU H LRHYY K B DDDADFER Q W IERHOY QIFFBN XED\W H G
W KOHF WR.R @ [ W H I IQ BROMIGH LRYGW KOHR F NELRQGIS L D S K S D DRVOHL G H
SLVWRK® QD CRWLEH. SHODR QMHF K K B D O F WAHIELY/WULHFWH D OH G
W K\DWVR S FORFBRVQ W KR © (0 BNGEDQ B HRAR V \M D X L SZ3 WK O H FRWU L F
HOHFWUR®DIR)WWRRZNOVR+ N: PRUH O ZRPDK\GUDRKOLF
S QHXP®WDAMBUSHU R G X FIZG GUHD QRIS LSH. ] RV PP 7KH
V S HF LHLDAW RUKING U D X O DRLIQF O XD D VOLRYZHROVSM M Q L W
FRQYHQX\QRMD PP WKSH VV LE IFRIQM \PRHD R WG ULFWHKR UW
W L FRRHD F W X IRWALIQHQ F R Q WHLDRIDY@HBUG/LHF R Q@B OR QO W HRIY D O
V K X WR/SIHQQIL Q J

S RIFR QW WRDGOMMEY. GUHD QRIIN D U L IRWALKRHY (DAY GLV FKD U JH

DFW XRQYEARIQH H VR MWUHR UNRB G L RB H QLIQIWDMLKPHD UL RW LR Q
W KB RZL U H ¥ ILEM U RHBM\V LI Q V

7K 1B QD CRMLEFHR Q Y H QRWHLIREM\G U R G \ Q D R MWAHRAADIRHRLS S O\
DQGUD L @ D/IWBEAG X U YQ U LHRAXWU J H QIEIHWVH UH Y HIY ®BKBH F N
YDODPKIKG\G UDXRENRWH Y HBPMGEIQRR X Q W HUWK/RIBIW KH PRDQV
K\ G U DXWCR\W DM GRS @ R UD E U X B/ S/ ISEK PI$H V X DQV E&D Q J H
RIW K 8 RZL U H F\D LIRBPLIUQ\GK X W RG IU DYKIDQ. B XA HBB&K\G UD X O L F
S UR W HDRMQLDREP LN MALHROSHU H V IV QWSH. S H Q H@VHIGRUMRS D E U X S W
V W DWMRB 1 CRAM KR P P X W\D\W WWRIBF oL R Q@&

6D | HWD\OGYHHY LKEBHIYHD X P ERMIW\ S LEDDZ E DENS L | 1 H URI® R H
Y D CRYSHH QDL@BK X WSAIHQY MDYV UKHDVUSR WY KEHD FSNU H VY XOMHH S HD W H G
D F W X D QGRYH UR VG B QW XRIQELD | L RACBAW'D G M X VIMPGH DT H Q W
I DL OXADHR P DAVHMHHRAD WHXRIQ K L FFHD X WHIGH DWWKDIWX R BIQ
K\G URW U\D\Q WSHPE'W HWD O YH'S U H VINDWLRIMAG U DSIORW HFW LR Q
V D | K6\WM Y LOFURK D U D F B\IG X P]SHID UD P R XRIAD WKW RZHD WKHHD G H U
DQE\SDUWRSWRMARUSHSHO®VGH FHD ORFAKHFNOREHUDWLRQ
FRQ VILGW\WEW YW B VKEW®FFRPSE @VXGRBFR QV L GIIRWIFKGH
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X VRID LYUD O RMMZAD WAHD P EFHRIPVS O LW B2 MAFMUS SHOT\X L S FDHIQGN
TXLFIND QIQQEHK D P ¥ RO XP WK L MKKHK UD A'S O LSWOFHVGE R BR @A
G HF U DDQWBHH F H RVPLD/D\X | D FINRBPQMV L F RROMR N @ ¥ BNCRHH RIG

WKBESOLPBWSRVURW N PV Y HW

(PHUJHQF\ PRGHV

&DXYHV RI WKH HPHUJHQF\
o | ————— f::::::::::::::::: ________________________ +_________1
|
| | 3XPS VZRIWFK (PHUJHQR\
! 9ROWDJ EHIRUH VKXWV I-'\:?;(I-PIS xwgt GLVFRQQHFWLRQ RI WKH
! GLVDSSH VWRSFRFNPQ SUHVH M/El SLSHOLQH QHWZRUN
! ! GLVFKDUJH IKH Q VHFWLR QV

|

|
|

e e e i  — ——— — — — — — —————— ———————

OHDQV RI K\GURG\QDPLF SURW
>0 YMQYFRQWUR 6DIHW\ Y
A

HFWLRQ
DYHV

[aWa)
A

D

&KHFN Y

N/

1\/ A

Ll F ORF NV

+\GUDXO
L &RQWUReSHS
&RQWURO W\SH

| t ¢ |
(OHFWUL| (OHFWURPDJ( +\GUDXOL{ 3QHXPDW

1V

$LU YD(Q

6KXWRII MBOYHV

lF GULYH

YLIXUH
PR G/H

FODMVLILFDWLRQ RI WKH PHDQV Rl 3& K\GURG\QDPLF SURWHFW

7KXV WKH H[LVWLQJ 3& K\GUDXOLF SURWHFWLRQ PHDQV DI
EDVLF GUDEZEDPENY WKH ODJ RI DFWXRMWQRWKSHHYPRWIHG F\
DOUHDG\ RFFXUUHIGQ DE\DEUXISQU LIOXWLIQLILFDQW LQFUHDVH
SLSHOLQH RFFXARIHDEWFRO BIWLRQV LQ ORFNLQJ GHYLFHV IL
SUHVHQFH RI VSXQOR VOBRGIQIVELOLW)\ UHY XOOEL QQ AUH DWIS H D'
RI SUHVVXUH LQ WKH K\GURQHWZRUN

0DQ\ VFLHQWLVWV VXFK DV ' 6 %HJOLDURY 5 ) *DQLLHY

3 9LVKQHYVNLL 9 ' .LOLPQLN SIH®LQRYKSI LQKSWDORKHHW
FRQVLGHUHG WKH SUREOHPV UHODWHG WR WKH VHDUFK RI \
VIVWHPV SURYLGLQJ PLQLPL]DWLRQ RI WKH ZDYH DQG YLEU
QHWYRUKH DQDO\VLYVRPIKH LW SSIRORW LEOH WR VLQJOH RXW W
3& K\GURV\VWHPVY SURWHFWLRQ DJDLQVW VXUJHV
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Xx WKH DFWLRQ RQ 38 (' DV WKH VRXUFH RI WKH RFFXUUF
SLSHOLQW QHWZRUN

X WKH DFWLRQ RQ WKH SXPOHB ® HGRXPRE WK MIDODWLRQ
SURFHVVHY GDPSHUV FRQWUROO/H® D E&DXYF FR\Y WRIROHE
PHDQV Rl VWRSFRFN VKXWWLQJ ZDWHU RU DLU LQOHW LC

[ 8QFRQWURJOD W\ | 6 KD US L\QK X|w

'"UDZEDFNV RI
RQ EDSUDX G )UHT X B Q@)
SURWHHWLRQ

UHV

[ 3UHPDWXUH ZHD[U 5HSHNVWK®GV|

7TKHERQVHTXHQFHV

| SUHPDWBRUGHXRU I8 &
"HTXLSBK@WLSHJLQHYV

% UHDRMISXWROYHV

—>
—>| %UHDNLSHOLQHV
—

6 KDSSH VIVXRIBH[D VH

] *URXQG ZDWHUJ VXFWLRQ

JLIXUH%DVLF GUDZEDFNV DQG FRQVHTXHQFHV RI WKH DFWXDWLRQ RI W
SURWHFWLRQ

$ 9 BKHSHOLQ ( 6 6KDWDORY DQG 7 7 7LJLVW VKRZ LQ \
VXEVWDQWLDWH D SRVVLELOLW)\ RI WK HRRRFXRIQGHGE HH B H K\WM D C
GULWHXUERPHEBDSHOPQH V\VWHP > @ 7KH\ GHWHUPLQHG Wi
Rl WKH SDUDPHWHUV RI WKH UHJXODWRUV RI WKH V\VWHP R
IUHTXHQF\ HOHFWULF G DQYNPSH UDKH. QUX BBRRHMHK SLSHOLQH
HQDEOHV WKH HOLPLQDWLRQ RI RVFLOODWLRQV LQ WKH SLSFH
RI WKH FRQWURO V\VWHP
39LVKQHYVYRLEF $ODPHGIRY WKHLERRIVEBHWYW D SRVVLELOLW\
WKH SUHVVXUH UHGXFWLRQ LQ FDB VDG ENFYWOW & WLKXQMWWS QR F
GXH WR WKH LQFUHDVH RI WKH WLPH Rl LWWUVYRXGWALY®J DQG
ZLWK VHYHUDO URWDWLRQ IUHTXHQFLHV > @ +RZHYHU \
SURYLGH FRQVLGHUDEOH UHGXFWLRQ RI WKH DPSOLWXGH RI
GXH WR WKH IDFW WKDW DMKHFYRQOVQYHDY RGO GLES HF&L QH
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WDNHQ LQWR DFFRXQW D QRXD'QURW RW DR D W MTKHH @P\VW VW
VKXWWLQJ

5 )*DQLLHK NL]DPRY 9%XOLPHQ@NR RWKHU DXWKRUV VROY|
SUREOHP FRQUHBRDPLF ORDGV LQ SLSHOLQH PDLQV E\ PHDOQ
RVFLOODWLRQ GDPSHUV DQG SUHVVXUH VWDELOL]JHUV >
RSHUDWLRQ JURXQGYV RQ WKH GLVWULEXWHG DORQJ WKH O}
UHVLOLHQW®O\DEWIRUIPIRQ WKH SXOVDWLQJ IORZ Rl WKH SXP
GDPSLQJ HIIHFW LV DFKLHYHG DW WKH GLVVLSDWLRQ RI WKH
HYHQO\ GLVWULEXWHG DORQJ WKH VWDELOL]JHU OHQJWK DQ
SOLDELOLWWREMOKL]HU UHVLOLHQW HOHPHQWY PDQXIDFWXUH:
FKDPEHUV DQG EHOORZV ZLWK ZDOOV PDGH RI VSULQJ\ DQ¢
HITHFWV Rl GDPSLQJ DUH SURYLGHG ZKHQ WKH IORZ ZLGHQV |
RI WKHL MWD EIKH DXWKRUV SURSRVH PHWKRGV Rl DVVHVVPHQ\
ZDYH DQG YLEUDWLRQ ORDGV IRU YDULRXV W\SHV RI PHGLD \
ZLWK WKH XVH RI SUHVVXUH VWDELOL]JHUV 7KH\ SURYH WKI
VWOE]JHU LQ WKH SLSHOLQH DOORZV UHGXFWLRQ RI WKH DPSC
LQ WKH SLSHOLQH E\ PRUH WKDQ WZR WLPHV DQG VLJQLILFDC
IUHH RSHUDWLRQ E\ DERXW HLJKW WLPHV JHRPAHHWUHIUF WKH Y
IRUP EHFDXVH RI RVFLOODWRU GDPSHUV DQG SUHVVXUH VW
FKDUDFWHULVWLFV RI WKH K\GURV\VWHP RYHUDOO %HVLGH)\
VWDELOL]JHU LW LV LPSRVVLEOH WRR BH\GWKHW VDK W KOHH K H®U R X ©
PDLQ WR WKH VXIILFLHQW GHJUHH DQG D VLJQLILFDQW ZHDU
GHWHULRUDWLRQ RI WKH UHOLDELOLW\ RI RSHUDWLRQ RI WKF

' 6 %HJOLDURY LQ KLV SDSHUV H[SHULPHQWDRO\ FRQILUP
DFFRXQW WKH ODJ BDO®MWH BRWHKND WDRYHVR GHWHUPLQH WKH
SUHVVXUH LQ WKH KHDG ULRH¥ORIVESPBUQIJDWDRQRQVWHPV
SHUIRUPHG UHVHDBRKQ BYHO-OHNGYWRDW ZLWK FRQWUROOHG V
RQ WKHKSI®BSOLQH LW LV SRVVLEOH WR XVH WKH FDOFXODWL
VKXWWLQJ PRGH SURYLGLQJ WKH UHTXLUHG UHGXFWLRQ RI S
LQD@WLEOH UHYHUVH URWDWLRQ RI WKH SXPS XQLW URWRU 7
HIILFLHQW DQG UHOLDEOH PHDQV RI UHGXFWLRQ RI WKH G\QD

1 0.RVKNIQ '.LOLPQHNHDUFKHG WKH SURFHVVHV RI RSHQL
VWRSFRIFMKLSSHG ZLWK D K\GUDXOLF GULYH XQGHU WKH FR
VAIVWHPV 7KH\ WKHRUHWLFDOO\ VXEVWDQWLDWHG WKH UHGXIH
SLSHOLQHD@HWG RLUONG EV HADANQMRWIWRK H YHORFRW\YRIOWKH VKXW
VKXWWLQJ 7KH VFLHQWLVWY VXEVWDQWLDWHG WKH PHWKRG
RQ WKH SURFHVV Rl KHDG FRQGXLW VKXWWLQRWDNLQJ LQWI
YDOYH PRYHPHQWQD MG WH KKIDQONHULQJ DXWRPDWLRQ V\VWHP
WR VHW WKH KHIRGI FPRGGX IUMHGKKEXWI WKH LQFUHDVH RI SLU
K\GURV\VWHP E\7KH\ GHWHUPLQHG WKH UHJXODULWLHV RI
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UHGXFWLRQ GXULQJ D VXU JHK \GHDHDEEQUWRREB MRAN W KK VRW L Q
YROXPH Rl WKH ZDWHU GLVFKDUJHG YLD WKBURSDEMWIWHU V
WKH GHFUHDVH RI WKH WKXPHM YZKQKK EDXVHV WKH LPSURYHF
RSHUDWLRQ UHOLDEL®LWAKB QRS WWKBIWHIRIQF RH QFKH FORVHG LUL
+RZHYHU WKH XVH RI WKH K\GUDXOLF GULYH IRU WKH VROXW
3& G\QDPLF ORDGV LV RQO\ UHDVRQDEOH XQGHU WKH FRQGLW
3& ZDWHSB 0\ DQG VHZDJH V\VWHRNSX\BH MIQQ HOHFWUWHLF GUL Y H

$PRQJ WKH ZRUNV RI IRWHKHJ S DSHNGNIDRIS K@Y \E HVHUY H
DWWHQWLRQ DV WKH UHGXFWLRQ RILG\DQPKLLHY 6B DEYVH LW R3 & K
LQVWDOODWLRQ RI D UHJXODWH S UMMV X D @WEHOSUS HQ U W D U\
QHWZRQWKLY FDVH WKH YBEWRWROQORQ RIUWBE HRFWEKWHW/LQOHW DC
RI WKH DLU YDOYH WREIWWIKS W KXW W LVQK HRWHWHIS UGHL Y 1D GEYDHE N
PDNH LW SRVVLEOH JKRSGHNYMNDWHL® KMMKK ZDWHU VXSSO\ V\V\
VA\VWHP E\ VHYHUDO WLPHV 7KH UHVHDUFKHU KDV SURYHG \
SUHVVXUH LQ WKH K\GURV\VWHP LV DFKVYHFWGRI/D ® FHHWN RLQ
WKH DLU YD®XMW Q& WHKR O DG

ORKDPPDG 5H]D /BDID@ D@ KLV SDSHU SURSRVHV D PHWE
GHWHUPLQDW IOR@ HRD W WK MMRFWR U\ R1 W KMK KWEKBDXOH FRY DO Y H
PXOREIMHFW RSWLPL]DWLRQ PRGHO EDVHG RQ %D\HVLDQ QHWZ
WKH SUHVVXUH RVFLOODWLR®W D SAOKHF DO BRIQ LRI HY%@N MAZLROUN
PDNHV LW SRVVLEOH WRO GHWHWHE\YR UV IKRH RBBNLRY VKXWWLQ.
PRGH ZLWKRXW VWDUWLQJ WKH RSWLPL]DWLRQ PRGHOV 7K
FRPSDULVRQ ZLWK WE\MWWHSD B UWILIRIHD VARQSV URO RI WKH SL:
K\GUDXOLF YDOY H XAKK R W% Q IHAZLWIQ \WKMW ZRUNV DOORZV FRQVL
RI WKH UDQJH Rl SUHVVXUH RVFLOODWLRQV GXULQJ VXUJHV L

-LQIDQJ <X > @ FRQVLGHUV WKH SUREOHP RI WKH PLQLPL]
LQ WKH K\GURV\VWHP G XURLQQE URES HIGILIQK G D\OR VR QJ ZDWHU
VI\VWHPV 3& 7R VROYH WKH SUREOHP WKH DXWKRU SURSRVH)\
PHWKRG Rl YDOYHV VKXWWLQJ LQ WZR VWDJHV ZLWK WKH X\
RSWLPL]DWERURHMEKR/ WKH VHDUFK RI WKH RSWLPDO WLPH
H[DPLQDWLRQ RI DOO RSWLRQV XQWLO WKH YDOXH FRUUHVSR
3& LV IRXQG

7+(&$9,7$7,2852&(66(6 ,1 78803,1*&203/(;

&EDYLROWY RQH RI WKH PRVW HVVHQWLDO SKHQRPHQD DFFF
LQ 3& ,W LV FKDUDFWHUL]JHG E\ WKH RFFXUUHQFH RI FDYHUC
EUHDNV RI WKH FRQWLQXRXV IORZVRQ WK KGG D3%6 DU QOIMH R
SHULRGLF RVFLOODWIOHRIDDWIRI WWKE WKHHVEGXVUHKDUJH LQ WKH
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K\GUDXOLF V\VWHP WKH LQFUHDVH RI WKH KHDG ORVVHV D
OLTXLG WUD®VSRUDWLRQ >

7KH FDYLWDWLRQ SURFHVVHV FDXVHG E\ WKH OLTXLG |
DFFRPSDQLHG E\ WKH SKHRRHPWY RR QVRIMWSKHDB/BIU WKH FDYHUQ
FRQWHQW GRZQ WKH IORZ ZLWK LWV IROORZLQJ GLVVROXWL
VSDFH WQFDRAHV WKH DPSOLWXGH RI SUHRWRUDHD B WHIRAAD WY R
FRQVWDQW &IRAMFVLDWDRQ RQNWOIFRPSOLFDWH WKH QRUPDO
K\GURG\@DPLF VI\VWHPV DQG VRPHWLPHYV PDNH LW LPSRVVLEO

A

u S W

3UHVVXUH
\
0]
=

7TLPN

JLIXUH /LTXLG SUHRQXRXMUYBVYLMWIEDYLWDWWRW KR 8 ORZVIXGIVDA RRIGV
WKH SIXMWSWKH SUHVVXUH DW WHWHKSEXPIEIHRXYWEBNKMW Q WKH SLSHOLQH

