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$ WKHVLVY VXEPLWWHG WR WKH )DFXOW\ DQG WKH %RDUG
OLQHV LQ SDUWLDO IXOILOOPHQW RI WKH UHTXLUHPHQWYV IRL
OHWDOOXUJLFDO DQG ODWHULDOV (QJLQHHULQJ

*ROGHQ &RORUDGR

'DWH BBBBBBBBBBBBBB

6LIJIQHG BBBBBBBBBBBBBBBBB
=DKUD 1 *KDQEDUL

6LJQHG BBBBBBBBBBBBBBBBB

'U -RKQ * 6SHHU
7KHVLV $GYLVRU

*ROGHQ &RORUDGR

'DWH BBBBBBBBBBBBBB

6LIJQHG BBBBBEBBBBBBBBBBBB

'U $QJXV 5REFNHWW
'"HSDUWPHQW +HDC
'HSDUWPHQW RI OHWDOQ
DQG ODWHULDOV (QJLQ
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=LQF FRDWHG SUHVV KDUGHQHG VWHHO 3+6 VKHHW XVH
UHVLVWDQW SDUWV LV RI LQWHUHVW WR WKH DXWRPRWLYH F
HPEULWWOHPHQW /0( UHPDLQ 6SHFLILFDOWHG FZLWIKI DON LR QD
EHWWHU XQGHUVWDQGLQJ RI WKH DO OR\HBFRARRW LOLIWKL KRV
VXEVWUDWH VKHHW GXULQJ GHIRUPDWLRQ IMOGBWHIWGH7KH
PLFURVWUXFWXUDO HYROXWLRQ LQ WKH YHW=ZR PRDMA. @/XVH K R I
SURFHVVLQJ WR WKH FUDFNLQJ UHVSRQVH L ®ISHBWHEV GH
WHPSHUDWXUH $ *OHHEOHS ZDV XVHG WA@HWHDW KRIMH® W LI
DQG WHPSHUDWXUHY UHOHYDQW WR QHZ S WRWFIHP/S/AHQI WDH. HHYW
7KH DOOR\LQJ DFKLHYHG GXULQJ KHDW IQQ/J ZDQYGDIMWVRW K H G P IDQ
XVHG WR LQWHUSUHW WKH FUDFNLQJ UHVSRQVH LOWKH FRD'
KLJK WHPSHUDWXUH
+HDW WUHDWPHQWY XVLQJ V\VWHPDWLF BKWBWLIQH UHD W V
SKDVH GHYHORSPHQW GXULQJ KHDWLQJ WR HOQHYDWHKE WHPS
VSHFLPHQ KHDWHG DW WKH VORZHVW UDWHKDY&W “ZDWQGRPS
)JH =Q &RPSDULVRQ Rl WKH FRPSRVLWLRQV RIWKHVH SKDV
HOHYDWHG WHPSHUDWXUH 7& VXJJIHVW HH® MKIDWMHW KLV FI
WHPSHUDWXUH DQG WKXV PD\ DOVR KDYH K D\ HPLSMW DW XIQHU
7KH PLQLPL]HG =Q ULFK OLTXLG DW HOHYDWHIGP W RRXIDED W X U
KDYH EHHQ QHFHVVDU\ WR HOLPLQDWH =Q URFRVD MIKING LQ W
WHPSHUDWXUH
6SHFLPHQV ZHUH DOVR KHDW WUHDWHG YLDWK.QQO@GH RU
ZLWKRXW GHIRUPDWLRQ DQG WKH SKDVHV ZHUHHLRIHW WH ILH
FRDWLQJ PLFURVWUXFWXUH DW HDFK URRWPRHDRXD MBY YAHY HO R
LQ WKH DOOR\HG FRDWLQJ ZHUH P HDIVOO\WHE XN\KLIHY DU DXEMQVR QW
=Q ULFK SKDVH LGHQWLILHG LQ WKH FRDWLRQWIDISBABUHG W
)H =Q DSSHDUHG WR LQFUHDVH ZLWK LQFBKDVH&NWRIDNRWLF
REVHUYHG LQ VSHFLPHQV KHDW WUHDWHG DW W/KH IRWIKHVW
V. VXJIJHVWLQJ WKDW WKH JUHDWHVW GHJUHIHN RF WIOROR \ L G
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RI WKHSKOVHV SUHVHQW LQ HDFK VSHFLPHQ DUH VXJJHVWHG
OLTXLG SUHVHQW DW WKH KLJKHVW GHIRUPDWLR @ M MKSHUD\
DPRXQW Rl =Q ULFK OLTXLG DYDLODEOH G XKHQW KL MNQHW M GR \
.)H =Q OD\HU DOVR LQFUHDVHG ZLWK LQFUHD\VHBHWROG WLP}
WKLFNQHVV LQ XQGHIRUPHG YHUVXV GHIRUPHG KWSE @PLAHQV D
ZHUH PHDVXUHG DQG FRPSDUHG WR FUDFNLQRUFRIKDLYRGU R
WHPSHUDWXUH f& WKH .)H =Q OD\HH B {Xa H[WH G GHI® FKNR\
WLPHYV DQG V. WKHVH VSHFLPHQV DOVRNHKYEHW HG® @/ K |
VOLJKWO\ QDUURZHU FRPSRVLWLRQ JUDGLHQWHW FRPSDUHG W
WHPSHUDWXUH DIWHU VKRUWHU VRDN WLPHV

7KH FUDFNLQJ EHKDYLRU REVHUYHG LQ WKKHH GHIRUPHG V
PLFURVWUXFWXUDO HYROXWLRQ RI WKH FRDWLQJ EDVHG RQ
HOHYDWHG WHPSHUDWXUH DQG WKH UHO DWRELWHYO IB\HWM ISF L W \
FUDENLQJ LQWR WKH VXEVWUDWH VKHHW PVWRFDDWWRIG G X WIKC
GHIRUPDWLRQ ZDV SURSRVHG WR EH D UHVXOW RULQUHMXFWLI
UHGXFHG GHIRUPDWLRQ WHPSHUDWXUH RU UHW HD@WRRAGRI D
FRDWLQJ DQG VXEVWUDWH WKDW VHUY HGHQVWX B DU UH BKOD
DQG )H VXEVWUDWH

LY
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,1752'8&7,21
/,7(5$785( 5(9,(:
%DFNJURXQG
,QGXVWULDO 3UHVV KDUGHQLQJ DQG 2EVHUYHG &UDF
2YHUYLHZ Rl %LQDU\ )H =Q 3KDVHYV
OHFKDQLVPV RI &UDFNLQJ
(;3(5,0(17%$/ '(6,*1 $1' 352&('85(6
([SHULPHQWDO $SSURDFK
ODWHULDO DQG *OHHEOHS 3URFHVVLQJ
&KDUDFWHUL]DWLRQ DQG 3KDVH 4XDQWLILFDWLRQ 7F

5(68/76 $1' ',6&866,21 ())(&7 2) +(®ML DIt 587
$//2<,1%

,QWURGXFWLRQ
; UD\ 'LITUDFWLRQ ;5

&RPSDULVRQ RI 3BKDVH ORUSKRORJ\ DQG 'LVWULEXWL
YLD /20

(30$ 7TUDFHV IRU /RFDO &4RPSRVLWLRQ OHDVXUHPHQW
7TUDQVPLVVLRQ (OHFWURQ OLFURVFRS\ 7(0
6 XPPDU\

5(68/76 $1' ',6&866,21 ())(&7 2) ,6:21+ (15081
$//2<,1* $1' 2%6(59(' &5%$&.,1* 5(63216(

