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6PDUW &RQWURO RI 3RZI
&KDUJHUV IRU QWHJUDWLC
LOWR WKH 3RZHU *U|

$KPHG $ $SEGXOODK $0O

$ WKHVLV VXEPLWWHG LQ SDL
UHTXLUHPHQWY RI WKH 8QLYH

DW 1HZFDVWOH IRU WKH ¢
'RFWRU RI 3KLORVRSK\
SHVHDUFK XQGHUWDNHDQ
)DFXOW\ Rl (QJLQHHULQJ DQ

$XIXVW



'"HFODUDWLRQ

, GHFODUH WKDW WKH ZRUN FRQWDLQHG LQ WKLV W
UHVHDUFK GHJUHH DQG WKDW LW LV DOO P\ RZQ ZR
DFNQRZOHGJHV RSLQLRQV LGHDV DQG FRQWULE)

, GHFODUH WKDW WKH :RUG &RXQW RI WKLV 7}

IDPHKPHG $ $SEGXOODK $0 .DUDNFKL

6LIJQDWXUH

‘DWH



$SEVWUDFW

/IDUJH GHSOR\PHQW RI GLVWULEXWHG JHQHUDWLRQ D
VLIQLILFDQW LPSDFW RQ WKH VWDELOLW\ DQG TXDOL\
OHDG WR RYHU YROWDJHYV DW WKH GLVWULEXWLRQ QH
UHYHUVH SRZHU IORZ 7KH PRYH WR UHSODFH FRQYHC
LOQFUHDVH GHPDQG RQ WKH SRZHU JULG GXH WR WKH C
EDWWHU\ FDSDFLW\ +RZHYHU HOHFWULF YHKLFOHV P
SURSHUO\ FRQWUROOHG DQG PDQDJHG 7KHVH WZR L\
GHYHORSPHQW IRU WKH JULG DQG (9 LQGXVWU\ 7KHU
LPSDFWV DQG SURYLGH VROXWLRQV WR DQ\ SRWHQWL|

SUHYLRXV ZRUN KDV DGGUHVVHG WKH LPSDFW RI G
SURILOHV RQ WKH SHUIRUPDQFH RI GLVWULEXWLRQ Q|
LOQYHVWLIDWHY WKH FRPELQHG LPSDFWV RI GLVWULEX
LGHQWLI\LQJ VIQHUJLHY DQG SRWHQWLDO RSWLPDO F|
DQRG WKH SRVVLELOLW\ RI PDQDJLQJ (9 FKDUJLQJ WR
(YDOXDWLRQ RI WKH HIITHFWV RI GLIITHUHQW FKDUJLQ
FRQGXFWHG DQG /LWKLXP LRQ EDWWHU\ FKDUDFWHUL
FKDUJLQJ SURILOHYVY 7KH UHVXOWY UHYHDO WKDW FRQ
Rl1 (9 FKDUJLQJ RQ WKH JULG DQG HYHQ WR XVH WKH (9
SURILOHY DUH SURSRVHG DQG GHVFULEHG LQ WKLV WE
FKDUJLQJ RI HIWHQGLQJ EDWWHU\ OLIH DQG LPSURYH
DOVR VKRZ WKDW ZLWK WKH SURSRVHG FKDUJLQJ SURI
LQ 9 * PRGH EHFRPHV PRUH UHDOLVWLF

%DVHG RQ WKH DQDO\VLY FRQGXFWHG D VPDUW (9 F
ODERUDWRU\ HQYLURQPHQW 6LPXODWLRQ DQG H[SH!L
REWDLQHG GHPRQVWUDWH WKH DELOLW\ RI WKH FRQ
FKDUJLQJ IURP 39 JHQHUDWLRQ DQG VXSSRUWLQJ WKH
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$FNQRZOHGJHPHQWYV

,Q WKH QDPH RI $O0ODK WKH %HQHILFHQW 7KH OHUF
IRU WKH EOHVVLQJ JLYHQ WR PH VR WKDW , FDQ ILQ]|
EH XSRQ WKH ORYHO\ SURSKHW ORKDPPHG 3HDFH EH >

, ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WR DOO W
ZDV ZULWLQJ WKLV WKHVLV O\ ILUVW DQG IRUHPRVW
*KDQLP 3XWUXV IRU VXSHUYLVLQJ P\ UHVHDUFK DQG
WKH zZD\ +H LV DQ RXWVWDQGLQJ PHQWRU WKURXJK
JXLGDQFH UHPDUNDEOH GHGLFDWLRQ WR PH H[FHS
IULHQGVKLS

, ZRXOG OLNH WR VLQFHUHO\ WKDQN P\ VXSHUYLVRI
HOQFRXUDJHPHQW KLV VXSSRUW DQG FRQVLGHUDWLF
DSSUHFLDWHG

, DP JUDWHIXO WR P\ VXSHUYLVRU 'U =KLZHL 'DYLC
KHOS

, ZRXOG OLNH WR WKDQN WKH '"HSDUWPHQW RI ODWKF
LQ 1RUWKXPEULD 8QLYHUVLW\ IRU SURYLGLQJ D FUHI
UHVHDUFK DFWLYLWLHYV

, JUDWHIXOO\ DFNQRZOHGJH P\ VSRQVRUV OLQLVWI
SHVHDUFK 02+(65 DQG (QJLQHHULQJ 7HFKQLFDO &RO
8QLYHUVLW\ ,UDT IRU ILQDQFLDO VXSSRUW P\ UHVHDL

ORUHRYHU , ZRXOG OLNH WR FRQYH\ P\ VLQFHUH DF
FRQWLQXRXV VXSSRUW HQFRXUDJHPHQW DQG SUD\HU
JRHV WR P\ EHORYHG ZLIH ZKR KDV SHUVLVWHQWO\ DI
, bP JUDWHIXO IRU KHU LPPHQVH SDWLHQFH DQG VXSS
$OVR , GHGLFDWH WKLV WKHVLV WR P\ ORYHO\ FKLO
VXSSRUW GXULQJ IDWKHUYV VWXG\

)LERDOO\ GXULQJ P\ VWXG\ ZLWK WKH 5HQHZDEOH
LQVSLULQJ FROOHDJXHV ZKR EHFDPH P\ IULHQGV )RU

$PRQJ P\ FROOHDJXHV , WKDQN LQ SDUWLFXODU 6H
VRPH GHYLFHVY PDWWHUV
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7DEOH RI &RQWHQWYV

7DEOH Rl &RQWHQWV
/LVW Rl 6\PEROV DQG $EEUHYLDWLRQV
ILVW RI1 )LIXUHV
/ILVW RI 7TDEOHYV
,QWURGXFWLRQ
%DFNJURXQG
(OHFWULF 9HKLFOHV &KDOOHQJHV DQG 2SSRUW
$LPV DQG 2EMHFWLYHV
2ULJLQDO &RQWULEXWLRQV
2YHUYLHZ RI WKH 7KHVLV
6XPPHU\
/LWHUDWXUH 5HYLHZ DQG 3UREOHP 6WDWHPHQW\
5HQHZDEOH *HQHUDWLRQ
(9V %DWWHU\ 6WRUDJH 6\VWHP
%DWWHU\ '"HJUDGDWLRQ
&KDUJLQJ 3URILOHYV
6PDUW &KDUJLQJ RI (9V
&HQWUDOLVHG (9 FKDUJLQJ
'HEFHQWUDOLVHG (9 FKDUJLQJ
6XPPDU\
ILWKLXP LRQ %DWWHULHV IRU (OHFWULF 9HKLFOF
/L LRQ %DWWHU\ &KDUDFWHULVWLEFV
JLWKLXP LRQ %DWWHU\ (TXLYDOHQW &LUFXLW
)DFWRUV DIIHFWLQJ EDWWHU\ GHJUDGDWLRQ

,QWHUQDO IDFWRUYV

LY



(I WHUQDO IDFWRUYV
6 XPPDU\
([SHULPHQWDO GHVLJQ IRU /L LRQ %DWWHU\ FKDL
6WDQGDUG &KDUJLQJ 3URILOH
SHVW &KDUJLQJ 3URILOH
1HJDWLYH 7ULJJHU &KDUJLQJ 3URILOH
1HIDWLYH 7ULJJHU 30XV 5HVW &KDUJLQJ 3URILC
([SHULPHQWDO 7HVWYV
&KDUJLQJ B3URILOHVY 6WDJH 2QH
6WDQGDUG FKDUJH SURILOH WHVWYV
SHVW FKDUJH SURILOH WHVWYV
1HIDWLYH WULJIJHU FKDUJLQJ SURILOH WHVW
1HIDWLYH WULJIJHU SOXV UHVW FKDUJLQJ SUF
&KDUJLQJ B3URILOHV 6WDJH 7ZR
([SHULPHQW DQDO\VLV IRU EDWWHU\ LPSHGDC
6WDQGDUG FKDUJLQJ SURILOH WHVWYV
SHVW FKDUJLQJ SURILOH WHVWYV
1HJDWLYH WULJJHU FKDUJLQJ SURILOH WHVW'
1HJDWLYH WULJJHU SOXV UHVW FKDUJLQJ SUF
&KDUJLQJ 3URILOHYVY 6WDJH WKUHH
5HVXOWYV RI $QDO\VLYV
6XPPDU\
(YDOXDWLRQ RI WKH (ITHFWV Rl (9V RQ 3RZHU 'LV’
7\SLFDO "'LVWULEXWLRQ 1HWZRUN ORGHO
$QDO\WLV RI 3RZHU '"'LVWULEXWLRQ 1HWZRUN

& DVH 'LVWULEXWLRQ QHWZRUN ZLWK GRPHYV



& DVH 'LVWULEXWLRQ QHWZRUN ZLWK GRPHYV
& DVH 'LVWULEXWLRQ QHWZRUN ZLWK GRPHYV

&DVH 'LVWULEXWLRQ QHWZRUN ZLWK GRPHYV
VFKHGXOHG (9 FKDUJLQJ

6XPPDU\
3URSRVHG 6PDUW &KDUJH &RQWUROOHU IRU (9V
'HILQLWLRQ RI &RQWUROOHUYTV ,QSXWV DQG 2XW
)X]]\ /RILF &RQWUROOHU
'DWD ,QSXW
&RQWURO 6WUDWHJ\
)X]]\ /RILF &RQWUROOHU 'HVLJIQ
)X]1\ LQSXWV
)X]]\ /RILE V\VWHP
6LPXODWLRQ RI (9 6PDUW &KDUJHU
6XPPDU\
3URSRVHG 6PDUW &KDUJH &RQWUROOHU IRU (9V
7THVW %HQFEK
&RQWUROODEOH '& '& FRQYHUWHU
([SHULPHQWDO 5HVXOWV
6PDUW FRQWURO XQLW
39 JHQHUDWLRQ
&RQWUROOHU SHUIRUPDQFH ZLWK '& '& FRQYF
&RQWUROOHU SHUIRUPDQFH LQ SXOVH FKDUJI
6XPPDU\
&RQFOXVLRQV DQG )XWXUH ZRUN

&RQFOXVLRQV

YL



)XWXUH ZRUN
SHIHUHQFHV
$SSHQGLFHV
$SSHQGL[ $

$SSHQGL[ %
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ILVW RI 6\PEROV DQG $EEUHYLDWL

$ $PSHUH

$& $OWHUQDWLQJ &XUUHQW

$&& $FKLHYDEOH &\FOH &RXQW

$'& $QDORJXH WR 'LJLWDO &RQYHUWHU

$'0' $IWHU 'LYHUVLW)\ OD[LPXP 'HPDQG

$K $PSHUH KRXU

% (9 %DWWHU\ (OHFWULF 9HKLFOH

%06 %DWWHU\ ODQDJHPHQW B6\WWHP

& %DWWHU\ LQLWLDO FDSDFLW\

& &DSDFLW\ ORVV SHU F\FOH

&3 7KH FDSDFLW\ ORVV SHU F\FOH IRU WKH VSHF
&6 7KH FDSDFLW\ ORVV SHU F\FOH IRU WKH VWD«
& %DWWHU\ GLVFKDUJHDEOH FDSDFLW\ DIWHU C
f& &HQWLJUDGH

&& &RQVWDQW &XUUHQW

&& &9 &RQVWDQW &XUUHQW &RQVWDQW 9ROWDJH
&9 &RQVWDQW 9ROWDJH

&\FOH 5HIHUV WR FRPSOHWH EDWWHU\ FKDUJH GL
& UDWH &KDUJLQJ FXUUHQW UDWH

'$ & 'LJLWDO WR $QDORJXH &RQYHUWRU

'Go 'RXEOH OD\HU FDSDFLWRU

(5 'LVWULEXWHG (QHUJ\ 5HVRXUFHYV

x 'LVWULEXWLRQ *HQHUDWLRQ RU *HQHUDWRU
2 '"HSWK RI 'LVFKDUJH

(,6 (OHFWURFKHPLFDO ,PSHGDQFH 6SHFWURVFR!
(9 (OHFWULF 9HKLFOH

)+ +LJK JUHTXHQF\

)/ /IRZ JUHTXHQF\

)o OHGLXP )UHTXHQF\

)5$ JUHTXHQF\ 5HVSRQVH $QDO\VHU

* 9 *ULG WR 9HKLFOH

* gk *UHHQ +RXVH *DV

K +RXU

YLLL



+(9 +\EULG (OHFWULF 9HKLFOH
: &KDUJH GLVFKDUJH FXUUHQW

L& ( ,QWHUQDO &RPEXVWLRQ (QJLQH
N: .LORZDWWV

N:+ .LOR :DWW +RXUYV

/H ,QGXFWDQFH

/L& 2 ILWKLXP &REDOW 2[LGH EDWWHU\ W\SH
/ILYH32 /LWKLXP LURQ 3KRVSKDWH EDWWHU\ W\SH

/IL LRQ ILWKLXP LRQ

/9 IRZ 9ROWDJH 9

0: OHJD :DWW

Q 1XPEHU RI EDWWHU\ F\FOHV

1* 1DWXUDO *DV

1R 1XPEHU

17 7KH WRWDO H[SHFWHG EDWWHU\ F\FOLQJ EHI
173 7TKH WRWDO QXPEHU RI EDWWHU\ F\FOLQJ IRU
176 7KH WRWDO QXPEHU RI EDWWHU\ F\FOHV IRU
2&9 2SHQ &LUFXLW 9ROWDJH

3+(9 30XJ LQ +\EULG (OHFWULF 9HKLFOH

3 7KH EDWWHU\ SHUIRUPDQFH FKDQJH UDWLR S
3 %DWWHU\ WHPSHUDWXUH FKDQJHV

39 SKRWR 9ROWDLF

5 %DWWHU\ LQWHUQDO UHVLVWDQFH

SFw &KDUJH WUDQVIHU UHVLVWDOQFH

SR SHVLVWDQFH 2SWLPDO UHVLVWDQFH

53 7KH FKDQJH LQ UHVLVWDQFH SHU F\FOH IRU C
56 7KH FKDQJH LQ UHVLVWDQFH SHU F\FOH IRU \
5( 5HQHZDEOH (QHUJ\

5* SHQHZDEOH *HQHUDWRU

6 (, 6ROLG (OHFWURO\WH ,QWHUSKDVH

62& 6WDWH RI &KDUJH

62+ 6WDWH RI +HDOWK

/o $PELHQW WHPSHUDWXUH

e %DWWHU\ WHPSHUDWXUH

9 9ROWDJH

LI



I © ©

O9HKLFOH WR *ULG

9HKLFOH WR +RPH

(TXLYDOHQW UHVLVWLYH YDOXH
(TXLYDOHQW UHDFWDQFH YDOXH
:DUEXUJ HOHPHQW

'LPHQVLRQ RI EDWWHU\ LQ PP
'LPHQVLRQ RI EDWWHU\ LQ PP

GLDPHWHU
GLDPHWHU



/[LVW Rl )LIXUHYV

YLIXUH
YJLIXUH
JLIXUH
YJLIXUH
YJLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
Y)LIXUH
YJLIXUH
Y)LIXUH
JLIXUH
YLIXUH

/IRDG *HQHUDWLRQ SURILOH GXULQJ D ZHW DQG ZLQG\
&RPSDULVRQ RI SULFHV DPRQJ 3+(9 (9 DQG ,&( > @
'‘DLO\ ORDG FXUYH LQ IRXU GLIIHUHQW VHDVRQV DQG G
7KH 8. JUHHQKRXVH JDV HPLVVLRQ > @

*+* HPLVVLRQ SHU VHFWRU > @

ODQXIDFWXULQJ HPLVVLRQV RI ,&( DQG % (9 YHKLFOHV
&RPSDULVRQ OLIH F\FOH HPLVVLRQV RI ,&( DQG (9 YHK
'DLO\ GHSDUWXUH WLPH LQ WKH 8. > @

SUREDELOLW\ RI VLQJOH WULS GLVWDQFH LQ WKH 8. :
SHRSOHYVY DWWLWXGHYVY WRZDUGYV (9V > @

1XPEHU RI OLFHQVHG HOHFWULF YHKLFOHV LQ 8.
SURYLVLRQ RI WKH QXPEHU RI (9V ZLWKLQ D FRXSOH F
7KH SUHGLFWLRQV RI JOREDO YHKLFOH VDOH RI ,&( D¢
5HVLGHQWLDO 39 JHQHUDWLRQ DQG EDWWHU\ VWRUDJI

SHULRG > @

)LIXUH
)LIXUH
)LIXUH
)LIXUH
)LIXUH
)LIXUH
)LIXUH
)LIXUH

7KH LQVWDOODWLRQ FRVWYV RI 39 JHQHUDWLRQ ZLWK L
5HSUHVHQWDWLRQ RI EDWWHU\ FHOO > @

7KH FKHPLFDO HIIHFWV RQ EDWWHU\ DQRGH > @

&HOO FKHPLFDO UHDFWLRQ WLPHV > @

7\SLFDO (,6 FXUYH

%DWWHU\ UHVLVWDQFH YV 62& DQG WHPSHUDWXUH >
7KH $& LPSHGDQFH HTXLYDOHQW FLUFXLW IRU /L LRQ E
6LPSOLILHG EDWWHU\ $& LPSHGDQFH HTXLYDOHQW FLU