7KWV HQF WMBKH QR P DQRQMBHR/EDYLWDWLRQ

2QH FRPENVHUYH FDYLWDWLRQ DV D K\GURG\QDPLF SKHQRPI
LPSHOOHUV RQ K\GUDXOLF WXUELQH EODGHV LW LV DFFRPSDC(
PDWHULDO HURVLYH GHVWUXFWLRQ WKHNKBUERMIIRYI MIQWKH R
SLSHOLQH HTXLSPHQW = @

7R XQGHUVWDQG WKH FDY LAOMAKWOF RR\H.ERAH QKRG BRIRF HV V
WKH JURZWK DQG GHVWUXFWLRQ RI D FDYLWDWWR®Q KEHX E EOH

PRWLRQ RI OLTXLG I1UHHXUIRP 21K BIBHIAXDOUIH WR SUHVV XUH
SpyuR! VDWXUDWHG VWHDP LW ERLOV D:Q & DANKKD JIRUWPHRS E XE

DFFRXQW VXUIDFHWBH@WIHR @ RRWGHEA WKH OLTXUE IORZ LQWR
VSDFH ZKHUH FRQGHQVDWHKERQ MWMmNHVKHS®DFRQGLWLRQ
S Spup V5 LV PHW WKH EXEEGH SUBZV5 ZWKE EXEEOH
FRQWUDFWYV

,Q PRVW FDVHV WKH OLTXLG I0ORZ GRQWRILYHG DJ FY Z\W B U@ LI

WKH VPDOOHVW EXEERIHVYNBUHPRIKMHIQHVXBFGLANTXLG JHWV LQW
VSDFH RI ORZHU SUHVVXUH WKH EXEEOHV JURZ DQG WKH JD
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RQH RU DQRWKHU GLUHFWLRQ 7KH HTXDWDRQEREBBXHH VWDW
WDNLQJ LQWR D FOERBRAM W HWEMHZ % RYORHI WKH IRUP 3D

8 V-5 \%

S 7S =

%DUD@ SSDUD5 5 5
ZKHUHWKH EXEEOH\UMWXKIHX¥RHAIILFLHQW RI VEUWMKH WHQVLRQ

LQLWLDO SUHVVXUH D BWVYOKHRIQQWW HDEX EBGHX8DRI WKH EXEEO

JLIXUH )RUFHV DFWLQJ RQ WKH VXUIDFH RI WKH VWHDP EXEEOH DW VW

7KH IRUPHGDWVWHNXEFEEOHY RI WKH VL]H RI DERXW WHQWK VKD
WRIJHWKHU ZLWK WKH IORZ DQG ZKHQ WKH\ JHW LQWR WKH S

ULVID WRRFNGEHDHRSLQJ KXJH SUHMDXUH RIKDERPONH WKH JLC
WKDW ZDV LQ WKH EXEEOHV GLVVROYHV DQG WKH IRUPHG H
TXLENO\

,Q PRVW FDVHV WKH SURFHVVHV RI BEXEWQORY JIURZOWXG B Q/GK

IROORZLQJ W\SLFDO SKDVHV RI WKH GHYHW®RIS PFKPW FRRWKH F
FDYLWDWLRQ FDBYHW®HJSBKDWK RI FDYHUQ VHSDUDWLRQ IUR
REFFXUUHQFH ZLWK FUHDWLRQ RI| D *Q\HZK B M HRJ QG Bl WWWRKHE W DR ®)

RI WKH WHSDUDWHG SDUW RI WKH FHDW.WRWWRQVFBYWH QW KILHJ
IROORZL§J FDYHUQ PD\ DSSHDU ERWK DIWHU DQG EHIRUH WKF

.
-

&DYHUQ OHQ

\/

7LPH

JLIXUH 9DULDWLRQ RI WKHHOUKQJIWK RI WKH FDYLWDWLRQ FDY
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3DSHUW @ GHPRQVWUDWH WKDW D FDYLWDWLRQ EXEEOH PD
LQ GLDPHWHU DQG FRPSOHWHO\ FROODSVH LQ V DQG >
FDYLWDWLRQ SURFHVV WDNLRRUFOWRKD Q@ Q W RIQEBBIN/DWRD W LFRPQ
PD\ DSSHDU DQG FROODSVH LQ V

7KFHD V RRUY WKHXUURKRBPMLWDWLRQ
DQGVV /RFDQVMRK®PISLQJ &RPSOH]

7KH DQDO\VLV RESDSHUMW 5@ HQDEOHG VLQJOLQJ RXW WZR
FDYLWSDMRERQVHY D K\GURG\QDPLF W\SH DQG DQ DFRXVWLF Y

,Q WKH IRUPHU FDVH WKH FDYLWDWLRQ SKHQRPHQRQ LV FC
WKH SUHVHQFH RI REVWDFOHV LQ LWV ZD\ DW D KLJK YHORFL
ORFDO GHRHHDUMVRXKWH SURSRUWLRQDOO\ WR VTXDUHG YHOF
RI WKH FDYLWDWLRQ EXEEOHV LQ WKH OLTXLG IORZ $FRXVV
SDVVHV WKURXJK DFR X\ Il FVRHF LORDD W RR® M QAXEOMIH¥W U H V V

,Q WKH JHQFYDIOVBMALIRQ UHSUHVHQWY D YLRODWLRQ RI Wt
WKH IORZ RFFXUULQJ DW XQGHUSUHVVXUH DW WKH DQDO\]H¢
ZKHUH WKH OLTXLG SUHVVXUH EHFRPH V¥ VDRZ SW MVR/XQ HD REIH UV
VDWXUDWHE UMW WXUQ LW UHVXOWYV LQ WKH IRUPDWLRQ R
VWHDP JDV RU WKHLU PL[WXUH

YLIXUH FRQWDLQV D GLDJUDP UHSUHVHQWLQJ WKH FOD\
LQ 3&

&DYLWDWLRQ LQ 3&

¢ 3 L

JRUP — 7\SH — 'HYHORSPHQW 3O0DFH RI GHYHORSPHQW

*\GURGI\QDPKF\wpp b ,QLWLDO — ,PSHOORU DQG

SXPS VXFWLRQ SLSH
$FRXVWLER DM LR > 'HYHORSHG
> /RFDBVLVWDQFHV

> 6WHDPPV b 6XSHDYLDWLRQSLSHOLQH

JLIXUH 7KH FODVVLILFDWLRQ RI FDYLWDWLRQ SURFHVVHYV
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&DYLWDWDRWHUV

W VKRXOG EH QRWHG WKDW EXEEOH FROODSVH LV DFFRPS
OHVV JDV WKH EXEEOH FRQWD L QIVY WW B WIVRIOR G BIN Bl \RSHP H P SVX O
VXFK D GHJUHH WKDW D ORW Rl EXEEOHV DSSHDU DQG FROOD
ORXG QRLVH ZLWK WKH IUHTXHQF\ VSHFWUXP IURP VHYHUDO |
JLIXUH > @

7KH EDVLF SAXKDOUDHAMHHUM. JLQJ FDYLWDWLRQ+S@RFHVVHV LQF

$ A%

—
l]Y N+]

JLIXUH 7KH VSHFWURJUDP RI FDYLWDWLRQ QRLVH

x WKH FDYLWDWLRQ QXPEHU XVHG IRU WKH TXDQWLWDWLY
FDYLWDWLRQ SURFHVVHYVY GHYHORSPHQW

= Srw Spup
UX

X SRVLWLYKHMOXGWLRQ

'K SSRWl Spup
w J Ww

x WKH YROXPH RI WKH EUHDN RI WKHLWVWIRZS FR@DW IRQ XYRKKN F k
SLSHOLQH MW PRPHQW

9LM 9LM l4Ll\/;W

ZKHUHOLTXLG IORZSYHOWKAHVBUHVVXUH RI WKH OLTXLG VDWXU

SrEWKH SUHVVXUH LQ V\LKH—%EI?I'—)%—L&G)ORXLGB[BHQVLW\ NJ P



7KH &KDUDFWHULBWWHLFGREWRMW HR Q

7 +OLTXLG WHKSHUDWIXTWHG RU JDV GHQVAW\ XKW WHPSHUDW
E +WKH FRHIILFLHQW RI WKHUMRDO H[SDQVA.ROWKRIU ZDWHU

DYHUDJH YDOXH RI GLVFKD UJW oWHWKIHP B GRVM DACHYQ W VW E R/Q RQ
7KH DQDO4V®Y UHYHDOHG WKDW WKH SUHVVXUH RI WKH V
WUDQVSRUWHG OLTXLG HVVHQWLDOO\ GHSHQGY¥XBR WKH WHPF
FRQWDLQV D FXUYH UHSUHVHQWLQJ WKH VDWXUDWHG
WHPSHUDWXUH W FDQ EH GHVFULEHG ZLWK D VXIILFLHQW G
SRO\QRPLDO RI WKH IRUP

Sous D E7F7 G7 H7

ZKHWDH E F G H ~ +tDSSUR[LPDWLRQ
FRHIITLFLHQWYV

Spubp
N 3D

-

L &

JLIXUH 7KH VDWXUDWHG VWHDP SUHVVXUH GHSHQGHQFH RQ WHPSH

7KH YDOXH RI WKH GHWHUPLQDWLRQ FRHIILFLHQW DW WKI

W VKRXOG EH QRWHG WKDW DW ORZ YDOXHV RI WKH FDYL)
VLIQLILFDQWO\ H[FHHG WKH VL]H RI WKH ERGLHV IORZHG UR.
VXSHLYLWDWLRQx>@

7KH DQDO\WVLY > @ UHYHDWKB SHsEMGWVWDWLRQ SURSHUWLHY\
FKDUDFWHUL]JHG E\ SRVLWLYH VXFWLRQ KHDG UHSUHVHQWLQ
HQHUJ\ DW WKH SXPS LQSXW DQG WKH HQHUJ\ FRUUHVSRQ
JHQHUDWLRQ ,Q WKIRWEWVWH /¥ XBWIILKR Q HRHY G LRFUKW KHKWD RK X P
WKH SXPS VXFWLRQ FROUWOWHRY WEHUPROQRRPHFKDQLVP
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&DYLWDWERYYV , RIQ@ YHKFSH QP KO B KD WDHULVWLFV

7KH DQDO\VLV *> @ HQDEOHG VLQJOLQJ RXW WKH PDLQ DU
ORFDWLRQJKXQ B &

x LQ WKH LPSHOOHVUXBWGRWKS$ILBMHASYXOW RI WKH LQFUHDYV
XQGHUSUHVVXUH FDXVHGRENM VWDKHL REDIREHRQ B&HDVH R
OLTXLG ORVVHV DW WKH VXFWLRQ

x LQ WKH VLS KRXIE VAR AWIKOH LOQFUHDVH RI WKH GLITHUHQFH
WHPSHUDWXUH DW WKH SLSHOLQH VXFWLRQ DQG DW WKH
WKH JURZWK RI WKH HITRUWYVY VWUHWFKLQJ WKH OLTXLG I

x DW WKH ORFDEBODWHVUWIWWX@QMH RI WKH LQFUHDVH RI WK
FRPSRQHQW ZKLFK FDXVHV WKH ORFDO GHFUHDVH RI SUF

9DFXXP SXPS ,&DYHUQ
\

w
5

6P| | ‘

,QS XW

S
&RPSUHVAH
T
S
@
K

2XWSXW
I
I
I
I

G

JLIXUH 7KH FDYLWDWLRR LAKHDWREBROITHB& E LQ WKH VLSKRQ SLSHOLQ|
ORFDO UHVLVWDQFH G LQ WKH SXPS VXFWLRQ SLSH

9 <DDUHOL@ULDQSR$RPDNLQDWKHLU SDSHWV@
FRQVLGHU WKH FDXVHV DQG |HDIWKH@W URLIINEIDYO W DS LR[Q D5QJ BE

DQDO\|H WKMHMSHRPHU FDYLWDWLRQ SURFHVVHV LQIOXHQFH R
SDUDPHWHUV RI WKHJWXN BRFARFPHDILGPWLRQY DV WR WKH SU



7KH &KDUDFWHULBWWHLFGREWRMW HR Q

QREDYLWD WMRG®RBEHEHY WKH DXWKRUY R SWOMUH WKDW WKH
GHYHORSPHQW RI FDYLWDWLRQ FDYHUQV RQ WKH LPSHOOHU
UHVXOWV LQ D VKDUS UHGXFWLRQ RI WEFRIYWIMHHY RI WKk
WXUERPHFKDQLVP ,W VKRXOG EH QRWHG WKDW WKH JURZWK
UHVXOWV LQ WKH GHWHULRUDWLRQ RI WKH FDYLWDWLRQ FKD
SURPRWHY WKH QDUURZL @D RLWIXW LIRIRQREMHL DIMDR Q R Q

A

\/

JLIXUH 7KH EBHBBEKDUJH DQG HQHUJ\ FKDWDWWH WRIPAAX URNH @ F AV R H FSEOXYALSV D
ZLWK GLIITHUHQW WHPSHUDWXUH RI WKH WUDQVSRUWHG OLTXLG

9 95R]KGHVWBHRYDNQHRW >D O + @ LQ WKHLU SDSHUV VWX
GLIIHUHQW VWDJHV RI FDYLWDWLRQ GHYWH EXEEDGWL QNW K HP R
ERXQGOHVV OLTXLG DQG QHDU D KDUG ZDOO RI WKH ERG\ IOR
WKH HPSLULF GHSHQGHQRHMLRLIQWNQNILROGHYWDRQFH OLIW]
PRPHQW DQG GLVFKDUJH GHSHQGLQJ RQ WKH FDYLWDWLRQ
H[SHULPHQWDO UHVHDUFK +RZHYHU WKH REWDLQHG UHVXO
FDYLWDWLRQ RFFXUUHQFHURKKG OLFNU® DQR ZRE MHFNW Z. W K R X
DFFRXQW 3& RSHKDWILRJ PRGMLPH

$ ' $SOWVKXO=KLYRWRYVNLL $ 6 <XULLHY HW DO DQDO\
SURFHVVHV LQIOXHQFH RQ WKH YDOMW RE KHBRG@ORVVHV DW
7KH DXWKRUV DVVHVV WKHLU FDYLWDWLRQ FKDUDFWHULVWLI
QXPEHU REWDLQHG E\ H[SHULPHQW IRU GLIIHUHQW WHPSHUD YV
LW SRVVLEOH WR GHWHUPLQH LW KI® PD [LE YWPK ¥ HOLRSFHOV\QRIl VOR T
WKH FIRQWDW LRRR ®B HYUIDWURQ FRQWDLQV FXUYHV UHSUHVH
RI WKH DGMXVWLQJ YDOYH UHVLVWDQFH FRHIILFLHQW GHSHQ
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&DYLWDWLRQ QXPEHU

JLIXUH7KH DGMXVWLQJ RI GHSHQGHQFH RI FRHIILFLHQW YDOYH UHVLVW

7TKHLU DQDO\WLY UHYHDOHG WKDW FDYLWDWRQ GHYHORSP

FDXVHG E\ WKH FKDQJH RI WKH WHPSHUDWXUH DQG YHORFLW
RSHUDWLRQZUHVXOWYV LQ VKDUS LQFUHDVH RI WKH FRHIILFLH
7KH SKHQRPHQRQ RI FDYLWDWLRQ LQ VLSKRQ SLSHOLQI
DFFXPXODWERQ RI DLU LQ WKH WRS SRLQW RI WEHPDLQ ZKL
GDPSHU GHFUHDVLQJ WKH SLSHOLQH IORZ VHFWLRQ > @

o

g A

04

-

=

(@]

o

o

-

L

>

[\ >

3UHVVRDH
JLIXUH 7KH GHSHQGHQFH RI FDYLWDWLRQ RVFLOQOXWIDRMQ DPSOLWXC

GLITHUHQW YDOXHV RI WKH IUHTXHQF\ @RWH:FQS%RS VKDIW URWDWLRQ
+Q Qrr £ Q Qrp



~
-~

6HE’VFLOODWLRQ IURTXHQF\

&KDUDFWH U IBWWHILFGREWRMW HR Q

s
/ .

3UHVVRDH

YLIXUH RR/HF MH@DW LRQ IUHTXHQF\ GHSHQGLHEHAVRENAKH SUHVVXUH |
DW GLIIHUHQW OHQJWKWVERI WKMH #)XOSSOR St SHOL®H

tDW  49gPQG P

3DSHUV + + @ GHDO ZLWK WKH LVVXHV RI FDYLWDWLRC
SUREOHPV RISWRFHVXUU® 3& EDVHG ROQ=WXMRYMNHDUS$K RI 1
&KDUQ\L
/ %HUJKHURQRRVKQLQ ,D@® FPRKHQD XWKRUV VWXGLHG WKH FR
IORZ EUHDN LQIOXHQFH RQ WKH VXUJH YDOXH DQG JDYH UHFI
QROWDWLRQDU\ SURFHVVHV LQ 3&

9 9 3LOLSHONRGRQWHFHYDWDQ]RQ SHUIRUPHG WKH DQDO\VLV
DQG GLWRIVFUDODWLRQV FDXVHG E\ WKH SUHVHQFH RI FDYLWI
+ @ 7KH DPSOLWXRGYFLROODNFKRONOPD\ UHDFK YDOXHV WKDW H|
YDOXHV E\ WLPHV )LJXUH DQG WKHLB IUHAIXHQF\ LV ZL
YLIXUH 7KH FXUYHV H[SHUYL@HI@W DELONHRIEMP DL @ B G XLH)/ >R | W
SUHVVXUH DQG UHSUHVHQWLQJ WKHLQBXMDWQRQRRWWKW §BBVL

WKH DERYH VDLG )LJXURDYLWDQVRRG RDFHOWRIWILRQ SUHVVXUF
+] JLIXUH D L@ NKH RWKHLIXONH E

3UHVVX3hB S
I
3UHVVX3hB S




09 =DILURDNRUHQNRY®HRZGLXN HW DO

A A
s |2 Nsw
x| kT
» 1 f; S w
: Tz ¢t /
) D
™ 1 ™
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YLIXUH 7KH SUHVVXUH YD WICDS& MRIQ EX R YXSHAB DO WKKHH VSODR B/
URWDWLRQ IVHZSHQF®3DS r 03D|NDY +]
ES 03D S r 03D Iypy +]

&DYLWDWLRQ SURFHVVHV UHVXOW LQ FRQVLGHUDEOH GHWHF
UHGXFWLRQ Rl WKH RSHUDWLRQ OLIH RI SXPSLQJ HTXLSPHQMW
WKH GHJUHH Rl FDYLWDWKRRQ SH¥HQORBFHQW > FRQWDLQV
H[BULPHQWDO FXUYHV UHSUHVHQWLGHFDQYEWQRH RRQ ZWBH