,QWURGXFWLRQ
(IIHFW Rl 6RDN 7LPH DQG 7HPSHUDWXUH RQ &RDWLQ
(IITHFW Rl 6RDN 7LPH DQG 7HPSHUDWXUH RQ 2EVHUYH

(IN'THFW Rl 6HFRQG 6WHS 6RDN 7LPH RQ '"HIRUPDWLRQ
SHVSRQVH

(I'THFW Rl )LUVW 6RDN 6WHS 7LPH DW z& RQ '"HIRUP
SHVSRQVH
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(IIlHFW Rl 6HFRQG 6RDN 6WHS 7HPSHUDWXUH RQ 'HIRL
6XPPDU\
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/1,67 2) ),*85(6

(TXLOLEULXP LURQ * JLQF )H =Q SKDVH GLDJUDP

/IRJ GLIIXVLYLW\ YHUVXV UHGXFHG GWHPSHWRIW XUH
GDWD IRU =Q LQ )H PLFURVWUXFWXUHY IURP OLWHUDYV
> @ > + @ VLPLODU WR WKH FODVVLF SORW RI GLI
%DOOXIIL HW DO > @ 7TKH 7P 7 SDUDPHWHU LV ZLWK
WHPSHUDWXUH RI =Q L H T

6FKHPDWLF WKHUPDO SURILOH IRU VDPSOHV KHDYV
z& V DQG VWDELOL]JHG IRU V EHIRUH EHLQJ +H TXF

6FKHPDWLF WKHUPDO SURILOHV IRU VSHFLPHQV K
DQG WKHQ D TXHQFKHG WR URRP WHPSHUDWXUH DIWH
DQG VRDNHG DW ORZHU WHPSHUDWXUHYV RU
E VSHFLPHQV KHOG DW z& IRU V DQG WKHQ VRDNI
$00 VSHFLPHQV ZHUH KHDW WUHDWHG ZLWKRXW GHIR

'LPHQVLRQV IRU VSHFLPHQV GHIRUPBWXUWUHXQLD[L
$O00 GLPHQVLRQV LQ PLOOLPHWHUV LQFKHV LQ SDUHC(

6FKHPDWLF WKHUPDO SURILOHV IRU VSHFLPHQV K
DQG WKHQ D VRDNHG DW ORZHU WHPSHUDWXUHYV
GHIRUPDWLRQ DQG TXHQFKLQJ DQG E VSHFLPHQV KH
VRDNHG DW 7& IRU RU V SULRU WR GHIRUPDW
GHIRUPDWLRQ LQ XQLD[LDO WHQVLRQ

), % OLIW RXW SURFHVV VKRZLQJ DORAGHGLYOHHVWRI \
VDPSOH LQGLFDWLQJ WKH ORFDWLRQ RM AWHKNMHHOHIGY R X
UHJLRQ RI LQWHUHVW ZLWK WUHQFKHYV PLOOHG RQ HL
EDFNVFDWWHU HOHFWURQ %6( LPDJH RI DHGLIW RXW
DW z& V WR z& KHOG V WKHQ TXHQFKHG DIWH
KROGHU 7KH GDVKHG OLQH LQ F LQGLFDWHYV WKH LQ!
DQG )H =Q DOOR\HG FRDWLQJ OD\HU

%6( LPDJH RI D WZR VWHS LVRWKHUPD&® O\ VRDNHC
IROORZHG E\ KROGLQJ IRU V DW z& EHIRUH EHLQ
WHPSHUDWXUH 7KH ORFDWLRQV RI ('6 VSRWYV REWDLC
FRDWLQJ DUH PDUNHG ZLWK VPDOO FLURFHW =QORQJ Z
DQG FRUUHVSRQGLQJ HTXLOLEULXP )H =Q SKDVH LQW!
WKH HTXLOLEULXP SKDVH GLDJUDP

YLL
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JLIXUH

YLIXUH

YLIXUH

JLIXUH

JLIXUH

JLIXUH

JLIXUH

([DPSOHV RI WKUHVKROGLQJ WHFKQLAHXH BVHG IR
VSHFLPHQ KHOG IRU V DW 7& DQG WKHQ TXHQFKHC
UHVXOWLQJ LPDJH DIWHU WKUHVKROGLQD@®G =Q ULFK
SKDVHV GDUN JUD\ HDFK ZLWK WKH WKUHVKROGHG |
WKUHVKROGHG DUHD LQ UHG &LUFOHV DQG DUURZV
UHJLRQ WKDW ZDV WKUHVKROGHG LQ ERWK WKH RULJ
LPDJHY FRORU LPDJH UHIHU WR 3') WKHVLV ILOH

D %6( LPDJH RI D WZR VWHS LVRWKHUPDOO\ VRDI
DQG WKHQ TXHQFKHG WR URRP WHPSHUDWXUH DQG S
WKUHVKROGHG UHJLRQV RI WKH DUHD FRUUHVSRQGLQ
SKDVH OLJKW JuD\ G + SKDVH LQWHUPHGLDWH JUI
Jub\ DQG I . SKDVH RQO\ VOLJKWO\ GDVKRDQIUD\
LQ EODFN

;5" VSHFWUXP RI UHODWLYH LQWHQVLW\ YHUVXV
WRS WR ERWWRP DV UHFHLYHG QR KHDW WUHDWPHC
RU 2z2& V VWDELOL]J]HG IRU V DQG WKHQ +H T
WHPSHUDWXUH

/20 LPDJHV RI 0Q% *, VDPSOHV KHDWHG WR z
RU H z& V VWDELOL]JHG IRU V DQG +H TXHQFKHG W
ZLWK WZR VWHS PHWKRG EDVHG RQ -RUGDQ HW DO >

%6( LPDJHVY DQG FRPSRVLWLRQ SURILOHV REWDLC
VDPSOHV KHDWHG WR z& DW D E F G (
DQG +H TXHQFKHG WR URRP WHPSHUDWXUH 7KH SKDV
GLDJUDP ZKLFK FRUUHVSRQG WR WKH FRPSRVLWLRQV
DUH LQGLFDWHG RQ HDFK SURILOH

%ULIJKW ILHOG LPDJH RI VSHFLPHQ KHDWHG DW
TXHQFKHG WR URRP WHPSHUDWXUH 7KH PDJQLILHG U
FRPSRVLWLRQ PDS ZLWK D FRORU LQWHQVLW\ OHJHQC
FRPSRVLWLRQ RI WKH UHJLRQ LQ ZW SFW FRORU LPD.