IUHTXHQF\ DQG F DW ORZ IUHTXHQF\

JLIXUH
YJLIXUH
JLIXUH
JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
YJLIXUH
JLIXUH
JLIXUH
YLIXUH
YLIXUH

5SHODWLRQVKLS EHWZHHQ EDWWHU\ F\FOH OLIH DQG DF
(IIHFWV Rl EDWWHU\ WHPSHUDWXUH RQ GHJUDGDWLRQ
JLWKLXP LRQ EDWWHU\ F\FOLQJ OLIH DFFRUGLQJ WR ':
%ORFN GLDJUDP Rl EDWWHU\ GHJUDGDWLRQ OLIH

/L LRQ VWDQGDUG FKDUJLQJ SURILOH

7KH VWDQGDUG FKDUJLQJ SURILOH DSSOLHG RQ /LWKL
7KH VWDQGDUG FKDUJLQJ SURILOH DSSOLHG RQ /LWKL
5HVW FKDUJLQJ SURILOH DSSOLHG RQ /L&R?2

5HVW FKDUJLQJ SURILOH DSSOLHG RQ /LWKLXP ,URQ 3}
1HIJDWLYH WULJJHU FKDUJLQJ SURILOH DSSOLHG RQ /L
%DWWHU\ WHPSHUDWXUH XQGHU VWDQGDUG FKDUJLQJ
5SHODWLRQVKLS EHWZHHQ EDWWHMWBHAUHPEEQBWXG H DR
%DWWHU\ FDSDFLW\ IDGLQJ IRU F\FOLQJ HIIHFWV ZLW
7KH UHODWLRQ EHWZHHQ E D W WHUE\ HW HUPIS WW DA RUIHO BI Q

[L



JLIXUH
JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
YJLIXUH
JLIXUH
JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
JLIXUH
JLIXUH
YJLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
YJLIXUH
JLIXUH
YJLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
Y)LIXUH
YJLIXUH
Y)LIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
Y)LIXUH
JLIXUH

%DWWHU\ WHPSHUDWXUH XQGHU UHVW FKDUJLQJ SUR!
%DWWHU\ FDSDFLW\ IDGLQJ IRU F\FOLQJ HIIHFWV ZLW
5SHODWLRQVKLS EHWZHHQ EDW WHUG FUH RSIH U DHAUX B H RD
%DWWHU\ WHPSHUDWXUH XQGHU WULJJHU FKDUJLQJ S
%DWWHU\ FDSDFLW\ IDGLQJ IRU F\FOLQJ HIIHFWV ZLW
%DWWHU\ WHPSHUDWXUH XQGHU WULJJHU UHVW FKDU
7KH UHODWLRQ EHWZHHQ E D W WHUE\HWHW 8 HLIBHW XWHHY BVQ
%DWWHU\ FDSDFLW\ IDGLQJ IRU F\FOLQJ HIIHFWV ZLW
%DWWHU\ LPSHGDQFH DV D IXQFWLRQ RI SXOVH IUHTX
%DWWHU\ LPSHGDQFH LQ H[SDQGHG VFDOH

7KH UHDO YDOXH RI EDWWHU\ LPSHGDQFH LQ UHVSHF\
,PDJLQDU\ YDOXHV Rl EDWWHU\ LPSHGDQFH ZLWK UHV
%DWWHU\ UHVLVWLYH YDOXHV PHDVXUHG DURXQG
%DWWHU\ UHDFWLYH PHDVXUHG YDOXHV DURXQG +
%DWWHU\ WHPSHUDWXUH XQGHU VWDQGDUG FKDUJLQ.
7KH UHODWLRQVKLS EHWZHHQ EDWWHU\ WHPSHUDW XU
%DWWHU\ FDSDFLW\ IDGLQJ XQGHU VWDQGDUG FKDUJI
%DWWHU\ UHVLVWDQFH FKDQJLQJ XQGHU 6WDQGDUG F
%DWWHU\ WHPSHUDWXUH XQGHU UHVW FKDUJLQJ SUR!
5SHODWLRQVKLS EHWZHHQ EDWWEGHW RMHS/MU B WKILID 1D C
%DWWHU\ FDSDFLW)\ IDGLQJ XQGHU UHVW FKDUJLQJ Sl
&KDQJHV LQ EDWWHU\ UHVLVWDQFH XQGHU UHVW FKD
%DWWHU\ WHPSHUDWXUH XQGHU WULJJHU FKDUJLQJ S
UHODWLRQVKLS EHWZHHQ E D WX\QH3H UV B 5§ HIUHDUWSKWRI DA
%DWWHU\ FDSDFLW)\ IDGLQJ XQGHU WULJJHU FKDUJLQ.
JLWKLXP EDWWHU\ FHOO WKURXJK VWDQGDUG FKDUJLC
JLWKLXP LRQ EDWWHU\ FHOO WKURXJK WULJJHU FKDU.
%DWWHU\ WHPSHUDWXUH XQGHU WULJJHU UHVW FKDU
5HODWLRQVKLS EHWZHHQ EDWWEGHW MPBLHU B W XUV \D C
%DWWHU\ FDSDFLW\ IDGLQJ XQGHU WULJJHU UHVW FK!
%DWWHU\ FDSDFLW\ IDGLQJ ZLWK SXOVH FKDUJLQJ DW
%DWWHU\ LQWHUQDO UHVLVWDQFH FKDQJHV ZLWK SXC
%DWWHU\ FDSDFLW\ IDGLQJ ZLWK SXOVH FKDUJLQJ DW
%DWWHU\ LQWHUQDO UHVLVWDQFH FKDQJHV ZLWK SXC
%DWWHU\ FDSDFLW)\ IDGLQJ ZLWK VWDQGDUG FKDUJLQG
%DWWHU\ LQWHUQDO UHVLVWDQFH FKDQJHV ZLWK VW
&RPSDULVRQ RI EDWWHU\ FDSDFLW\ SURILOHV IRU /L)|
%DWWHU\ FDSDFLW\ SURILOH FRPSDULVRQ IRU /L&R?2
%DWWHU\ LQWHUQDO UHVLVWDQFH SURILOH FRPSDUL)\
&DSDFLW\ YV LQWHUQDO UHVLVWDQFH F\FOLQJ IRU 1H

[LL



JLIXUH
JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
YJLIXUH
JLIXUH
JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
JLIXUH
JLIXUH
YJLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
YJLIXUH
JLIXUH
YJLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
Y)LIXUH
YJLIXUH
Y)LIXUH
YLIXUH
YLIXUH

YLIXUH
62&
Y)LIXUH

%DWWHU\ FDSDFLWLHV FRPSDULVRQ IRU GLIITHUHQW P
%DWWHU\ FDSDFLW\ FRPSDULVRQ RI PDUN VSDFH U
'DLO\ GRPHVWLF ORDG SURILOHV RYHU VXPPHU DQG ZL
7\SLFDO GLVWULEXWLRQ QHWZRUN PRGHO

7KH PRGHOOLQJ WRRO IRU ORZ YROWDJH SRZHU GLVWL
/9 WUDQVIRUPHU ORDGLQJ XQGHU GRPHVWLF ORDGV
/9 IHHGHUV QRGHV YROWDJHV IRU GRPHVWLF ORDGYV
/9 IHHGHUV FXUUHQWVY IRU GRPHVWLF ORDGV

/9 WUDQVIRUPHU ORDGLQJ ZLWK UHQHZDEOH JHQHUDW
/9 IHHGHU QRGHV YROWDJHV ZLWK UHQHZDEOH JHQHUL
/9 IHHGHU FXUUHQWYV ZLWK PLFUR JULG LQVWDOOHG
/9 WUDQVIRUPHU ORDGLQJ ZLWK WKUHH UDWLRV (9 DW
/9 IHHGHU QRGH YROWDJHV ZLWK GLIIHUHQW (9 SHQF
/9 IHHGHU , FXUUHQWV ZLWK (9 HIITHFWYV
7UDQVIRUPHU ORDGLQJ ZLWK WKUHH UDWLRYV (9 DW VI
/9 IHHGHU QRGH YROWDJHV ZLWK GLIITHUHQW (9 SHQF
/9 IHHGHU , FXUUHQWYV ZLWK (9 HIIHFWYV
7UDQVIRUPHU ORDGLQJ ZLWK FRPELQH WKH HIIHFW RI
/9 IHHGHU QRGH YROWDJHV ZLWK GLIIHUHQW (9 SHQF
/9 IHHGHU , FXUUHQWYV ZLWK PLFUR JULG DQG VFKH(
%ORFN GLDJUDP Rl VPDUW FRQWUROOHU

JORZ FKDUW IRU LQSXWWLQJ XVHU UHTXLUHPHQWYV WR
7KH SURSRVHG G\QDPLF WDULII

7\SLFDO VXPPHU DQG ZLQWHU 39 JHQHUDWLRQ SURILO!
$YDLODEOH FKDUJLQJ WLPH OHYHOV

7KH SURSRVHG JULG WDULII

39 JHQHUDWLRQ YV GRPHVWLF ORDG GHPDQGV IRU VXF
5HODWLRQVKLS EHWZHHQ EDWWHU\ 62& DQG 2&9
&RQWUROOHU LQSXWV LQ ODWODE 6LPXOLQN

)X]]\ /RILF 6\VWHP

5HQHZDEOH PHPEHUVKLS IXQFWLRQ

7KH JULG PHPEHUVKLS IXQFWLRQ

8VHU PHPEHUVKLS IXQFWLRQ

)X]1\ RXWSXW PHPEHUVKLS IXQFWLRQ

&RQWUROOHU UHVSRQVH IRU VFHQDULR WZR WRZDUG

&RQWUROOHU UHVSRQVH IRU VFHQDULR WZR WRZDUG

&RQWUROOHU UHVSRQVH IRU VFHQDULR WKUHH WRZD

[LLL



J)LIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR WKUHH WRZD

62&
YLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR IRXU WRZDUG
YLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR IRXU WRZDUG
62&
JLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR ILYH WRZDUG
JLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR ILYH WRZDUG
62&
YLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR RQH ZLWK JUL
EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
YLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR RQH ZLWK JUL
E EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
JLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR WZR ZLWK JULI
EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
JLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR WZR ZLWK JULI
E EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
YLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR WKUHH ZLWK
E EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
YLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR WKUHH ZLWK
UDWH E EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WI
YJLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR IRXU ZLWK JU
E EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
YJLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR IRXU ZLWK JU
E EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
YLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR ILYH ZLWK JU
EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
YLIXUH &RQWUROOHU UHVSRQVH IRU VFHQDULR ILYH ZLWK JU
E EDWWHU\ 62& F JULG WDULII DQG G SUHGLFW WDULII
Y)LIXUH 5HQHZDEOH JHQHUDWLRQ ZLQWHU SURILOH D 39 JHC
JHQHUDWLRQ
Y)LIXUH &RQWUROOHU UHVSRQVH ZLWK 39 JHQHUDWLRQ DYDLC
EDWWHU\ 62& F JULG WDULII DQG G VXUSOXV 39 JHQHUDW|
YLIXUH &RQWUROOHU UHVSRQVH ZLWK 39 JHQHUDWLRQ DYDLC
E EDWWHU\ 62& F JULG WDULII DQG G VXUSOXV 39 JHQHU
YLIXUH &RQWUROOHU UHVSRQVH ZLWK DSSOLHG UHVW SURILC
62& F JULG WDULII DQG G VXUSOXV 39 JHQHUDWLRQ
Y)LIXUH &RQWUROOHU UHVSRQVH ZLWK DSSOLHG UHVW SURILC

EDWWHU\ 62& F JULG WDULII DQG G VXUSOXV 39 JHQHUDWI
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JLIXUH
JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
YJLIXUH
JLIXUH
JLIXUH
YLIXUH
YLIXUH
YLIXUH
YLIXUH
JLIXUH
JLIXUH

%ORFN GLDJUDP RI WKH SURSRVHG H[SHULPHQWDO VPI
7KH G6SDFH '6 DQRG WKH LQWHUIDFH ERDUG

7KH FRQWUROODEOH '& '& KDUGZDUH FLUFXLW
6FKHPDWLF GLDJUDP RI WKH FRQWUROODEOH '& '"& FRQ
%ORFN GLDJUDP RI WKH 7/ FKLS

71 3:0 YV 6DZWRRWK LQWHUQDO VLJQDO

71 KLIJK DQG ORZ VLGH RXWSXWYV

7KH VLIJQDOV DIWHU DGGLQJ WKH GHOD\

7KH DSSOLHG VLJQDOV WR WKH KDOI EULGJH FLUFXLW
6LPXOLQN RI VPDUW FKDUJHU LQ ODWODE

6RODU SKRWRYROWDLF HOHFWULFLW\ VA\VWHP LQVWDC
/I DERUDWRU\ 39 JHQHUDWLRQ

6PDUW FKDUJHU UHVSRQVH XQGHU 39 JHQHUDWLRQ RC
6PDUW FKDUJHU UHVSRQVH XQGHU G\QDPLF WDULII RC
6PDUW FKDUJHU UHVSRQVH XQGHU WKH HIIHFW RI ERW
6PDUW FKDUJHU UHVSRQVH ZKHQ (9 SOXJ SHULRGV QR

QRW VXIILFLHQW E WKH UHPDLQLQJ FKDUJLQJ WLPH QRW HQ

YJLIXUH
YLIXUH

0% FRQWUROODEOH FKDUJLQJ PDFKLQH XVHG IRU SX
6PDUW FRQWUROOHU UHVSRQVH ZLWK SXOVH FKDUJLQ

VLIQDOV E =RRPLQJ WR VKRZ FKDUJH SXOVH VKDSHYV
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ILVW RI 7TDEOHYV

7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

6WDQGDUG FKDUJLQJ VWHSV IRU RQH F\FOH

5HVW FKDUJLQJ VWHSV IRU RQH F\FOH

1HIJDWLYH FKDUJLQJ VWHSV IRU RQH F\FOH

7ULJIJHU UHVW VWHSV IRU RQH F\FOH

&RPSDULVRQ RI UHVXOWYV IRU WKH IRXU SURILOHV ZLW
&RPSDULVRQ RI UHVXOWYV IRUWKH IRXFOHVRILOHYV ZLW
&RPSDULVRQ RI UHVXOWYV XR UNK KED WRW H US UHRQ GORIIVOAU W
1XPEHU RI KRXVHY DW HDFK /9 QHWZRUN

/19 )HHGHU FKDUDFWHULVWLFV

8VHU GHILQHG VFHQDULRYV

(I(SHULPHQWYV VPDUW FKDUJHU WHVW VFHQDULRYV

[YL
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' QWURGXFWLRQ

7KH GHYHORSPHQW RI WHFKQRORJ\ WKURXJKRXW WK
WR RXU SODQHW 7KH PRVW QHJDWLYH LPSDFW LV LQF
SRZHU JHQHUDWLRQ WUDQVSRUW DQG UHVLGHQWLDC
JUHHQKRXVH JDV HPLVVLRQV > @ 7KHUHIRUH VLJQLIL
WKLV LVVXH 3RWHQWLDO VROXWLRQV DUH WR UHSOD!
HOHFWULI\ WKH WUDQVSRUW VHFWRU ORVW UHQHZL
GLVWULEXWLRQ QHWZRUN WKURXJK VR FDOOHG GLVW!
UHQHZDEOH JHQHUDWRUV 5*V LV LQWHUPLWWHQW DQ
LQVWDELOLW\ LQ WKH SRZHU GLVWULEXWLRQ JULG >
HQHUJ\ LV LQWHUPLWWHQW DQG QRW 3GLVSDWFKDEOF
FRQVXPHG DW WKH VDPH WLPH DV LW LV JHQHUDWHG L
> @ &RQYHQWLRQDO YHKLFOHV GHSHQG RQ IRVVLO IX
HQYLURQPHQW DQG FOLPDWH FKDQJH 7RGD\ WKHUH |
HOHFWULF YHKLFOHV (9V (9V KDYH EHWWHU HIILFLH
ZLWK HOHFWULFLW\ SURGXVHG XVLQJ UHQHZDEOH HQH

/I DWHO\ WKHUH KDV EHHQ LQFUHDVLQJ LQWHUHVW L
WKH WUDQVSRUW V\VWHP (9V QHHG WKH EDWWHULHYV
PD\ LQFUHDVH WKH SHDN ORDG GHPDQG > @ ORVW (9
FDUV DIWHU DUULYLQJ KRPH DURXQG DW $L P XAKH U H
7KH KLIJK GHSOR\PHQW Rl (9V ZLOO DGG D KHDY\ ORD!
FDXVH DQ RYHUORDG RI WKH JULG HTXLSPHQW DQG LQ

7KH (9 PD\ EH FRQVLGHUHG DV D PRELOH IRUP RI HQH
JULG VXSSRUW LI DSSURSULDWHO\ FRQWUROOHG LQ C
DQG 9HKLFOH WR *ULG 9 * 5HVHDUFK LV RQJRLQJ WF
FKDUJHG RU XVHG DV VWRUDJH > @ LQ RUGHU WR SU
FKDUJLQJ RU HYHQ SURYLGH VXSSRUW WR WKH JULG >



JLIXUH /IRDG *HQHUDWLRQ SURILOH GXULQJ D ZHW DQ

S4s [ ...*%0" ' —+e*%

,Q FROQWUDVW WR FRQYHQWLRQDO UHFKDUJHDEOH ELC
GHQVLW\ KLJKHU RSHUDWLQJ YROWDJH QHHG ORZ PD
QR PHPRU\ SUREOHPV 7KHVH FKDUDFWHULVWLFV KDY
SRUWDEOH GHYLFHVY DQG H PRELOLW\ DV WKHVH QHHC
UHTXLUHPHQWY 2Q WKH RWKHU KDQG /LWKLXP LRQ
PDQDJHPHQW DQG SURWHFWLRQ DV ZHOO DV DGHTXDW
DQG ULVN RI ILUH

7KHUH DUH PDQ\ IDFWRUV ZKLFK DIIHFW WKH LQWUF
LQWHUQDO FRPEXVWLRQ HQJLQH ,&( YHKLFOHV LQFC
LWVHOI DQG WKRVH FRQFHUQLQJ WKH HIIHFW RI (9V R
(9V LPSOHPHQWDWLRQ DQG WKHVH FRXOG EH VHSDUD
,QWHUQDO IDFWRUV ZKLFK UHODWH WR WKH (9 LWVHO|
DV GULYLQJ UDQJH DQG FKDUJLQJ WLPH > @ :KLOH H