FDYLWDWLRQ GH YHORSWHQW. QG HGUE\HW K R IUW & B \W DYH VODI\E 1 R/&
IRQH > @

L
w

\/

JLIXUH 7KH FDYLWDWLRQ ZHDU UDWH GHSHQGHQFH RQ WKH GHJUHH RI
# « PV

7KH FXUYHV DQDO\VLV )LJXUH UHYHDOHG WKDW DW ILL
UHDFKLQJ WKH PD[LPXP YDOXH WKHQ DEEHVHQW \DHV D RIE VRS HEU



7KH &KDUDFWHULBWWHLFGREWRMW HR Q

FDYLWDWLRQ PRGHV 7KHUHIRUH @KHQ FDYWODWHNERQFHURFHYV

LQ 3& WKH HTXLSPHQW RSHUDWILRKV OO WWHEXIBHHL FEL\H Q F \
GHFUHDVHV B\ + @

(YHU\ FDYLWD VRIZR/QWERX BEKBIHI UQDO VL]H PQG+zW&EHQ FROODS)\
6XUJHV RFFXUULQJ LQ WKLV FDVH UHVXOW LQ FRQVLGHUDEC
WKH WHFKQROR RISHUD WTRIQS PAHDXW HV F R QUIDLYDLARQXW I@RRLZY BV HD
PDWHULDO HURVLYH: GHYMWUYXFHWLRQ ,W.IX@WHR FDOOV IRUWK W
WKH KHDG ORVVHV DQG FRUUHVSRQGLQJO\ WKH LQFUHDVH
WUDQVSRUWDWLRQ ,W FDXVHV WKHQ § HFLHM/FWH G RW RWWK K HV H B (
RI FDYLWDWLRQ SURFHVVHV LQ WKH SXPSLQJ FRPSOH]

JLIXUH (URVLRQ RI WKPHS REEQWWLIXJIDO SXPS

7+( $1%/<6,6 2) 74(,67,1*0 (7+2'6
Y25 7+(5('8&7,21 2) 7+£$9,7%$7,2B52&(66(6
,1 7+(3803,1*&203/(;

7KH SHUIRUPHG BQDG\VM@WHYHDOHG WKDW DOO WKH NQRZC(
FDYLWDWLRQ PDQDJHPHQW DUH EDVHG RQ WKH IROORZLQJ

X WKH LQVWDOODWLRQ RI SLSHORQU V8 DR DR IRRIQ YIDDSYGIVD
ZDWHU LQOHW UHVHUYRLUV VWDQGSLSHVY LQWHQGHG
FDYLWDWLRQ EUHDNV Rl WKH FRQWLQXRXV IORZV EXW D
SXOVDWLRQV LQ WK HDKUGWRDNWH P R COHUBRCHQ WHK H
RI SUHVVXUH LQ W UDHG/ LK \ERIWKR EB¥FVUYHDVHG DQG GHFUH
SUHYHQWLQJ EUHDNV RI FRQWLQXRXV IORZV LQ WKH SLS
LQ WKH FULWLFDO SRLQWV RIUWIKQNW B LKA LOMY BW R M. DRIY
ZKLFK UHVXOWV LQ WK H BYLYWHID\R SRE PR GH V:ORSWHU LQOHW
DQG VWDQGSLSHV UHGXFH XQGHUSUHVVXUH LQ WKH K\G
FRQWLQXRXV IORZV
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JLIXUH 7KH GLDJUDP RI LQDWMD O/®OWNVRQ RI ZDWHU

X WKH PDLQWHQDQWHFWILREH GRIP6SWLEOH KHLIJKW H[FOXGLC
XQGHUSUHVVXUH LQ WKH VXFWLRQ SLSH DQG WKH SXPS L

x WKH DOWHUDWLRQ RI WKH DQ@URPRFKLRH ILAPREH OO RN CEGO M
GHVLIQLQJ WKH EODGHYV LQ WKH VKDSH RI VOLJKWO\ EHQ

x WKH FRYHU RI WKH K\GUDXOLF VXUIDFHV ZLWK PDWHULI
GHVWUXFWLRQ

x GHJDVVLQJ WKH OLTXLG IORZ LODWHIR@GERFHWKHALED®W |
PHWKRG XVLQLIXWGLWUYBVSK\VLFDO PHWKRG LQVWDOO
DHUDWRXJWH VHSDUDWRUV DLU YHQWYV

7KH DERYH DQDO\VLV Rl WKH PHWKRGV DQG GHYLFHV IRU F
PRVW Rl WKHRYDHJ B GSPIOWHULDO FRQVXPLQJ WKH\ DUH GLUFK
WKH GHVWUXFWLYH DFWLRQ RI FDYLW BBW.IRQDD WILKRHQ LROFEGH DRV H
3& RSHUDWLRQ E\ WKH DOWHUDWLRQ RI WRWH \ARQXIFAX XD R Q
SDUDPHWHUV RI K\GUDXOLF HTXLSPHQW

7KH SDSHUV EDWHOAmM *ULD GNR $OWVKXO3LOLSHQNR
9 $ =DGRQVW\6HDWD GJRRQHUYH VSHFLD@ DWW®E QWL R\VK K
FRQWDLQ WKH DQDO\VS X PRBIO WK\ ULRWEHN YRIQVOH E X X B 6 A\

RQ WKH ORVVHV WKH DPSOLWXGH DQG WKH IUHTXHQF\ RI SUF
SUHVHQFH RI FDYLWDWXLRY PRGWEBHEHQGHQFH RI FDYLWDW
RVFLOODWLRQ DPSOLWXGH RQ WKH SUHVVXUH DW WKH SXP
IUHTXHQF\ RI WKH SXPS VKDIW URW DOALIQRD U7 R KD DFHWRIU HZ S\
PD[LPXP DW WKH SUHVVXUH H[FHRGLBUHW®KH $3/U WKWXSHHR/N RD
WKH SXPS LQSXW DQG RXWSXW GHSHQGV RQ WKH URWDWLRQ
RI WKH ODWWHU GHFUHDVHYV RWKH (MPPS\W L RVQKE ELGD WA M U R WH |
VI\VWHP UHGXFHYV
JLIXUH RU WKHPYORBHPR 6R WKH GHFUHDVH RI WKH SXPS
IUHTXHQF\ E\ RI WXH XUDHV WG WYOMXW LQ WKH GHFUHDVH RI W
YDOXH RI SUHVVXUH FDLWOKKFGH BRX 6 RD OWMHR BANER HV

7KH IUHTXHQF\ Rl WKH FDYLWDWLRQ RVFLOODWLRQV RI WKH S



7KH &KDUDFWHULBWWHLFGREWRMW HR Q

LQFUHDVH RI WKH OHQJWK RI WKH VXSSO\ SLSHOLQH RI WKH
PDFKLQH VKDIW DQG ZLWK WKH UHGRBW kRQHRIHW K 8 DALKN B KD KL
PHWKRG RI FDYLWDWLRQ UHGXFWLRQ ZDV QRW GHYHORSHG

7KXV WKH XVH RIHD XHDULDE QBQ @DKMEMEO\ 3& IRU WKH
UHJXODWLRQ Rl WKH WHFKQRORJLFDO SDUR®WW HADN DWQ G FUH
ZLOO HQDEOH WKH FRQWURO RI RFFXUUHQFH RI WKH JRQHV ZL
DOWHUDWLRRSRHUBDMH GXRSHORFLW\ WR FRUUHFW WKH SDUDPH
DLPLQJ DW WKH SURYLVLREWRRQRH WBWLW\IBWDRKQ LFURWHL S P
DSSURDFK SURYLGHV WKH LPSURYHPEGQGWUIROLWEHOH®M RN M}
RSHUDWLRQ RI WKH HOFWURK\GUDXOLF HTXLSPHQW E\ PHDQV
GULSRZHU QRQSURGXFWLYH ORVVHV FDXVHG E\ WKH SUHVHQF
SLSHOLQH

&21&/86,21

*HQHUDOL]LQJ WKH UHVXOWV SUHVHQWHG LQ WKLV FKDSW
FRQFOXVLRQV

7KH SHUIRUPHG DQDO\VLV RI RRGHB RGINP KIMRIS ARPIQLRQ |
UHYHDOHG WKDW WKH\ DUH FKDUDFWHUL]HG E\ ORZ L«
EUHDNGRZQ UDWH 'XULQJ WKH SURFHVV RI SXPSLQJ FRPS
RI WKH RSHWDMXRXPFRERV\VWHP WKHUH RFFXU ZDYH SKHC
QDWXUH VXUJHV SUHVVXUH SXOVDWLRQV HWF  7KH\ DI
HPHUJHQF\ RXWDJH RI WKH HOHFWXQEWW\ FXBER\YDIORSH
UHBERQ TXLFN VKXWWLQJ RURRSHIDQQH W KK WRQHHIR X R D F\P
RI WKH PDLQWHQDQFE® RWRI DVELWFRRQYXPHU HWF

W LV GHWHUPLQHG WKDW WKH H[LVWLQJ DSSURDFKHV W
K\GURG\QDP IRFQ SRRWRMWERQVLGHU WKH SUREOHPV RI FRC(
YDOYHV ZLWK D YDULDEOH IUHTXHQF\ (*f DLPLQJ DW PLQ
ORDGV LQ WKH K\BWRWHSWHP O6@WHSU FRQWURO RI SLSH
PRVWO\ XVHG EXW LW GRHWQRMF SHRYHGRI WK LDPSOL\
SUHVVXUH RVFLOODWLRQV LQ WKH K\GURV\WWHP ,Q Wt
GHYHORS DQG UHVHDUFK WKH V\WVWHPV RI G\QDPLF ORDC
IUHTXHQF\ (" RRIWKHMNOOWLQJ SLSHOLQH YDOYHV

W LV WKRZW DW WKH GHFUHDVH RI WKH SUHVVXUH LQ

DOWHUDWLRQ RI WKH WHPSHUDWXUH RI WKH SXPSHG
UHVLVWDQFHV DORQJ WKH OHQJWK RI WKH SLSHOLQH L
FDYLWDWLRQ SURFHVKHVWSREDDBWHAMIRHGHULWGLF RVFL
SUHVVXUH DQG GLVFKDUJH 7KH\ UHVROWHKB SRS GHFUHI
XQLW DQG WKH SWREWHKWRY ®RORVVHV RI SRZHU IRU WKH

WKH RSHUDWLR® WKRGXBDVH WKH |UHRVEH Q P\DRVLRIDWL LAD W
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ZLWKLQ +] WKH SXOVDWLRQV DPSOLWXGH PD\ H[FHHG \
SUHVVXUH DQG GLVMKIPHM ERURGXFRQYH ORVVHV FDXVH
FDYLWDWLRQ UHDFKQHGRS RVAAHHIEFRHWHIUH SXPS HOHFWULF G
SUDFWLFDO PHWKRGY DQG WHFKQLFDO PHDQV RI FDYLYV
LOQVWDOODWLRQ RI SLSHOLQH SURWHFWLYH DSSOLDQFH
LOQOMHFWLRQV RI OLTXWOWURQ LNUHOWRUW ICGH FBDFWHG WR W
WKH GHVWUXFWLYH DFWLRQ RI WKH FDYLWDWLRQ SURF
FRQVLGHUDEOH PDWHULDO FRVWYV

7KH SHUIRUPHG DQDO\WLY RI WKH LQIOXN®&BHWRI WKH IL
URWDWLRYY RQDWHKIRE SURFHVVHY LQ WKH HOHFWURK\GUD
ZLWK WKH GHFUHDVH RI WKHNHKHRVBXWE RQKDUW TWHKERBEH R
UHGXFWLRQ RI ORVVHV WKH DPSOLWXGH DQG IUHTXHQF)
E\ WXBHWHVHQFH RI FDYLWDWLRQ SURFHVVHV RU WKHLU FR
XVH RI D YDHTOHQ@MH HOBG® WL FRQMRIER Q WYVEMLHWLY ZLOO
PDNH LW SRVVLEOHUNR HIRSPBORHEHOW OHDHEQI®O LW\ RI WKH RS
RI WKH HOHFWURPHFKDQLFDO VA\VWHP IRU OLTXLG WUDQV



&KDSWHU

25.,1* 287 7+02'(/16 2)
$3803,1*&203/(; :,7+ $9%5,$%/(
)5(48(1&<(/(&75,&" 5,9(
$7 7+( (9(/230(17 2)121 67(%$'< 352&(66(6
1 7+3,3(/,1(1(7:25.

7+($3352;,087,21 2) 7+(<'5$8/,&&+$5$&7(5,67,&6
2) 7+(3803,1*&203/(; 3,3(/,1(9%/9(6

7KH DQDO\WLY > @ UHYHDOHG WKDW WKH SLSHOLQH YD
WKURXJKSXW .ERHQG FREBIRQMWDWLRQGABHRQ GHMRHVRQ K\GUDXOL

UHVLVARMHQIEF ) HOWH KHDG 'REMBMQGHQFH RQ WKH YDULDWLF

IORZ YHRRARGWDXOLF UHVLV\ BOBH FRIHQIEFLR@WVKH GHJUHH
RSHQDRGJIDRZ YKHQ R™MU W\ HWF

7KH YDOYHV FDYLWDWLRQ FKDUDFWHULVWLFV HQDEOH W
YDULDWLRQ Rl WKH FRQWURPR¥HDIQFEMEGKWE DWXWKF &R QMWMXE
OLTXLG HORZR®REUHDN EHFDXVH Rl WKH RFFXUUHQFH RI FDYL!
ZLWK JDV RU DLU 7KH RFFXUUHQFH RI FDYLWDWLRQ QHJDWL
WKURXJKSXW GHFUHDVHV WKH K\GUDXOLF UHVLVWDQFH FRH
GULFKDUJH ZLOO EH HTXDO WR JHUR PD\ FRPH

7KH YDOYHV EDVLF K\GUDXOLF FKDUDFWHULVWLF LQIOXHQ
WUDQVSRUWDWLRQ FRQVLVRHM | L PG K@E®WDXOQ F HK R § LK MLD @ AH

WKH VOLGLQJ GLVN ULVH IRU VWRSFRFNV DQGIRDOYHV WKH
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GLVN E§DANMVXUH YDOYHV WKH VEBDWUFWKWYFROMNUIR® YD B M HY
OLTXLG PRWKXR® U MERIFEMNFINYBOYY H

. UXa

G XX PP

[UX
J)LIXUH &DYLWDWLRQGRIHREGHAGW RQ K\ERIDNX GALIRHIQMIAKIHY ARFO@W H R O
VLQVEEW YDOYHV VHDW & BRKHEVH RI GLIIHUHQW GLDPHWHUYV

[ UXA

+YDOYH

L X852,

- +GLVN EDANVXUH YDOYHV

+tFRQWURO YDOYH

E UX
JLIXUH 7KH GHSHQGHQFH RI WEKR HGEREX@WKH UHMVABRWIBYGHI®G HQU H H
WKH SLSHOLQH YDOYHYV
7KH YDULDWLRQ RI WKHVH FKDUDFWHUIPRMLAVWF LNQ@WR QOLQH
JURZV VLIJQLILFDQWO\ DW B FAKNMWKXLRTXWDIONL FD O RWD @/XHH R/IWR ¢

IRU YOYHNRU GLENHADPANH YDIRWHNFR QWU R O DY, P MWV
HTXDO WR P V IRWWKH FKHFN YDOYH

7KH DQDOXwW@ WHYHDOHG WKDW WKHUH LV QR XQLYHUVDC
UHODWLQJ K\GUBRB LERADHNGEWMDQMEIRMHRGHQUWIRHA UHTXLUHG W
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WKH GHWHUPLQDWLRQ RI WKH RELEBOr DOYNVRI, @ RDKMLYRIOHR L
DSSUR[LPDWLRQ IXQFWLRQ RI WKH IROORZLQJ IRUP LV SURSR"

[ $ JE ¢ % /E |

ZKHUK K' *tDSSUR[LPDWLRQ FRHIILFLHQWY GHSHQGLQJ RQ W
[ tK\GUDXOLF RRHLVFRLBIQRMHY DW IXOCERSHQLQJ RI WKH YDOYHYV

Y
—G PP 'KJYE)A
- ——-G PP /
FKHFN YDOYH //
[ UXA /
I 'Ky yX /
/
DyvG HY 'l v/ /
1 | s 4
| / Dy X
/
| /
\ 7/ -
\ 7/ P
7
N -2
J N [ X
% =t

X PV

J)LIXUH 7KH K\G U D X OFLAEHU IHL\F ILSASRIEND i HU R YY,5D/QICR @/ KOH) F&HIBDIG YD O Y H
ORVWHJ VG HSHQGHQFHTR QGWIORZ YHORFLW\

7DEOH FRQWDLQV WKH YDOXHV RI DSSUR[LPDWLRQ FRF
YDOYHV ZKRVH K\GUDXOLF FHOMDAWHULVWLFV DUH JLYHQ LQ
7DEOH 7KH DSSUR[LP DRAL R Q UALRRKKIV DKL BIQ@\Q H
6WR S '"LVN EDFAN6LQVHIDW FRQWURO
&RHIILFI;SE:M SDU 9DOYH SUHVVXUH DOOHNH

Of £A

= G

7KH FKRLFH Rl WKH DSSUR[LPDWLRQ GHSHQGHQFH W\SH
IHDWXUH RI WKH SLSHMNIQH YHDEXYFW LRQHRIEWK R QHOLMWLYH GH
UHVXOWY LQ WKH LQFUHDVFRRHALKGWDX®ERQBHYVLVWDYFH
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FKDUDFWHUL]JHG E\ D KLJK YD O X5 VRK DB/M W ¥ (KRG Bl W LR IODRR H 11 L
YDULRXV W\SHV Rl SLSHOLQH YDOYHV

,Q H[SUHVVLRQ EGHSHOBNWRIQ WKH ODZ BHLFROYHV FRC
VIQLILFDQWO\ LQIOXHQFHV WKH FKRUBD&WWHKHR R FMFXD Q WIOFGWR
SUHVVXUH LQUXVKHV KHDG ORVVHV FDYLWDWLRQ SKHQRPH!
FRQWLQXRXV OLTXLG IORZ HWF

7KDW LV ZK\ LW LYHYHDVR®DEOH S\ HODAYH LYDRY & M UF RIGRW U
GHFUHDVH WKH G\QDPLF ORDGV LQ 3& DQG LPSURYH WKH U
HTXLSREBBWDWLRQ

'KHQ WKH ODZ RI YD @RIV FROHUYRIG W & HAUKHRKE\FGXUD/X D L\FX U .
VIVWHP 7KH VXUJH SKDVH LV LW&/ EDVLF SDUDPHWHU >

Tsk /K

ZKHUHWKH SLSHOL@HF@HQQ&N(I@&PiWKH YHORFLAWYRI VXUJH
SURSDIJDWAW&RH PRGXOH RI WKH OLTXl® WK RRI XHOHD RW L FL W

HODVWLFLW\ RI WKH@LE?&/QDW@H PBOWRIRHUWWORI VRXQG SURSDJ
WKH OLTXEW/ KA VXLG GHQ¥IMWMAKM FRHIILFLHQW WDNLQJ LQWR I
SLSHOLQH ZDOOV #GHIWHKPADEQBPUWDVH RI WKH KHDG LQ HYHU\