%ULJKW ILHOG LPDJH RI VSHFLPHQ KHDWHG DW
TXHQFKHG WR URRP WHPSHUDWXUH 7KH PDJQLILHG U
LQGLFDWLQJ JUDLQV ZKHUH 6$'3V DQG ('6 FRPSRVLW
REWDLQHG

D ;5" UHODWLYH LQWHQVLW\ YHUVXV V WVRRU 0Q%

z& KHOG IRU V DQG DLU TXHQFKHG WR HLWKHU Il
z& DQG KHOG IRU V RU WR URRP WHPSHUDWXUH
HDFK VSHFLPHQ KHDWHG WR z& DQG KHOG IRU V E
IRU V F z& IRU vV G z& IRU V. H RU GLUH
WHPSHUDWXUH 7KH SKDVHV LGHQWLILHESRWM DUHBDWI
ODEHOHG RQ WKH FRUUHVSRQGLQJ JUD\ UHJLRQV RQ |

YLLL
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JLIXUH

JLIXUH

JLIXUH

JLIXUH

JLIXUH

D ;5" UHODWLYH LQWHQVLW\ YHUVXV V WVRRU 0Q%

z& VRDNHG V DQG DLU TXHQFKHG WR HLWKHU IU
z& DQG KHOG IRU VvV RUWR URRP WHPSHUDWXUH
HDFK VSHFLPHQ KHOG DW z& IRU V EHIRUH EHLQJ
F z& IRU vV G z& IRU V. H RU GLUHFWO\ TXF
WHPSHUDWXUH 7KH SKDVHV LGHQWLILHG YLD ('6 DUH

D ;5" UHODWLYH LQWHQVLW\ YHUVXV V WVRRU 0Q%

z& KHOG IRU V DQG DLU TXHQFKHG WR HLWKHU
RU z& DQG KHOG IRU vV RUWR URRP WHPSHUDW
HDFK VSHFLPHQ KHOG DW z& IRU V EHIRUH EHLQ.
F z& IRU vV G z& IRU V. H RU GLUHFWO\ TXF
WHPSHUDWXUH 7KH SKDVHV LGHQWLILHG YLD ('6 DUH

3ORWV RI SKDVH I[UDFWLRQ SFW I|IRU DOO SKDVH)
IRU VSHFLPHQV KHOG D z& Vv RU z& Vv
RU z& V F z& \Y, RU z& V RU
GLUHFWO\ WR URRP WHPSHUDWXUH IURP z& 'DWD S

YDOXH DQG HUURU EDUV DUH WKH VWDQGDUG GHYLD\
FRQGXFWHG RQ WKUHH LPDJHV RI HDFK VDPSOH FRQG

777 GLDJUDP IRU 0Q% > @ ZLWK ER[HV RYHUOL
WLPH DQG WHPSHUDWXUH FRQGLWLRQV ZKHUH GHIRUF

D ;5" UHODWLYH LQWHQVLW\ YHUVXOWHGRW 0Q %
z& V WR z& DQG DOORZHG WR VWDELOL]JH IRU Vv
DQG KHOG IRU HLWKHU ITURP WRS WR ERWWRP
URRP WHPSHUDWXUH E H VKRZ %6( LPDJHV RI HDFK V
VRDNHG IRU V EHIRUH EHLQJ VRDNHG DW z& IRU E
GLUHFWO\ TXHQFKHG WR URRP WHPSHUDWXUH 7KH SK
FRPSRVLWLRQ IURP (30$ DUH ODEHOHG RQ WKH FRULU
UHJLRQ RQ HDFK %6( LPDJH

%6( LPDJHVY DQG (30% FRORU PDSV RO¥QIRW SFW
VSHFLPHQV KHDW WUHDWHG DW z& \Y z& D F
GHIRUPHG LQ WHQVLRQ WR D GLVSODFHPHQW RI PP

FRORU LPDJH UHIHU WR 3') WKHVLYV ILOH

3O0RW RI SKDVH IUDFWLRQ SFW YHUVXV KROG WL
LGHQWLILHG LQ WKH DOOR\HG FRDWLQJV RI VSHFLPHC
DW V KROG WLPH z& \% z& RU V 'DW
YDOXH DQG HUURU EDUV DUH WKH VWDQGDUG GHYLD\
FRQGXFWHG RQ WKUHH LPDJHV RI HDFK VDPSOH FRQG
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JLIXUH

JLIXUH

JLIXUH

YLIXUH

JLIXUH

=Q ULFK VLGH ZW SFW =Q RI WKH ELQDU\ )H
ZLWK DQ RYHUODLG JUD\ ER[ LQGLFDWLQJ WKH FRPSR
/| DQG + PRVW =Q ULFK SKDVHV DW URRP WHPSHUDMW
WHPSHUDWXUHV XS WR Z&

&DOFXODWHG YROXPH IUDFWLRQ RI =Q ULFK OLT?
z&

%6( LPDJHV ZLWK WKH ORFDWLRQ RQWHKMHKEO0$ WL
UHVXOWLQJ FRPSRVLWLRQ SURILOH LQ ZW SFW IRU VS
DQG WKHQ DW z& IRU D E RU F V DQG GHI
GLVSODFHPHQW RI PP DW z& SULRU WR TXHQFKL:
SHUIRUPHG RQ WKH VSHFLPHQ KHDW WUHDWHG DW
WKH FRDWLQJ VXUIDFH DQG WKHQ SURJUHVVHG WKUR:
KHQFH WKH KLJK =Q FRQWHQW DW WKH 3 P SRVLWL
WKHVLV ILOH

%6( LPDJHV Rl HWFKHG FURVV VZ&FMRIURQV RI VSHF
IROORZHG E\ D VRDN DW & IRUD V E V F Y
GLVSODFHPHQW RI PP DW 7& DQG WKHQ TXHQFK
TXDOLWDWLYH WDEOH LQGLFDWLQJ WKH H[SHFWHG S
REVHUYHG FUDFNV LQ WKH .)H =Q OD\HU RU VXEVWUD
VKRZQ

D ;5" VSHFWUD VKRZLQJ UHODWLYBARSOHYQVLW\ ®
WKDW ZHUH KHOG DW z& IRU TURP WRS WR ERWWRF
z& \% \Y, z& V RU FRROHG GLUHFWO\ WR UR
%6( LPDJHV RI HDFK VSHFLPHQ KHDWHG WR 2z& DQG
G V EHIRUH EHLQJ VRDNHG DW z& V RUH GLL
WHPSHUDWXUH 7KH SKDVHV ODEHOHG LQ WKH %6( LPI
FRPSDULVRQ RI FRPSRVLWLRQV REWDLQHG IURP (30%

%6( LPDJHV DQG (30%$ FRORU PDSV RIOCRQ ZW SFW
IRU VSHFLPHQV KHDW WUHDWHG DW 7& D F G |
DQG SXOOHG LQ WHQVLRQ WR D GLVSODFHPHQW RI
FRORU LPDJH UHIHU WR 3') WKHVLV ILOH

3ORWV RI D SKDVH IUDFWLRQ YRO SFW IRU DO
DW z& IRU V IROORZHG E\ KROGLQJ DW z&
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%6( LPDJHV ZLWK WKH ORFDWLRQ RQWEHKHMHKEBO0$ WL
UHVXOWLQJ FRPSRVLWLRQ SURILOH LQ ZW SFW IRU VS
E RU F V DQG WKHQ DW z& V DQG GHIRUP|
GLVSODFHPHQW RI PP DW z& SULRU WR TXHQFKL:
SHUIRUPHG RQ WKH VSHFLPHQ KHDW WUHDWHG DW
WKH FRDWLQJ VXUIDFH DQG WKHQ SURJUHVVHG WKUR:
KHQFH WKH KLJK =Q FRQWHQW DW WKH 3 P SRVLWL
WKHVLV ILOH

%6( LPDJHV RI HWFKHG FURVV VZRFMRIURQV RI VSHEF
E F V IROORZHG E\ D VRDN DW z& IRU V G
GLVSODFHPHQW RI PP DW z& DQG WKHQ TXHQFK

TXDOLWDWLYH WDEOH LQGLFDWLQJ WKH H[SHFWHG S
REVHUYHG FUDFNV LQ WKH .)H =Q OD\HU RU VXEVWUD
VKRZQ

%6( LPDJHV RI HWFKHG FURVV VZRFMRIUR QV MIQVGS HF
WKHQ DW HLWKHU D E RU F z& IRU V GHI
GLVSODFHPHQW RI PP DW RU z& UHVSHFWL

WR URRP WHPSHUDWXUH $ TXDOLWDWLYHRMWDEOH LQG
=Q ULFK OLTXLG DQG REVHUYHG FUDFNV LQ WKH .)H =
FRQGLWLRQ LV DOVR VKRZQ

$ /IRDG GLVSODFHPHQW FXUYHV IRU VSHFLPHQV GH

$ %6( LPDJHV RI HWFKHG FURWMHEHFWLR Q% Rl V\BHF
DQG WKHQ 2& V EHIRUH EHLQJ VWUDLQHG LQ XQL
DQG G H DQG I PP 7KH WHQVLOH D[LV LV DOL.