DYDLODELOLW\ RI FKDUJLQJ LQIUDVWUXFWXUH 7KH EL
SHUIRUPDQFH DQG FRVW DUH GHWHUPLQHG E\ WKH ED
WHPSHUDWXUH DQG FKDUJLQJ PHWKRG (9 FRVWYV DUH
> @ VKRZV D FRPSDULVRQ EHWZHHQ WKH (9 DQG YHKL
QHHG WR LPSURYH (9 PDQXIDFWXULQJ WHFKQRORJ\ DC
DOVR LQIOXHQFHG E\ WKH FRVW RI FKDUJLQJ IXHO DCcC
&KDUJLQJ FRVWV FDQ EH UHGXFHG E\ FKDUJLQJ DW R
IURP UHQHZDEOH HQHUJ\ ,Q DGGLWLRQ LQFUHDVLQJ"
WKH XSWDNH RI (9V

JLIXUH &RPSDULVRQ RI SULFHV DPRQJ 3+(9 (9 DQG

7KH PDQXIDFWXULQJ FRVWYV RI WKH (9 EDWWHU\ UHS
PDNLQJ WKH RYHUDOO (9 FRVW KLJKHU WKDQ YHKLFOI
> @ 2QH RI WKH VROXWLRQV WR WKLV SUREOHP LV W
DQG DQRWKHU VROXWLRQ LV WR HIWHQG WKH EDWWHU
> @ 7KH VWDQGDUG EDWWHU\ HQG RI OLIH LV VHW
SHF\FOLQJ /L LRQ EDWWHU\ LV FXUUHQWO\ H[SHQVLYH
HITHFWLYH VSHFLDOO\ ZLWK SUHGLFDWLRQ RI LQFUHD



&XUUHQWO\ WKH QXPEHU RI WKH (9V LV ORZ EXW L
&KDUJLQJ RI D ODUJH QXPEHU RI (9V ZLOO FDXVH D VL.
JULG EHFDXVH RI WKH ODUJH FDSDFLW\ RI WKH EDWW
WUDQVIRUPHUV GURSSLQJ LQ QHWZRUN YROWDJHV Il
GXULQJ FHUWDLQ SHULRGV RI WKH GD\

&RQWUROOLQJ WKH FKDUJLQJ SURFHVV RI (9V FRXOG
DGGLWLRQ WKH XVH RI (9V DV VWRUDJH FRXOG VXE¢
IOXFWXDWLRQV GHDOLQJ ZLWK UHQHZDEOH HQHUJ\ L
XVLQJ 9 *

,PSOHPHQWLQJ (9V IRU JULG VXSSRUW ZRXOG DFFHC
QHHG WR EH FRPSHQVDWHG IRU WKH FRVW RI EDWWHU
EDWWHU\ IDGLQJ QHHG WR EH VRXJKW ZKLFK LV RQH |
EDWWHULHYV VXIIHU IURP UHGXFWLRQ LQ WKHLU FDSDF
H[SHULHQFHG 7KHUH DUH PDQ\ IDFWRUV ZKLFK DIIHFW
VWDWH RI FKDUJH 62& GHSWK RI GLVFKDUJH '2' DQ
,Q DGGLWLRQ WKH LQWHUQDO UHVLVWDQFH LQ EDWW|
LPSRUWDQW SDUW LQ WKH GHJUDGDWLRQ SURFHVV DQ
GHVFULEH EDWWHU\ HQHUJ\ DQG SRZHU ORVVHV WKUR

(OHFWULFLW\ GHPDQG LV DIIHFWHG E\ VHYHUDO IDFV
GHPDQG FKDQJHV ZLGHO\ RYHU KRXUV HVSHFLDOO\
SHDN GHPDQG 7KH VHFRQG IDFWRU LV WKH VHDVRQ R
DFFRUGLQJ WR WKH FOLPDWH WHPSHUDWXUH DQG S
YDULHY EHWZHHQ ZHHNGD\V DQG WKH ZHHNHQG )LJXL
8. GXULQJ ZHHNGD\V DQG ZHHNHQGV LQ WKH VXPPHU
ZLQWHU WKHUH LV D SHDN GHPDQG GXULQJ WKH SHUL
LV QR FOHDU GDLO\ SHDN DFFRUGLQJ WR QDWLRQDO J



JRXU GDLO\ ORDG FXUYH

—e— :LQWHU ZHHN GD\
—e— LQWHU ZHHNHQG GD\
6XPPHU ZHHN GD\
—e—6XPPHU ZHHNHQG GD\

7LPH LQ +RXUV

J)LIXUH 'DLO\ ORDG FXUYH LQ IRXU GLIITHUHQW VHDVRQ

JLIXUWWKRZV WKH DPRXQW RI JUHHQKRXVH JDV *+*
SHULRG &RQFHQWUDWLQJ RQ WKH WUDQVSRUMW
VLPLODU RYHU WKLV SHULRG ZLWK UHGXFWLRQV RI DE
ODUJHVW *+* HPLVVLRQ DIWHU WKH HQHUJ\ VXSSO\ VF
HPLVVLRQV DV VKRZ@ LQ@KMHIXNPXIDFWXULQJ *+* HPLV\
WKDQ ,&( DV VKRZQ LQ )LJXUH > @ %HFDXVH WKH
PRUH HQHUJ\ WR SUHSDUH EDWWHU\ PDWHULDOV ZKLF
WR ,&( YHKLFOH 2Q WKH RWKHU KDQG WKH *+* FRPS
VKRZQ LQ )LJXUH ZKHUH WKH FDOFXODWLRQ PDG
PDQXIDFWXULQJ SURFHVV DQG IXHO F\FOH > @ OHDQZ
OHVV HPLVVLRQ GHSHQGV RQ IXHO XVHG DV LW LV FOH
OHVW (9 HPLVVLRQ GXH WR XVH 5*V DV D PDLQO\ VRXU
WUHQGV LQ ORZHU (9 HPLVVLRQV



J)LIXUH 7KH 8. JUHHQKRXVH JDV HPLVVLRQ

5HVLGHQ

XSSO\

JLIXUH *+* HPLVVLRQ SHU VHFWRU > @



J)LIXUH ODQXIDFWXULQJ HPLVVLRQV RI ,&( DQG % (9

JLIXUH &RPSDULVRQ OLIH F\AFOH HPLVVLRQV RI ,&( DQG (9



9HKLFOH WULS GLVWDQFHY DQG GHSDUWXUH WLPH Y
1IDWLRQDO WUDYHOOLQJ VXUYH\ > @ WKH DYHUDJH Y
WLPH RI WKH GD\ DQG GD\ Rl WKH ZHHN )LJXUH V K
SHULRGV GXULQJ WKH GD\ RQ D ZHHNGD\ 7KH ILUVW
OHDYH WR JR WR ZRUN DQG WKH VHFRQG SHULRG LV
ZRUN $W ZHHNHQGV PRVW GHSDUWXUHV REFXU LQ WK
WULS GLVWDQFHYLERQHEH VKRGQFIDWLQJ WKDW DURXQ
PLOHV RU OHVV DQG DERXW RI WULSV FRYHU OHV\V
GDLO\ YHKLFOH PLOHV HTXDOV LQ DFFRUGLQJ

7ULSV LQ SURJUHVV E\ WLPH RI GD\ DQG GD\
(QJODQG

——0RQGD\ WR )ULSBA6DWXUGD\ 6XQGD\

$YHUDJH 1R RI YHKLFOHYV

A

7LPH RI WKH GD\

J)LIXUH ‘DLO\ GHSDUWXUH WLPH LQ WKH 8. > (



7ULS OHQJWK

'LVWDQFH LQ PLOHV

SBUREDELOLW\

J)LIXUH SBUREDELOLW\ Rl VLQJOH WULS GLVWI

$FFRUGLQJ WR D VXUYH\ Rl WKH UHDVRQV SUHYHQW
> @ VKRZV WKDW WKH WKUHH PDLQ UHDVRQV DUH UHF
JLUVW RI DOO WKH OLPLWHG QXPEHU RI FKDUJLQJ VYV
BHFRQGO\ (9 EDWWHU\ FDSDFLW\ DQG WKH H[SHFWHG
)LQDOO\ (9V DUH VWLOO PRUH H[SHQVLYH FRPSDUHG 7
WR LPSURYH VRPH RI WKHVH UHDVRQV



J)DFWRUV OLPLWLQJ EX\LQJ (9V
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J)LIXUH BHRSOHYV DWWLWXGHYV WRZDUGV (9V
sat Zt..-"<... 1Sc...Z%e8 'SfLZdYottw fot

,Q WKH ODVW GHFDGH WKH ZRUOG KDV EHJXQ WR UH
K\EULG HOHFWULF YHKLFOHY DV D VROXWLRQ WR *+* H
RI OLFHQVHG HOHFWULF YHKLFOHYV LQ 8. ZKLFK LQGLF
7KLV WUHQG ZLOO KHOS UHGXFH JDV HPLVVLRQV DQG
VWRUDJH IRU HOHFWULFLW\ UHQHZDEOH HQHUJ\ HIILF
WKH RSWLPDO FRQWURO RI (9 FKDUJLQJ +RZHYHU GL
EDWWHU\ VWRUDJH FDSDFLW\ PD\ UHVWULFW WKH XSW
HISHFWHG LQFUHDVH LQ QXPEHUV RI (9V ZKLFK ZLOO
ORUHRYHU WKH SUHGLFWLRQ UHODWLRQ RI ,&( +(9 %
7KLY QXPEHU LQGLFDWHY WKDW D VLIQLILFDQW DPRXC
HIWUD LQYHVWLIJDWLRQ DQG DQDO\VLV LQ WHUPV RI W

5HVHDUFKHUV DUH WU\LQJ WR XQGHUVWDQG SRVVLE
SRZHU JULG LQ RUGHU WR LGHQWLI\ SRWHQWLDO SURI



HQHUJ\ VRXUFHV ZKHQ WKHUH LV VXUSOXV JHQHUDWL
LQWHUPLWWHQW UHQHZDEOH JHQHUDWLRQ RQ WKH J
UHQHZDEOH HQHUJ\ FDQ EH VDYHG IRU XVH ZKHQ ORDC
WKH RSSRUWXQLW\ WR XVH (9V WR VXSSRUW WKH JUL
ZKLFK QHHGVY WR EH DSSURSULDWHO\ DGGUHVVHG ZKI

J)LIXUH 1XPEHU RI OLFHQVHG HOHFWULF YHKLFOHYV



J)LIXUH SBURYLVLRQ RI WKH QXPEHU RI (9V ZLWKLQ D F

JLIXUH 7KH SUHGLFWLRQV RI JOREDO YHKLFOH VDOH RI ,8&



sdu cee fot  ET..—<"fo

7KH DLPV RI WKLV SURMHFW LV WR GHYHORS D VPDI
FKDUJLQJ RI HOHFWULFDO YHKLFOHV ZLWKRXW RYHUC(
EDWWHU\ GHJUDGDWLRQ LQFUHDVH FKDUJLQJ IURP Uk
RI (9 RZQHUV E\ ORZHU FKDUJLQJ FRVWYVY 7KH SURMHF
WR VXSSRUW WKH JULG WKH LPSDFW WKLV KDV RQ E
FKDUJLQJ FDQ KHOS LQ UHGXFLQJ WKLV LPSDFW

7KH REMHFWLYHY DUH DV IROORZYV

X 5SHVHDUFK WKH NH\ IDFWRUV WKDW DIIHFW SRZH
FKDUJLQJ DQG UHQHZDEOH HQHUJ\ JHQHUDWLRQ

X ,QYHVWLJDWH (9 XVHU EHKDYLRXU 39 JHQHUDWLR
WR PDWFK UHQHZDEOH HQHUJ\ JHQHUDWLRQ

X ,QYHVWLIJDWH FRQWUROOHG FKDUJLQJ * 9 DQG 9
WKH JULG DQG (9V

Xx THVW DQG DQDO\VH IDFWRUV DIIHFWLQJ EDWWHU\

x '"HILQH DQG GHYHORS WKH VSHFLILFDWLRQV RI D V

SAV "<YocofZ ‘fe—"¢,——<'ee
7KH PDLQ FRQWULEXWLRQV RI WKLY WKHVHYV DUH

X $QDO\VLV RI VPDUW (9 FKDUJLQJ HQYLURQPHQW D
(9 FKDUJHU WKDW RSWLPL]HV YHKLFOH FKDUJLQJ |
WKH JULG FKDUJLQJ PDLQO\ IURP UHQHZDEOH HC
EDWWHU\ OLIH

X $Q DQDO\VLV Rl WKH FRPELQHG LPSDFW RI UHQH:
YHKLFOHV RQ SRZHU GLVWULEXWLRQ QHWZRUNYV K

X $QDO\VLV RI FKDUJLQJ SURILOHV IRU /LWKLXP LR
GHJUDGDWLRQ DQG LPSURYH LWV SHUIRUPDQFH



X $VVHVVPHQW RI WKH IDFWRUV DIIHFWLQJ EDWW
UHFRPPHQGDWLRQV IRU DQ RSWLPXP FKDUJLQJ WF
x '"HYHORSPHQW RI VPDUW FKDUJHU FRQWUROOHU H|

7KH DERYH RULJLQDO FRQWULEXWLRQ KDV UHVXOWH

Xx $ $ $ $O NDUDNFKL * /DFH\ DQG * 3XWUXV
FKDUJLQJ WR LPSURYRZEDWW HIUQ HHUHQJLR QIHUH
WK ,QWHUQDWLRQDO S®QLYHUVLWLHYV

$ $ $ $O NDUDNFKL * 3XWUXV 5 'DV DQG 5 %LC

WR ([WHQG %DI3REZHU\ (QUIHJHHQLQJ &RQIHMHISVFHP BF

X

x 6 1DJDPLWVX 5 *RQGR 1 1DJDRND $ $ $ $0 .DU
3$ IRYHO %DWWHU\ 'LDJQRVWLF OHWKRG IRRZBIRD U
(QJLQHHULQJ &RQIIBBIQFH 8BFHSWHG

x $ $ $ $O0 .DUDNFKL * 3XWUXV = *DR * [/DFH\
%DWWHU\ &KDUJHU IRU (OHFWULFDO 9HKLFOHV 0D
8QLYHUVLW\ 3*5 &RQIHUHQFH 3RVWHU

x $ $ $ $O0 .DUDNFKL * 3XWUXV DQG 5 'DV 3&RQW
%DWWHU\ OLIH® 1RUWKXPEULD 8QLYHUVLW\ 3*5 &F

X -RXUQDO SDSHU 23&KDUJLQJ 3URILOHV WR H[WHQG
SXEOLFDWLRQ

saw """« ™ 7 —é:t Sio(o

&KDSWHU SUHVHQWY D OLWHUDWXUH UHYLHZ DQG |
WR UHQHZDEOH JHQHUDWLRQ 3KRWRYROWDLF VPDU\
DQG DVVRFLDWHG FKDUJLQJ SURILOHV &KDSWHU S
EDWWHULHYVY LQFOXGLQJ WKHLU FKDUDFWHULVWLEFV (
EHKDYLRXU RI /L LRQ EDWWHULHY PDNHV PDQ\ IDFWRU
WKH FRQWULEXWLRQ RI WKHVH IDFWRUV VXSSRUW H]
SURFHVV &KDSWHU GHWDLOV DUH JLYHQ RI VWDQGL
WKH UHVXOWYVY RI WHVWYV FRQGXFWHG LQ WKLV UHVHD



FKDUJLQJ SURILOHVY DQG WKH SRVVLELOLW\ RI LPSURY
LV FOHDU HIIHFW RI FKDUJLQJ SURILOH RQ EDWWHU\
GHVLJIQLQJ ZLWK ORZHU EDWWHU\ GHIJUDGDWLRQ FRX¢
DQERDO\WLYV RI WKH FRPELQHG HIIHFWV RQ WKH SRZHU J
LQWURGXFWLRQ RI (9vV ,Q WKLV DQDO\VLV LW LOOXYV
FKDUJHU WR UHGXFH LPSDFW DQG LPSURYH UHQHZDEC
SUHVHQWYV WKH V\VWHP GHVLJQ DQG GHYHORSPHQW R
WKH VLPXODWLRQ UHVXOWY REWDLQHG XVLQJ ODWOZCL
VPDUW FKDUJHU UHVXOWY DJUHHG ZLWK SUHYLRXV D
GHYHORSPHQW RI DQ H[SHULPHQWDO ODERUDWRU\ PI
YDOLGDWLRQ RI WKH VLPXODWLRQ UHVXOWYV 7KH HI[S
(9 FKDUJHU WR VXSSRUW XVHU UHTXLUHPHQWY JULG
&KDSWHU SUHVHQWYV WKH VWXG\TV FRQFOXVLRQV DQ

Sax —eef">

,Q WKLV FKDSWHU D EULHI GHVFULSWLRQ RI WKH WHK
LOQWHUQDO FRPEXVWLRQ HQJLQH ZLWK HOHFWULF YHK
HPLVVLRQ DV ZHOO DV WKH LPSDFW RI HOHFWULF YHE
SURILOHV RI YHKLFOH XVHU GULYLQJ HJ MRXUQH\ OF
DLPV REMHFWLYHV DQG PDLQ FRQWULEXWLRQV RI W
RYHUYLHZ RI WKHVLV VWUXFWXUH



&+$37(5 7:2

ILWHUDWXUH S5HYLHZ DQG 3UREOHI

,Q FRQYHQWLRQDO HOHFWULF SRZHU V\VWHPV HOHF
DQG VHQW WR FRQVXPHUV WKURXJK WUDQVPLVVLRQ
LQWURGXFWLRQ RI '*V ZKLFK DUH XVXDOO\ ORFDWHG
IORZ GXULQJ QRUPDO DQG IDXOW FRQGLWLRQV > @