VXUJH P
KHQ WKH YDOYHVY DFWXDWH WKHUH RFFXU D GLUHFW DQG

RQH WILRHWKH | X0 OMKKX WIVALYQHVRILY VKBHWHEKHY WKDQ WKH VXUJ
9DULRXV ODZV RI WKH SESKQOERHGMUPYHEHBERBWWRI® H[SUH

WKH IRUP

W E%\W

ZKHEBH W KUHH O DAMHLINRHRISH QR QUKL SHYDQMNE W G IR WK H

VWRS BDROMIDY EHV D IRWIGHE®D BNJHVYDXOWEHG/ 6 £tIRU
WIKRQWDR®OHYV
+DYLQJ WUDQVIRUPHG ZH JHW

E
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JLIXUH VKRZV WKH FXUYHV UHSUHVHQWKGRWKH YDULDW
WKH VWRSFRFN ZHGJH ULV HRR U @GW HE& VHQWRF FFRIQMW U R Q WY W K
DQG UHIJXODWMQIYDOYHV DW

O|-F

JLIXUH &XUYHV UHSUHVHQWLQJ WKH K BWRIDWKIR @ VRR S\HRH N E 6l B/ YUH. GHH |
GHSHQGLQJ RQ WKH WLPHQRIUWKHIHQWE W VALRRIRIFYBEQWYWYV FRQWURO

JLIXUHV FRQWDLQ WKH JUDSKV RI WKH YDULDWLRQ R
LQFUHIOVH/'+, VHVSHFWLYHQ\ WKHUHQFUHDVH RI WKH KHDG D

VXURU WKH K\GURV\VWHP ZLWK WK SDUDAHWHUV

P [so F PV 75« V. $ VWRSFRFN LQVWDOOHG LQ WKt

FRPPXQLFDWLRQ QHWZRUN DQG FORVHG (ZDY® BERQWURQW LQ
WHW HTXDAQ,WR XVHG DV WKH SLSHOLQH YDOYH LQ WKH K\GUR

P,
+eLulsk Tsk Tsk  Tsk Wk 7sk
T [l

JLIXUH 7KH JUDSKV RI WKH YDULDWLRQ FDWVWHK HRMEGUBIEVURIQXWH LQFUHI
LQWHQVLW\ FROIG LYLOIQWRRQWURO WLPH
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(o] 04

JLIXUH 7KH JUDSKV Rl WKH YDULDWLR® RWWKKHRUHEA WHHOHDGWLYH LQFUHI
LQWHQVLW\ FROIG LYLOIQWREQWURO WLPH

7KH DQDO\WVLV RI JUDSKWHDQ V) LWXDMY DQ HVVHQWLDO GHFU
JURZWK DWDO Y XBEIHHDFKLHYHG E\ LQFUHDVLQJQPRBNURO LQWt

VWRSFRFN VRA¥WWLQJ WLPH

7+(0$7+(0%$7,&%/ (6&5,37,21 2)3803,1*&203/(;
7+ $'-867%3%/(3,3(/,1(9%/9(6

/LQHDU QRQOLQHDU GLIIHUHQWLDO DQG RUGLQDU\ HTXDW
SDUWLFXODU SK\WLFDO SURFHVVHV LQ WKH V\VWHP DUH WKH
PDWKHPDWLFDO GHVFULSWLRQ

7KUHH FRPSRQHQW\HDHAH@KY ULIDXRQW3® HLSKPEQH QHWZR
DQG D FRQVXPHU IRUPLQJ D VLQJOH SURGXFWLRQ VWULQJ
FRQVXPHU ZLWK WKHLZIRUNNBR BW RGIXRWWLRQDWKLDIJUDP RI
DGMXVWDEOH SLSHOLQH YDOYHV

7KH ILJXUH GHPRQVWUDWHYV WHB WU VK WS\ SBl O Y QHN HPH WK
LQWHUFRQQHFWHG VHFWLRQV RI WKH SLSHOGIQH RBEHUH WKH |
4 RU PHGLXP PRW)LRR) SHMRERXY VHFWLRQ DUH WKH LQSXW SI

IROORZLQJ VHFWLRQ DQG YLFH YHUVD ,Q WKLV FDVH WKH Il
WKH SXPFRHQGLQJ SLSH 7KH ODVW VHFWLRQ RI WKH SLSHOLQH
DQ LQWHWHRQWXEV\RWHPQ GKRQWURO YDOYHV FDQ EH LQVWD
RI WKH SLSHOLQH QHWZRUN ('V DUH XVHG IRU WRB FRQWUR(
FRQWURO YDOYHYV
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JLIXUH $ IXQFWLRQDO GLDMMX OWWVDIED I3 & EZEMBHDR® YIDRYB® SXPS
6&%#VKRW DQG FRQWURO YDEHOHFWWBISFWGEML BN PS XQLWIDQG RI WKH VKX
DQG FRQWURO YDOYRBY WKW MA®WWY R @\ RJ HABKZHR SRS GIDALP H U

7THOHJUDSK HTXDWLRQV NMOQRZMUHIRFHG IRU WKH GHVFULSW
SLSHOLQHOQBWZRHUNHVHDUFK RI WKH G\QDPLF SURFHVVHV RFF

W so 44

2@\/\[ J6WN G6 J
owr Fw
W J 6w

ZKHUH S W 4 +SLH]RPHWULF KHDG DQG GLVFKDUJH RI OLTX

SLSHOLQH FURVV VHFWLRQ + WHKWSEBWVYKOM IPQ RFVKH FXUUHQ)
FURVYV

VHFWLFBQﬁIlWKH SLSHOLQH FURGYWKH \§ LR B ODLIQHDG IPDPHW HU

Ot WKH GLRPEQNVYV FRHIILFLHQW RI UH¥WWKWDYQH®RRLWIKRII SL:

SURSDIJDWLRQZRNY W IRH WRXIHG LQ WKH DRWKIHQG HPOINGLWP RP V
WKH ZRUNLQJ PHGLXHF WWWKRH DFFHOHUDWXDQV RREWBILRY L W\
IROORZLQJ IRUP UHSUHVHQW D FHQWULIXJDO SXPS

+S + (% 584

ZKHUH +4 + WKH KHDG DW JHUR IHHG DQG DWSMW®&GHBXWSXW
UHVSHFWILY HOKH SXPS LQWHU®DQ UZ&}VZ.S%WVDIQI-H:I-UH\ODWLYH

URWDWLRQRIUWKKHENRS A;PA HOMKH FXUUHQW DQG UDWHG SXPS
IUHTXHQFLHV UKWSHRWXODBWALQJ VWRSFRFN LV GHVFULEHG E\
ZKLFK WKH UHODWLYH GHJUHH RI REHK@,EQSQBI IKKHHUNWRSFRFN
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Wk
Ms 3Z,;WGWWKH FXUUHQW URWDWLRQ DZQQCZI’-@)/IQ,JHWIKH-H YDOYH VSI

FXUUHQW URWDWLRQ IUHVXHQ EWRKIHWKH ¥ B QWHURSLRWORIQ [UHT
WKH VKDIW RI WKH G U LWYHWHKOHFWDWL B PR IMR Bl WKH VWRSFRFN

Q:tWKHKPEHU RI WXUQV UHTXLUHG IRU WKH IXO0 VKXWWLQJ R

7KH VWRSFRFN GULYH ,0 LV UHSUHVHQWHG E\ GLIITHUHQWI
FRRUGLQDWHa\A\VWHP @X

A, /JGWSB\ / IV 5/\/J/IV SZ\, 8,
"G GWS5\,/ IV 5\ JIIV SZ\,
G JGW 54 ,/ IV 50\, //V Z),
.G JGWSG / [V 50\ /IV Z,\,
%p JOSI IV V0 V0

Z sz, 7 Z,

:'GCZ,O/GV\D Ov

LN LN

sLo/N SN,

ZKHUH \ , \ , \ ,I0OX[ OLQNDJHV RI WKHNVBOROWDQE RRMKR
E\ FRRUGLRDOQBWHVSHFWLE HOWKHE DPSOLWXGH YDOXH RI WKH
YROWDJH RI WKH V@DWRWKHQGLMWRY UHVLVWLYH LPSHGLE
URWRU UHGXFHG UHVLVWLYH LP 8 HGKH HQ G X F\& B BWH YRIOW K
VWDWRU DQG URWRU SKDVH ZRRWKQOD WHFSHWIQFHCRI WKH
DQG URWRU ZALQGLADHFWURPDJIQHMWLE PR RHQWK H

VWDWLF PRPHQWARQ, ,0 SEEIWHVLVWDQFKHRPHGVE\ WKH
VWRSFRFN DQG GHSHO®W)WRA BWRSVREN DQG LWV RSHQ
GHJUHHBAPZ +WKH VIQFKURQRXV WRR WD WWR Q& RWHA X HQHFWLF LI
V Z +WKH ,0 DQJXODU VO LSt WHKH XHRWFDOVLQHUWLD PRPHQ
VWRSFRFN (I #WRH IUHTXHQF\ Rl VXSSO\ YRAQWESHH RI ,0 VW

QXPEHU RI ,0 SNOHG/LSULSWLIRFY HQWWKH YHFWRU RI WKH
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IOX[ OLQNDJH RI WKH VWDWR W D @®W KIHR WHRROW RIBI \RS HFRVH. ¥ B O \

RI WKH VWDWRU DQG URWRU SKDVH UHVSHFWLYHO\ $
7KH FRQVXPHU LV GHVFULEHG E\ D K\GUDX@.F FKDUDFWHUL

te K 5F<§"F

ZKHUH4, +tWKH KHDG DQG GLVFKDUJH LQ WKH FRQVXPHU QHWZ
K+tWKH VWDWLF KHDG LQ W(I()(H+,§?LI§/H@(J_+Q’\I-KH\FW@‘PXFPHU UDWHG

K\GUDXOLF UWPV I/ WMR,@MKH UDWHG KHDG DQG GLVFKDUJH LQ
QHWZRUN UHVSNFWLYHO\ P P

BROXWLRQ RI E\ PHDQV RI WKH ILQDO HOHPHQWY PHWKI
WKH SLSHOLEAHDQHWRBRUQXPEHU RI VHFRHWOWYVZDWE& BDXDDQII
IURP SDUWLDO GHULYDWLYHV WR GLIIHUHQFH DQDORJV

v+ o+ \_4 4, 4,
W | w
/

ZKHOH— +WKH OHQJWK RI WKH S ESHOH @H Q/HFKRV IRRQVKH SLSH(
/

QHWZRUN+WKH QXPEHU RI WKH VHFWLRQV LQWR ZKLFK WKH S
+ 4 *WKH KHDG DQG GLVFKDUJH DW WXK REKFWSDRAD RQ GV WK H

L
SLSHOLQH UHVSHFWLYHO\ P P
7TKHQ IRWKVKHFWLRQ WKH KHDG D@GE GLWKHD URHPHTXDWLRQ

o |1

G
+ o+, ogaﬂw qu4¢4¢

@O

Q_Gt F_
GW O

[o}

4'L 4'L

ZKHWHQ) J6G O /J6 F F/ J6 +WKH VSHFLILF SDUDPHWHUYV ¥
SLSHOLQH FHFRVLR®@, W K + K K *WKH KHDG DW WKH RXWS
DQG LQSXWIRNMWKWMLRQ Rl WKH SLEHOLQN/®HWIHEANLYHO\ P

FRHIILFLHQ®@F R IRUHVKNNGR\S KB LSLIS H U RE I QHWRKH RHLIKW
RI WKH ORFDWLRQ Rl WKH EIWK Q/GIFQVUL R Q G @ K HDGIENE L R IQ WAKRI W |
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UHVSHFWKY BOW K S/W +tWKH DEVROXWH KHDG DW WKH RXW

RI WWHK VHFWLRQ RI WKH SLS&SH® LOW K K HDVES/HRFOAKIMYHH G\U HPVV XU H [

RXWSXW DQGAWRSMFEWLRXEKRI WKH SLSHOLQH UHVSHFWLYHO\
7KLV UHSUHVHQWDWLRQPRINWY H.\8 LSRNOVLICEHD B BMRZ@ O MWD OO
VWRSFRFN DQG WR UHVHDUFK WKH G\QDPLF SURFHVVHV DW LV
%DVHG RQ WKH DERYH JLYHQ PDWKHPDWLFDO H[SUHVVLRQV
3& PROHOXUH IRU WKH UHVHDUFK RI WXWMWIHBDQOWRISERFEURFF
FRQWURO
,Q WKLV FDVH WKH KHDG DW WKH VWRSFRFN LV GHWHUPLQ]

+ty 5 5FQ4FQ

ZKHWH [YE/ J6 + WKH VWRSFRFN K\GUYPXJLE Y WKIEHVWDQFH

UHJXODWLQJ VWRSFRFN K\GUDP&®S A QGHQFMW BRQFWM KR H H DDLVHIQN
ERI LWV RSHQLQJ

&RQVXFKH ODVW VHFWLRQ Rl WKH K\GURQHWZRUN
1

S o

fmmmm

BURQHWZRUN

EURQHWZRUN

JLIJIXUH $ EORFN GLDJUDP RI WKH PRGHO RI 3& ZLWK DGMXVWDEOH SLSH

7KH GHYHORSHG PRGHO RI 3& ZLWK DGMXVWDEOH SLSHOLQ
WKH UHTXLUHG WUDMHFWRULHV RI LWV DRWWEKWRWRORWIRQ E
VXSSOLHG WR WKH HOHFWULF PRWRU VWDWRU 7KH REWDLQ
RQHV UHSUHVHIQRROQDBXPKHRISDQG DLIL BHKGIL RHU P HRW ZRWNM SDUDE
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LOQWHUFRQQHFWHG WAKM HRPMV S26M BBDWUDPHWHUV RI RQH RI W]
SDUDPHWHUV IRU DQRWKHU RQH DQG YLFH YHUVD

7KH K\GURPKOM RONQN VWUXFWXUH DOORZV WKH UHVHDUFK
HYHU\ SRLQW RI WKH K\GURWUDWVB®& LRV WWHVE A WZ Q G NWKRIQ YIC
OHQJWK GLDPHWHU WKH VHFWLRQ KHLJKW VWDWLF KHDG F
FRQVXPHU DQG WKH DQDO\VLV RI WKHVH IDFWR®V LQIOXHQ
DGGLWUROLY D SRVVLELOLW\ WR LQVWDOO WKH VWRSFRFN DW

7+('<1%$0,&352&(66(6 ,13803,1*&203/(;
7+ $'-867%3%/(3,3(/,1(9%/9(6

7R UHVHDUFK WKH G\QDPLF ORDGVUDHVBQGHKMDK 3& ZLWK WK
P WKH ZRUNLQJ PHGLYP IFORZDQBOWRKHWARQVXPHU K\GUDXOLF

5o VPUHVSHFWLYHO\ WKH SLBHI® & .G3-HFHMWIHKU

UHVSHFWLYHO\ WKH QXPEWIURRNVNWKH S HOMREGILGNRIDIDWLRQ
R WKKHZBYH PV 7KH YDOXHV RI WKH VSHFLILF SDUDPHWH

U VP O VP F P 7TKH IXO0 VKXWWLQJ RI WKH

VWRSFRFNPUHT WXWHOWW BL QWO URMUIFKXHY WKH LQGXFWLRQ (' ZL
SRZHWU RIN: DQG WKH UHGXFHWAIRMK WKH JHDU

)LIXUHY FRQWDLQ WKH MDDBPKE®RH WHRBHBRWLYDHD YGHIJUHH
RSHQLQ M KOHD GQVKHRSW B XW , KBEDMKH SLSHDWQWKIHWYERBRRFEN

GLVFKBUIYH WKH FRQVXPHU QHWZRUN DW ODQZNDRI DWW DQG
VKXWWLQJ ZLWK WKH FRQVWDQW DQG YDULDEOH IUHTXHQF\ R

E UXi

7KH PRPHQW RI WKH EHJLQQLQJ RI VKXWWLQJ

7KH PRPHQW RI IXOO VKXWWLQJ

[y

W

JLIXUH $ JUDSK RV WKIH W@ AHU HORDIWHLKH BWRSBSHRFN RSHQLQJ DW WKH OL(
LWV VKXWWLQJ ZLWK WKH (HVXBSONRROWDJH IUHTXHQF\
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+y P

il

KH PRPHQW RI WKH EHJLQQLQJ RI VKXWWLQJ
7KH PRPHQW RI IXO0 VKXWWLQJ

+ v

:

JLIXUH $ JUDSK RV WWKIHD W& AKK MWMKXG! SLSHDWQWKAHHWERSEMNRFN DW WKH OLC
ODZ RI LWV VKXWWLQJ ZLWK WKH (' VXSSO\ YROWDJH IUHTXHQF\ HTXDO

+s PA

r_'_‘, "7KH PRPHQW RI WKH EHJLQQLQJ Rl VKXWWLQJ
! |
- / 7KH PRPHQW RI IXOO VKXWWLQJ

JLIXUH $ JUDSK RV WKL WaMHK HDIGR XSWB8EXW DW WKH OLQHDU ODZ RI WKH
VKXWWLQJ ZLWK WKH (" VXSSO\ YROWDJH IUHTXHQF\ HTXDO WR +]

-

YW

4p P ¥

7KH PRPHQW RI WKH EHJLQQLQJ Rl VKXWWLQJ

7KH PRPHQW RI IXOO VKXWWLQJ

JLIXUH $ JUDSK RV B/KIHD WQ A HGLLY AMKKOH) FIR Q V X PMAKIHQAHWQZHRDUN CCDZ. R 1 WK H
VWRSFRFN VKXWWLQJ ZLWK WKH (' VX8]SO\ YROWDJH IUHTXHQF\ HTXDO \

7KH VWRSFRFN OLQHDU VKXWWLQJ LV SHUIRUPHG DW FRC(

YROWDJH RI +] DQG 7#H WHWRSHFRENYBRQOLQHDU VKXWWLQ.
ZLWK WKH IUHTXHQF\ RI +]! RQDWKH WPRWMLRQ DW

UHVSHFWLYHO\
7KH JUDSKVY GHPRQVWUDWH WKDW OLQHDU VKXWWLQJ RI W

IUHTXHQF\ HTXDO WRz* +]JLYRPEEDHQLHG E\ D TXLFN LQFUHDYV
SUHVVXUH DW WKH VWRSFRFN UDWWVH & DIOKOHG HEF HH GW LWHKW SX
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UHGXFWLRQ RI WKH VXSSO\ YROWDJH IUHTXHQF\ WR +] UHV:
WKH YDOXH RI RI WKHJQDWFHBQWD OGAUBIQ8H RI WKH YDOY
JLIXU He

E U

7KH PRPHQW RI WKH LQQLQJ RI VKXWWLQJ

7KH PRPHQW RI O VKXWWLQJ

-

M ' ' ' ' * W

JLIXUH $ JUDSK R WWKIHD WQ AHU HERD WMKYHH \GMR 8 HRIFN VKXWWLQJ DW WKH C
LWV VKXWWLQJ ZLWK WKH (" MXGBSMR YROWDJH IUHTXHQF\ HTX

Fy P

7KH PRPHOW RI WKH EHJLQQLQJ RI VKXWWLQJ
7KH PRPHQW RI IX0O0 VKXWWLQJ
Py N -
W

JLIXUH $ JUDSK RV WK W AKK MMKXG! SLSHDWQWKAHHWEZREMNRFN DW WKH OLC
ODZ RI LWV VKXWWLQJ ZLWK WKH (' VXSSO\ YROWDJH IUHTXHQF\ HTXDO