& %ULJKW ILHOG LPDJH RI VSHFLPHQ KHDWHG DW
TXHQFKHG WR URRP WHPSHUDWXUH 7KH PDJQLILHG U
LQGLFDWH JUDLQV ZKHUH 6$'3V DQG ('6 FRPSRVLWLR
REWDLQHG

& %ULJKW ILHOG LPDJH RI VSHFLPHQ KHDWHG DW
TXHQFKHG WR URRP WHPSHUDWXUH 7KH PDJQLILHG U
LQGLFDWHY JUDLQV ZKHUH 6$'3V DQG ('6 FRPSRVLWL
REWDLQHG

' 6FKHPDWLFV RI PLFURVWUXFWXUMW HWNBWRWQRY DHh
f& Vv RU f& IRU V

[L
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7DEOH &KHPLFDO RUPXOD &U\WWDO 6WUKNWXUH DQG )H

7DEOH YDFWRUV $IIHFWLQJ /0( DQG OHWKRGV IRU OLWLJD

7DEOH '"LIIXVLYLW\ &DOFXODWLRQV BQGD®Q 3HQHWUDWLR

7DEOH &KHPLFDO &RPSRVLWLRQ RI 0Q% *, 6XSSOLHG E\

7DEOH =Q &RQWHQW LQ &RQVWLWXHQW 3KDVHV RI 7ZR 3K

7DEOH 3KDVH $UHD OHDVXUHPHQWA. TDXQ_& &DOFXODWHG 9T
'HWHUPLQDWLRQ IRU 7& V 7 & DQG V &RC

7DEOH )JH =Q OD\HU WKLFNQHVV LQ 8QGHIRUPHG DQG 'H|
7UHDWHG DW 7& V 7& RU V

7DEOH JH =Q OD\HU WKLFNQHVV LQ 8QGHIRUPHG DQG 'H|
7UHDWHG DW 7 & RU V 7 & Y

7DEOH )JH =Q OD\HU WKLFNQHVV LQ 8QGHIRUPHG DQG 'H|
7UHDWHG DW 7& V RU 7 & v

7TDEOH % JH =Q 3KDVH ,QIRUPDWLRQ DQG &DOFXODWHG ; 5I
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, ZRXOG OLNH WR WKDQN WKH VSRQVRUV RI WKH $GYDQF
SHVHDUFK &HQWHU IRU WKHLU VXSSRUW JXLGDHQBHYHHND@ & RQF
YRHVWDOSLQH 6WDKO *PE+ IRU SURYLGLQJ WKH PDWHULDO V
$QGUHDYV 3LFKOHU IRU KLV VXSSRUW DQG KHOSIROXMMFKQLFL
*DUID $. 6WHHO &XUW +RUYDWK *HQHUDO ORRWROLG/ D MVQRG 3L
OLNH WR DFNQRZOHGJH P\ DGYLVRU -RKQ * &FHHUHUWLDKDWERY
wWXuUQ WR EH D EHWWHU UHVHDUFKHU 7KDQNV WRWOYBRPPLW
7\QH *HUDOG %RXUQH DQG $DURQ 6WHEQHU IRUWKKNLU VXS
ZRUN 6SHFLDO WKDQNV DUH DOVR HIWHQGHG WRQGXPHURXYV
ODWHULDOV (QJLQHHULQJ 'HSDUWPHQW LQRNGXIRILQW KIRUW YDID
WHFKQLFDO LQVLIJKWY UHJDUGLQJ SKDVH HYRMPREBLRQ *DU\ =
WUDLQLQJ DQG KHOS DQG FROOHDJXHV SDVW DRQIG SUHVHQW
FRQGXFWLQJ WKH 7(0 ZRUN

$GGLWLRQDO WKDQNV JR WR 'RQDOG ) 6XVDQ &KDUOHV
5 OLFKDHO 3HWHU 6 'XUDQ DQG ODUN 5HHHRHK D6IHQ IGR Q WL IDQXLE
WR VKDUH WKHLU NQRZOHGJH IUHHO\ KHOS PH KRQW\ WHF
GXULQJ WKH PRPHQWYV RI 3FULSSOLQJ IUXVWBBDWASRHFLWRDW I
WKDQNV DOVR JR WR 5LFKDUG 3 *UDQW 6DQGLDUNDWIORQ DO /
ZLWKRXW ZKRP VRPH RI WKH NH\ UHVXOWYVY ZRXOG QRW KDYH

7TKRXJK LW LV LPSRVVLEOH WR OLVW DOO WEH) RHGCRWLR C
WR WKLV ZRUN EXW DOVR WR P\ JUDGXDWH VAKRROOB S WWRLH
WKH VWXGHQWYV ZLWK ZKRP , SDVVHG WKH TXD®ONLQJ H[DPV
WHFKQLFDO UHVHDUFK H[FKDQJHV RYHU FRIIHH 7KDQNV WR I
UHPLQGHG PH WR ZRUN KDUG DQG SOD\ KDUG 7KD®NYUNR P\
DPD]LQJ VXSSRUW DQG VWLOO SD\LQJ UHRWVKYHQGZKIHXD O 2D \
WKDQNV WR P\ IDPLO\ ZLWKRXW ZKRP , FRXOG QHYHU KDYH F
DP JUDWHIXO PRUH WKDQ WKH\fOO HYHU NQRZ

[LLL
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5HIJXODWLRQV IRU LQFUHDVHG IXHO HFRQRP\ DQ® HQKDQ
LQGXVWU\ KDYH FRQWULEXWHG WR WKH JURZLQJ SRSXODULW
OLJKWZHLJKW KLJK VWUHQJIJWK DQWL LQWUXVIGRQY KRPSIRQH C
SUHVV KDUGHQLQJ RU KRW VWDPSLQJ ZKLFK RMWXORWXUY D
ZKLOH IRUPDELOLW\ LV DFKLHYHG E\ XVLQJ HOHYDWHG WHPS

3UHVV KDUGHQHG SDUWV HVSHFLDOO\ WKRVWRVHG LQ F
FRUURVLYH HOHPHQWYV $SSO\LQJ FRUURVLRQ QHIVQVMWBQW ]L
* RU JDOYDQQHDOHG *$ LV D SUHIHUUHG DSSURDFK WR U
DGGLQJ VLIJQLILFDQW ZHLJKW > @ 7KHVH FRDWL QJWDRIFHU EF
DQG WKH KRW GLS PHWKRG XVHG WR DSSO\ WKH FRDWLQJ LV