(OHFWULF 9HKLFOHV (9vV QHHG WR EH FKDUJHG IU
PHGLXP VL]H (9 EDWWHU\ LV DURXQG N:K DV LQ WKH
LOQFUHDVH WKH GHPDQG RQ WKH JULG LQ OLQH ZLWK W
(9V RZQHUV ZLOO SOXJ LQ WKHLU YHKLFOHV IRU FKDU.
SP LQ WKH HYHQLQJ ZKLFK LV WKH SHDN WLPH IRU GI
XVLQJ WKH (9 EDWWHU\ DV VWRUDJH IRU WKH JULG FR.
WKHUHIRUH VWDELOLVLQJ WKH SRZHU JULG > @ 5HV
FRRUGLQDWLRQ PD\ OHDG WR WKH RYHUORDGLQJ RI G
ZHOO DV FDXVLQJ ORDG YROWDJHV WR GURS EHORZ
LQFUHDVLQJ RSHUDWLRQDO FRVWYV KLJKHU SRZHU OF
SRZHU TXDOLW\ > @ &KDUJLQJ RI (9V GXULQJ RII
DGYDQWDJHV QRW RQO\ LQ WHUPV RI ORZ SULFHV EXW
SHDN GHPDQG > @

tds tet™f 7% Fet f—<'e

6RODU SKRWRYROWDLF LV WKH PDLQ ORFDO UHQHZI
3KRWRYROWDLF 39 V\WWHPV DUH WKH PRVW VXLWDEC
HDV\ WR LQVWLO EXLOGLQJ URRIV FDU SDUNLQJ VKD
DQG QRLVH OHVV +RZHYHU ZRUNLQJ RQ VXQQ\ GD\V
WKH PDLQ 39 OLPLWDWLRQV ZKLFK FRXOG DIIHFW JULC
KLJK LQVWDOODWLRQ FRVW ZKLFK LV UHFRXSHG RYHU
,PSURYLQJ WKH 39 VI\VWHPV HIILFLHQF\ WKURXJK LQF
FRQQHFWLRQ ZLWK D VWRUDJH VIVWHP FRXOG VDYH W
HQGV )LJXUH > @ LOOXVWUDWHY WKH FRQFHSWLRC



IURP H[FHVV 39 JHQHUDWLRQ +RZHYHU WKH FRVW RI
WKH FRVW RI D 39 LQVWDOODWLRQ VKRZQ LQ )LJXUH

WR WKH JULG KDV WKH DGYDQWDJH RI UHGXFLQJ O
GLVDGYDQWDJH RI SRWHQWLDOO\ FDXVLQJ SRZHU IOXF
Rl VRODU LUUDGLDWLRQ :KHQ ZH FRXSOH VRODU 39 J
DGYDQWDJHV 6SHFLILFDOO\ WKH FDSWXUH DQG VWR!
UHGXFH WKH LPSDFW RI (9 RQ WKH JULG WKH XVH (9 F
9 * DQG IXUWKHUPRUH FDQ SRWHQWLDOO\ UHGXFH SH

(QHUJ\ VWRUDJH V\VWHP UHSUHVHQWY JRRG VROXWL
SHULRG > @ +RZHYHU WKH FRVW LV WKH PDLQ EDUUL
EDWWHU\ FDSDFLW\ PD\ VXSSRUW VWRUDJH IRU UHQHZ

JLIXUH 5HVLGHQWLDO 39 JHQHUDWLRQ DQG EDWWHU\ VWRUD
SHULRG > @



J)LIXUH 7KH LQVWDOODWLRQ FRVWV RI 39 JHQHUDWLRQ Z
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,Q UHFHQW \HDUV WKHUH KDV EHHQ DQ LQFUHDVLQJ
HPLVVLRQ 2QH RI WKH PRVW SRSXODU (91V LQ WKH 8.
Rla N:K> @ WKLV LV WKH QRWLRQDO H[DPSOH ZH ZL
7KH (9V ZLWK N:K VWRUDJH FDSDFLW\ DQG ORZ DYH

RI WKH EDWWHU\ FDSDFLW\ > @ 7KHUHIRUH ZH FR:
DV D VWRUDJH VROXWLRQ

7KH EHQHILW RI XVLQJ (9 EDWWHULHYV DV D VWRUDJF
WR UHQHZDEOH HQHUJ\ JHQHUDWLRQ DQG WR WKH (9 R
WR OLQN JHQHUDWLRQ ZLWK GHPDQGV * 9 6RODU 39
VWRUDJH DV QRWHG SUHYLRXVO\ UHGXFLQJ RYHUDOC
WR EDODQFH SHDN ORDG GHPDQGV FRXOG EH D SDLG
ORFDO UHQHZDEOH HQHUJ\ WR FKDUJH WKH (9 ZLOO U}t
JHQHUDWHG *+* HPLVVLRQV %LUQLH > @ KDV GHPRQ'
39 DW ZRUN SDUNV WR FKDUJH (9V



7KH NH\ SUREOHP LQ WKH DSSOLFDWLRQ RI (9 WR Ol
DFFHOHUDWLQJ EDWWHU\ DJLQJ 3HWHUVRQD HW DO
EULQJ UHDVRQDEOH EHQHILWY WR YHKLFOH RZQHU >
WKH EDWWHU\ OLIHWLPH DQG UHSODFHPHQWYVY FRVWYV
7KLY OHDGV RQWR WKH QHHG WR LPSURYH EDWWHU\ V
HIWHQG WKH ORQJHYLW\ RI WKH EDWWHU\ WKLV LV RC

tau f——%"> T%"ftf—c'e

%DWWHU\ GHJUDGDWLRQ LV RQH Rl WKH PRVW LPSF
FRQWUROOHG FKDUJLQJ ,W LV QRWHG LQ WZR IRUPV
IDGLQJ RXWSXW SRZHU DV D UHVXOW RI LQFUHDVLQJ
LOQYHVWLIJDWHG WKH IDFWRUV ZKLFK DFFHOHUDWH E
GHJUDGDWLRQ KDYH EHHQ GHILQHG FDOHQGDU DJLQJ
DQG & UDWH DUH WKH PDLQ IDFWRUV ZKLFK DIIHFW ED
HITHFWV Rl WHPSHUDWXUH DQG 62& RQ ERWKEWWHWHADO
DQG IRXQGLWRDWDERWK WHPSHUDWXUH DQG KLJKHU ED
IDGLQJ $FFRUGLQJ WR .DQHNR > @ FDOHQGDU DJLQ
HOHFWULF YHKLFOH WR SURYLGH HQHUJ\ VHUYLFHV H
F\FOLQJ DQG WKHUHIRUH LQFUHDVH EDWWHU\ GHJUDG
FRXOG H[WHQG EDWWHU\ OLIH GXH WR UHGXFHG DYHUI
OLIHF\FOH KDYH EHHQ DQDO\VHG LQ RUGHU WR GHVLJ
R[LGH EDWWHULHYV +RNH HW DO > @ VXJJHVWHG D
EDWWHU\ GHJUDGDWLRQ LQFOXGLQJ FKDUJLQJ GXULQ
WRZDUGY WKH HQG RI WKH WLPH DYDLODEOH DQG VXS!
RI EDWWHU\ GHJUDGDWLRQ WKURXJK FKDUJLQJ GLVFK
ZLWK UHVSHFW WR FRVW ZDV GLVFXVVHG LQ > @ 8GG
RQ EDWWHU\ OLIH DQG FRPSDUHG EDWWHU\ GHJUDGD
SURYLGLQJ 9 * $FFRUGLQJ WR %UHQQD HW DO > @ I
GLVFKDUJH EXW E\ WKH WRWDO DPRXQW RI PRYLQJ FK

/ILDR HW DO > @ GHVLJQHG D VPDUW FKDUJHU XVLQ
62& WR FRQWURO WKH FKDUJLQJ FXUUHQW +RZHYHU
FKDUJLQJ DQG ZKHWKHU LW ZDV VXIILFLHQW WR FRPSC



IXQFWLRQDOLW\ RI XVLQJ WKH (9 WR VXSSO\ KRPHV D
VXSSO\LQJ WKH JULG GXH WR HIILFLHQF\ DQG LQVWDO
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7KHUH DUH VRPH HYLGHQFH WKDW FKDUJLQJ SURILO
OLPLWHG QXPEHU RI VWXGLHYV KDYH EHHQ FRQGXFWHC
VKRZHG WKDW GLIITHUHQW FKDUJLQJ SURILOHV DIIHFW
SURILOH ZHUH XVHG FRQVWDQW FXUUHQW && FRQV
FRQVWDQW FXUUHQW FRQVWDQW YROWDJH ZLWK D Ql
VKRZ WKDW ORZ DPSOLWXGH DQG IHZHU QHJDWLYH S
DQRWKHU VWXG\ > @ D IDVW FKDUJHU ZDV RSWLPL]}
SXOVHV DW GLIIHUHQW & UDWHV WR GHILQH WKH UDW|
WR EDWWHU\ DJHLQJ EXW QRW WR UHGXFH WKH HIIHF\
WKDW WKHUH LV QR FOHDU LPSDFW RI WKH FXUUHQW L

tAw of"— Sf %% ° o

O0DQDJLQJ (9V FKDUJLQJ FDQ KDYH VLJQLILFDQW HI
LQWURGXFWLRQ RI (9V 2QH RI WKH PDLQ REMHFWLYH
FKDUJLQJ GXULQJ JULG SHDN GHPDQGV E\ FRQWUROOL
ZKLOH HQVXULQJ WKDW WKH YHKLFOH LV FKDUJHG ZLV
DGGLWLRQ WKHUH PD\ EH RWKHU LPSRUWDQW REMHF\
VXFK DV HQVXULQJ PLQLPXP RU QR LPSDFW RQ EDWW
HQHUJ\ JHQHUDWLRQ ZKHQHYHU SRVVLEOH 7ZR PDLC(
FRQVLGHUHG WKHVH DUH FHQWUDOLVHG DQG GHFHQ\

&HQWUDOLVHG (9 FKDUJLQJ

O9DULRXV WHFKQLTXHVY KDYH EHHQ VXJJHVWHG E\ 5LF
FDQ WUDQVIHU WKH PD[LPXP HQHUJ\ WR (9V ZLWKLQ
DGYDQWDJH RI UHGXFLQJ WKH QHHGV IRU JULG XSJUD(
QRW WDNH LQWR DFFRXQW QHLWKHU WKH UHTXLUHPHC
FKDUJLQJ RI (9V LQ ZKLFK JULG FRQVWUDLQWY DQG W



EH PDQDJHG KDV EHHQ VXJJHVWHG LQ > @ 6PDUW ORI
SURSRVHG WR FRRUGLQDWH (9 FKDUJLQJ LQ RUGHU V
YROWDJH SURILOH DQG PLQLPL]H SRZHU ORVVHV > @
WKH HIIHFWV RI FKDUJLQJ RQ EDWWHU\ GHJUDGDWLRC
EHHQ LQYHVWLIJDWHG LQ > @ ZKLFK DUH GXPE FKDUJ
'XPE FKDUJLQJ PHDQV WKDW (9 RZQHUV DUH IUHH WR
XQFRQWUROOHG ZD\ 7KH GXDO WDULII SROLF\ UHIHUV
DW VSHFLILF SHULRGYVY LQ WLPH RI WKH QLJKW DQG W
FKDUJH WKHLU (9V GXULQJ WKH FKHDSHU SHULRGYV 21l
WKH JULG FRQGLWLRQ LV PRQLWRUHG WDNLQJ LQWR D
GR QRW GHDO ZLWK EDWWHU\ GHIJUDGDWLRQ

$QRWKHU VWXG\ > @ KDV SURSRVHG WKDW SHDN GH
IODWWHQHG E\ FRQWUROOHG FKDUJLQJ GHSHQGLQJ R
RU JOREDO UHVLGHQWLDO DUHD OHYHO 7KLV PHWK
FKDUJLQJ DW WLPH RI SHDN GHPDQGY DQG VHFRQGO\
FKDUJLQJ UDWHYV *OREDO ORDG LQIRUPDWLRQ UHIHUYV
(9 FKDUJLQJ VWUDWHJI\ /RFDO RU KRPH LQIRUPDWLRQ
(9 FKDUJLQJ ORFDOO\ ZKLFK LQYROYHV OHVV FRPSOH
DO > @ GHYHORSHG DQ RSWLPL]HG FKDUJH VWUDWHJ
DQRG ORDG 7KH V\VWHP ZRXOG ZRUN DURXQG D SUHII
DJJUHIJDWRU SURILW

'HFHQWUDOLVHG (9 FKDUJLQJ

7KH GHFHQWUDOLVHG (9 FKDUJHU LV DQRWKHU W\SH
UHPRWHO\ UDWKHU GHFLVLRQV DUH PDGH ORFDOO\ E
> @ SURSRVHG D VPDUW KRPH EDWWHU\ FKDUJHU IRU
SURFHVV ZLWKLQ D PD[LPXP DOORZHG OHYHO RI SRZH
LQ VXFK D zD\ WKDW WKH RYHUDOO WKH KRPH ORDG G
7KLV VA\VWHP GRHV QRW WDNH LQWR FRQVLGHUDWLRQ
DQRWKHU VWXG\ > @ D G\QDPLF SULFH ZDV DVVXPHG
FKDUJHU WR DOORZ (9 FKDUJLQJ GXULQJ SHULRGV RI
EDWWHU\ GHJUDGDWLRQ QRU DYDLODELOLW\ FKDUJLQ



VPDUW EDWWHU\ FKDUJHU ZKLFK GHDOV ZLWK XVHUT
FRQVLGHUV EDWWHU\ 62+ +RZHYHU LQ WKLV ZRUN
SOXJJHG (9 SHULRG DQG WKH SURSRVHG FRQWUROOH!
ZLWK QR FRQVLGHUDWLRQ WR RSWLPL]JHG FKDUJLQJ S
JHQHUDWLRQ $ JULG LQWHUIDFH EHWZHHQ WKH (9 DQ
> @ ZKHUH WKH GHVLJQ IREXVHG RQ FKDUJLQJ ZKHC
HQHUJ\ LV DYDLODEOH EXW WKLV VIVWHP GRHV QRW L
FRQGLWLRQ LQWR DFFRXQW

7KH UHVHDUFK FRQGXFWHG VR IDU KDV OLPLWHG FRC(
RQ EDWWHU\ GHJUDGDWLRQ DQG WKH SRVVLELOLW\ R
7TKHUHIRUH FKDUJLQJ SURILOHV EDWWHU\ 62+ DQG
FRQVLGHUHG LQ GHVLJQLQJ WKH VPDUW (9 FKDUJHU L

tax —eef”>

SUREOHP VWDWHPHQWY DQG RYHUYLHZ RI SUHYLRX)\
GLVWULEXWHG JHQHUDWLRQ PDLQO\ SKRWRYROWDLF
VROXWLRQV ZHUH VWXGLHG (9 EDWWHULHY KDYH KLJK
WKH EDWWHULHY ZLOO KDYH KLJK LPSDFW RQ WKH GL)Y
EDWWHU\ DV HQHUJ\ VWRUDJH WR VXSSRUW WKH JULG
DQG WKH XVH RI (9 IRU GULYLQJ RQ EDWWHU\ GHJL
FRQWULEXWHV WR WKH WRWDO FRVW RI RZQHUVKLS F
EDWWHU\ GHIJUDGDWLRQ W\SHV RI (9 EDWWHU\ FKDUJH
FRQWURO ZHUH HYDOXDWHG
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ILWKLXP LRQ %DWWHULHYV IRU (OHI

7KH HQHUJ\ FDSDFLW\ DQG SHUIRUPDQFH RI /LWKLX
SK\VLFDO DQG FKHPLFDO FKDUDFWHULVWLFV RI WKH Fl
UHTXLUHG IRU D VSHFLILF DSSOLFDWLRQ 7KH FKHPLF
GHWHUPLQLQJ WKH FDSDFLW\ SRZHU DQG GHJUDGDW
UHDVRQV WKLV FKDSWHU ZLOO IRFXV RQ WKH FKHPLYV
IDFWRUV

UAS <aec'e f——1"> Sf f..—f"ce—c...0

7KH FKHPLFDO FKDUDFWHULVWLFV RI /L LRQ EDWWH
FDSDFLW\ UDWLQJ YROWDJH DQG LQWHUQDO UHVLVW]
WHPSHUDWXUH DUH GHILQHG DFFRUGLQJ WR WKH FKH
LQFOXGHV WKUHH PDLQ SDUWV SRVLWLYH HOHFWUR
HOHFWURGH QRUPDOO\ PDGH IURP PHWDO R[LGH DQ
EDWWHU\ FHOO KDV D uVHSDUDWRUY ZKLFK VHSDUDWH
WKH HOHFWURGH IURP HOHFWURO\WH GHFRPSRVLWLR
FUHDWLQJ D WKLQ OD\HU RQ WKH HOHFWURGH VXUIDFI

6ROLG HOHFWURO\WH LQWHUSKDVH

,QWHUQDO UHVLVWDQFH LV RQH RI WKH PRVW LP
SHUIRUPDQFH ,W OLPLWV WKH FXUUHQW KDQGOLQJ D
PDLQ IDFWRU ZKLFK OHDGVY WR DQ LQFUHDVH LQ LQWF
6(, LV WKH UHVXOW RI D FKHPLFDO SURFHVV EHWZHHQ
WKH GHSRVLWLRQ RI D WKLQ OD\HU DV VKRZQ LQ )LJ.
ERWK FKDUJLQJ DQG GLVFKDUJLQJ > @ 7KH WKLQ O
LQWHUFDODWLRQ RI LPSXULW\ LQ OLWKLXP LRQ WUDQ
WHPSHUDWXUH HIIHEFWV WKLY OHDG WR LQFUHDVH 6,
LV UHIOHFWHG LQ WKH FDSDELOLW\ RI WKH EDWWHU\
WKH FKHPLFDO HIIHFWV WKDW ZLOO GHYHORS GXH WR



(OHFWURO\WH

X

R HFWR
&ROOH &ROO v

\

6 (,
6HSDUDWRU

JLIXUH 5HSUHVHQWDWLRQ RI EDWWHU\ FHOO >

J)LIXUH 7KH FKHPLFDO HIIHFWV RQ EDWWHU\ DC



&KHPLFDO UHDFWLRQV LQ WKH EDWWHU\

7KH EDWWHU\ FHOO LV D GHYLFH ZKLFK FRQYHUWYV V
YLD D FKHPLFDO UHDFWLRQ 7KH FKHPLFDO UHDFWLRQ
VWDJHV FKDUJH WUDQVIHU PDVV WUDQVSRUW DQG DC