+s PA

7KH PRPHQW RI WKH EHJLQQLIQJ RI VKXWWLQJ
7KH PRPHQW RI IXOO VKXWWLQJ

:

| ' —

JLIXUH $ JUDSK RN WKL WamMHK HRIGR )XW B8 EXW DW WKH OLQHDU ODZ RI WKH
VKXWWLQJ ZLWK WKH (" VXSSO\ YROWDJH IUHTXHQF\ HTXDO WR +]

$ SRVVLELOLW\ Rl WKH SLSHOLQH YD\OYRUMKWRQYIGEHULRHE
YLIXU HE 7KH DQDO\VLV Rl WKH FXUYHV UHSUHVHQWLQJ W
WKH VWRSFRFN UHYHDOHG WKDW VLJQLILFDQW GHFUHDVH F
REVHUYHG ERWK DW WKH UHGXF VRICRIOD RH \WMKHHT X B Q K\H DRI GWIK\M
IRUPDWLRQ RI WKH QRQOLQHDU ODZ RI VKXWWLQJ %HVLGHV
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LV RI WKH VDPH YDOXH DQG WKH WLPH RI YDOYH VKXWWLQJ
LV LPSRUWDQW IRU YDOYHHARBMWMHIG LEA NRBGHHO RXWRAH RI H
VXSSOV LQ 3& DQG RFFXUUHQFH RI OLTXLG FRXQWHUIORZ

4: P X

JLIXUH $ JUDSK RV WWKIHD WQ AKXGLY MKIDH FIRQVXPHU QHWZRUN DW WKH OLQ
VWRSFRFN VKXWWXQ3 Q\LWKOWKWHH'IUHTXHQF\ HTXDO WR +]

E Ud

7KH PRPHQW RI WKH EHJLQQLQJ RI VKXWWLQJ
7KH PRPHQW RI IXO0 VKXWWLQJ

-

- Y

JLIXUH $ JUDSK RV WVKIHD W@ AHU HERD WMKYHH VMR 8 IBRMF \V RIS HQRAQQALQHDU ODZ
RI MWKXWWLQ(Q ZIXVBIE AWKHROWDJH IUHTXHQF\ HTEXDO DMRG +#] RQ D VHFWLR

D Wc

+y PA

' 7KH PRPHQW RI WKH EHJLQQLQJ RI VKXWWLQJ

{ / 7KH PRPHQW RI IXO0 VKXWWLQJ
| - ./. ) ) ) ) o

" " W

JLIXUH $ JUDSK RV WKIDW®RKK MMKXG! SLSHDWQWKHHWEZRERNRFN DW WKH
QRQOLQRIDIUWO/DYK XWWLQJ ZLWK WKH (" VXSSO\ YROMLIRIH DWHTXHQF\ HTX
E! DQG =B
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+g PA

7KH PRPHQW RI WKH EHJLQQLQJ RI VKXWWLQJ

[ / 7KH PRPHQW RI IXO0 VKXWWLQJ

- - W

JLIXUH $ JUDSK RV DVKIHD WO HDIGR XS B8XW DW WKH DWW @ O/IKXWDWLQD Z
ZLWK WKH (' VXSSO\ YROWDJH IUHTXHQIF\ HDXQI0 MW +] RQ WKH VHFWL

4P M

7KH PRPHQW RI WKH EHIJLQQLQJ RI VKXWWLQJ
7KH PRPHQW RI IXOO VKXWWLQJ

JLIXUH $ JUDSK RV DVKIHD W@ P HGLLQY FKIDH FIRQ VX PHU QHWZRUN DW WKH QRQ
LWV VKXWWLQJ ZLWK WKH (' VXSSO\RGR WD MHFWHIRRB QM ]HTXDO WR  +

D W¢

7+( %2&. ' ,$*5%$06 2) 7+02'(/6
2) $3803,1*&203/(; :,7+ $9%5,$%/()5(48(1&<
(/(&75,& 5,9($1" $&$9,7$7,28+$11(/
1 7+@3,3(/,1(1(7:25.

7RRZHU &R P SRIQW RTX\E 8 DR W LLRQWKPSLQJ
&RPSOH]

7KH DQDO\WVLV RI WKH SRZGIUT ED® XGIPHE FPIRWKRQUHD CSHU IR
UHODWLRQ WR D IXQFWILRQMO GQFINF.RD GEB XPISSHOLQH
QHWZFRWDNLVWLQJ RI WKUHH VHFWLRQV

/IHW OLTXLG D& FEYRRIYWM\ XQGHU CBRUHIVDXSHSBOLQH
HOHPHQWDU\ VH®WIGRRURIVY HRVMK BRI DUHD
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TKHYHFWLRKHRYHFWLREHYHFWLRQ
RI WKH =~ RI WKH Rl WKH

meuRQszﬁwwRQHWzmwwRQHWZRUN

|+ 0G|+ OG5V'
<—>|<—>'

YLIXUH

$ 0 | %

JLIXUH $Q HOHPHQWDU\ VHFWLRQ Rl WKH SLSHOLQH

$FFRUGLQJ WR 1HZWRQYV ODZ WRVFRXN DQFRPSUMHVFRLEZWOH
IURP RQH SRLQW RI WKH SLSAMR @K RMKRMV RVKBHEWRABRRVY VHFW
ZLWK YHARFLW\QHFHVVDU\ WR DSSO\ IRUFH

G |
) )NLQ )WU P? S6

ZKHUYH , PD P—? + WKH IRUFH WHRTYXL UMHIKGH WOR, [ X IS®H + 1

UHVLVWDQFH IRUFH FDXVHG E\ FULPBWTRIOGDRMOVAMTXUG PRWLI
DFFHOHUDWERBEHPYWORFLW\ RI WKH O'LSHSILGCH VO/KU I DRYVR/GI VPV
3D6 tWKH FURVV VHFWLRQ DUHD RI WKH OLTXLG IORZ P

2QWKH RWKHU KDQG DFFRUGLQJ WR WKH ODZzZV RI K\GURYV
SLSHOLQH YHFWLR@ >

) S S6
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ZKHWBHS +tWKH SUHVVXUH DW WKH SLSHOLQH VHFWLRQ LQSXW |
7KHQ MRLQWO\ VROY D@ HT2HD WH\R Q V

s s6 P2 's6
C
7DNLQJ LQWR [PFARXIWG PIHRORFRWWKH OLTXLG IORZ DW YRO
€

9 O6FRQWVW REWDLQ

ZKHUHWKH GHQVLW\ RI WKHMONK K LGHIPIRZK R} WKH SLSHOLQH V
4 +tOLTXLG GLV¥V¥KDUJH P
7TKHQ WKH WUD®WVYHU LIKIQFIWWK® OLTXLG IORZ PRWLRQ DORQ

4'S N
SS 'SS 7S

ZKHU)W)—; + WKH FRHIILFLHQW FPI\/SDRXSF%—SQV&WRIQI-DCD_QMUWLD

FRQVWDQW RI WKH OLTXLG FROXPQ V
7TDNLQJ LOQWR DFFRXQW WKH PDVV FRQVHUYDWLRQ ODZ LQ
IORZ PRWLRQ LV WR EH VXSSOHPHQWHG ZLWK WKH FRQWLQXL'

va 4 GF
c

ZKHUH 4 4 W SiWKH OLTXLG GLVFKDUJH DW WKH SLSHOLQ

RXWSXW UHVSBHFRKLGUBRE\PDQLFVWPHVLVWDQFH
$VVXPLQP WRDDW YROXPHFRQWQHNG WKH VTXDUHG YHORFLW)\

VRXQG LQ WKH \%ﬁ.@lﬂ) RPEWDPL® D GLIITHUHQWLDO HTXDWLRQ RI
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oGS
I C

R 4 4
¢
ZKHWH+ WKW HDVGBY VERXKIW KSHU HV VAWKV D WRR G BIY  + WK H

V W H\DVE D DVIRAMIGH. V F K_IPURI M/ D W R GB U \
7 K HMQR\HU D QVQ IF B HY @ UW BRESHIU BRWVLGHCS HDRQHV H UW R LU

'SS N,
4 S 4 S 7,

ZKHGH —IOiWKFi-DSDW_LVHE\lRQVWIID\IQ%DWFF-RQG\XUWVl—EF + WKH

FRHIILRUSIQRVS RUWNBRR D O W W K$HU H V DX WHDRWKFHLSHO LQH

Q HW 2RHAWARIQV U R U M3HDV
7KXV WKH DQDO\VLV RI WKH KHDGHG PRWLRQ RI WKH OLTX
WKUHH HQHUJ\ FRPSRQHQWV RI WKH OLTXLG IORZ

x D@FWERPSRQHWO\G MWRHIGAR V VAWK S H O D@ MH &/ K H
SUHVRVAENG UR Q HMAXRNVMN D Q FH

1, W 54 W
ZKHUMV+WKH OLTXLG GLVFKDUMHBWLWRH K\GURQHWZRUN

X D NLQHWLF #HPSAHBHBRWWKH PRWLRQZRW IO YTHKARBFRWP DV YV

SPX W
G, W © i G&4 W
: G G G

&4 W

ZKHUHW + WKH NLQHWLF HQHUJ\ D/\HFWKHQ&(\G—?—RQHWZRUN

& & +tFRQVWDQWY UHNSHEBWPLYHO\ NJ P

x D SRWHQWLDO FRPSRQHQW FRUUHVSRQGLQJ WR WKH SLS
DFHUWDLQ OHYHO
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w
1, W SSRVy\AW7N“A\AB4\AGW

wu

ZKHUK ;W £+ WKH SUHVVXUH DFWLQJ DWHFWKRQ K\GDRQHW.

NEWKH SLSHOLQH VWU XFUARJHDNOK ARSHL SIHQ IH@HW | LDIORQJ WLPH F

V

6XFK UHSUHVHQWDWLRQ P B NMKHLWQHHRNDV\CEHRHFRHWR IBW K HU L E
QWYXHFWLRQV RI WKH FRPPXQLFPRQWRXQWHIMZE& WNR EW DIQH5L& W R
WKH GHQVLW\ WHPSHUDWXUH OLTXLG KHWHURJHQHLW\ FKDQ

7RRGRODXPSLQJ &RPISDBIH 6HFWLRQ
RI WWBUDXOLF 1HWZRUN

7KH VLPSOHVW 3& FRQ@WLM/KNV\ HRIWDH SWEBIIDFIW HULVWLFV
RSHUDWLQJ IRU D BLWHKOER® VDY AR S U D PSHIMNVYX WZH W KR X W
+,y DQG ZLWRQNMPHQW K\GURG\QDPLF UHVERQ®DWFH RI WKH
7KH GLIIHUHQWLDO HTXD@WGRPWLRQ WKW XPBULDEOH IUH
UHSUHVHQWHG LQ WKH IRUP RI IOX[ OLQNDJHV QRU WKH V\QF
ZLWK WKH YHORFLW\ Rl WKH VEYDIVRX |ILHDGH RQ & ISWRRUBHG

,Q WKLY FDVH WKH SRZHU VXSSOLHG WR WKH PDFKLQH Il
1o Xebe Xk

ZKHMHX, L L+WKH YHFWRUV RI WKH YROWDJHY DQG FXUUHC

FRRUGLQDWHYV
(TXDWLRQV DUH REWDLQHG SURYLGHG WKDW WKH UHDC
Y URWDWLQJ VIQFKURQRXVO\ LV DOKJQHG ZLWK WKH VWDWR

7KH UHVLVWD/Q F BPRWHG>E@WERH SXPS
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ZKHUH +t WKH XVHIXO SRZHU RItWKH G6XKBY¥YLW\ RI WKH SXPS
OLTXLG INJ PP V+tWKH DFFHOHUDW,LRWKRIl KHDBELBHNYHORSHG

E\ 38 #+3& GLVFKDWJHWRH SXPS HIILFLHQF\

7D N LL@QUD/IRF R X Q W KEHD RGFIND J B BVRLI) G X PR MIRRRLG HYDK R Z Q
LOLIXUH

LI\ N, T >
Lo/ N1, |

G /GWENY IV S\ IJN  Z\, 8,
G/GWEAY IV S\ WV Z\, || Fy
G JGWE) J IV B\ 1YV Z\ | ¢

|
8p |
|
&
—|>H| G JGWE) o/ IV B\ ISV Z\ > O'
|
|

S
0/ Sal/ WV NV Vi | 2] 2
Z Z Z |

JLIXUH 7KH E OR FNQGLXIFW IDRPR BRHRINKRIU

7KH KHDG GHYHORSHG E\ 38 DW WRH WRB {WMXEGW URWDWI
GHWHUPLQHG DFFRUGLQJ WR H[SUHVVLRQ P

+, + T+ + 0 5,4

ZKHYHtWKH KHDG RDWKHURXB8EVFKBWKH KHDG ORVVHV LQ W

SXPS %, +tWKH LQWHUQDO UHVLWDQFH RI WKH SXPS V

7KH SXFSDQ LQHUWLDO PHFKDQ LK GHRWHIUWLG H G EQ WK B QMW
RI OLTXLG PRWLRQ IURP WKH LQWBNK SDRIE MDKWHR O MHN K H DLG/
LQVHSDUDEOH SDUW Rl WKH SXPS DQG UHSUHVHQWY DQ HOHF

WDNLQJ LQWR DFFRXQW WKHWLRRWHKBIQEDEHH G QG WKH UHO|

GLVFKHUIH WKH SK\WWLFDO SURFHVVHV LQ WKH SXPS DQG Wk
GHVFULEHG E\ WUDQVIHU IXQFWLRQV RI WKH IRUP
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I+ S

1 S 418 591

: '+ S N,

., S
4S 4,5 LS

. 446 S

fa T+ 5 2

ZKHWH 2ore TFeiWKH FRHIILFLHQW RI SURSRUWLRQDOLW\

—+

QRP

VP +ogpt WKH UDWHG YDOOXW WKW KREKWBIRE RI WKH SXPS VHF
SLSHOLRH+WKH GLVFKDUJH RI WKH OLTXLG DMWgWKH SLSHOL
P V7 7, Li+tWKH WLPH RI WKH OLTXLG PRWLRQ WKURXJK W
DGMDFHQW@L%%&@ELQLH —IQ/iWKH LOQHUWLD DQG FDSDFLW\ WLPF

RP

WKH SLSHOLQH 7UH\GSHHWLOB G\ +tWKH SXPS WLPH FRQVWDQV
G G *WKH LQSXW DQG RXWSXW GLDPHWHUV RI WKH FHQW!
X+WKH YHORFLW\ RI OLE®DG HORZDIEGN W M) XK@ BHW RI EODGH YV
LQ WKH FLURX®WHKH WRBWDO KHDG ORVVHV LQ WKH K\GURG\!
FDVH, '+ P'+ tWKH KHDG ORVNE@W IM}HFWKIERQGRVMDIFKH SLSHO
5, +tWKH K\GURG\QDPLF UHVLVWDQFH RI WKRI SNSHOLQH L

DGMDFHQW VHFWLRQ5RI WKH K\GURQHWZRUN

JLIXUH VKRZV D EORFN GLDJUDWKRD WHEWEMPSORSLQJ
FKDUDFWHULVWLF DQG DQ DGMDFHQW VHFWLRQ RI WKH K\GUR

-t
-«

A

(O] 55 =?. N
Zyrol I 7S LfS

N -4

!

\

A
A

JLIJIXUH $ EORFN GLDJUDP RI WRHWKRGO ® M B/KHQSXFEHFWLRQ RI WKH K\C
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,Q WKH RSHUDWLRQ SUDFWLFH RQH FD@GWRMMKDUIGHDO ZL
FKDUDFWHULVWLF KDV D PD[LPXP )LJXUH VKRZV D E

WXUERPHFKDQLVP DQGRD @ K MDFHRGH WHRW NR Q

[‘b \
N . N
Zger > "?—_’CP_’ 7.5 '?_' Ls

JLIXUH $ EORFN GLDJUDP RI WKRB PR @K RO/R RKKDHE S FKXDUDFWHULVWLF |
PD[LPXP

\

A

-
t
A

o -t -t
Ll -« -«

$ IJHQHUNVWLIKEWRGIRDDIBMWAPHRGRW KBS XPBK\GURQHWZRUN
VHFWLRWHDW KRIUPKREQLJIXUH

D —— > — 5
— ”
—> —_—

—> —>

—  ||— | —

JLIXUH $ EORFN GLDJUDP R WIKRS\FERIGHIHARE R/KR Q v, 0/ W HP
+SXPS*tK\GURQHWZRUN VHFWLRQ

TRRGRO&LDYLWDWLRQ &KDQQHO

3DSHUV > @ UHYHDO WKDW SURYLGHG WHHAXDXXQM RQW FDYL
LV OHVV WKDQ LK)V GHUWWUPDQLYDOXKIH ERXQGDU\ RI WKH GH’

FDYLWIOMEM@BEHR'SHUD W VROFFRBESDQLHG E\ WKH RFFXUUHQFH
SURFHVVHV UHVXOWLQJ LQ WKH JURZXWHRKERQDUWROCWEWRDQYRII S|
WKH SLSHOLQH K\G UK OIDARVWHMLWUWO REM YV IURP SHULRGLF RFF
FDYHUQV ZKRVH YROXPH HVVHQWLDOO\ GHSHQGV RQ WKH SU}
OLTXLG IORZ 7DNQ@Y@WIWIRWRH/MAHRUFK GHVFULEHG LQ SDSHUV

@ WKH YDOXH,RRIYRRMPHDYLWDWLRQ FDYHUQ LV GHWHUP

H[SUHVVLRQ
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%oy 34 W 4 WGW

N

ZKHUNH%JiWKH LOQOHUWLD WLPH FRQVWD®WWHKHVKHLEFOWLWDWL

GLVFKDUJH R9 OL WXXULGWEBW LQLWLDO YROXPH RI WKH FDYLWD)
. #WKH OLTXLG VSHFLILF ZHLJKW 1 P
7DNLQJ LQWR FRQVLGHUDWLRQ WKH UHGDWHKRIQUIBHWZHHQ
* 1J4 WKH VSHFLILF ZHLJIJKW WKHQHEMQAWLW\LPH FRQVWDQW |
FDYLWDWLRQ FDYHUQ LV

9
7,\,—4

‘H DVVXPH WKDW WKH FDYLWDWLRQ FDYHUQ KDV WKH IRUI
DFFRXQW H[SUHVVLRQ WKH YDOXH RI WKH FULWLFDO
FRUUHVSRQGLQWLRR LW\GEWWWBXEGHG E\ WKH H[SUHVVLRQ RI

S8 (VAR
9Nu T e o ¢
©S\ID_Y %RLV\’-

ZKHW$EH,,tWKH SUHVVXUH L&GWEKWKRD SHBIQ \LAIKHVHWWALRIQ R

WKH SLSHOLQH 3D

'LWK WKH DVVXPSWLRQV WKDW WKH FDYLWDWLRQ FDYHUC
FRQVWDQW RHRORRAV PRYH DORQJ WKH OHQJIJWK RI WKH SLSHC
QDUURZLQJ DW WKH QHWZRUN VHFWLRQ WKH KHDG ORVVHYV
SURFHVVHKW UR WKW ZRUN

, X
KIDY ]NDY_J
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8G

ZKHUH, - ., +WKH FRHRIREBQWHVLVWDQFH RI WKH IORZ (
E
FDXVHG E\ WKH FDYLWDWLRQ &HURFHVVHV L®WMKKH SLSHOLC
8 §G$"
© o

FRHIILFLHQW RI IOBZ WRKQVBUBHR®LRKY GLDPHWHU EHIRUH WKH

G G 1{%’YiWKH GLDPHWHU RI WKHDUOMRZ P LQ WKH QDUURZ
7KHQ WKH K\GURG\QDPLF UHVLVWDQFH FRUUHVSRQGLQJ
SURFHVRHV V

]NDY

5
NoY T e

7DNLQJ LQWR DFFRXQW H[SUHVVLROW MWKKHWHKHRWLIRQDRXIOLF
WKH SLSHOLO®H QHWZRUN

5\6 L 5VL 5N DLY

7KHQ WKH EORFN GLDJUDP RI WKH PR G&H QVRH WKUHP FORR VD W
LQLIXUH

|

|

! > »—! |
| Y —»2—«» E

— | 7S |

[ N —

JLIJIXUH EORHFFN GLDJUDP RI WKH PRGHO RI WKH FDYLWDWLRQ FKDQQHO

6XFK UHSUHVHQWDWLRQ R Q WVKG®HNDLYW W IF\W QRG FWW DR@ MR D G
WKH SLSHOLQH ZKHUH FDYLWDWLRQ SURFHVVHV GHYHORS
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$ JHQHUD YMWUXFWXUDO EORFN GLDSXPB\BUREKHWZRGWO RI
VHFWLRQ V\WVWHP WDNLQJ LQWR FRQVLGHUDWLRQ WKH FDYLW
IRUP VKREDXU®

:KHQ UHVHDUFKLQJPRGCRWX& ZRW KF V& H+§,P UDPHWHUV

4QRP P KG P ZQRP V 1QRp N: K)RP 79
K O P G P 9 P ZH REWDLQHG WKH FKDUDFWHULV!
SXPSLQJ FRIPBIORIXW WDNLQJ LOQWR DFFRXQW )LJXUH DQG V

WKH FDYLWDWLRQ SURFHVVHYVY LQ WKH SLSHOLQH 7KHLU L

RI WKH FDYLWDW LR QRSU RKHV ¥ B V L WAMWWRKL GIDAHDRMBRP HQ W
WKH K\GURQHWZIRONLY DFFRPSDQLHG E\ 3& WHFKQRORJLFDC
FDXVHG E\ SHULRGLFDO FROODSVH RI WKH FDYLWDWLRQ FDYH!
RI  +]

—> .