'XULQJ WKH KRW VWDPSLQJ SURFHVV FUDFNV FDQ IRUP L
FRQGLWLRQV SURSDJDWH LQWR WKH 3+6 VXEVQUDWH ,QGXV
SHQHWUDWLRQ RI =Q LQWR WKH VXEVWUDW HD QB HMIOH DHO RVGID F
RI DOOR\LQJ LQ WKH FRDWLQJ FUDFNLQJHQWRQWKH)DOOR\HC
SHQHWUDWLRQ 7KRXJK VRPH JURXSV KDYH DOVR WHSWRRIWHG
WKH 3+6 VXEVWUDWH > @ D QHHG UHPDIFQWX WHR \® R QXKW KFHU D
EHKDYLRU LQ RUGHU WR XQGHUVWDQG WKH PHFKDQLVPV UHV
PLWLJDWLRQ

7KH H[SHFWHG FRQWULEXWLRQ RI WKLV ZRUN LV WR FKD!
PLFURVWUXFWXUH WKDW GHYHORSV LQ =Q FRDWMG BHGIBW R
FUDFNLQJ EHKDYLRU GXULQJ HOHYDWHG WHPSHGBWHKO R SGIGI R
LQ DOOR\HG FRDWLQJY DQG PHDVXUHPHQW LRIHWKPHD BHK I\DHD OU X
DUH UHSRUWHG DQG XVHG WR LQIHU WKH SUHVHQFH RI =Q UL
WKLFNQHVV Rl DQG FRPSRVLWLRQ JUDGLHQW DFH®RYVWKM =G
WKH FRDWLQJ VXEVWUDWH LQWHUIDFH LV DOFNROLHSRW\RBDE R
FUDFNLQJ UHVSRQVH RI WKH FRDWLQJ GXULQJ BHNVRWUPKMDR Q
WUHDWPHQWY ZLWK GHIRUPDWLRQ YLD LQWHUBNXBMWHBQXQLD
GLIIHUHQW KHDW WUHDWPHQW FRQGLWLRQV 7KHHKHROH RI ER
DOOR\HG FRDWLQJ LQ FRQWUROOLQJ WKHFXWNFMLQJ EHKDYLF
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%DFNJURXQG
$ UHYLHZ RI WKH UHFHQW OLWHUDWXUH WHIDWBQGNR KR

UHOHYDQW VXE WRSLFV LV SUHVHQWHG LQ WKREVHDSBMWGE UL Q6
LQGXVWULDOO\ IRUPHG 3+6 SDUWV FUDENFMNLQLJPKMAKIDB Y WRN
LQFOXGHG $ UHYLHZ RI WKH ELQDU\ LURQ JLQF )H =Q SKDVF
FU\WWWDOORJUDSK\ DQG )H =Q LQWHUGLIIXYURQ® OV R/ ISUBIW X Q

,QGXVWULDO 3UHVV KDUGHQLQJ DQG 2EVHUYHG &UDFNLQJ

7KH JRDO RI WKH SUHVV KDUGHQLQJ RU KRRWUYWIFS KQU S H R FM
VKHHW EODQN LQWR D KLJK VWUHQJWK FR PSHRRHLQW G 7IKH 3 '8/ N KSHHH
PLFURVWUXFWXUH DQG GXULQJ KRW VWERSIZHHQW LV IL&VIKBXV\
DXVWHQLWL]HG VKHHW LV WKHQ WUDQ V RUPWDHG RIR [BW HVO W R DEAHH GW
DOORZV IRU ORZHU VWDPSLQJ ORDGV FRPSDURSLWR WRRP G H N SHW
ZDWHU FRROHG HIIHFWLYHO\ TXHQ F K LDQN HWWKBIODIRZW | RXHW B R QWJ R
SKDUGHQLQJ" RI WKH VKHHW PLFURVWUWHW XU H $l IMR-PU DKXRAW N @/LD/PIS |
SDUW KDV WKH GHVLUHG JHRPHWU\ ZLWH \R L IKER XWR O H UDS@FHV NDWQ

3+6 VKHHW LV VRPHWLPHV =Q FRDWHG JDO VYRQYLGH FD'W KRG 1 B
FRUURVLRQ UHVLVWDQFH RI WKH ILQDO SDRGNV XXQGH DXWHEHH. W K
FKDQJHV LQ WKH =Q EDVHG FRDWLQJV RDHV RFFK Z HKH CODRMHHY KW |
SRLQW RI =Q DERXW f& DQG WKXV WKH FIRHDWXEW HQ LW QR QD O ¢
WHPSHUDWXUH DQG GXULQJ WKH VWDPSLRJOSUREG VVQ W WH &R BWL
WKH VXEVWUDWH VKHHW FDQ UHVXOW N§ BUB FRR®RIRIQON RS MUKSH Q)GE
WKH VKHHW VXUIDFH DQG SURJUHVV W KQW R I KHK3H+ 6 RDNE Y QU D YGE
7KH FUDFN SHQHWUDWLRQ GHSWKV JHQHUDQGWXV NQLD OURW XIGLSHIR
RQ FKDUDFWHUL]LQJ WKH FUDFNLQJ EHKDWLRHFRVMWRHED SOV JIHR BW |
H[DPLQDWLRQ RI FUDFNV DW EHQG UDGLL RRXISY WKB VG KDY H VW )
KRW VWDPSLQJ SDUDPHWHUV WKURXJK KRNW WY @WAL @ N DV \AWWD M/t
UDWHV DQG VWUDLQHG VSHFLPHQV WR DERXW X QS3HIFAiRDW LS¥W D ¥
FRQGLWLRQV ERWK GHHS FUDFNLQJ LQWRWRWHDI* 6 ® X YW DRVH KD
UHSRUWHGBD:Q ®RXQGDU\ HPEULWWOHPHQW WKDW LIP\D WHIIOJMHJD W LR
HPEULWWOHPHQW RI WKH VXEVWUDW H XWEFHQRE FEXQGE N UQH \E K P X CBN
LQGXVWULDO UHVHDUFK JURXSV > @ X BVRWUUDHWHW.RY WIHYUD F R/Q R/E