FKDUJH WUDQVIHU WDNH SODFH EHWZHHQ HOHFWU
ZKLFK LW SDVVHV WKURXJK WKH VXUIDFH RI WKH HOH
ZKLFK VWDUWYV ZLWK WKH WUDQVIHU RI FKDUJH IURP V
SURFHVV WDNHV D ORQJ WLPH WR FRPSOHWH 7KH WKL
SKDVH OLWKLXP LRQV EHJDQ WR LQVHUW LQ HOHFWUR
ORQJ WLPH DV ZHOO

JLIXUH &HOO FKHPLFDO UHDFWLRQ WLPHV > @

(IMTHFWV RI WHPSHUDWXUH

+HDW LV WKH PDLQ IDFWRU ZKLFK DIIHFWV EDWWHU
HIILFLHQWO\ DW KLJK WHPSHUDWXUH EHFDXVH LW |
+RZHYHU FRQWLQXRXV FKDUJLQJ OHDGV WR UHGXFHG

(IMMTHFWV RI TUHTXHQF\

7KH YDOXH RI WKH LQWHUQDO LPSHGDQFH RI D /L LF
FKDUJLQJ FXUUHQW (OHFWURFKHPLFDO LPSHGDQFH V
LPSRUWDQW PHWKRG XVHG WR VWXG\ EDWWHU\ FKDUD



GLDJUDP UHYHDOLQJ WKH UHODWLRQVKLS EHWZHHQ P
7KH FXUYH KDV WKUHH UHJLRQVWEW RDWKHUUWB DX H QKL
EHKDYLRXU DW PHGLXWKN HPDWHUFILHY VIKRZV FDSDFLW
ORZ IUHTXH®FEGHMXYLRQ EHKDYLRXU DSSHDUV 7KH [ D
UHVLVWLYHDYDO WHKH=\ D[LV LV HTXLYDOHQW WR WKH U
= 7KH RSWLPDO IUHTXHQF\ LV WKH IUHTXHQF\ ZKLFK F
DW ORZHW YDOXH 5

A
(L
—— R
\ —)o— =
2
¥
JLIXUH 7\SLFDO (,6 FXUYH

, QWHUQDO UHVLVWDQFH RI WKH EDWWHU\

6LQFH LW LV PDGH RI HOHFWURFKHPLFDO PDWHULD
UHVLVWDQFH KDV VSHFLDO FKDUDFWHULVWLFV GHSHQ
EDWWHU\ FKDUDFWHULVWLFVY DQG VKRZHG KRZ WHPSH
+LJKHU WHPSHUDWXUHYV UHVXOW LQ ORZHU EDWWHU\
EDWWHU\ UHVLVWDQFH ,Q DGGLWLRQ EDWWHU\ UHVL
KLIKHVW UHVLVWDQFH OHYHO DW ORZ 62& ZKLFK WKH
KLIJKHU UHVLVWDQFH DJDLQ DW IXOO 62& DV VKRZQ L
DIIHFWV LWV UHVLVWDQFH ZKHUH EDWWHU\ F\FOLQJ
UHVLVWDQFH



JLIXUH %DWWHU\ UHVLVWDQFH YV 62& DQG WH|I

~
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$V HOHFWURFKHPLFDO GHYLFHV /L LRQ EDWWHULH\
EHKDYLRXU )LJXUH > @ VKRZV WKH $& LPSHGDQFH
ZKLFK LQFOXGHV WKH IROORZLQM BDUWNWD EKIDQ3 K FW/ DI
UHVLVWDQBIR»%EOH OD\HWDRIES D AL WIRWE X4J J7 K B HIMQMW D=C
LPSHGDQFH RI WKH EDWWHU\ FRXOG EH ZULWWHQ DV

<
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$FFRUGLQJ WR )LIJXUH WKH $& LPSHGDQFH FLUFXI
IUHTXHQFLHV WKH GRYX&ZQOBD® DSSHBDSDIFLWRBWW FLU



/wLV ODUJH DQG WKHUHIRUH WKH HTXLYDOHQW FLUFX
PHGLXP IUHTXHQFLHW DWQICH: DOEXBWBQFHPHQW GR QRW
(,6 FXUYH VR WKH VLPSOLILHG FLUFXLW ZLOO EH DV V
WKH GRXEOH O R\ §SHDIDFDW RS KQ FL UFXKDNVD@RS MV KHF
WKH ILQDO HTXLYDOHQW FLUFXLW LV DV VKRZQ LQ )LJ

5FW -

/H c VW —=1—

o—m—\/\/\R/\—

JLIXUH 7KH $& LPSHGDQFH HTXLYDOHQW FLUFX



/H

Sr C

(e,

J)LIXUH 6LPSOLILHG EDWWHU\ $& LPSHGDQFH HTXLYDOHQW
IUHTXHQF\ DQG F DW ORZ IUHTXHQF\
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6HYHUDO IDFWRUV LQIOXHQFH EDWWHU\ IDGLQJ DQG
WR LQFUHDVH WKH IRUPLQJ RI 6(, DV WKH GRPLQDQW U
WKHUH DUH IDEWRUV EDXVHV 6(, WR JURZWK ,Q JHQH
FDQ EH GLYLGHG LQWR LQWHUQDO DQG H[WHUQDO ID
TXDOLW\ KDYH D PDMRU UROH LQ LQIOXHQFLQJ EDW
WHPSHUDWXUH VWDWH RI FKDUJH 62& GHSWK RI GL)\

, QWHUQDO IDFWRUYV

/KH FKDUDFWHULVWLFVY RI EDWWHULHY DUH DIIHFWH!
PDWHULDO XVHG LQ PDQXIDFWXUH 7KHVH GHWHUPL
PD[LPXP VDIHW\ YROWDJHVY ,Q DGGLWLRQ EDWWHU\ F
OLIH LQ FDOHQGDU DQG F\FOLQJ OLIH ORUHRYHU WK}
RI EHWWHU ZRUNLQJ FRQGLWLRQ FRXOG EH GHILQHG E
DFWLRQ WR FKDQJH DQ\ RI WKHVH FKDUDFWHULVWLFYV

(I WHUQDO IDFWRUYV

(I WHUQDO FRQGLWLRQV VXFK DV WKH FKDUJLQJ FXU
KDYH HIITHFWV RQ EDWWHU\ GHJUDGDWLRQ ,Q DGGLWL
LQ DIIHFWLQJ EDWWHU\ SHUIRUPDQFH DQG DJHLQJ > (
RSWLPL]H EDWWHU\ FKDUJLQJ DQG HIWHQG EDWWHU\ O
FRQWURO PD\ HYHQ LPSURYH EDWWHU\ SHUIRUPDQFH

THPSHUDWXUH

$PELHQW WHPSHUDWXUH DQG EDWWHU\ WHPSHUDWX
UHDFWLRQV LQ WKH EDWWHU\ %DWWHU\ WHPSHUDW XL
WHPSHUDWXUH DFFHOHUDWHY WKH LQFUHDVH LQ WKH
VKRZV WKH HIIHFW RI DPELHQW WHPSHUDWXUH RQ WK
FROG DQG KLJK WHPSHUDWXUH ZLOO UHGXFH EDWWH
DFFHSWDEOH EXW RQO\ DW YHU\ ORZ FKDUJLQJ FXUUH
ORZ WHPSHUDWXUH HQYLURQPHQW VKRZ D GLUHFW UL
SHUIRUPDQFH > @ ,Q DGGLWLRQ )LJXUH VKRZV



WHPSHUDWXUH DQG EDWWHU\ FDSD&LMIHOWKW RIQUALPPO
GHJUDGDWLRQV > @

JLIXUH 5HODWLRQVKLS EHWZHHQ EDWWHU\ F\F

JLIXUH (lfTHFWV Rl EDWWHU\ WHPSHUDWXUH RQ



&KDUJH 'LVFKDUJH UDWH

%DWWHU\ FKDUJLQJ DQG GLVFKDUJLQJ LV GHWHUPL
EDWWHU\ FDSDFLW\ &RPPRQO\ D EDWWHU\ ZLWK $K |
DQG VDPH IRU EDWWHU\ FKDUJLQJ FKDUJLQJ DW $ Pt}
KLJK & UDWH ZLOO OHDG WR DQ LQFUHDVH LQ EDWWH
DGGLWLRQ D KLJKHU WUDQVIHU UDWH GXULQJ FKDU.
HOHFWURGHV ZKLFK PD\ FDXVH FUDFNLQJ 7KHVH HIII
JXUWKHUPRUH FKDUJLQJ WLPH LV UHGXFHG ZLWK LQF!

7KH & UDWH DIIHFWV EDWWHU\ WHPSHUDWXUH DV D |
WKH SUHYLRXV VHFWLRQ WKLV ZLOO DIIHFW EDWWHU!
GHWHUPLQH EDWWHU\ WHPSHUDWXUH DFFRUGLQJ WR \

[A=RAJAN=RRA@NNAJIP
[A=P=L=?EPU

€ L € E

KHUHR LY WKH WHPSHUDWXWHWK HVIKMHEEE QW HWH P 3HUD

%DWWHU\ FKDUJLQJ SOD\V DQ LPSRUWDQW UROH LQ F
& UDWH FRXOG EH XVHG WR FRQWURO EDWWHU\ WHPSF

6WDWH RI FKDUJH 62&

7KH EDWWHU\YYVY VWDWH RI FKDUJH KDV D VLJQLILFDC
RI FKDUJH OHDG WR WKH GHYHORSPHQW RI DQ 6(, LQ
EDWWHU\ FDSDFLW\ DQG SRZHU GXH WR FKDQJHV LQ
UHGXFHG WR KDOI FRXOG H[WHQG EDWWHU\ OLIH WR
LOQWURGXFHG D PHWKRG WR PHDVXUH 62& ZKLFK DSSC
WKDW FDQ EH XVHG WR FDOFXODWHY EDWWHU\ 62&

'HSWK RI GLVFKDUJH '2°'

2QH F\FOH OLIH RI WKH EDWWHU\ UHIHUV WR GHS
Rl GLVFKDUJH GHSWK 7KH DPRXQW RI GLVFKDUJH HIIH
F\FOH OLIH RI WKH EDWWHU\ $ ORZHU '2' SURORQJV W



FRXOG HIWHQG EDWWHU\ OLIH ,Q DGGLWLRQ WKH IRU
VKRZV WKH UHODWLRQVKLS EHWZHHQ EDWWHU\ F\FOH
F\FOH FRXQW

$V D FRQFOXVLRQ WKH RYHUDOO EDWWHU\ GHJUDG
GLDJUDP VKRZQ LQ )LJXUH

JLIXUH ILWKLXP LRQ EDWWHU\ FA\FOLQJ OLIH DFFRU



% DWWHU\

ODQXIDFWXUHG

___________ %____________________________________

8VLQJ . &\ FOH &DOHQGHU
% DW WHTU\ $JLQJ

I
1R

&DOHQGDUS$SHQGIF—

' !
6 WRUDJH &\FOH
7LPH 1XPEHU

H &KDUJLQJ
W\SH

J)LIXUH %ORFN GLDJUDP RI EDWWHU\ GHJUDGD)

uav —eef”>

,Q WKLV FKDSWHU WKH FKDUDFWHULVWLFV DQG EDF
SUHVHQWHG )DFWRUV ZKLFK FRQWULEXWH WR WKHL!
FKHPLFDO UHDFWLRQ DQG WKH HOHFWULFDO FKDUDFV
F\FOH 7KH SK\VLFDO HIIHFWV VXFK DV WHPSHUDWXUH
'2'" RQ EDWWHU\ GHJUDGDWLRQ SURFHVYV KDYH EHHQ H



&+$37(5 )285

([SHULPHQWDO GHVLJQ IRU /L LRQ
SURILOHYV

ILWKLXP LRQ EDWWHULHY UHTXLUH VSHFLDO FKDUJL
FKDUJLQJ SURILOHV 7KH WZR PDLQ LVVXHV WR FRQVLC(
VDIHW\ DQG GHJUDGDWLRQ HIIHFWYV 7KH FDSDFLW\ R/
FKDUJLQJ FXUUHQW DQG PD[LPXP YROWDJH OLPLWYV
PDOXIDFWXUHUV OLPLWYV FDQ ULVN RYHUKHDWLQJ GXU
GXH WR LQWHUQDO FKHPLFDO UHDFWLRQV GHJUDGLQJ

7KH PDQXIDFWXUHUV VXJJHVW WKDW /L LRQ EDWWH
SURILOH ZLWK FRQVWDQW FXUUHQW FRQVWDQW YRO\
GHVLJQ RI EDWWHU\ FKDUJHUV WR RSWLPLVH WKH FKI
WR PRQLWRU EDWWHU\ LQWHUQDO SDUDPHWHUYV IRU
ORVVHVY DQG WR HIWHQG EDWWHU\ OLIH E\ UHGXFLQJ F
HW DO KDV DGMXVWHG WKH WLPH RI FKDUJLQJ WKH
EDWWHU\ WR GHWHUPLQH WKH && &9 FKDUJLQJ SURIL
FKDUJLQJ PHWKRGV ZKLFK DSSOLHG IX]]\ ORJLF WR FR(
GDPDJH > @

7KH ZRUN LQ WKLV WKHVLVY LQ SDUW IRFXVHV RQ Fl
WR PDQDJH WKH SHUIRUPDQFH RI WKH EDWWHU\ WKU|
QXPEHU RI FKDUJLQJ SURILOHV LQFOXGLQJ VWDQGDU
WULJJHU GLVFKDUJH FKDUJLQJ DQG UHVW WULJJHU S

Vé.S _f..l.fu.'. éf"%o<'%o 1”'\(21:
7KH VWDQGDUG RU FRQYHQWLRQDO FKDUJLQJ SURIL
NQRZQ DV FRQVWDQW FXUUHQW FRQVWDQW YROWDJH

7KLV && &9 SURILOH SURYLGHV D FRQVWDQW FXUUH
GXULQJ FKDUJLQJ XQWLO WKH EDWWHU\ WHUPLQDO U
OLPLWYV SURYLGHG E\ WKH PDQXIDFWXUHU WKHQ WKH



WR SUHYHQW H[FHVVLYH YROWDJH XQWLO FKDUJLQJ L\
IDVWHU DQG OLQHDU SURJUHVV ZLWK FRQVWDQW FXU
YROWDJH VHFWLRQ 7KH FKDUJLQJ FDSDFLW\ 62& DW
RQ WKH PD[LPXP FKDUJLQJ YROWDJH DV DGYLVHG E\
EDWWHU\ FKHPLVWU\ DQG LQWHUQDO UHVLVWDQFH DV
YROWDJH VWDJH FKDUJLQJ FDSDFLW\ LV GHWHUPLQH
QRUPDOO\ & UDWH 7KLV LV XVHG LQ RUGHU WR UH
EHFDXVH DW YHU\ ORZ FKDUJLQJ FXUUHQWY WKH LQI
ORUHRYHU D KLJK 62& DFFHOHUDWHY EDWWHU\ GHJUD

JLIXUH /L LRQ VWDQGDUG FKDUJLQJ SURILO}



J)LIXUH 7KH VWDQGDUG FKDUJLQJ SURILOH DSSOLHG

J)LIXUH 7KH VWDQGDUG FKDUJLQJ SURILOH DSSOLHG [



VAt fe— Sf"%<e% ""<Zt

7KLV LV D W\SH RI FKDUJLQJ SURILOH ZKLFK LV SXC
&& &9 FKDUJH SURILOH ([DPSOHV RI UHVW FKDUJLQJ
7KH UHVW FKDUJLQJ SURILOH LV DW D ORZ IUHTXH(
7KH RYHUDOO VKDSH RI WKH FKDUJLQJ SURILOH LV VLF
/KH DGYDQWDJH RI WKLV FKDUJLQJ SURILOH LV WR FRI
WKH EDWWHU\ FHOOV 7KLV LV DFKLHYHG E\ UHGXFLC
LQFUHDVH LQ LQWHUQDO UHVLVWDQFH WKURXJK F\FOL
SHUIRUPDQFH ORUHRYHU FRQWUROOLQJ WKH EDWWH
OLIHWLPH 7KH UHVW FKDUJLQJ SURILOH SURYLGHV D
IURP WKH EDWWHU\ SDFN ZLWK UHVW SHULRGV ZKLFK
FRQWUDVW EHFDXVH RI WKH LQFOXVLRQ RI UHVW WLF
FKDUJLQJ ZLOO LQFUHDVH XQOHVY ZH FRQVLGHU WKH

JLIXUH 5HVW FKDUJLQJ SURILOH DSSOLHG RQ /



J)LIXUH 5HVW FKDUJLQJ SURILOH DSSOLHG RQ /LWK!