—>

—>

—>
— > > s
—_— > > -
> — —>
> > > |

L

JLIXUH $ VWUXFWXUDO EORFN G BNPSDRPURIQWAMPHRIE WO NRLUQO0 LQ WR
DFFRXQW WKH FDYLWDWLR@,SURBNFSHY K\® WXHOS ESHOWQRUN VHFWLR
+D FDYLWDWLRQ FKDQQHO

4 P

<

L+ Pa R

4 + W

JLIXUH 7KH G\QDPLF FKDUDFWHULVWLFV RI 3& ZLWKRXW FDYLWDWLRQ ¢
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Y + P} 4w

1 1 1 1 1 1 1 1 1 | &

JLIXUH 7KH G\QDPLF FKDUDFWHULVWLFV RI 3& DW WKH GHYHORSPHQW |
SLSHOLQH

7KH SURSRVHG PHWKRG RI GHVFALVEK (FD WIKWHDSWW RS G R RIPBX
WKH K\GURG\QDPLF QHWZR VN DADANXHW KM G\RD\PLEFOBMRW RVURI RS
WKH V\VWHPYRUWBKEWHPK\GUDXDWH W HFRIOMWMKPGMWHLRQ PRGH WHP
OLTXLG GHQVLW\ HWF

7RRGRODXPSLQJ &RPSHOUHIWRIQWRPPXQLFDWLRQ
IHWZRBRPSOLFDWHG &RQILIJIXUDWLRQ

W LV NQRZQ WKDW WKH FRPPXDQEDNMKBREOQ3W ZROM [R1 ZD'
FRPSOLFDWHG FRQILIJXUDWLRQ FRQVLVWLQJ RILRLSHOLQH VF
SDUDOOHO (DFK RI WKHP LV FKDUDFWHUL]HG E\ LWV RZQ GLE
SUHVVXUH WKH SUHVHQFH RI ORFDO WHMFW D @HHM UHW RS F
SURSHUWLHV RI WKH WUDQVS PWALR® PW &HXW H SKHHU 6 WXUHH RR 1\
IORZ DQG EYDWKHD BMAWHRGH RI ZDWHU FRQVXPSWLRQ

7KH IUHH KHDG DMV W K/iil FMDICRRI RV KWKH SLSHOLQH LV

7TKHQ MWKKH HOHPHQWDU\ VHFWLRQ RI WKH KV\GURG\QDPLF C
WUIHQVIXQFWLRQV RI WKH IRUP

S 4, S It
- + S '+.S '+ S '+ S 7S
'+|_ S I\!|L
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4,q S
(S g S
ZKHUH L@ T T Ay '+, tWKH WRWDO KHDG ORV\

LQ WKH K\GURG\QDRLF+QHWZRWAKH KHDG ORWWHV DW WKH
L WK M@K VHFWLRQV RI WKH Sl SHQLQ5,,  WKSHFWLYH O\

K\GURG\QDPLF UH\WWKWDWRHDRGWMIKKHHFWLRQV RI WKH SLSH
UHVSHFWLYHO\

$ JHQHUDOL]JHG VWUXFWXUDO EORFN GLDJUDP RI WKH PR
FRQILJXUDWLRQ RI WKH SLSHQURHHLY Rl WKH IRUP VKRZQ LQ

m

Y

A
A
\4 A \4

L

Y VY llwrv

EEEEEY

JLIJIXUH $ EORFN GLDJUDP Rl WKH PRGHO RI 3& ZLWK FRPSOLFDWHG FRQ
+38 *FDYLWDWLRS HIKNDKQ @QHEMDFH QW WW KWB RIS WHKBWLRQ RI WKH
K\GURQHWHBARBNFWLYHO\

7KH QXREMHIUWKH VHFWLRQV LQWR ZKLFK WKH K\GURG\QDPLF
GLYLGHG GHSHQGY RQ WKH SRVHG WDVNV RI WKH UHVHDUEFK
H[FHVVLYH QXPKEHWK\BURNBHRWERQNM WKH WLPH VSHQW RQ P
PRGAHX ZLOO LQFUHDVH %HVLGHV LW ZLOO EH RQH RI WKH VI
JLIXUH % FRQWDLQV D EORFN GXPHUDR RREAWWKHHPRGHO RI
YDULDBEHOEKKHQF\ (' DQG D FDNR\DIWMR@ JJFIRD QQQHOHTXHQF\ FR(

UHSUHVHQWRIGGEH\UDDIEHVMRGLF OLQN ZLWIG/WKHSQDZ RI TUHTXH

DQ LQGXFW IZR® KP PW FDXIHU WHRAWRU ZKRVH PDWKHPDWLFDO G

SHUIRUPHG EDVHGORY) Dt PREUGLQQ W@V D>SSXPLW ZLWK D

JHQWO\ VORSLQJ KHDG GLVFKDUJH BKBUBVWEWINGNEF WX (SH.|

VHTXHQWLDOO\ FRQQHFWHG SLSHOLQH VHFWLRQV RI GLIIHUH

WDNLQJ LQWR WIER® XSQUR FDWLAMWDDW WKH VHFRQG VHFWLRQ RI
:KHQ UHVHDUFKLQJ D 3& EDWKHWERWLSDQDPREHOV

4QRP P K G P ZQRP v 1QRP N: KQRP
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@) P G P ZH REWDLQHG FXUYHV UHSUHVHQWLQJ WKH YD

DQG KHDG DW HDFK RI WKH SL&H®KQHWHRHAHIUDQWX UHJ XNWKH Y R

WKH FDYLWDWLRQ FDYHUQ DQG WKH SLSHOLQH KHDG ORVVHYV
7KH DQDO\VLV UMHYSKRGCGHG DWKLRWQY W& WKW AKDNHDEWHU L]HG

E\ WHFKQRORJLFDO SDUDPHWHUV LQYDW LWR/GXH 1OQ TWKILFEBH ~ $W
WHPSHUDWRAMI E\ ZKfIKFK LV DFFRPSDQLHG E\ WKH YDULDWLRQ

GLVFKDUJH WXUWHME W4 W)LIXUH D
KHQ WKH SUHVG&WHPWLRBEBHEHFRPHY OHVV WKDQ WKH SUH)\
VWHDP WLPW PRBBIQYWWRQ FDYLWY L HVORIUDRVHX PHJIXUH E DC

FROODSVH ZKHQ WKH\ UHDFK D FHUWDLQ VL]H ,W UHVXOWYV
UHVLWNEQ AHFRUGLQJO\ LQ WKH DOWHYUDMMIRY RIWKH KHDG
IUHH KHDG VE¢UWHD/QG GLVFKDIUWH4 WX YYHYVUH

4P y+ P wow w

?ND\P '+ P

oW

IR

JLIXUH 7KH FXUYHV UHSUHVHQWLQJ WKH YDULDWLRQ RI WKH WHFKQRO
FRPSDHWK D ¥IDNHIXEHQH\ (' DW WKH GHYHORSPHQW RI FDYLWDWLRQ SUR
7TWxtWHPSHUDWXYHW+KHDG DW RMMKHHYHQ@S YW FWLRQ RI WKH SLSHOLQH UH

"+ Wx'+ WxKHDG ORVVHV LQ WKH SUSWOUQWDWTNYE B LWHKWURE DW
HYHU\ VHFWLRQ RWKWMKFHLEROK®H RI WKH FDYLWDWLRQ FDYHUQ

WEg
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7KHUHIRUH DW WKKMWWKAHKQQYHURD WHPSHUDWXUH UHVXOV

RI WKH KHD&G LOQRWKHVSLSHOMDHW KERXOG EH QRWHG WKDW WKH
VWDWLF KHDG DW WKH VHFRQG VHFWLRQ RI WKH SLSHOLQH
IROORZLQJ VHFWIFR® SRIQILHG LBA DQVLIQLILFDQW RVFLOODWLR
WKLUG VHFWLRQ RI WKH K\GURQHWZRUN

7LPH PRPRMQW LV FKDUDFWHUL]HG E\ WKHURMMUMIDR/M RI W]
IUHTXEQF\ GRZQ IWRPM UDWHG YDOXH ZKLFK UHVXOWV LQ W
SDUDPHWHUV RI WKH ZKROH 3& 2EYLRXYQOSHEQ MDIMHVFBWH W

DQG DFFRUGLQJO\ K\GHMUWHIDLFH VY HWRRWDREHWKH DQDO\]F

UKXKGEWLRQ RI WKH URWDWLRQ IUHTXHQF\ UHVXOWY LQ WKH GtF
SURFHVVHV WRXWY¥HW E\ WZR WLPHV

7RHDQVLHQW LIABRKPH\LVHV&RP SOH|
ZLWEIDYLWDWLRQ &KDQQHO

'KHQ UHVHDUFKLQJ D A V@K HPDWKL MK BREBO@HWHUV JLYHQ |
ZH REWDLQHG FXUYHYDWH S E BWHQWELE) G W IERHD X UHH

KHDG VR IXUH K\G UDPKOH)EJ X UH DQG FDYLWDWLRQ FDYHU
JLIXUH IRU GLITHUHQW YDOXHV RA FDYUWDWVRQ FDYHUQ W
+ P + P
+ W "‘{N
+ W \+W
W w
Z E

JLIXUH 3& KHDG FXUYHW DWRQG V E
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JLIXUH 3& GLVFKDUJH FXWYBV MAG V E

7KH DQDO\WLV RI WKH# XUYHW HD OXHGHW KDW LQY WKH LQWHU?
WKH SXWHUWV RQ WKH VKXW VWRSFRFN ,Q WKLV FDVH Wt
WXUERPHFKDQLVP FRUUHVSRQGV WVRR WKH BMP®PWLYH URWDWL
7KH GLVFKDUJH 3& KQ&GUWKHBLFREOEXPHURI FDYLWDWLRQ FDYHUQ

"+ P '+ P

JLIXUH 3& KHDG ORV¥HV FXUNHYBMD®WWV E

1 N: 1 N:

i

1, LasW

__mem L0l

JLIXUH 3& K\GUDXPXBYSR/ZBWY D RBRQG V E
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9P Inp WP

JLIXUH 7KH FXUYHV UHSUHVHQWLQJ WKH DOWHUDWLRQ RI WKH YROXPH
SXPSLQJ7$ODQOQW D RQG V E

E

7LPH PRRHQW LY FKDUDFWHUL]JHG E\ RSHQSIBIHRL@WKH VWR.
VHFWLRQ DGMDFH@QNWKR VWKIHV B X R\G&H DYAD OXH FSIXR B DREXW S XW

GHFUHDVHV )LJXUH +DDGGDWKWKWKEHBRQE VHFWLRQV WE
KHDG YDOXH JURZV ZLWK VLPXOWDQHRRW LHIFRKH VWHF VWRURW K H
FXU¥MHW+: 4 W)LJXUH DQG 3& K\GYDXOKEHRZHU$V WKH

KHDG YY/ODOXH WKH VHFRQG VHFWLRY GRHWYKW KD Q URIQH WEHRWMN F D

+y GHWHUPLQLQJ WKFDFRW® @D BQ RR MAKHD WR RR PAMRIGH
FDYLWDWLRQ FDYHUQ JURZV DW WKH VHFRQG VHFWLRQ )LJ>
FDYLWDWLRQ FDYHUQ UHDg&KGNWHKIH LRDHGPERP HBOKMVLRQ

FROODSVHWVRFHVMIW WHSHDWYV ZKLFK LV DFFRPSDQLHG E\ D V
SLSHOLQH K\GUDRBQGFRFAXUWWREHHRI SXOVDWLRQV RI 3& W
HQHUJ\ SDUDPHWHUV )LJXUHYV

7TDEOH 3& SDUDPHWHUYV
1DPH 9DOXH 1DPH 9DOXH
+HDG GHYHORSHG E\ WKH &DYHUQ PD[LPD@ Y ROXRH
SXPS
'LVFKDUJH GHYHQRSH® K /HQJWK RI WKH IQUVW p
E\ WKH SXPS SLSHOLQH VHFWLRQ
+HDG GHYHORS®EG E\PWKH THQJWK \RH PRIQHS O )
SXPBW JHUR V|XSSO\ SLSHOLQH VHFWLRQ
S5DWHG URWD NQERQ, v /HQIJWK RI WKH WKLU®
IUHTXRRW\KH [SXPS SLSHOLQH VHFWLRQ
(I
3RZHU RI WKH q%%*gps N: 3LSHOLQH GLDPHWHUp
HOHEFWULF GULY
6XSSO\ YROWP BH 9 &DYLWDWLRQ HUR\LFDO

QXPEHU
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1DPH

9DOXH

1DPH

9DOXH

3XPBIILFLHQF\ KQRP

9HORFLW\ RI V
OLTXLG

RXQG L@ WKH

7THPSHUDWXUH 731 WK
SXPSHG OLTXLG

5DGLXV RI WKH
XQVROYHG LQ

BLU EXEEOHYV
WKH OLTXLG

I1XPEHU RI WK

H(

K\GURQHMWERULRQ V

,QLWLDO YROX
FDYLWDWLRQ H

Py RI P
DYHUQYV

BUHVVXUH LQ

WL FDNBID Q

3SXPWLPH FRQV

WRQW v

,QHUWLD WLP

H7EFRQVWDQWV

RI WKH K\GUR
VHFWLRQV

QHWZRUN
IWZRGY

7y Vv

&DSDFLW\ WLP

HZRQVWDQWYV

Rl WKH K\GUR
VHFWLRQV

LIVALZ o LAy
VW Z RUTMN V
H

7 v

7KH DQDO\VLV RLIXKHM\FXUYHYHYHDOHG WKDW WKH ORVVHV
DQG WKH K\G UDXDLHEWS RIZKWH

FDXVHG E\ FDYLWDWLRQ PDWNRIF BDERKW DWDIKGSHFWLYHON\
VKRXOG EH QRWHG WKDW WKH DPSOLWXGH RI

FXUYH,, W)L

JXUH

, W

RXWSXW LV KLIKHDYW.AKAMDWERRLWOWHEFWKRQRI WKH SLSHOLQH

7LPPRPH®WW VL¥ KD UD F®MWKIH R ARV WFHRWD V X P & WILIRND
DFKLHEHWKHQFUHIOWKHHODWRWBMWIHRHQ F\
W X UERP HFE Q DWHOWRHK W H F K Q REDGRGQ H B8 D\U D P HWRZUYX U HV
D QW8 KYHD CRA\W KPHD [ L PYDROO XR R IF D Y L WHDW HRIQIX U H
DQG RIWKH

LQFUHDV HWL PHRK/D D W\ MK QWK R ZBA K
DPSOLRMKBBHS SXOVDW®ILREXD UBKHDERVVHY,DQKGI\GUDXOLF

SRZHWY,,DW KVWHF RHF VRIR/@SL SH QKQ HKUFHD XV(HED YLWDWLRQ
SURFHYHWHS/HFWLYHO\

7 K X W K\WM H Q IIREDR3J HRDW KFHD Y L WS WRLRW AR Q V W B Q@ XMW V
FRQVLGEHPERBWHKIH H T X R(SFA O V DRMA RN F K Q RD @G DDA \

RI ('

SDUDPBDOYW KM VLVRVWEKBRHPDWKHPPRGWREGRYFLOODKWLRQV
UHGXRWLKHPS URWDWHTROQHQFFRPS EFIHYAG WOWFLRQDWLRQYV
ZLWR ZHRISOLWXGH

7+(68%67%$17,$7,21 7+(3266,%,/,7<
2) 7+(86(2) 7+(*$69%$3250,;785((1(5*<

17+,

7KH DQDO\VLV >

PRGAHX SHU

FKDUDFWHULVWLFV DQG UHVXOW LQ WKH JURZWKHI

IRUPHG LQ

48,')12:

@ UHYHDOHG DQG WKH UHVXOWV RI

SXOVDWLRQV F

FRQILUPHG WKDW FDYLWDWLRQ SU

WRWDO
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S
YDOXH RI FDYL\/FD—\A#EUR%BbDEPIEHHDVHV EHORZ RMKHH FULWLFDO Y

SHUIRUPHG D TXDQWLWDWLY$SRLDVFIIHWRHD DMMWRWWHHKHBDGHG PR
OLTXLG )RU WKH DQDO\WLV RI WKH FDYLWDWLRQ SURFHVVH\
DGRSWH& KHDG& XS4 O\ PV FRQVXPHG SREYHWLTXLG