RFFXU GXULQJ KRW VWDPSLQJ DQG SRWHQWLDEDQ DR QY GKDYFHY B
SUHVHQWHG 5HSRUWHG FUDFNLQJ PHFKDQLVPV DRGHKR@WRKOWLSC
FRYHUHG

2YHUYLHZ RI %LQDU\ )H =Q 3KDVHV

%HFDXVH *, DQG *$ FRDWLQJYV DUH DOPRWWONSKUH  =Q D
NQRZOHGJH Rl WKH ELQDU\ )H =Q SKDVHV LV UHTXLUHG WR X
LQWHUDFWLRQV DQG HIIHFWLYHO\ DGGUHVV PODARU®J ,QIR
GXULQJ )H =Q LQWHUGLIIXVLRQ LV SURPLQHQW IRQ PRWIHRD W >
GXULQJ JDOYDQQHDOLQJ DIWHU KRW GLS JDOYWRLWIKGHI ) QG
=Q HTXLOLEULXP SKDVH GLDJUDP DQG D WDEOH RXUPHRPSRVLW
VKRZV WKH HTXLOLEULXP )H =Q SKDVH GLDJUDP DGDSWHG IU|
DXVWHQLWL]LQJ WHPSHUDWXUH UDQJH IRU $QGUHEW OHDVW
HTXDWLRQ > @ LV DERYH WKH KLJKHVW SHQ LFVRHPB\R VE WLHRRE\
DERYH DERXW  ZHLJKW SHUFHQW ZW SFW )HWHHWALEVXDG VI
H[LVW DQG DV WKH )H FRQWHQW L QF UHDN H\K LW KHH 36 V¥ LMKHDPW
ZLWK LQFUHDVHG )H FRQWHQW KDYH FEK PN EWHGHOHY W QI 2K
FRQVLGHULQJ FRDWLQJ VXEVWUDWH D OQIRSIURF M\K\D W [REG M U V
VKRZV WKH FKHPLFDO IRUPXOD FU\VWDO YWHXFEM\XDE LS )F
RQ WKH HTXLOLEULXP )H =Q SKDVH GLDJUDP DNWHBSRUWHG E
DV ZHOO DV WKH ODWWLFH SDUDPHWHUBV @R U GG EW LSKP/® UH
FRPSRVLWLRQDO DQG FU\WWDO VWUXFWXUH LQIRRPPDWLRQ SL
UHIHUHQFHYV IURP WKH ,QWHUQDWLRQDO &HQBVHWRFR W KIHVWD F
UHVRXUFHV ZHUH XVHG WR LGHQWLI\ VDKHG SW R WH.\P 36 @ BI W H QR \
VWUXFWXUHV LQ -(06 DV ZLOO EH GLVFEXVVKBSMH W K H 7KRIQQH-
VHEWLRQV ZLOO GLVFXVV SURSRVHG FUDFNLQWPHFKEBEQLVPV
FUDFNLQJ
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OHFKDQLVPV RI &UDFNLQJ
&UDFNLQJ LQ =Q FRDWHG 3+6 LV RIWHQ DWW WIDBAXMVHG WR
DQG WKH =Q FRDWLQJ OLTXLG GXULQJ KRWXMWHWWSHGJIW KD WI



OLTXLG PHWDO HPEULWWOHPHQW /0( D QHEQRWR LBH) (U HIF H I WVAX\H
PDLQ PHFKDQLVPV E\ ZKLFK =Q SURPRWHWF & BF®L @ ISILE DAOKH
VI\VWHPV ZKLFK H[SHULHQFH /0( RU 60( H[KLEFLW® VLIJQLILEDC
UHGXFWLRQ LQ WRWDO HORQJDWLRQ WKRXJK QRWWDKZD\V R
HQRXJK D UHGXFWLRQ LQ VWUHQJWK PD\ DOWRIRFWXWR>W®&H (
KRW VWDPSLQJ ILHOG EHFDXVH GLVFXVVLRQ RQ WKH PHFKDQ
SHQHWUDWLRQ EHKDYLRU RI =Q DW JUDLQ ERXQGDALBY DV L
HPEULWWOHPHQW VWXGLHV &RPPRQ WUHQGV D&PVMOWKRIGV
OLTXLG RU VROLG PHWDO SHQHWUDWLRQ HMNHPRBLIWWOHPHQ
OLWHUDWXUH DUH UHYLHZHG LQ WKH IROORZLQJ VXE VHFWL

/LTXLG OHWDO (PEULWWOHPHQW

1HFHVVDU\ FULWHULD IRU /0( WR RFFXU LQ BWWD ®VWH DLD-
LQWLPDWH FRQWDFW DQG WKDW D VWUWHVV@ V7KRXA KHBR 1K
DOZD\V FLWHG DV D PDLQ FULWHULRQ LWHXRVWHRPM KH EFDV
PLVFLELOLW\ PDNLQJ WKH IRUPDWLRQ RI FRPSPDXQGM OWXKW O
OLTXLG PHWDO DWRPV RIWHQ WHUPHG WWHWMKRE VRW WD A H VDN
VXUIDFH RIWHQ JUDLQ ERXQGDULHY ZHDNHQLQFBKHHERQGV
WKH IUDFWXUH VWUHVV LV ORZHU WKH PO RZAHU HD RO BWX B
WKDQ H[SHFWHG KHQFH HPEULWWOH P HRMW RIVSHIQHWY B & >R Q
ERXQGDULHV LV GLFWDWHG E\ WKH DELOLW)\ |IRUEDWRPKDWR G
WKH IDFWRUV ZKLFK LPSDFW GLIIXVLRQ ZRXOG DURXS YV QKD XHi(
H[SORUHG WKH HIIHFW Rl WKHVH IDFWRUV RH) WHR/HK QW V XIDUHL C
EULHIO\ GLVEXVVHG EHORZ

$OOR\LQJ /LTXLG RU 6ROLG OHWDO WR 3UHYHQW /0(

7KH XVH RI DOOR\LQJ DGGLWLRQV WR VORZ GLHXVLRQ RI
ZDV GLVFXVVHG E\ VHYHUDO DXWKRUV > + @XGEROGLFEDRED O
EH VORZHG LI HOHPHQWYV ZKLFK IRUP VWDEOH FRMDSIRXRGQYJIZL
DGGLWLRQ VROLG PHWDO FRPSRXQG LV SURSRNPABUWWVWOWUJ
DWRPV IURP FRQWDFWLQJ WKH VROLG PHWDO RMWHG EUHDWLC
WKH HPEULWWOHU DWRPV > @ ,Q SUDFWIKFHJ WKH © HWXLRC



VROLG PHWDO WR SURPRWH FRPSRXQG IRUPDWLRIP EKWMEDG
WR PLWLJDWH /0( LQ DOXPLQXP $0 H[SRVHG WR PHUFXU\ +J
DGGLWLRQV RI PDJQHVLXP 0J > @ ,W ZDV SUHGILEWHG WKD
+J0J RU +JOWKHUHE\ UHGXFLQJ WKH +J DYDLODEOH WR SHQH'
VXEVHTXHQWO\ HPEULWWOH $0 > @ +RZHYHU DYYWHDG RI |
DPRXQWYVY RI 0J UHVXOWHG LQ GHFUHDVHG |UDRRXQW RWHEG V\
> @ :KHQ H[SRVHG WR OLTXLG +J VROLG =Q FDQWHGHULHQF
WKDW DGGLWLRQV RI EDULXP %D WR +J ZLOOWHS X@®H 7&HRII
IRUPDWLR®DRZEZFWY REVHUYHG WR LQFUHDVH WKH IUDEMWXUH VW
EULWWOH IUDFWXUH > @ 7KLV ZRUN GHPRQWNDHPWMB® W WIRW
IRUP KLJK PHOWLQJ WHPSHUDWXUH FRPSRXQGV ZLWRKR =Q WR
WKH =Q FRDWHG 0Q% V\VWHP ,W LV ZRUWK RRSWRDQIGWKDW
PLJKW LPSDFW WKH FRUURVLRQ UHVLVWDQW QDWXUH RI D =Q
$QRWKHU PHWKRG RI DOOR\LQJ OLTXLG WR SUHYHQW /0(
WHPSHUDWXUH IRU HIWHQGHG WLPHV WR SHPRFPRMH LRR WH H. Q V
OLTXLG VROLG FRXSOH DQG WKHUHE\ UHGXFH Q@FD® HQULF|
OLWHUDWXUH VHYHUDO JURXSV KDYH VKRZQQWRDWGEBDFNLQ
HPSOR\LQJ HIWHQGHG VRDN WLPHV DW H O HW\DMWGIGNWH S HWNVD K
SULRU WR GHIRUPDWLRQ > @ ,Q JHQHUD® HLIQF EHRDWKH BU\DE
OHQJWK DQG =Q SHQHWUDWLRQ GHSWK LQWRLW®W K H HTF6HOQEE VW
RI FUDENV > @ ,W KDV EHHQ VXJJHVWHG W K\ \BRW R R WRNC
)H =Q DOOR\LQJ DQG LQ WXUQ UHGXFHV =Q ULF&HUIDWXGBHYL
)JH =Q LQWHUPHWDOOLFV +RZHYHU WKH IRRODWBRY RI LQW!
GHFUHDVHG =Q FRQWHQW LQ WKH DOORB\RDBWHKRDGLLFQB RRUD RD/Q
SURWHFWLRQ > @ DQG PD\ EH OHVV GHVLUDEOH IRU LQGXVV
SHFHQWIOW M@ PLQHG WKH PLFURVWUXFWXUDO HYROXWLR
FRDWLQJ RQ 0Q% VKHHW KHDW WUHDWRBG LVRWEHUR®D OO\ D
+HDW WUHDWPHQWY ZHUH FRQGXFWHG ZLWKRXW GHIRUPDWL!
LQWHUGLIIXVLRQ OD\HU > @ 7KH )H DQG $Q@GUG B WWHG WK I®
VROXELOLW\ RI =Q LQ WKHVH LQWHUPHWDO CQLHW L@ KK HQ) HJ IHE
LQWHUGLIIXVLRQ OD\HU > @ 7KH IUHH =Q ZDV UHB®UWHG WH