VAau :t%of—(Ni$ "¢ %0 %0 1" éf"%o<'%o "'A<2:t

7KLV LV DQRWKHU W\SH RI FKDUJLQJ SURILOH ZKLF
YHU\ VKRUW WLPHG SXOVH DSSOLHG SHULRGLFDOO\
SURILOH ZKLFK VKRZ WKH QHJDWLYH SXOVH ZLWKLQ V
SURILOH KDV EHHQ VXJJHVWHG DQG LPSOHPHQWHG E\
VWXG\ > @ WKH DXWKRUV FRPSDUHG WKH QHJDWLYH
LPSURYHPHQWY LQ WKH IDGLQJ RI EDWWHU\ FDSDFLW\
ZDV DSSOLHG RQO\ GXULQJ WKH FRQVWDQW FXUUHQW

7KH H[SHFWHG DGYDQWDJHV RI WKLV SURILOH DQG L'
WKH 6(, OD\HU JURZLQJ VHH VHFWLRQ %\ DSSO\LC
DWWHPSW WR PLWLIJDWH WKH JURZWK RQ WKH 6¢(,
GHFRPSRVLWLRQ 7KLV QHJDWLYH WULJIJHU FKDUJLQJ
6(, IRUPHG E\ HOHFWURO\WH GHFRPSRVLWLRQ RYHU E
JURZWK RQ WKH 6(, HITHFWLYHO\ PDQDJHV RQH RI WKH



JLIXUH 1HIDWLYH WULJJHU FKDUJLQJ SURILOH DSSOLF

Vav :t%of—(Ni$ "¢ %0 %0 17 2—' To— gf"%o<'%o "'A<2i

,Q WKLV FKDUJLQJ SURILOH WKH WZR SUHYLRXVO\ P
DUH FRPELQHG 7KLV LV ZKHUH WKH FKDUJLQJ SDWWH
WKH QHIJDWLYH UHVW FKOUUIRQJ SBWWHQG H V RMEREKDVQA
SHULRG DSSHDUV DIWHU HDFK QHJDWLYH WULJJHU

+LIKOLJKWHG ZLWKLQ WKH FKDRULQH IFIDWMW A Y RXKIFE

KLFK ZDV DQ DGGLWLRQDO FRPSOH[LW\ LQ FKDUJLQ.
FKDUJLQJ PRGH VZLWFKRYHU IURP && WR &9 7KH && S
GHWHUPLQHG WKDW WKLV ZDV GXH WR WKH UDWLR R
FRQQHFWLRQ LPSHGDQFH ZDV YHU\ ORZ



J)LIXUH 1HIJDWLYH 5HVW FKDUJLQJ SURILOH DSSOLHG |

vaw §’i"(0:l20—f2 Fo—e

([SHULPHQWDO WHVWV ZHUH FRQGXFWHG WR DQDO\V
DQG WR FRPSDUH WKH GLITHUHQFHYVY LQ UHVSRQVHV |U

x 7TKH VDPH PDQXIDFWXUHU EDWWHU\ W\SH DQG F
X 7TKH WHVW HQYLURQPHQWDO WHPSHUDWXUH ZDV
x 7TKH VDPH FKDUJLQJ DQG GLVFKDUJLQJ UDWHYV ZF

$Q $UELQ PDFKLQH > @ ZLWK FRQWUROODEOH FKDU
SURILOHVY DQG WKH HOHFWULFDO SURSHUWLHV RI WKH
FXUUHQW YROWDJH FKDUJH GLVFKDUJH FDSDFLW\
UHVLVWDQFH $ FOLPDWH FKDPEHU LV DQ HQFORVX
WHPSHUDWXUH ZDV XVHG WR HOLPLQDWH DQ\ HIIHEW
EDWWHU\ $00 IDFWRUV ZKLFK DIIHFW EDWWHU\ GHJUL
ZLWK WKH NH\ YDULDEOH EHLQJ WKH FKDUJLQJ SURILC



SURILOHV LQ RXU UHVXOWY IURP D FRQVLVWHQW EDV
WHVWYV )LUVWO\ D /LWKLXP HDMRY HIK RACB\K BXWHG /Z ) W32
DQG WULJIJHU SURILOHYV ZLWK OLPLWHG QXPEHU RI F
/ILYH32 $K FDSDFLW\ PRGHO VKDSH 9 UDWHG Y
YROWDJH 9 GLVFKDUJH FXW RIl YROW DBEBW % HLWAN KIDX
XVHG ZLWK DOO IRXU SURILOHY DQG WKH IR GRBDF L\
9 UDWHG YROWDJH 9 PD[LPXP FKDUJH YROWDJH
ZHUH FRQGXFWHG LQ WKUHH VWDJHV 6W D JEHDRWH U KX

F\FOHV XVLQJ WKH IRXU SURILOHV 6WBEDM WHRB\LQF
HQG RI LWV OLIH ZLWK WKUHH VDPSOHV RI HDFK SURIL
)LRQDOO\ VWDJH WKUHH IRFXVHG RQ GHWHUPLQLQJ Wk
UHVW SURILOH WHVWYV

VAX Sf % <% ”"<Zted —f%i ot

7KH ILUVW WHVWYV ZHUH FRQGXFWHG WR HYDOXDWt
ILYH3ZEDWWHU\ W\SH ZDV XVHG WR LQYHVWLJDWH EDW
FKDUJLQJ SURILOHV ZHUH DSSOLHG 7KH VWDQGDUG
UHIHUHQFH WR FRPSDUH GLIIHUHQW EDWWHU\ UHVSRQ
RI EDWWHU\ OLIH DQG EHKDYLRXU XVLQJ DOO IRXU SU]I

6WDQGDUG FKDUJH SURILOH WHVWYV

7KH FKDUJLQJ SDWWHUQ LQ )LIJXUH ZDV DSSOLHG |
$UELQ FKDUJHU PDFKLQH 7DEOH VKRZV WKH FKDU
,QLWLDOO\ WKH /LWKLXP LRWWHKRVBIBED WMHGA )ARH FK
D FKDUJH UDWH RI & DQG D YROWDJH RI W KH
GLVFEKDUJLQJ OLPLWYVY ZHUH D GLVFKDUJH UDWH RI
GLVFKDUJLQJ YROWDJH DFFRUGLQJ WR WKH PDQXIDFW
RlIl FKDUJH GLVFKDUJH UDWH DW & 7KH $UELQ PDFKIL
ZLWK FRQVWDQW FXUUHQW XS WR WKH PD[LPXP FKDUJ
GHIJUDGDWLRQ DQG WKHQ FRQVWDQW YROWDJH XS W
FKDPEHU ZDV XVHG WR IL[ WK% D® B MWHQMU WWRAB8B H D VW X
DW WKH VXUIDFH RI WKH EDWWHU\ FHOO GXULQJ WKHFE
WHPSHUDWXUH DV D IXQFWLRQ RI FKDUJLQJ FXUUHQW



F\FOHV EHFDXVH D GLIITIHUHQFH LQ WKH WHPSHUDWXUH
ZKHUHDV WKH VXEVHTXHQW F\FOHV KDG WKH VDPH VK
EDWWHU\ WHPSHUDWXUH LQ WKH ILUVW F\FOH LQFUF
FKDUJH GLVFKDUJH VWDJH GXH WR WKH SRZHU ORVYV
DFFRUGLQJ WR (TXDWLRQ

2 L€ 4
ZKHUH. 8 HTXLYDOHQW WR WKH WHPSHUDWXUH FKDQJ
5LV WKH EDWWHU\YV LQWHUQDO UHVLVWDQFH

W LV FOHDU WKDW FKDQJHV LQ WKH EDWWHU\TV WH
VHHQ WKDW LQ WKH FKDUJLQJ VWDJH LQ FRQVWDQW F
FHUWDLQ OHYHO DQG WKHQ LQ FRQVWDQW YROWDJH
FXUUHQW GHFUHDVHV DV VKRZQ LQ )LJXUH 6HFRQG:
FKDQJHV DUH GXH WR DQRWKHU IDFWRU LQ DGGLWLR
FKDQJH LQ EDWWHU\ UHVLVWDQFH ZLWK UHVSHFW W
UHODWLRQVKLS EHWZHHQ EDWWHU\ WHPSHUDWXUH D
UHFRPPHQGHG GLVFKDUJH OLPLW EHFDXVH WKH EDW\
ORZHU WKDQ 62& 7KH UHDVRQV EHKLQG WKLV VHOH
DW EDWWHU\ VXUIDFH ZLOO EH ORZHU WKDQ WKH LQ\
ZHUH SHUIRUPHG EHWZHHQ DQG 62& ZKLFK LV QF

7KH EDWWHU\TVY VWDWH RI KHDOWK FDQ EH FDOFXOD

NeJ

on

51% L srr”

0

a

ZKHUH Q LV WKH Q¥XP¥YMWKRIBDWOWHU\EYV GLVFKDUJHD
DQGLY¥Y WKH LQLWLDO EDWWHU\ FDSDFLW\

7DEOH 6WDQGDUG FKDUJLQJ VWHSV IRU RQH F\
1R 6WHS 'HVFULSWLRQ
,QLWLDO 6KRUW UHVW

e KDUJHEKDUJH ZLWK FRQVWDQW FXUUHQW XQW
| LV UHDFKHG WKHQ FKDUJH ZLWK FF

SHVW 6KRUW GXUDWLRQ
'LVFKDUJH 'LVFKDUJH ZLWK FRQVWDQW FXU



JLIXUH %DWWHU\ WHPSHUDWXUH XQGHU VWDQGDUG F

J)LIXUH 5HODWLRQVKLS EHWZHHQ EDWWHRUWGHMHPSBEBE QWYX G H



7KH GHJUDGDWLRQ LQ EDWWHU\ FDSDFLW\ LQ UHVSH
&9 FKDUJLQJ SURILOH ZLWKLQ IL[HG HQYLURQPHQWDO
PHDVXUHPHQWY DUH GLVSOD\HG DV SHUFHQWDJH YDO:
OHYHO RI EDWWHU\ GHJUDGDWLRQ SHU F\FOH LV
EDWWHU\ ZDV DSSUR[LPDWHO\ P2KP

%DWWHU\ FDSDFLW\ /L)H32

&DSDFLW\

1R RI F\FOHV

JLIXUH %DWWHU\ FDSDFLW\ IDGLQJ IRU F\FOLQJ HIIt

SHVW FKDUJH SURILOH WHVWYV

$00 FRQGLWLRQV ZKLFK ZHUH DSSOLHG LQ WHVWLQ
DSSOLHG WR WKH UHVW SURILOH 7KH & UDWH YROWLI
WKH VDPH ZLWK WKH RQO\ GLITHUHQFH EHLQJ WKH DSS
VHW WR FKDUJH IRU D VSHFLILF SHULRG RI WLPH DQG
XQWLO FKDUJLQJ ZzDV FRPSOHWH WKH GLVFKDUJLQJ S
FKDPEHU ZDV XVHG WR NHHS WKH BROY)ILURQRHQWDKRWX
UHVXOWYV IRU EDWWHU\ WHPSHUDWXUH ZLWK UHVSHF'



LOQFUHDVHY WKURXJKW FKDUJLQJ DQG GHFUHDVHV WK
FRQVWDQW FXUUHQW FKDUJLQJ LQ && PRGH LV ORZ E
ZDV KLJKHU WKDQ WKH EDWWHU\fV LQWHUQDO UHVLYV
YROWDJH VWDJH PRUH TXLENO\ IDVWHU $V ZLWK WKH
UDSLGO\ XQGHU 62& GXH WR WKH FKDUDFWHULVWLF

7DEOH 5HVW FKDUJLQJ VWHSV IRU RQH F\FOH
1R 6WHS 'HVFULSWLRQ
,QLWLDO 6KRUW UHVW
&KDUJH&KDWKHHVW UHSHDWYVY SHULRGLFDOO\
SHVW 6KRUW GXUDWLRQ
'LVFKDUJH 'LVFKDUJH ZLWK FRQVWDQW FXL
JURP WKH )LJXUH ZH FDQ VHH WKH GHJUDGDWLRC

FKDUJLQJ SURILOAKIHRWD YH)WHBPH GHIJUDGDWLRQ LQ FDSI
FRPSDULVRQ ZLWK WKH YDOXH IRU VWDQGDUG FKDUJ
FRQGLWLRQV ZKLFK KDV EHHQ SXEOLVKHG > @



JLIXUH %DWWHU\ WHPSHUDWXUH XQGHU UHVW FKDL

J)LIXUH 7KH UHODWLRQ EHWZHHQ ED W WHUGHW HWPHWHW DBW RUIE



&DSDFLW\

%DWWHU\ &DSDFLW\

1R RI F\FOHYV

J)LIXUH %DWWHU\ FDSDFLW\ IDGLQJ IRU F\FOLQJ HIIHFW

1HIJDWLYH WULJJHU FKDUJLQJ SURILOH WHVWYV

7KH QHJDWLYH WULJJHU SURILOH LV WKH VDPH DV W
WKDW D WULJJHUHG GLVFKDUJH WDNHYV SODFH HYHU\ S
VKRZV WKH VKDSH RI WKH FXUYHV IRU FKDUJLQJ |

JLIXUH

VKRZV WKH UHODWLRQVKLS EHWZHHQ EDWYV

LQ UHODWLRQ WR QXPEHU RI F\FOHV LV VKRZQ LQ )LJ)>

LV

1R

ZKLOH LW ZDV IRU VWDQGDUG SURILOH

7DEOH 1HIJDWLYH FKDUJLQJ VWHSV IRU RQH F\F
6WHS 'HVFULSWLRQ
,QLWLDO 6KRUW UHVW

&KDUJH &KDWIHAULJIJHU 'LVFKDUJH UHSHDWYV S
FRPSOHWH FKDUJH

SHVW 6KRUW GXUDWLRQ
'LVFKDUJH 'LVFKDUJH ZLWK FRQVWDQW FXL



J)LIXUH %DWWHU\ WHPSHUDWXUH XQGHU WULJJHU FK

JLIXUH 5HODWLRQVKLS EHWZHHQ EDWWHUG FUH WSH U DHUX B H



&DSDFLW\

%DWWHU\ &DSDFLW\

1R RI F\FOHV

JLIXUH %DWWHU\ FDSDFLW\ IDGLQJ IRU F\FOLQJ HIIHFW\

1HIJDWLYH WULJJHU SOXV UHVW FKDUJLQJ SURILOF

$ FRPELQDWLRQ RI UHVW DQG QHJDWLYH WULJJHU F
FKDUJLQJ VWHSY DUH DV LOOXVWUDWHG LQ 7DEOH
DQG WHPSHUDWXUH DUH SORWWHG LQ )LJXUH ZKF
DQG EDWWHU\ FDSDFLW\ LV SUHVHQWHG LQ )LJXUH
WKH WULJJHU UHVW SURILOH LV VKRZQ LQ )LJXUH

FDSDFLW\ SHU F\FOH LV ZKLFK LV WKH ORZHVW R
7TDEOH 7ULJIJHU UHVW VWHSV IRU RQH F\FOH
1R 6WHS 'HVFULSWLRQ
,QLWLDO 6KRUW UHVW

&KDUJH &KDWJRAULJIJHU 'MNAAHWDAKIHUJH UHSHD)V
VHTXHQWO\ XQWLO FRPSOHWH |

SHVW 6KRUW GXUDWLRQ

'LVFKDUJH 'LVFKDUJH ZLWK FRQVWDQW FXL



J)LIXUH %DWWHU\ WHPSHUDWXUH XQGHU WULJJHU UHYV

JLIXUH 7KH UHODWLRQ EHWZHHQ ED W WG HMHW B8 HUJOHW XUWHHV I



%DWWHU\ &DSDFLW\

=
|
L
@]
0p]
@)
o
1R RI F\FOHV
JLIXUH %DWWHU\ FDSDFLW\ IDGLQJ IRU F\FOLQJ HIIHFWYV
VAY Sf % <o% " "<ZteA —fY%t ™

,Q WKH VHFRQG VWDJHERWWH\WW W \®/H KK DIV&REBHQ XVH
RI GLITHUHQW FKDUJLQJ SURILOHVY 7KUHH EDWWHU\ VD
FRQILGHQFH LQ WKH UHVXOWY 7KH IRXU FKDUJLQJ SLU
OHYHOV 7KH VWDQGDUG && &9 FKDUJH SURILOH ZDV
GLIITHUHQW EDWWHU\ UHVSRQVHY LQ WKH RWKHU WKUF
XVLQJ DOO IRXU SURILOHV XS WR WKH EDWWHU\TV HQ
WKH UDWHG EDWWHU\ FDSDFLW\ ,Q DGGLWLRQ EDWW
ZHUH DOVR PHDVXUHG )RU SURILOHV ZKLFK FRQWDLQ
6SHFWURVFRS\ (,6 DQDO\VHV ZHUH SHUIRUPHG WR RS

([SHULPHQW DQDO\VLYV IRU EDWWHU\ LPSHGDQFH

$V H[SODLQHG LQ VHFWLRQ EDWWHU\ LPSHGDQFH
DSSOLHG $Q ,YLXP IUHTXHQF\ UHVSRQVH DQDO\VHU )!
EHWZHHQ EDWWHU\ LPSHGDQFH DQG VLJQDO IUHTXHQF



DSSOLHG LQ RUGHU WR UHGXFH RU HOLPLQDWH DQ\ FK
ZDV VHOHFWHG EHWZHHQ N P +] ZKLFK ZDV VXIILFI
JXUWKHUPRUH WHVWV ZHUH FRQGXFWHG DW DQ 62&
LPSHGDQFH

7KH UHVXOWYV LQ )LJXUH LOOXVWUDWH WKH UHOL
UDQJH RI DSSOLHG IUHTXHQFLHYV 7KH [ D[LV UHSUHVHI
LPSHGDQFH ZKLOH IRU VLPSOLFLW\ WKH \ D[LV UHSL
YDOXH RI EDWWHU\ LPSHGDQFH ORUHRYHU PHDVXUHP
&KDQJHV LQ EDWWHU\ LPSHGDQFH ZLWK UHVSHFW WR
YDOXH RI UHMIWWEKG@®FADEQ YDULDEOH DIIHFWHG E\ FI
PD[LPXP DW YHU\ ORZ YDOXHV Rl 62 &uw DHXEIZKVY @ RIX\WWY KHI

62& )LIXUH VKRZV WKH UHODWLRQVKLS EHW?Z
IUHTXHQF\ VKRZLQJ WKDW WKH YDOXH RI IUHTXHQF\ Z
WKLV W\SH RI EDWWHU\ LV DURXQG +] ,Q DGGLWLE

RSWLPXP IUHTXHQF\ YDOXH 2Q WKH RWKHU KDQG WK
RI EDWWHU\ LPSHGDQFH ZKLFK JLYHV PLQLPXP UHDFW
LQ )LIXUH



JLIXUH %DWWHU\ LPSHGDQFH DV D IXQFWLRQ RI SXOV

J)LIXUH %DWWHU\ LPSHGDQFH LQ H[SDQGHG V



JLIXUH 7KH UHDO YDOXH RI EDWWHU\ LPSHGDQFH L

JLIXUH ,PDIJLQDU\N YDOXHV RI EDWWHU\ LPSHGDQFH ZL



7KH $UELQ PDFKLQH XVHG FDQQRW DSSO\ FKDUJLQJ |
WKLV OLPLWDWLRQ )LJXUH VKRZV WKH UHVLVWLYF
GLIIHUHQFH LV IRXQG EHWZHHQ WKH RSWLPDO IUHTXH
YDOXH RI 62& DV VKRZQ LQ )LJXUH OHDQZKLOH W]
ZHUH YHU\ ORZ DQG 2ZQGEKUFRXOG EH QHJOHFW DQ\ HI
DURXQG WKLV IUHTXHQF\ DW DOO 62& DV VKRZQ LQ )L