WHPSHUDWXUK VDWXUDWHG VWHRP SUH¥YXBHSHOLQH
GLDPHSVHU P OLTXLG IGHQVLW\P FDYLWDWLRQ FULWLFDO Q
Fys IRU WKH8KPSGLQJ SLSH

JLIXUH VKRZV WEGH'KKDGJH DQG HQHUJ\ FKDUDFWHULVWLFYV
D FHOWULIXIWE BXPIBSIXODWRGQHBODOWEQQU RE GUKAUMIKSHOLQH QH
WKH PD[LPDO YDWHHFRIUGEHWRKRQGLQJ WR SRLQW $ RI WKH RSH
JRU WKH FRQVLGHUHG FDVH WKH FXUYH UHSUHVHQWLQJ Wtk
LV RI WKHH 4RJUR XUH &RPSDULQJ WKH FDYLWDWLRQ QXPE

WKH FROUBIHQW LREQ PRWKGYH ZLWK WKH FUEWEZHDORNXPWRU
WKH FRQFOXVLRQ DERXW WKH SUHVHQFH RI FDYLWDWLRQ SUR

JLIXUH 36 WHFKQRORJLFDO DQG HQHUJ\ FKDUDFWHULVWLFYV

7KH RSHUDWURI® PRK®OHRJIHY LQ DFFRUGDQFH ZLWK WKH FRQ
FKDUDFWHUL]H4, BD P® RIPGIPOIOXHV RI GLVFKDUJH

/HW XV DVVXPH WKDW R4 WX HBYIDERD RIIHWIXBGMWFKDUJH L
OLTXBG,LV 4 > @ 7KHQ YWOKSRUDRL[WXUH K\GUDXOLF SRZH
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JRU WKH FRQVLGHUHG VA\VWHPR,PW WKRDSLGSHORKQMHU SH HV VX
4.0 PV WKH GLVFKDUJH DQG YPBRWU PR[WWHKH UDV

dyomol PV DQGro N: Rl WKH OLTXLG IORZ SRZHU

UHVSHFWLYHO\
$W 33 RSHUDMIWK FPEREEWH XUH 3D DQG G FKDUJH

P VWKHYIDS/RU PLIWXUH4GLVFKDBIW LQ WKLV FDVH WKH YDOX>

WKHYIDS/RU PL[WXUH SRZHY,fRUUNVSR@®IWWR OLTXLG IORZ

SRZHU

7KH DQDO\WLY RI WKH REWDLQHG UHVXOWY UHYHDOHG WK
FKDUDFWHULJHEGD EO i RRRVAHY DSIRW KPH. [JWDXRUH PDRNLWKH
OLTXLG IORZ SRZHU 7KHUHE\ LW LV UHDVRQDEOH WR GHYHO
SURFHVVHV FRQWURO E\ PHDQV RI WKH HIILFLHQW XVH RI FDY

&21&/86,21

*HQHUDOHM]UGIY X\OWV SUHVHQWHG LQ WKLV FKDSWHU RQH
FRQFOXVLRQV

‘H KDYH GHWHUPLQHG WKDW WKH G\QOMHFHQBDRBY LQ 3&
YHORFRMWALTXLG IORZ WKH SLSHOLQH G DWImMRFMMWHUY PDW
KHDG OR)DWOHRWQJ WKH OHQJWK WKH SXPSHG PHGLXP FKDU
FKDUDFWEURYVWILKH SLSHOLQH YDOYHV GHWHUPLQHG E\ L
WKH W\SH RI FRQWURO FKDUWBW B UERHE& ERALWRMWWLQJ W
LQWHQVLW\ RI YDIOLYAKY DRRQ WVURIDJQHG E\ WKH DOWHUDWI
YROWDJH IUHTXHRQFDRI FRIQWUROWY DOYHV (' 7KXV WKH G
WKH VIVWHP Rl WKH SLSHOLQH YDOYHV HDEGNXQWNEHOH (' Z
LQDGPLVVLEOH LQFUHDVH RI SUHVVXUH LQ WKH 3& SLSH
WR LPSURYH LWV UHOLDELOLW)\ L@ HAWPR WIHQF DY ® GWKS$IH
VHUYLFH OLIH RI WKH WHFKQLFDO HTXLSPHQW

7KH SURSRVHG CP PR BRHWDMWKH DGHVFULSWLRQ RI 3& ZLWK
SLSHOLQH YDOYHV RSHUDWLQJ IR WK PRWPB ®LFD KHHIEG K \
PDNHV LW SRVVLEOH WR UHVHDUFK WKH HTXLSPHQW RSH
E\ WKQREVHUYDQFH RI WKH ODZRRI DAKH FFRRIMURR®D SRLISWIOX
YDOYHV DW VWDUWYV VWRSV B QGWNVE HR/AB KINIIE WIKRDQ K | W K
DOWHUDWLRQ RI WK HDSAX RIH RSGRADMIRKIE® [ARHEHE G\ D
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VWRSFRFN LQ WKH DVFHQGLQJ SLSH DEUXSW RXWDJH RI
VKDUS FROODSVH RI MWKH FKHFN YDOYH
‘H KDYH GHPRQVWUDWHG WKDW GXULQJ WKH GHVFULSWLI
LQ WKH SLSHOWQH QQGHWHRWID U\ WR WDNH LQWR DFFRXQW
OLTXLG WUDQVSRUWDWLRQ WKH DFWLYH FRPSRQHQW |
K\GURQHWHARWNWDQFH WKH NLQHWLF FRPSRQHQW FDXVH
OLTXLG PDVV DORQJ WKH SLSHOLQH OHQJWK WKH SRWH
WKH SLSHOLQH ILOOLQJ RU WKH ULVH RI WKH OLTXLG W
HQDEOHG WKH SWHVISQSWONLIORQ QRHWWRUN DV D PXOWLO
FRQVLVWLQ/MWRILGI& ZKRVH SDUDPHWHUV UHIOHFW WKH |
DQG WKH SURSHUWLHV RI WKH SXPSHG OLTXLG
‘H KDYH GHYHORSHG DPBMWKMADWLFFD B KQREOSOW R DFFR X QW
WKH SUHVHQFH RI FDYLWDWLRQ SURFHVVHV LQ WKH K\G
WHPSHUDWXUH PRGH RI OLTXLG PRWLRQ DQG WKH SX
SDUDPHWHUV :H KDYH GHPRQVWUDWPIE RMRDWW VKW FDY I
GHSHQGY RQ WKH GHJUHH RI FDYLWDWLRQ GHYHORSPHQ\
WKH OLTXLG IORZ DHUDWLRQ 7KH UHGXFWLRQ RI WKH F
UHVXOWV LQ WKH JURZWK RI WKH IUHTXHQF\ RI SXOVDWL
LOQVKH K\GURGWWYRGNE\ WKH SUHVHQFH RI FDYLWDWLR
FRUUHVSRQGLQJO\ LQ WKH LIQD FUKHD \BH SRIOS R EHG XO R Y Y HO
WUDQVSRUWDWLRQ
‘H KDYH SURSRVHG WKH EORAN SXP3URPWRESWKKH] PRGHO\
GLIIHUHQW RSHUDWLRQ FKDUDFWHULVWLFYLRMKWKH SXPS
WKH SRVVLELOLW)\ RIXRS$ WWDWILRLE RH GSI)XIRS K HI) FADULDE O |
HOHFWUIRWH D SLSHO RQH RMNMAFDNWHG FRQILIXUDWLRQ ZL
VKRWM DQG FRQWURO YDOYHV
7KH SHUIRUPHG FDOFXODWLRQ UHYHDOHG WKDW WKH FD
FRP[ODUH FKDUDFWHUL]JHG E\ FRQIVSRSW WPREWKUSIREBNLRN J
RI WKH SRZHU RI WKH OLTXLG IORZ ZKLFK FRQILUP\
HIILFLHQW XVH Rl WKH HQHUJ\ Rl WKH FDYLWDWLRQ FDYH






&KDSWHU

/+(0(7+2'6 $1'35,1&,3/(6
2)0%$.,1* 7+(&21752/6<67(06
2) 7+((/(&75,& 5,9(2) 7+(3803,1*
&203/(; ,1121 67($'<
23(5%$7,2167%$7(6

25.,1* 287 7+(/(&7520(&+$1,&$/6<67(02) 7+(
'<1%$0,&/2%'6"' (&5($6(,1 $3803,1*&203/(;

KHQ WKH VWRSFRFNV RU K\GUDXOLF YDOYHV VKXW RSHQ V
RFFXU SQSWIOHQH QDKM ZRHNDWLYHO\ LQIOXHQFH WKH RSHUDW
SLSHOLQH HTXLSPHQ& 7R GHFUHDVH WKHP LW LV QHFHVVDU\
FROQWURO RI WKH VKXWRIlI YDOYHV DW ZKLFK WKHLU RSHQLQJ
WKH K\GURV\VWHP ZLOO QRW H[FHHG WHKN BRMWOEOHHMR LWR/Q
WKH SURBOBIKMDWHG WR WKH FRQWURO RI 38 G\QDPLF ORDG\
IUHTXHQF\ (" RI WKH SLSHOLQH YDOYHV ZKHUHIRUH RQH PXV\
WKH HITRUWY DQG PRPHQWY DFWLQJ GXULQJ LWV VKXWWLQJ R

3DSHU > @ FRQWDLWXYED»WDIQNRUIDHWVWH G BBARVWVLELOLWY IRU WK
G\QDPLF ORDGV LQ 38 ERWK LQ WKH VWDWLRQDU\ DQG HPHUJ}
RI WKH VWRSFRFN VKXWWLQJ WDNLQJ LQWR DFFRXQW WKH

DOWHUDWLRQ RI K FRUHD MG LEIQSMHOQGVWIIQRE UHRDWWYH GHJUHFE
RSHQLQJ



09 =DILURDNRUHQNRY®HRZGLXN HW DO

7KH DQDO\WVLK RIWRBUNMO RARVKKWRRIIVWRSFRXFBN VKRZQ LC

FXUYH UHYHDOHG WKDW WKHUH LV DQ HVVHQWLDO J
FRHIILFLHQWMDW VHFWLRQ

7KH VWRSFRFN UH\L\GWB 88016 PRPH R\W FURIODWAL RIS IEGIIQ H H
DQG LWV VSLQGOH E,RMVD QR RQOIMNAT XRQRUWDQW DQG WDNHYV

QRQOERBDDHAWEHD ®WHUDWLRQ

TKOHFKDQLFDO &K ORUDMBNFHHAQNVAH.- BPWYWOY HV
ZLWBEDMUJLDPOGHXHQF\ (OHFWULF '"ULYH

7KH DQDO\WLYLBXURUBHWLQJ RQ WKH VWRSFRFN ZHGJH UH
VKXW LW LW LV QHFHVVDU\ WR DSOASWRBOROORZLQJ WRUTX

0, 0 0

ZKHUH 4,UWD M * WKH IULFWIRRFRFXWBUJXHLQ WRH WKUHDG
0 4,1.5.+WKH IULFWLRE WIRDUTX®GJ LERWKEQIKHL DYHUDJH
UDGLXV RI WKGE_¥YWKKH DI®GR XV WR WKH FHQWH#®WRIHWKH EHDUL
WKUHDG KHOL[N 2QUIOH | UIUAVBLRQ DQJOH LQ WKHMKIBLQGOH WK
FRHIILFLHQW R IULFW URW KIHQ PR K BVLEFN UL D ML QR

IRU WKHFRROWDIFM EHDULQJ

7TDEOH FRQWDLQVY FDOFXODWLRQ H[SUHVVLRQV IRU WKH
ZKHUHLQ WKH IROORZLQJ GHY EMIDNW IZRQEW LIQUH SDWVXXHE R

PHGLXP 630SG, / E/ *WKH DUHD RI WKH ZHGJH VXUIDFH VXE
DFWLRQ Rl OLTXPGGSUMMMXUBWHUQDO GLDPHWBY RI WKH VHD
WKH ZLGWK RI WKHTYHDOY¥QJSWWKH FVSHFLILF ORDG SURYLGL
OHWNJKWQHVYV DW WK HGY HDOK ) HMWKKHUMAHD RDPHWHU RI WKH
P L+WKH FRHIILFLHQW RI IULFWLUR|IQ RQGNKWKWHHDBILQ@GOHUIDF
GLDPHWHKWKH KHLJKW RI WKH, ¥WXHLRRHER[FLMQW RI IULFWL

WKH VWXIILIQ) ERMB¥WKH ZHGJIJHDBRJOWMKH WHGJH PDVV NJ
. *WKH DFFHOHUDWLRQ RI JUDYLW\ P V
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1\

‘i

||

S

z

\

D,

JLIXUH 7KH GLDJUDP RI WKH IRUFHV DFWLQJ RQ WKH VWRSFRFN ZHGJH

7TDEOH7KH H[SUHVVLRQV IRU WKH GHWHUPLQDWLRQ RI WK
RQ WKH VWRSFRFN ZHGJH

(ITRUW W\SH

$QDO\W[SADH/ VLRQ

7RWDO D[LDO HIIRUW 1

4, 4; 4y 4

7KH D[LDO HIIRUW FRPSRQHQW
DFWLQJ RQ WKH ZHGJH 1

Iy Ry MHERPLEG RV KH IRUF
1 VLR I-FRD, *

7KH D[LDO HIIRUW FRPSRQHQW
LQ WKH VWXIILQJ ER[HV 1

I&&/JERYQZLVUSJE&IELQJ WKH [ULFY

7KH D[LDO HIIRUW FRPSRQHQW
SUHVVXUH RQ WKH VSLQGOH EX

IRU RYAUFRPLQJ WKH LQWH
whw P

7KH IRUFH RI WKH PHGLXP K\GUHR

VAVDWALF SUHVVXUH 1

VLRQ

uQbDo

7KH UHVSRQVH RI WKH VHDOLQ
VLGH RHWKXP LQSXW 1

) \_(XU.ILLI'DS:(gXI\?Nti\gKH ERG\ RQ

WKH

7KH UHVSRQVH RI WKH VHDOLQ
VLGH RI WKH PHGLXP RXWSXW

J

qu@mh RRW KM ¥HR\ RQ
FRD |-V LR

1

WKH

JULFWLRQ IRUFHV 1

11 ) 11

*UDYLW\ 1

P,J

JRXQFRQWUROOHG 0OvDIOY B\ HWWRBILIRHG

IURP

WKH FRQGLW

FRQVWDQF\ B DD XIHY WKLY I DDWWVXPHG HTXDO WR WKH PFE

ZRUNLQJ SUHVVXUH LQ WKH VWHDG)\ INRIEGHWER Q' RKHNKNVLQ.
VWRSFRFNQHMBM VVDU\ WR WDNH LQW R6DIFG 8 XSIW WRMKKH MDULDW L

WKH O$AXRGGLQJO\

WKHUH LV D QHFHVVLW\ IRU WKH GHWHU
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UHVLVWDQFH PEPBOYMLFDO GHSHQGHG@RH IRQV URISHQLIQUH D@HEJ U
LWYQSBOH URWDWLRQ IUHTXHQF)\

JLIXUH VKRZV IRU WKH FDVH RI D F\OLGBGRILMX® SLSHOLQ
VWRSFRFN VOXLFH FKDQJHY DIFFMY ROQ TXW GD S GHZKMQHUHOD WL

E KQQRI WKH SLSHOLQH YDOYHWRWHK LKHLFKWORHW KHKWO XL FH
s}

6OXLFH

3LSHOLQH

JLIXUH 7KH GHSHQ GB{RAHWKIHDUWRSFRFN VOXLFH VXUIDFH VXEMHFWHG
UHODWLMYHR GHWVHRHSHQLQJ

SUHH RI WKH FLUFXODU VHJPHGWMJRKWIPW G VEHDRDIDUW R |

@-SEQETVUQ

©

7KH FKDQJH Rl WKHERIHOBRWIMWMRGARENHRSHQLQJ UHVXOWV L
DQ JOH

T DUFERYV

7TKHQ



7KH OHWKRGY DQG 3ULQFLSOHV R ODNLQJ WKH &RQWU

6 E SG, E/ DUFEERWL@UFERYV

%DVHG RQ 3& PDWKHRRINVHIGFBRAWRGHO @ ZHRREWDIGOHG FXUY
YDULDWLRQ DW WKH SLSHOLQH VHFWLRQ ZLWK ®I VWRSFRFN
RSHQLQJ IRU GLIIHZHRDIW SUYTRHDERWIONL ORI DU ODZ RI LWV V

ZLWK FRQVWDQWIIWKHKRAX\IDXEFSO\ YROWDJH RI WKH GULYH HOHFW

+y

+y

+y

&RPSOHWHO\ VKXWPSOHWHO\ RSHQHG
|

E OX

JLIXUH 7KH GHSHQGHQBW RVKKHBGSHOLQH VHFWLRQ ZLWK D VWRSFRFN D
UHODWL¥HRIGIHIYHBHQLQJ IRU Gl JRH WHRQWD WLHRTX R Q WIKHV VS LQ G O H

3& SDUDPHWHUVYDWHG+EHPEP WKH YHORFLW\ RI WKH ZRU

PHGLXP XPRZ P V. WKH K\G U D XDWFWKH ERE D Q¥ RU

OHQIWK P DQG GLGPHWHRI WKH SLSHOLQH WKH QXPEHU RI
VHFWLRQV WKH YHORFLW)\ RURSORIPNW ZR®W WKH VSHFLILF
SDUDPHWHUV RIUHDFK VMPWQRQ VP F P $V

3& VKXWHRXODWLQJ SLSHOLQH YDOYHV ZH XVHG D ZHGJH VWR
UHWUDFWDEOH VSLQGOH PQGHWKHQSBIGSHRULWKH SLSHOLQHV W
ZDWHU RU VWHDP DW W KH$MFHRRISH. QDWW R HVRH GHVLJQDWLRQ\
7DEOH WKH VWRSFRFN GRUDPH@WHU PDEXHW DUH

G/S P &E P IV uF P D 5FE P
IE
7KH DQDO\VLW FEIZFXWHHNDOHG WKDW WKH GHFUHDVH RI (')

UHVXOWYV LQ WKH ORZHU YDOXHV RI WKH SUHVVXUH DW WKH
VKXWWLQJ
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%\ WKH DSSUR[LPDWLRA)  RIQEXWDHLQJ LQWR DFFRXQW GH:

S IJ+ZH REWDLQ

SEZ,s W+, D Dz, DJZz,H" FasH&s

ZKHUY +tWKH KHDG DW WKH VWRSFRFN EHIEEUH WKH EHJLQQL!
DDDEEE +WKH FRHIILFLHQWYV R +DW8SH RGHRDMWWRQRI WKH

PHGLXP NJ P
7KHQ XVLQJ H[SUHVVLRQV DQG IRUPXODH LQ
RI WKH VWRSFRFN UHVLVWDQFH P RPHRGW QRQ JWKE GU HIOHDN\X HYDHF

Z,sRI LWV VSLQGOH URWDWLRQ ZLOO EH RI WKH IRUP

0,Ez, SE zvfeS £, 2%wGo p g
©

G
SG'/S &E_’UFWD M IE5FE
1
8VLQJ ZH RI-E\BDR@/H/GRWPDOWH@D\RLR/QKRIVR/\RFPS—IFQ'\’VFN
UHVLVWDQFH GHSHQGLQB RIQLWYHR 8HQDQWL YRHUGIH QUIHPHEH U R U
Z,sRI LWV VSLQGOH URWDWLRQ VKRZQ LQ )LJXUH