UHVLVWDQFH RI WKH FRDWLQJ > @ %HFDXVHOGH B UKW LURHH
=Q WR SHQHWUDWH WKH VXEVWUDWH VWHHO ZDV QRW UHSRU

*UDLQ %RXQGDU\ &KDUDFWHU
,Q VRPH VA\VWHPV PRGLI\LQJ WKH JUDLQ ERRQGDU\ SURS
PLWLIJDWLQJ HPEULWWOHPHQW ,Q $ +® 00U FVAGRR\ \FF UDXWHE DI\
0J=QSDUWLFOHV SUHVHQW DW WKH JUDLQ ERXQGDULHYV DIWH
FUDFNLQJ ZKHQ H[SRVHG WR DTXHRXV FKCGCROWMEIH 6 /Y LR)XKRVQWP H
GLVVROYH LQ RUGHU IRU LQWHUJUDQXODU FUDWINYI WRGURFF
VSDFLQJ RI WKH SDUWLFOHV FRQWURO WKH UBWRHUREHGWHUJ
VWXG\ ZDV IRFXVHG RQ PLWLIJDWLRQ RI 6&& EHHRQBEBDYBEOWR
0Q% VKHHW ,I VXLWDEOH SDUWLFOHW RIUQSERI)XQSIDWDM\HYD @
ZLWK WKH =Q DWRPV GXULQJ KRW VWDPSLQJ FRXIOIGDEN SHQH
VORZHG ,Q FRIQWRIDR/SR VEHIGRWKDW WKLQ IHUULWH ILOPV PD\ |
ERXQGDULHV GXULQJ KHDW WUHDWLQJ SULRU WR WWQPWHQJ
JUDLQ ERXQGDULHY DQG EHJLQV WR GLIIXVHLIYWR=W KH DKV W
UHJLRQ + DW WKH JUDLQ ERXQGDU\ D OHVV HQ Q6KWMKHHI] R ¢
DXVWHQLWH JUDLQV RQ HLWKHU VLGH > @ 7KLWDUWKXK\ LPSO
FRPSRXQGV PD\ VORZ GLIIXVLRQ RI =Q DORQJ )H JUDLQ ERXQ
GXFWLOLW\ WKHQ FUDFNLQJ LQWR WKH VXEVWUDWH ZLOO VYV
%DOBIXMMKXKRZHG WKDW GHFUHDVLQJ WKH PLVRULHQWDWLEF
VXEVWUDWH FDQ DOVR GHFUHDVH WKH H[WWJIW R IDQJOH @V K/H
ORZHU WKH GHQVLW\ RI IDVW GLIIXVLRQ SDWKVOBDGG @ KXV D
WKH PLVRULHQWDWLRQ DQJOH RI VXUIDFH JUDHQVWRLWKHD\ C
VORZ =Q SHQHWUDWLRQ (IIRUWV WR FRQWURO PLVRULHQWD)
vVWDPSLQJ RU RWKHU UHODWHG OLWHUDWXUH

(I'THFW RI ([SRVXUH 7LPH RQ ([WHQW RI 3HQHWUDWLRQ DQG /0
OHQGDOD UHSRUWHG WKDW LI OLTXLG VROLG PHWDO FRQ
GLIIXVLRQ DORQJ JUDLQ ERXQGDULHYV FDQQRW RFF)XD LQ D J
DQG .RL]XPL UHSRUWHG WKDW D FHUWDLQ DPRXOMLBH® LPH
EHIRUH /0( ZRXOG EH UHDOL]HG LQ D VROLGR®@LSKUGRGI WD\D V



GHILQHG DV WKH DPRXQW RI WLPH LW WRRN IRU HQRXJK OLT
HLWKHU UHGXFH WKH PD[LPXP ORDG E MIORFUMXIDH & X WHD R DQH
7KH\ UHSRUWHG WKDW WKH LQFXEDWLRQ SHU LR IZ® \P BW P\W D
LQWR WKH JUDLQ ERXQGDULHV DQG VSHFLIH®D S OR SWRUDML RVGKL
WR WKH SHQHWUDWLRQ YHORFLW\ > @ ([LVWRBIFW\RR D QVIK®IF
)H =Q VAIVWHP LV QRW UHSRUWHG LQ KRW V\EP BLQRQ CHH RS
SRVVLEO\ IURP PHDVXUHPHQWYV RI SHQHWUDWLRQ KR®WRFLW\
VWDPSLQJ PLIJKW KHOS GHILQH WKH PDMPWP ® MRHXRBM RD WP
WR KRW VWDPSLQJ WR DYRLG =Q SHQHWUDWLRQ DW ERXQGD|
FRPSOHWHG EHIRUH WKH LQFXEDWLRQ SHULRRBXIQ\G DHDHYHDBQ
FRQVHTXHQWO\ JUDLQ ERXQGDU\ FU BIRNDRW HEL WD \E HZ BN @ LK
WHPSHUDWXUHV DUH XVHG WKH UDWLR EYHAMAMKNVQGW K K VG IYILL YA
JUDLQ LQWHULRUV XVXDOO\ YHU\ KLJK GHFUHDVHV > @ $V
SHQHWUDWLRQ E\ =Q IRU H[DPSOH ZRXOG EHRPRKH MPLQWD U
WKHPVHOYHV ,I SUHIHUHQWLDO SHQHWUDWLRQ RI =Q DW ER}
HOHYDWHG WHPSHUDWXUH IRU ORQJHU WLPHW SHUKDSV ORF
DFFRPSDQ\LQJ FUDFNLQJ FRXOG EH UHGXFHG