J)LIXUH %DWWHU\ UHVLVWLYH YDOXHYVY PHDVXUH



J)LIXUH %DWWHU\ UHDFWLYH PHDVXUHG YDOXHYV

6WDQGDUG FKDUJLQJ SURILOH WHVWYV

7KH FXUYHV IRU EDWWHU\ FKDUJLQJ FXUUHQW YROW
FRPSDULVRQ WR WKRAHWIWHWIKN OVH3RRZQ LQ )LIXUH
WKH FKHPLFDO PDWHULDO LQYROYHG )URP WKH FXUYF
WHPSHUDWXUH YDULHV GXULQJ WKH FKDUJLQJ DQG GL
ZLWK D FRQVWDQW GLVFKDUJH FXUUHQW ZKHQ WKH 62
LQ WKH /EPNMBWHU\ 7KH DYHUDJH EDWWHU\ DJHLQJ IR
VKRZQ LQ )LIJXUH DQG WKH UHVXOWY VKRZ WKDW V
F\FOH FDOFXODWHG IURP WKH WUHQG OLQH LV
EDWWHU\ LV P2KP EHFDXVH WKH EDWWHU\ KDV D SL
UHVLVWDQFH %DWWHULHV ZHUH F\FOHG EHWZHHQ \
HQG RI LWV OLIH VHW DW RI UDWHG FDSDFLW\ DIW
LQ EDWWHU\ UHVLVWDQFH ZLWK UHVSHFW WR QXPEHU



J)LIXUH %DWWHU\ WHPSHUDWXUH XQGHU VWDQGDUG

J)LIXUH 7KH UHODWLRQVKLS EHWZHHQ EDWWHU\ WHPS



J)LIXUH %DWWHU\ FDSDFLW\ IDGLQJ XQGHU VWDQGDUC

YLIXUH %DWWHU\ UHVLVWDQFH FKDQJLQJ XQGHU 6WDQ



SHVW FKDUJLQJ SURILOH WHVWYV

7KH UHVW SURILOH KDV EHEQWD/$ISO\L HEWNVRWVE H> LI BHR
IRU /L) H$EFRUGLQJ WR WKH (,6 WHVWYV DQG ZLWKLQ WI
R +] DSSOLHG ZLWK V RI FKDUJLQJ DQG D V UF
OLPLWDWLRQV $00 RWKHU FRQGLWLRQV ZHUH WKH V|
/fDEOH KDYH EHHQ XVHOWWWWK\ WISIB UW& RPRP WKH GL
J)LIXUH VKRZV WKH EDWWHU\TV FKDUJLQJ FXUUHQW
ZKHUH WKH ILUVW F\FOH VWDUWHG QHDUO\ DW 62&
VHTXHQFH RI FKDUJLQJ SXOVHVY DW VHOHFWHG IUHTXH
D VFRSLQJ GRQH WR VKRZ WKH SXOVH VKDSH )LIXUH
62& DQG WHPSHUDWXUH RI WKH EDWWHU\ LQ WKH GL)\
WKH EDWWHU\ WHPSHUDWXUH LQFUHDVHY UDSLGO\ D
FDSDFLW\ SHU F\FOH IRU WKH UHVW FKDUJLQJ SURILOF}
OLQHDU IDGLQJ LI ZH LIJQRUH WKH LQLWLDO IHZ F\FOH
F\FOH )LJXUH VKRZV EDWWHU\ LQWHUQDO UHVLVW

J)LIXUH %DWWHU\ WHPSHUDWXUH XQGHU UHVW FKDL



J)LIXUH 5HODWLRQVKLS EHWZHHQ EDWWE&GH W RMS/MU B WKIWL

J)LIXUH %DWWHU\ FDSDFLW\ IDGLQJ XQGHU UHVW FKI



J)LIXUH &KDQJHV LQ EDWWHU\ UHVLVWDQFH XQGHU UH

1HIJDWLYH WULJJHU FKDUJLQJ SURILOH WHVWYV

7KH QHJDWLYH WULJJHU FKDUJLQJ SURILOH KDV EHH!
SURILOH VHTXHQFH IRU RQH FRPSOHWH F\FOH 7KH WH
EXW ZLWK D SXOVH GLVFKDUJH DW WKH VDPH & UDWH L
VKRZV WKH UHODWLRQVKLS EHWZHHQ EDWWHU\ FXUUF}
7KH FKDQJHV LQ WHPSHUDWXUH GXULQJ WKH FKDUJLQ

E\ FKDUJLQJ FXUUHQW DUH VKRZQ LQ )LJXUH ,Q DC
WKHUH LV DQ LQFUHDVH LQ EDWWHU\ WHPSHUDWXUH (
HITHFW RI EDWWHU\ F\FOLQJ LV VKRZQ LQ )LJXUH 7

HQG RI EDWWHU\ OLIH DV VKRZQ LQ )LJXUH IRU WK



JLIXUH %DWWHU\ WHPSHUDWXUH XQGHU WULJJHU FK

JLIXUH UHODWLRQVKLS EHWZHHQ E D WX\QHIH UW\N B 8§ HIHIUNVXWH



$ SRVVLEOH H[SODQDWLRQ WR WKLV SKHQRPHQD EH|
UHIHU WR GHILQLWLRQ RI 6(, LQ HFWLRQ ,Q QRUPD
FKDUJLQJ RQO\ RFFXUV LQ RQH GLUHFWLRQ DQG WKH
HOHFWURO\WH GHFRPSRVLWLRQ DGGLQJ WR WKH 6¢(,
UHVLVWDQFH WR LQFUHDVH 7KH WULJJHU FKDUJLQJ
6(, E\ SHULRGLFDOO\ UHYHUVLQJ WKH FXUUHQW LQKLE
WKH WULJJHU FKDUJLQJ SURILOH DSSHDU WR UHGXFH
UHVXOWVY LQ FRQWDPLQDWLRQ RI WKH DQRGH FDUERQ
DGGLWLRQ RI HOHFWURO\WH LPSXULWLHV RQ WKH DQF
LQ WKH HOHFWURGH WKHUHIRUH DFFHOHUDWLQJ EDW

JLIXUH %DWWHU\ FDSDFLW\ IDGLQJ XQGHU WULJJHU



JLIXUH ILWKLXP EDWWHU\ FHOO WKURXJK VWDQGTEL

JLIXUH ILWKLXP LRQ EDWWHU\ FHOO WKURXJK WUL



1HIJDWLYH WULJJHU SOXV UHVW FKDUJLQJ SURILOF

7KH WHVWV ZLWBDWMWHULERYH WKH VDPH SDWW[HHGS D
ZLWK GLIIHUHQW IUHTXHQF\ 7KH FKDUJLQJ VWDJH LQF
FKDUJH DQG RQH VHFRQG UHVW SOXV RQH VHFRQG W
VKRZV WKH FKDUJLQJ FXUUHQW YROWDJH DQG WHPS
VKRZV WKH UHODWLRQVKLS EHWZHHQ WKH EDWWHU\{V
GLVFKDUJLQJ FXUUHQW WKH EDWWHU\ WHPSHUDWXUH
WKH IDGLQJ LQ EDWWHU\ FDSDFLW\ ZLWK UHVSHFW W]
JRRG DW DURXQG SHU F\FOH $IWHU F\FOHV E
ZLWK DEQRUPDO UHVXOWY DV QRWHG SUHYLRXVO\ VH
FKDUJLQJ SURILOH WKH FKDUJH WLPH ZDV ORQJHU ZL
DFFHOHUDWH WKH GHJUDGDWLRQ LQ WKH 6(, OD\HU D!

DQG )LIXUH WKH FOHDU UHGXFWLRQ LQ FDSDFL

J)LIXUH %DWWHU\ WHPSHUDWXUH XQGHU WULJJHU UH\



J)LIXUH 5HODWLRQVKLS EHWZHHQ EDWW&GHW MPBLHU B W XJUHH/ \

J)LIXUH %DWWHU\ FDSDFLW\ IDGLQJ XQGHU WULJJHU Ul



VAZ Sf ' %oco% " "<Zted —f%t -5"1%

7R RSWLPL]J]H UHVW SURILOH FKDUJLQJ WZR GLIIHUHC(
PDUN DQG PDUN TKHVH WHVWY DUH DSSOLHG DJD
FKDUJLQJ WHVWLQJ OLPLWYV WKH IUHTXHQF\ RI RSHUD
VORZ WHVW SDWWHUQV PLQXWH 7KHUHIRUH IRU
ZKLOH IRU WKH PDUN LV VHW DV V DQG WKH VSDF
WR WKH HQG RI EDWWHU\ OLIH RI LQLWLDO FDSDFL

$00 WHVWYV KDYH WKH VDPH FRQGLWLRQV & UDWH
VKRZVY EDWWHU\ FDSDFLW\ IDGLQJ XVLQJ SXOVH FI
DYHUDJH EDWWHU\ WHVWYVY FRXOG KDYH F\FOHG XS WR
ZLWK VWDQGDUG SURILOH ZKLFK LV F\FOH :KLOH )
LQWHUQDO UHVLVWDQFH GXULQJ F\FOLQJ

)LQDOO\ D WHVW ZDV SHUIRUPHG XVLQJ WKH && &9
FRPSDUH ZLWK WKH DYHUDJH & UDWH RI PDUN WR V

J)LIXUH SUHVHQWYVY WKH EDWWHU\ IDGLQJ IRU D PI
WKH VWDQGDUG FKDUJLQJ SURILOH RI )LIJXUH ZH
QXPEHU RI F\FOHV DFKLHYHG LQ WKH QHZ UHVW SURIL
EDWWHU\ F\FOHYV WR 7KH EDWWHU\ LPSHGDQ
DSSHDUV WR EH VLPLODU WR && &9 VWDQGDUG FKDUJL

&RPSDULQJ WKH DYHUDJH & UDWH RI WKH UHVW FKD!
DQ HTXLYDOHQW VWDQGDUG && &9 FKDUJLQJ SURILOH
GLIIHUHQFH RQ EDWWHU\ FDSDFLW\ )LJXUH RU RQ



J)LIXUH %DWWHU\ FDSDFLW\ IDGLQJ ZLWK SXOVH FKD
/) IRZ TUHTXHQF\

SHVLVWDQFH UHVW /)

SHVLVWDQFH
—
—

1R RI F\FOHYV

JLIXUH %DWWHU\ LOQOWHUQDO UHVLVWDQFH FKDQJHV ZL\



JLIXUH %DWWHU\ FDSDFLW\ IDGLQJ ZLWK SXOVH FKD
/1) IRZ TUHTXHQF\

J)LIXUH %DWWHU\ LOWHUQDO UHVLVWDQFH FKDQJHV ZL\



JLIXUH %DWWHU\ FDSDFLW\ IDGLQJ ZLWK VWDQGDUG |

J)LIXUH %DWWHU\ LQWHUQDO UHVLVWDQFH FKDQJHV ZLW|



VA{ fTe—Z—¢ '~ ofZ>ece

7ZR W\SHV RI /LWKLXP EDWWHULHYVY ZHUH XVHG WR |
GLIITIHUHQW FKDUJLQJ SURILOHV BBWWWH HVUXMU N WKC
VWDQGDUG UHVW WULJJHU DQG WULJJHU UHVW SUI
EDWWHU\ FDSDFLW\ IRU WKH IRXU FKDUJLQJ SURILOHYV
OHYHO RI EDWWHU\ GHJUDGDWLRQ LQ FRPSDULVRQ WR
F\FOH 6HFRQGO\ WKH UHVW SURILOH H[KLELWV D FDS
WKDQ WKDW RI VWDQGDUG SURILOH 7KH WULJJHU SUR
EHWWHU WKDQ WKH VWDQGDUG DQG UHVW SURILOHV
DYHUDJH FDSDFLW\ ORVV SHU F\FOH DQG WKLYV
EDWWHU\ OLIH 7DEOH JLYHV D QXPHULFDO FRPSDU
DQRG H[SHFWHG LPSURYHPHQW LQ EDWWHU\ OLIH 7R FL
WKDW WKH EDWWHU\TY HQG RI OLIH LV DW Rl QRPLQ
F\FOLQJ IRU HDFK SURILOH LV FDOFXODWHG XVLQJ HT
EDWWHU\ F\FOLQJ LV FDOFXODWHG XVLQJ HTXDWLRQ

7DEOH &RPSDULVRQ RI UHVXOWYV IRU WKH IRXU
&KDUJH 3U&KDIS@H LW\ @RWWHU\ OLIH
W\SH SHU F\FOIPSURYHPHQW
6WDQGDUG
SHVW
7TULJJHU

7ULJJHU UHVW

Oj L—

%

ZKHUH

1LV WKH WRWDO H[SHFWHG EDWWHU\ F\FOLQJ EHIRL

& LV WKH FDSDFLW\ ORVV SHU F\FOH

< Oie F O )
51* L l————y lsrr
Oii



ZKHUH
62+ LV WKH UDWLR RI LPSURYHPHQW LQ FKDUJLQJ SU
173LV WKH WRWDO QXPEHU RI EDWWHU\ F\FOLQJ IRU |

176 LV WKH WRWDO QXPEHU RI EDWWHU\ F\FOHV IRU W

[0 PN
51* L 2 Fsplsrr
‘AE
ZKHUH
&s LV WKH FDSDFLW\ ORVV SHU F\FOH LQ WKH VSHFLI

&es LV WKH FDSDFLW\ ORVV SHU F\FOH LQ WKH VWDQG

7TDEOH LOOXVWUDWHYV WKH HIITHFWV RIEG MW WAHJUHLCHA
WKH H[SHFWHG LPSURYHPHQW LQ EDWWHU\ OLIH $FFR
SURILOH OHDGV WR WKH ORZHVW UDWH RI EDWWHU\
EHQHILWY RI WKH UHVW DQG WULJJHU SURILOHV

%DWWHU\ FDSDFLW\ FRPSDULVRQ IRL

&DSDFLW\

1R RI F\FOHV

—0— &DSDFLW\ 6 W-Be-HMDBD FLW\ S0V WDSDFLW\ 7 =83 JDSDFLW\ 7ULJIJHU UHVW

J)LIXUH &RPSDULVRQ RI EDWWHU\ FDSDFLW\ SURIL



JRU WKH VHFRQG VWDJH WKH UHVXOWY RI EDWWHU
FKDUJLQJ SURILM®MHMWH IRKR/A@RD )LIXUH 6KRZQ LQ W
LOWHUSUHW VXFK WKDW EHORZ F\FOHV WKH QHZ
SHUIRUPDQFH RI WKH VWDQGDUG && &9 SURILOH +RZ}
F\FOHV LQWURGXFHV XQH[SHFWHG GHJUDGDWLRQ LQ
QHIJDWLYH WULJJHU DQG QHJDWLYH WULJJHU UHVW SI

JURP DQ LQYHVWLIJDWLRQ RI WKH HIIHFW RI FKDUJL
FKDQJHV ZLWK UHVSHFW WR EDWWHU\ F\FOLQJ DUH V¥
FXUYHV VKRZV WKH LQWHUQDO UHVLVWDQFH FDQ DOV
XS WR F\FOHV DQG WKHQ XS WR WKH HQG RI EDWW
UHVLVWDQFH YDOXH XS WR F\FOHV LQ WKH EDWWH
FKDQJHY FRPSDUHG WR WKH VWDQGDUG SURILOH DUH
SURILOH KDV WKH OHDVW HIIHFW RQ EDWWHU\ UHVL
SHUIRUPDQFH GXH WR ORZHU EDWWHU\ ORVVHV DQG KL

ZDV XVHG WR FDOFXODWH WKH GHJUHH RI EDWWH

s LI EepUsrr

Ny csylsrr
ZKHUH
3 LV WKH UDWLR RI EDWWHU\ SHUIRUPDQFH SHU FKD!
56 LV WKH FKDQJH LQ UHVLVWDQFH SHU F\FOH IRU VW

55 LV WKH UHVLVWDQFH FKDQJH SHU F\FOH IRU GLIIHL



JLIXUH %DWWHU\ FDSDFLW\ SURILOH FRPSDULVR

JLIXUH %DWWHU\ LOQWHUQDO UHVLVWDQFH SURILOF



7TDEOH &RPSDULVRQ RI UHVXOWYV DRUWRKH |IRXU

&KDUJH 3UKDIS®HF LW\ GRVVVWDQ@FBIWWHU\ OCRDRWW H U\

W\SH SHU F\FOHQFUHDVH BHURYHPBHRWI RUPDOQFH
F\FOH LPSURYHPHQV
6WDQGDUG
SHVW
7TULJJHU

/ULJJHU UHVW

7KH WUHQG LQ EDWWHULHYV F\FOLQJ FDSDFLW\ UHVXC
SURILOHYV DIWHU VSHFLILF F\FOHV VXGGHQO\ VWDUW W
RQ EDWWHU\ LQWHUQDO UHVLVWDQFH UHVXOWYV )LJX
ZKHUH EDWWHU\ UHVLVWDQFH LQFUHDVHY UDSLGO\ 7
FKDQJHV LQ WKH 6(, OD\HU ZKHUH WKH GLVFKDUJH W
OD\HU LQ WKHVH SURILOHV %UHDNV LQ 6(, ZLOO DOOF
WR WKH DQRGH DQG ILOO WKLV DYDLODEOH VSDFH 7
UHVXOWLQJ LQ GHFUHDVLQJ EDWWHU\ FDSDFLW\ 7KH\
LQFUHDVH EDWWHU\ LQWHUQDO UHVLVWDQFH 7KLV
EHWZHHQ EDWWHU\ LQWHUQDO UHVLVWDQFH DQG EDW:!

WKH EDWWHU\ FKDUDFWHULVWLFV XS WR RlI WKH LC
7TDEOH &RPSDULVRQ RI UHVXOWYV XR UV KBED WRW H
&KDUJH 3URHAO®H QXPEADUWWHU\ OLIH 1RWHYV
W\SH XS WR

6WDQGDUG 7TKHUH LV QR FKDQJH
VWDQGDUG SURILOH LV

SHVW %DWWHULHYV JRW
FRPSDUH WR VWDQGD
7TULJJHU %DWWHULHV ORVW DE
FRPSDUH WR VWDQGD
7ULJJHU UHVW %DWWHULHY ORVW DE|

FRPSDUH WR VWDQGD



JLIXUH &DSDFLW\ YV LOWHUQDO UHVLVWDQFH F\FOLQ.