Oy 1Pk

Ovko

Zysq

Ovko

EUX

JLIXUH 7KH GHSHQGHQFH RI WK#&,\RQRW K R FUNH @ TRLYXH VG HF HUPIRIP HQ W
RSHQLQJ DW GLIIHA,ERQ W RWHDMKIHRQGF RHWKH VSLQGOH
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7KH DQDO\WLV RI WKH FXUYHV UHYHO ORR®P WW\WDW DW WKH
FKDQJHV OLQHDUO\ BW WKMKHHHAWL\RQ@ FROPWVHGHUDEOH JURZW
0,DW WRHHDVH RI WKHEURH O\DKWL V W RESHRIRIHNH RSHQLQJ

7KH SORWV GHPRQVWUDWH WKDW DW WKH,,VRIRSFRFN VKX

URWDWLRQ RI WKH VSLQGOH DW ('1yXSSQPRRIOQWDJIH UDWHG |
DVVXPHV WKH PD[LPDO MPONW WKH FRPSOHWH VKXWWLQJ RI
E FDXVHG E\ D VKDUS LQFUHDVH RI SUHVVXUH DW WKH VYV
JLIXUH

'KHQ WKH VSLQGOH WRMBHIWU R Q VB BWRI QW RU WEX FW LR Q

RI WKH VXSSO\ YROWDJH+]JURRRHQ®BHWBHDVHW WR YDOXH
ZKLFK LV E\ WLPHY OHVV WKDQ

,Q WKH VKXW SRVGCWYRQRKEHGGEWWKHR 6RYFKDUJH DFWV R
VWRSFRFN ZRUNLQJ HOHBHRIWVKEO WWRYFOAMHZBGJH VXUIDFH

WR WKH ZRUNLQJ PHGLXP SUHVVXUH LV PD[LPDO DQG LV GF
6XEVWLWXWLQJ WKH TXDQWLWLHYV RI WKH PHQWLRQHG YDO
GHWHUPLQH WKH VWRSFRF N KIHAKL LW DANORF HE HP RRFYHHQUW RPH DW LW

7KH YDOXH RI WKLV PRPHQW LV E\ W I0RHYRERXHULRQKDQ UH)
DW FRPSOHWH VKXW W LQ JZRMK KW K\HWURISE RN/ IUWM T X4HEQR\G O H
UR W D) W.DRWH

7KHHWH U P L @D WAKRIQDWD G &VKKRIL F H
RI ®DULDBPEMXHQF\ (OHRW UBHAS WOQYEH 9DOYHYV

7KH DQDO\VLV RI SDSHUV > @ UHYHDOHG WKD
SUREOHPV RI WKNQBIREBHIROGRILQ WKH Q& SMSKH B8 PEH JHIOWZ R U
DQG DGMXVWPHQW PRGHV LW LW DY IDD/EREHD E'ORI WK K WHV B SIBRIF]
WKLV FDVH PRUH DWWHQWLRQ LV SDLG WRWKKHS®RZREOHPV R
FRQYHUWHU DQG WKH FUHDWLRQ RI WKH PLFURSURFHVVRU V\
(' WKH DOJRULWKPV RI WKH HIILFLHQW FRQWURO RI SRZHU FF
UHPDLQHG XQFRYHUHG 7KHVH DUH SURROHWPKHFRQRAWQLOJ
PRWRU SRZHU DQG WKH JHDU UHGXEMWILDRQ B'\D WO H FVKUHL FY DEQM
WDNLQJ LQWR DFFRXQW WKH QRQOLQHDU FKDUDFWHU RI
FKDUDFWHULVWLFV
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7KH SLSHOLQHWILDOY HQUHIJXODWHG LQGXFWLRQ (" LV GHVLJ
YDOYHV RI YDULRXV W\SHV DQG GHVLJQV PHDQW IRU WKH [
YDULDWLRQ RI WKH SLSHOLQH GLDPHWHU DQG WKH SUHVVXU
(" SRZHU LWHBDXOBEKBRUGLQJ WR H[SUHVVLRQ

3 I%JOPIIDQO
° KUN

ZKHOH, +tWKH PD[LPDO PRPHQWAEP\QO\A{WH{H'U/RQ/DD\M/LRQ I[UHTXHQ
RI WKH HOHFWULF PRWWWH KEDVW WHE& XBFWBLHR G IUBAM.HQ F\

WKH MBWKH FRHIILFLHQW RI WKH RYHUORDG RPESDFLW\ RI WK
WKH UHVHUYH FRHIILFLHQW DVVXPHG WR EH HTXDO WR
:KHQ PRPHQWV GHWHUPLQHG WKH DOWHUDWLBQ RI WKH ZR

DQG DBYRD WKH ZRUNLQJ HOHPHQW VXUIDFH VXEMHFWHG WR

QHJOHFWHG DQG DVVXPHG WR EH FRQVWDQW
7KH EDVLF FDWDORJ SDUDPHWHUV RI WBH FFIWWREHRRFN (' LQ

HOHFWULF PRWRIUYD@¥ AWMLFRPSOHWH RSHQLQJ VKXWWLQJ 7Dt

7TDEOH7KH EDVLF SDUDPHWHUV RI WKH VWRSFRFN ('

BUHVSXUM* FP
'LDP}t (OHFWULF 3RZ 7LPWRI RSHQLQJ RU
G PP PRWRU 30oN: VKXWWLQJ PLQ
$2&
$2&
$2&
$2&
$2&
$2&
$2&

SUHVSXUN* FP

$2&
$2&
$2&
$2&
$2&




7KH OHWKRGY DQG 3ULQFLSOHV R ODNLQJ WKH &RQWU

7DEOHGHPRQ VW KHMHHRRWHUK ZLWIQFUROMHDIQWK H
SRGHMQMXWPEHRU DWVIHDWWRSFRFNKHY UHH DIQRWY HGHU IRMWM K H
PHFKD QAKWIPYVD F & \MUKSHHHG R @ HKD D W ILDOH DN L DIKQUY H EX0D Y W

Q D WDXQEHK O V DRV IRM DSL J K H T X R Y FADQUBVY HU V HV

(' L¥KR\EHDYRI@ KSH S HOH @ HRDN B Q& KR U NS QB VIVQUH H
V\V WHRAW KDH D O 817G WIKSHK P8 D WK H B4G PDQWISHSHOLQH
GLDPHKBWHUP XV L\§ B3HD MDD E O HZ HF K RMAHW R S(F RAINGKU L ¥ H
$28& RMW ISHR ZH UN: D QU8 IRKS H QUIQXIWMLLRGRXB R P L Q

7KK HF URDWKHK S YR\O WIDH X ROWFR(H ZLWRK FSODUDPH@WH UV
R U GVHBH G WHGH Q D PIRFL.@W U H V K G R V L GIHQUFDUERIAKANW R S F R F N
V K X WWLLRRI R W KOHD D O] H BK HQR/EK S Y®\O WIDH HX H B EX B R P

W R+] W KH X WWLLEGJF U HEDW H Q@ DRUIBE P L Z K L FEKE D X \ENIB
J U HIHVIRJUH G X FMD MRHDT XW R 7 K 1R H Q W LYRIQORMY KWW R SERRW W L Q J
WLPM QDG P LVERBIHD WDREPHUJHQFESHUFRQGL WHRW V

ZKWKHWQHFHVRWHRAS HF L | LRFIYWHR @ JUH G X W R UW R W
PLOLWDABMWISHS HOD QFRIQWBBRYLGHG

7K OW H B DWKIHRIG DUH G X FMD BRI WHEHK D QRIPIR P H Q WR |

UHYVLVRQ@ RKHER W G LH/GHIH PR WLRRW KRLDYMH ZLWDRHBHG XFWLRQ
UDMWRURYLGH

X W KPHR WARW D WWARLLGEX H U F RPARIRHIQ WR IW KWW RSBRFNV WD Q F H

RFFXWDUMRBHQEQJ
X WHKHD[LPWDSHRIG HV S RQWKAD OHYGIH FONUWIYR KHH F VRIVR IQH
V K X VWW\LEDM B R W \E

x W KHHO H FRRRWWFRIP H @ MNWAKKYHD OEK[HF HH @ R® H Q \M,;, D WX O O
VKXWWLQD QGRIUHT X HANFXLSHYBO \W Vd H

7KIDERYWDWHTG LU A D BEPW & XW R KE/RIW KHDRITUHTXHQF\
FRQVZUWEKAD L Q W HRIPRYGWH/RZHK L LKL P S OH P H QPHID@ V
FRQWHPSRUDMI XARGY HYUW R UV

J, D 4D

ZKHUH +W KAV UW R O \R O YWED=W R/AV 0FW B WHH@W WHLTYXHH Q F \



09 =DILURDNRUHQNRY®HRZGLXN HW DO

7KI1S ORWWMJI X UHG HP R Q WWKDEMMMN R S ¥ R EQLEROMD WH.RXQH Q F\
HTXWR Z,;,SURY DBHEK S ¥ @O WDHHX H QFF XW R+ ] W KIQ FUHD V H
RKHDG L@ ISH S HOHQYHERUNVGRWP ,Q WK LW Pl YIHPOHI GV K H
K\GURVLWWIRFPZKLEM\ KLJKWHKBRKDGDWHKHUR VFKBUXBO

WR P IRW KH) D O3RDGEH LIQWYD [ L P DDAEP\L V Y D EXBWM K K O\OK X W
VWR S FRWVFHKAR/Q Q H FWK HREHID H F H VR/W\MAH G X RW\LHRHY R SERF N
VXSS &0 WMDHIHX 8 R BMKDQ

7KNWR S FORAMNIHVORIE W U RFPFROR I ®1 WD IQFSX U U HQMS H Q GRHIQ FH V
VOLG LDQN IODRIUHT X ARG W U FDQUHH V S H FOMMAHENE FSA HV VLR Q V
RWHKRUP

8JD 5
Z $VD

&V
. VD 8J6/$VD

ZKHUH W KPR WRQL G @J 0 VW BMRYROWD IHt WKRHQFKURQRXYV
URW DUWHRGR QUFY W P R Q HIMWHLEFG5 5 + W R/NV DV R U VDAQREQKFHH

U R W R G XUFHHI\GL V WHD\QEFHHF 2AKLPY/H,0 Y |, /. + W KOHH D NLIJGHX F R/ID Q F H
W R/WW DINRRBIRIED J Q H W ELDMVAKRYYS HFW L YHO\; , + WKI®@ GXFW LY H
UHDFWRQWKWWDWRWRY®DJIQHWLFRWERIEW SHFWKPHO\
V.V V VV +WRHROWDODNFRHHILALHQW/, V [ ,//, +tWKH

O H D NFORIHHI | L FR BUGWW DDAVGRAR WIRHIV SHFW LY/ H Q\ Z \

Us \ T W DD JU TD ED VY ZD

&V 5¢;, V V$VD DDV 55DV ED 5¢
JLIXUHVKREIWKHOHFWURPRBERWGH SHQ RIQWRHVRSFRFN
$2& .0 URWWRHUT X 7 @AW K/KKS Y®'0O WIDHHXHQRBR +]1 D QG
+] UHVSHFWLYHO\
7KH SORWXUBVKRZV WKDW DW WKH OLQHDU ODZ RI WKH VW
VXSSO\ YROWDJIH IUH®{HQ®\ DFPRIUG WRH ZLWK WKH PRP
VKDIW FKDQJHV L@ WK B DQWR,}U RPN $W WKH QRQOLQHDU

ODRlI WKH VWRSFRFN VKXWWLQJ ZLWK WKH VXSSO\ YROWDJH

0 vD




7KH OHWKRGY DQG 3ULQFLSOHV R ODNLQJ WKH &RQWU

VHFWLRQ!ZKIDWQH +PWc WKH PRPHQW RQ WKH ,0 VKDIW FKDQ
UDQJHOYRPDW W®R, DW

OrLo

Opp

Zpp

B R T

oV

01

JLIXUH 7KH VWRSFRFNO$SR@QHFWURPDJ® HGHFHRFBAHFWM RQ WKH URWDWLRC
IUHTXRREWY URWRU DW WKH VXSSO\ YROWDJH IUHTXHQF\ HTXDO WR .

7KH ITUHTXHQF\ FRQYHUWRU FKDQJHV WKH IUHTXHQF\ DQG F
WKH YROWDJH IUHTXHQF\ UHODWLRQ ,Q WKLV FDVH WKH PD]

LWEXPHG WR EH HTXDDKWRHWKH UDWHG FXUUHQW RI ,0 VWDW
JLIXUH VKRZV WKH VWRSVRMWRRLEKSHOGWQFH RQ

URWDWLRQZIRHTWNQBRWRU DW WKH VXSSO\ YROWDJH IUHTXH!
+] UHVSHFWLYHO\
z vh

Zppp o)

L

8

JLIXUH 7KH VWRSFRFNO$2WDWRU GRXYWQI@MQOFH RQ URWDWWRQ IUHTXHQF\
URWRU DW YWRIOWDIBSOHTXHQF\ HTXDO WR  +] DQG +]
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TKHIXWKRZV WKDW DW WKH OLPLWDWIDRIX RO QMKW W DWRU F

VXSSO\ YROWDJH IUHTXHQF\ HTXDO WRPXVWY QORWRWR W RRNUWD W
WKDQ WKHyyDQZHBHFWURPDJQHWLF PRPHQW FRUUHVSRQGLQ

IUHTXHQF\Z’J[XDD-IS\ILRHVHQWV WKH PD[LPDO DGPLVVLEOH HOHF
WKH FRQVLGHUHG ,0 DV D SDUJHRXHQKHN (\X\BD@%WFRN YDULDEOF
JLIXUH ,Q WKLY FDVH LWV YDOXH LV ILYH WoLFHV DV ODUJH
RFFXUULQJ RQ (' VKDIW ZLWK WKW WHKB8 XFWREBDRBE WHXWWLQ
VXSSO\ YROWDJH IUHTXHQFY RI H+HDQ\WWHW BNV WHK R/ IQARRQ@ OMWQ HD U

WKH VWRSFRFN VKXWWLQJ WKH ,0 LV QRRWVWSX\RHYGEGHR PG OHWH (
RSHUDWLRQ ZLWK WE&H, PRRHQWGCKFXDWKWRWLPH Rl WKH VWRSF

LV UHDVRQDEOH WR UHGXFI9 WKH,JHDUMLBHBXFWLRQ UDWH E\

JLIKU VKRZV PIBPDIﬁQB\MSHQGHQFH RQ WKH YWBWUWKHG XFWLRC

VXSSO\ YROWDJH IUHTXHQF\ HTXDO WR  +]
7KH SORW GHPRQVWUDWHY WKDW IRU WKH FRQVLGHUHG ('
RI WKH JHDU UHGBXFWLRQAWWH PODiURDO YDOGKKHNVFKHG

DUHD UHSUHVHQWY WKH DUHD RI WKH SRVVLEOH YDOXHV RI
VWRSFRFN (' DW ZKLFK WKH FRQGLWLRQ RI WKH LQYHUWRU R

Opp; 17

Oppy
UPL

Opp(
PD[

<
<

JLIXUH ORPHQW GHSHQGHQFH RONWRAYDMMWKHGXFS SO\ YROWDJH IUHTXH
HTXDO WR  +]

7KXV WKH ,0 DV D SDUW RU MIKHH YPARS FR¥ N G DRIUL DEKOHH UH G
RI WKH G\QDPLF ORDGV LQ 3& WY BHKRVHQ IURP WKH FRQGLWLI



7KH OHWKRGY DQG 3ULQFLSOHV R ODNLQJ WKH &RQWU

7R GHWHUPLQH WKH JHPHWHWHGQGRRWE& RWLEOWHW LV QHFHVVD
GHWHUPLQH WKH YROXRWRUIHY SRQRGLQRI WRZURWDWLRQ IUHTXH
EXEVWLWXW[ARWROWHKH OHIW SDUW RI

DQG LQVWHDG
IUHTXHQFD YPRIXWMHVSRQEXSSONR ROWDJH

I[UHTXHQF\ HTXDO
ZLOO REWDLQ D VTXDUH HTXDWLRQ 7KH IROORZLQJ H[SUHVVL

- N YN NN
N
ZKHH
N .o UD 8D V
N 550
N . Y zDs =>8D

' p
%\ WKH VXEVWLWXWLRQ@ RPWROXHV ZH ZLD@GUHFHLYH WKH
YDOXHORRPRPHQW DW WKH VXSSO\ YROWDJH IUHTXHQF\ HTXDO V

PRI

u S\AID
U TD W, 55V, Y ZD 5¢C

7TKHQ WKH JHDU UHGXFWLRQ UDWH ZLOO EH HTXDO WR

0,

Y 0 g,

QPB

7TDEOH FRQWDLQV:MKH SDOUDPHHIVEHDY RISDUW RI DQ XQUH.
DQG D YDUHDEHOHF\ (" IRU WKH VWRSIEBRFN ZRPWXQ &/ KMHKBLDPHW

UDWHG+KHDGP ZKHUH LQ WKH ILUVW FDVH WX@GUH®G XFWLRQ
WKH VHFRQG FDVH



09 =DILURDNRUHQNRY®HRZGLXN HW DO

7TDEOH$ FRPSDUDWLYH FKDUDFWHULVWLF RI WKH XVH RI DC
D YDULDHDODXHQF\ (' RI WKH VWRSFRFN

ORWRU W\SH Zoo N: F V[ '+pP
"HK XQUHJIXC
"HK YDU IUHTXHC

7KI8W U X FD\QSIOK R U RWMKES HUD WL R Q
RWKBHFWUR P HFAKDVRIF RO D P LRD GWFUHDVH
L@3XPSLORPSOH |

$QHOHFW UR PHNKBHIRLESE 6 UR GVEID DIRDGY' / D OOWEKW
UHG X RMLKEHQ D PIRTDL@VKHNG U R V \GDHRID QEURSWDSSHDUDQFH RI
YROWDJH :LWK WKLV SXUSRVH LQ YLHZ RRWKXKRXIOEI WRHD UFk
WKH VERWWRIURDKHDGIDAW WKH KHDG LQGWKWY SRSH B LFHH G HWZR
PD[LPDO DGPLVVLEOH YDOXH 7KH EORFN GUDXWUMP RI 3& ZLWK

(OHFWULFLW\ VXSEO

JLIXUH $ EORFN GLDJUDP RI W& H LIPRIQ \(6U'F EQMWE & GRQAIDOIYHV DW
DEUXSW GLVDSSHDUDQFH RI VXSSO\ YROWDJH RI 38

W LQFOXGHVER@VUWKXWBOYHV 69 PRXQWHG DW WKH RXW
SXP&3 ZLWK D GULYH LQGXFWILRHOOFRWRQYHUWRU )& FRQQHFW
LOQGXFWLRQ GULYH PRWRU RI WKH YDOYHV ,0 ZKRVH VKDIW
UHGXFHU 5 D E\SDVV SLSHOLQH LQFOXGLQJ D K\GURYDOYH 9