JRU WKH WKLUG VWDJH WZR GLIIHUHQW PDUN VSDFH
FKDUJLQJ SURILOH DW ORZ IUHTXHQF\ ZLWK D EHQ
FRPSDUDWRU 7R VKRZ WKH GLITHUHQW UHVSRQVHV IF
WKHUH LV QR FOHDU GLIIHUHQFH LQ FDSDFLW\ GHJUDG
DQG DQ HTXLYDOHQW & UDWH && &9 FKDUJLQJ SURILO
VKRZQ LQ )LJXUH KDV QR EHQFKPDUN FRPSDULVR(
EHWWHU SHUIRUPDQFH DV H[SHFWHG GXH WR ORZHU D

8VLQJ WKH PDUN VSDFH UDWLR UHVW FKDUJLQJ
IUHTXHQF\ ZLWK WKH VWDQGDUG && &9 FKDUJLQJ SUR
IURP WKH IUHTXHQF\ WKLV LV VKRZQ LQ )LJXUH 7|

P+] GHWHUPLQHG IURP WKH (,6 DQDO\VLYV SHUIRUP|
DW PDUN VSDFH UDWLR 'HPRQVWUDWHG LQ )LIJXUH
P+] KbV ORZHU EDWWHU\ GHJUDGDWLRQ FRPSDUHG WR
FKDUJLQJ SURILOHYVY 7KHUHIRUH UHVW FKDUJLQJ SU
HIWHQGHG EDWWHU\ OLIH



JLIXUH %DWWHU\ FDSDFLWLHY FRPSDULVRQ IRU GLITHUHQ\

JLIXUH %DWWHU\ FDSDFLW\ FRPSDULVRQ RI PDUN VSD



7KH SURSRVHG SURILOHV XVHG DUH VWDQGDUG DQC
VKRZHG FRQVLVWHQW LPSURYHPHQW LQ WKH EDWWHU
VKRZHG WKDW WULJJHU GLVFKDUJH SURILOHV PD\ OH
QHHG IXUWKHU LQYHVWLJIJDWLRQ

Vasr—eef"”>

((WHQVLYH WHVWY KDYH EHHQ FRQGXFWHG WR DVVH\
WKH GHJUDGDWLRQ RI EDWWHU\ FKDUDFWHULVWLFV |
WKH UHIHUHQFH WR FRPSDUH DOO RWKHU FKDUJLQJ Sl
ORZ DQG KLJK UHVW I[UHTXHQFLHVY VKRZV D UHGXFWLR
EDWWHU\ F\FOHV WKH KLJKHU IUHTXHQF\ UHVW FKDU.
FDSDFLW\ )RU WKH QHJDWLYH WULJJHU FKDUJLQJ SU
UHGXFWLRQ LQ EDWWHU\ GHJUDGDWLRQ ZKLOH WKH
GHJUDGDWLRQ )LQDOO\ D GUDPDWLF GHJUDGDWLRQ
FKDUJLQJ SURILOH



&+3$37(5 ),9(

(YDOXDWLRQ RI WKH (ITHFWV R1 (9\
'LVWULEXWLRQ 1HWZRUNYV

7KH JULG FRQWURO KDV WR GHDO ZLWK YDULDEOH
VRXUFHVY DQG YDULDEOH ORDG GHPDQGV 7KH QXPEHU
DQG FKDUJLQJ RI (9V ZLOO UHVXOWY LQ LQFUHDVH LQ
EDWWHULHY ZLOO UHSUHVHQW D PDMRU LVVXH IRU SF
RFEXUV LQ SHULRGV RI SHDN GHPDQG DV H[SHFWHG L
FRQWURO RI FKDUJLQJ WLPHVY WR SUHYHQW SHDN GHF
SHULRGYV DQG ZKHQ UHQHZDEOH HQHUJ\ JHQHUDWLRQ
JLUG DQG WKH HQYLURQPHQW ,I DSSURSULDWHO\ FR
VXUSOXV JHQHUDWLRQ IURP UHQHZDEOH HQHUJ\ VRXU
JULG RI ERWK (9 UHQHZDEOH JHQHUDWLRQ FRXOG EH F

7\SLFDO GDLO\ ORDG SURILOHV IRU D GRPHVWLF KRX
J)LIXUH > @ 7KH VHOHFWHG SURILOH LV EDVHG RQ |
UHIHUUHG WR KRXVH 7KH SHDN GHPDQG DSSHDUV P
WLPH DIWHU SHRSOH ILQLVK ZRUN 2Q WKH RWKHU KDt
XS WR DURXQG DP 7KLV )LIXUH DOVR VKRZV WKDW
GHPDQG LQ ZLQWHU PD\ EH XS WR WLPH OHDQZKL
EHFDXVH WKHUH LV QR QHHG WR XVH HQHUJ\ IRU KHD
ZLWK YROWDJH OLPLWYV EHWZHHQ WR RI QRPLQ
> @ 7R DQDO\WH WKH HIIHFW RI (9V RQ WKH GLVWULE
KDV EHHQ XVHG

was >'<...f2 <o —"¢ ——¢'e F_TM!7, ‘1'1:2

3RZHU LV WUDQVPLWWHG IURP JHQHUDWLRQ WR W/
WUDQVPLVVLRQ KLJK YROWDJH VXE WUDQVPLVVLRQ
YROWDJH (9v DUH FKDUJHG IURP WKH /RZ YROWDJH
WKHLU LPSDFW ZLOO EH PRUH RQ WKH /9 QHWZRUNYV



GLVWULEXWLRQ QHWZRUN ZKLFK LV XVHG WR VLPXOD\
SRZHU JULG 7KH GLVWULEXWLRQ QHWZRUN PRGHO VW
SULPDU\ VXEVWDWLRQ LQFOXGHV WZR 09% N9 D

(DFK IHHGHU VXSSOLHV HLJKW N9 VXEVWDWLRQV
IHHGHUV )RU VLPSOLILFDWLRQ RQO\ RQH N9 I[HHGH!
WKHLU FRQQHFWHG ORDGYV KDV EHHQ PRGHOOHG LQ G
ORDGY KDYH EHHQ UHSUHVHQWHG DV D OXPSHG ORDG
GRPHVWLF ORDGV KRXVHV ,Q DGGLWLRQ VHYHUDO
LQFOXGH RQH VFKRRO VKRSV DQG OLJKW LQGXVWU\ O

J)LIXUH '‘DLO\ GRPHVWLF ORDG SURILOHV RYHU VXPPH



.9 .9
7UDQVIRUPHUV 7UDQVIRUPHUYV

2/7& 211 /RDG 7&
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘@ T " Y ‘
o HHHHHHH‘ EEEEEE
.9 09
/IXPSHG ORDG /RDGV RQ WKH GHWDLOHG
IXPSHG ORDGV 9 BXEVWDWLRQV ybsyg orpdHHEHY
JLYH .9 J)HHGHUV 7KUHH 9 )HHGHUYV
JLIXUH 7\SLFDO GLVWULEXWLRQ QHWZRUN PRG
wat 'f2>°<o 7 rTM T (e "¢ ——¢'e F_TMiT,

7R LQYHVWLIJDWH WKH SHUIRUPDQFH RI WKH GLVWU
1RUWKXPEULD 8QLYHUVLW\ KDV EHHQ XVHG WR FDOFX
QRGH RI WKH /9 GLVWULEXWLRQ QHWZRUN PRGHO VKRZ
DQG DOORZV GRPHVWLF DQG QRQ GRPHVWLF ORDGV W
/19 UbDGLDO IHHGHU KDV VL[ VHFWLRQV HDFK VXSSOLF
LGHQWLI\ WKH HIITHFW RI (9 FKDUJLQJ DQG ORDG W\S
VI\VWHP WKH DQDO\VLV LV GLYLGHG LQWR WKH IROOR.:

JLIXUH 7KH PRGHOOLQJ WRRO IRU ORZ YROWDJH SRZ



&DVH 'LVWULEXWLRQ QHWZRUN ZLWK GRPHVWLF

JRU WKH SRZHU QHWZRUN VKRZQ LQ )LJXUH D GH
LQGLFDWHG LQ 7DEOH 7KH UDWLQJ RI WKH N9 9
FDEOH FKDUDFWHULVWLFY DUH JLYHQ LQ 7DEOH 7k

SX YDOXHV IRU ZLQWHU DQG VXPPHU LV VKRZQ LQ )|
ZLQWHU DQG VXPPHU GHPDQG LV UHODWHG WR KHDWL
EH VHHQ WKH H[LVWLQJ WUDQVIRUPHU UDWLQJ LV HQF
SHULRGV )LJXUH VKRZV WKH YROWDJH SURILOH LQ
VXPPHU 9ROWDJHV IRU DOO QRGHYV DUH ZLWKLQ WKH
DQG WKH ODVW QRGH YROWDJH 9 H[KLELWV WKH PDJ[
IURP WKH PDLQ IHHGHU

7DEOH 1XPEHU Rl KRXVHVY DW HDFK /9 QHWZRUI

%XV /LQH|QR

1R RI KRXVHYV

7DEOH /19 )HHGHU FKDUDFWHULVWLFV

JHHGHU QR

&DEOH VL]H PP

JHQJWK NP

7\SH O0DWH U L300 $Q $O $0 $0




D :LQWHU SURILOH E 6XPPHU SURILOH
J)LIXUH /9 WUDQVIRUPHU ORDGLQJ XQGHU GRPHVW

D LQWHU SURILOH E 6XPPHU SURILOH
J)LIXUH /19 THHGHUV QRGHYVY YROWDJHV IRU GRPHVV

J)LIXUH VKRZV WKH FXUUHQW LQ WKH /9 OLQHV XQ(
$00 FXUUHQWY DUH ZLWKLQ WKH FDEOHYVY UDWLQJV VEF



D :LQWHU SURILOH E 6XPPHU SURILOH

JLIXUH /19 THHGHUV FXUUHQWY IRU GRPHVWLF

&DVH 'LVWULEXWLRQ QHWZRUN ZLWK GRPHVWLF

7KH VDPH GRPHVWLF ORDGV LQ FDVH RQH DUH XVH
UHQHZDEOH HQHUJ\ JHQHUDWLRQ ,W LV DVVXPHG WK
VIVWHP JHQHUDWLRQ )LJXUH VKRZV WKH WUDQVIR
JHQHUDWLRQ RYHU ZLQWHU DQG VXPPHU 7KLV ILIXUH
ORDG GHPDQG DW PLG GD\ DQG WKLV H[WUD JHQHU
GHPRQVWUDWHY WKH QHHG IRU D VWRUDJH V\VWHP
EHWZHHQ JHQHUDWLRQ IURP UHQHZDEOH HQHUJ\ DQCGC
LQFUHDVHY EXW UHQHZDEOH JHQHUDWLRQ GHFUHDVH\
FOHDU FKDQJHV LQ ZLQWHU ZKLFK LV WKH ZRUVW FDV#t

7KH YROWDJHV DW WKH EXVEDUV KDYH FKDQJHG DFFF
LQ )LIXUH IRU ZLQWHU DQG VXPPHU 'HVSLWH WK
JHQHUDWLRQ WKH QRGH YROWDJHV LQ ZLQWHU DUH V
GHPDQG DQG LQFUHDVHG UHQHZDEOH JHQHUDWLRQ LQ
WKH KLIJIKHVW YROWDJH OLPLW )LJXUH VKRZV WKH
ZLQWHU DQG VXPPHU $V FDQ EH VHHQ DW FHUWDLQ W
WR JHUR ZKHQ 39 JHQHUDWLRQ LV HQRXJK WR FRYHU
FXUUHQW H[FHHGV WKH FDEOH OLPLWV LQ VHFWLRQV



D :LQWHU SURILOH E 6XPPHU SURILOH

JLIXUH /19 WUDQVIRUPHU ORDGLQJ ZLWK UHQHZDEOH
D LQWHU SURILOH E 6XPPHU SURILOH
J)LIXUH /19 THHGHU QRGHYVY YROWDJHV ZLWK UHQHZDEO!
D :LQWHU SURILOH E 6XPPHU SURILOH

J)LIXUH /9 THHGHU FXUUHQWYV ZLWK PLFUR JULG



&DVH 'LVWULEXWLRQ QHWZRUN ZLWK GRPHVWLF

7KH PRGHOOLQJ WRRO FDQ VLPXODWH WKH GHPDQG)
FKDUJLQJ SRLQWV 7ZR W\SHV RI GRPHVWLF FKDUJLQJ
DQG N : N: SXEOLF FKDUJLQJ SRLQW DV ZHOO DV
DYDLODEOH ,Q DGGLWLRQ FRQWURO RSWLRQV IRU GF
EDWWHU\ 62& DQG WKH UHTXLUHG ILQDO 62& DUH DOVF
IRU HDFK KRXVH DQG WKH UDWLR RI (9 SHQHWUDWLRQ
WRWDO FDU QXPEHUV 2QO\ GRPHVWLF FKDUJLQJ DW |
VWDUWLQJ DV VRRQ DV WKH YHKLFOH DUULYHV KRPH
ILQLVKHG 7KH LQLWLDO EDWWHU\ 62& LV DVVXPHG WR

$QDO\WLV RI WKH QHWZRUN GXULQJ XQVFKHGXOHG (9

J)LIXUH VKRZ WKH HITHFWV RI WKH LOQWURGXFWLR
ZLQWHU DQG VXPPHU 7KH ZLQWHU UHVXOWY LQGLFDYV
OLPLW ZLWK D UDWLR RI (9 7KLV VXJIJHVWV WKDW

RYHUORDGLQJ WUDQVIRUPHU WKH JULG QHHGV WR EH
GXULQJ RIl SHDN SHULRGV 7KH UHVXOWY VKRZ WKDW
DGGLWLRQDO GHPDQG IURP (9V ZLWKRXW DQ\ XSJUDGL

7R DQDO\VH WKH HIIHFWV RI (9 FKDUJLQJ RQ YROWD.
VHOHFWHG EHFDXVH WKLV LV WKH PRVW HIITHFWHG QR
/19 QHWZRUN ZLWK GLIITHUHQW (9 UDWLRV LQ ZLQWHU D(
WKH YROWDJH OLPLWYV IRU PRUH WKDQ (9v DQG WK
GHPDQG XQOHVV VPDUW FKDUJLQJ LV DGRSWHG OHD(
ZLWKLQ OLPLWYV

7R WHVW WKH ORDGLQJ RI WKH IHHGHUV DQG IRU V
DQDO\WHG ZLWK GLIITHUHQW UDWLRV RI (9 SHQHWUDWL|
WKH GD\ LQ ZLQWHU DQG VXPPHU ZLWK XQVFKHGXOHG
WKH GHPDQGV IURP (9V ZLOO RYHUORDG WKH FDEOH D
FRXOG DFFHSW (9 ORDGLQJ ZLWKRXW RYHUORDGLQJ W
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$QDO\WLV RI WKH QHWZRUN ZLWK VFKHGXOHG (9 FKD

, I FKDUJLQJ RI (9V LV GHOD\HG IRU H[DPSOH WR VWL
WKH WUDQVIRUPHU ORDGLQJ LV LPSURYHG DV VKRZQ
UHVXOWYV VKRZ WKDW WUDQVIRUPHU RYHUORDGLQJ P
QHFHVVDU\ LI (9V FKDUJLQJ LV VKLIWHG WR VWDUW G
VXPPHU 7KLV KDV HFRQRPLF DGYDQWDJHV WR ERWK
HIWUD LQIUDVWUXFWXUH LQ WKH JULG QHWZRUN LV Q!
FKDUJLQJ ZLOO EH FKHDSHU DW ORZHU HOHFWULFLW\ \
WDULII ,Q DGGLWLRQ EDWWHU\ OLIH ZLOO EH ORQJH!
LQ &KDSWHU 6LPLODU EHQHILWY DUH VHHQ UHJDUGL
WKH YROWDJHV DW QRGH ZLWK VFKHGXOHG (9 FKDUJ|
WKDW WKH YROWDJHV DUH ZLWKLQ OLPLWYV LQ ERWK V
OLQH ZLWK VFKHGXOHG (9 FKDUJLQJ LQ ZLQWHU DQG
RYHUORDGLQJ RQ WKH GLVWULEXWLRQ OLQH V\VWHP
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&DVH 'LVWULEXWLRQ QHWZRUN ZLWK GRPHVWLF
VFKHGXOHG (9 FKDUJLQJ

$V PHQWLRQHG LQ WKH LQWURGXFWLRQ RI WKLV FKD
SURILOHV RI (9V WKDW FRPSOHPHQW JHQHUDWLRQ SUF
FRXOG UHGXFH WKH LPSDFW Rl ERWK RQ WKH JULG 7K
DQG (9 FKDUJLQJ DUH DQDO\VHG LQ WKLV VHFWLRQ $\
FDQ UHVXOWYV LQ UHYHUVH SRZHU IORZ DQG WKLV FRX!
YROWDJH H[FHHGLQJ WKH VWDWXWRU\ OLPLWV 7KHUF
GXULQJ 39 JHQHUDWLRQ SHULRGV Rl WKH GD\ WKHQ W
DV VKRZQ LQ )LJXUH 7KLV W\SH RI FKDUJLQJ EULQJ
IRU H[WUD JULG LQIUDVWUXFWXUH (9V FDQ EH FKDUJF
UHGXFHG E\ XVLQJ (9V DV VWRUDJH IRU WKH JULG

J)LIXUH VKRZV WKH YROWDJHYV DW QRGH IRU WKF
SURILOH VKRZV WKDW YROWDJHY DUH ZLWKLQ WKH OL|
VFKHGXOHG FKDUJLQJ WKH SUREOHP RI RYHU YROWDJ
J)LIXUH VKRZV WKH FXUUHQW LQ IHHGHU VHFWLRQ
LQ ZLQWHU WKH FXUUHQWY DUH ZHOO ZLWKLQ WKH FD
WR WKH PLFUR JHQHUDWLRQ LV UHGXFHG GXH WR WK
DV PXFK DV LQ ZLQWHU
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