6ROLG OHWDO (PEULWWOHPHQW

6ROLG PHWDO LQGXFHG HPEULWWOHPHQWZHW( LV VLPLO
WHPSHUDWXUHY ZKHQ WKH HPEULWWOHU BV (LIOWR H QRO G HWX
UHGXFWLRQ RI GXFWLOLW\ YLD GLIIXVLRQ RI DXUBHNFLEVOWWRVJ
VHYHUH HPEUIHAVMRWUAHREBRYWIDWLRQ SULRU WR IUDFWXUH LV RE
/I0( DQG 60( ERWK LQYROYH DGVRUSWLRQ RI HPEQUWWOHU DW
ERQGY DW FUDFN WLSV DQG VR WKH UHGXFHG VHYHULW\ RI
GLIITHUHQFH LQ GLIIXVLRQ PHFKDQLVP FRPSDUHGVWR 30> @
/I0( LV FDSLOODU\ IORZ RHAUDIFNAIQE RPNWDEWDWHG E\ KRZ TXLF
DWRPV DUH GUDZQ WR WKH FUDFN WLS LG WKEQWURRDQAGLEBHE VWM
60( LV VXUIDFH GLIIXVLRQ DQG VXEVHTXHQW SLWKWLRQ RI HPF
GLIIXVLYLWLHY DVVRFLDWHG ZLWK WERHO 8 PHFIORZL VO WHUBIHF |
I0(> @ 7KH VORZHU UDWH RI GLIIXVLRQ D VMRALDWRONKL W K
UDWHV DQG LQ WXUQ RYHUDOO VKDOORZHU FUDEHHNNWQWKDQ L



REVHUYHG WR GHFUHDVH ZLWK LQFUHDVLQUREUDFEUQ WQJINHU
DWRPV WR PRYH WR WKH FUDFN WLS DV VRXYIFRIYHDV 9OH FOXV
ERWK HPEULWWOHPHQW PHFKDQLVPV FDQ HFRF XIUWL QVWSKRY V DEP
WKDW VRPH UHJLPHV PD\ H[LVW ZHUH 60( k&®VWWHDGHIXPBHGL\
VHYHULW\ RI FUDFNLQJ DVVRFLDWHG ZLWK 69 (WP WKWHRYLGH |
SURFHVVLQJ UHJLPH IRU KRW VWDPSLQJ LI KRHUW XS J F
UHJLPH LQ ZKLFK 60( QRW /0( LV WKH GRPLQDWH PHRKKIDHQLVF
IXUWKHU PLQLPHLWHBOIMYWHE WKDW ORZHU VWDPSLQJ WHPSH
DFWLYH LQVWHDG RI /0( PD\ SURYLGH D SR@LEBOH URXWH II
FRQGXFWHG VWDPSLQJ WULDOV ZKLFK LQYROYHG FRROLQJ S
FUDFNLQJ FRPSDUHG WR PDWHULDO IRUPHG BI\WW VWAWS DD O KR W
SUHVHQWHG PLFURVWUXFWXUHV Rl VSHFLPHQV IRUPHG DW W
UHGXFHG FUDFN GHSWK ZLWK UHGXFHG WH P S\H.URIDWRIUW K B X W
FRDWLQJ PLFURVWUXFWXUH DIWHU GHIR U RDVWILRMOW®RILQGLFLC
PHFKDQLVP 7KH UHGXFWLRQ RI FUDFN GHSWK ZI2@K SUH FRR
GLIIXVLRQ LQWR FUDFNV YLD VROLGLILFDWLRXVROWWRH=ER D W
DYDLODEOH WR UHDFK FUDFN WLSV DQG SURPRWHMURBWD PNLQ J
DOVKRZHG WKDW SUH FRROLQJ SULRU WR GHIRURRWHRQEOLF
*$ 0Q% FRPSDUHG WR FRQYHQWLRQDO GLUHFW KRW IRUPLC
LQGLFDWHG WKDW SDUWYV FRROHG WR D ORZHU WH.RINUDW X U
ZLWK KLIJKHU =Q FRQWHQWY WKDQ LQ FRQYHQWILKRQROO\ KRW
WHPSHUDWXUH IRU )H =Q DOOR\LQJ WKLRWOIFUMHDEMH G WL BR
IRU HQKDQFHG FDWKRGLF FRUURVLRQ SURWHFWLR® FRPSDUF
7KRXJK FUDFNLQJ EHKDYLRU UHVXOWYV ZHUH BQOGIRHHBWVHRED WL
DV D UHVXOW RI SUH FRROLQJ ZDV QRW VSHFLILFDOO\ UHSRU

5SHFHQWOHW-P®DW WUHDWHG =Q FRDWHG 3+6 VSHFLPHQV
PRGHOHG WKH JURZWK Rl WKH .)H =Q OD\HU LORMDWKH )H V.
LPSOLFLW ILQLWH GLIIHUHQFH PHWKRG ' )'0 MWK®FNRHWDXW
DQG =Q FRQWHQW LQ WKH .)H =Q OD\HU WRXBRDF S HOQR UPHHKDLY
WKH VSHFLILF GHIRUPDWLRQ WHPSHUDWXUH ZDV QRW UHSRL
DFURVYV WKH .)H =)V ODBSHRWWBGLNMKDW WKH RYHUDOO =Q FRQ!



ZLWK LQFUHDVHG DQQHDOLQJ WLPH DQG W KKHVDW KHK RSU\E \I R \
UHSRUWHG D FKDQJH LQ FUDFN PRUSKRORJ\ |URFR DD VEKDXBWE
38" VKDSH DW ORQJHU VRDN WLPHV > @ 7KOILDRYWKFRPHY VXJ.
DOORZHG IRU GLIIXVLRQ RI =Q RXA =R) 3+ QDU DFKRXRFANHIW WY T
JUDLQ LQWHULRUV RI WKH .)H =Q OD\HU KR® RUKH R]PFAXILRUH @
RI VKDUS FUDFNV SHQHWUDWLQJ LQWR W KWHHSREWWHEDWR BB W
FRPSULVHG IXO0O\ Rl .)H =Q ZLWKRXW =Q ULFXVOEURIEG LDYIDL:
LQWR WKH VXEVWUDWH ZDV UHSRUWHG WR KDYH EHHQ FDXVF

6XPPDU\ RI /0( DQG 60( /LWHUDWXUH

%DVHG RQ WKH UHYLHZ SUHVHQWHG VHYHUDOJUDRWRUYV '
ERXQGDULHVY DQG LQWR JUDLQ LQWHULRUV OLNH®ODWHOVR FFR
VWHHO LQ WKH SUHVV KDUGHQLQJ SURFHVV $ VXPHPDU\ RI WK
FRQVHTXHQFHV RI WKHVH YDULDWLRQV RQ /0( EHKDYLRU DUH

7TDEOH )DFWRUV $IIHFWLQJ /0( DQG OHWKRGV IRU 0

)DF /0( PD\ UHGXI S5HIHLU
BROXWH DWRPV WKDW
R\%)P RPSRXQGV ZLWK VXEVWUDWH WR SUH
&RPSRVLWLRQ %LI &fl?%’EC%LWWOHU 2 U y HY%
VWUHQJIJWKHQ

OLFURVWUXFV\?%‘]LW'Q%%/%Y?I%&{VHV\F/KH JUDLQ ERXQGDRELHV UHDF

PHWDO *UDLQ ERXQGDU\ PLVRULH >
7LPH DW HOHYDWHG WHPSHUDW)§UH I@V VLIQLI
WR SUHYHQW GLIIXVL
7LPH DW HOHYDWHG WHPSHUDWXUH LV VLJQLI

3URFHVVLOQJ S%%gﬁﬁﬁéfRUH WLPH IRU GLIPXVLR@ RI HPE

'"HIRUPDWLRQ SURFHVVHY DUH SHUIRUPHG DW
WHPSHUDWXUH ZKHUH OLTXLG 2V PI@QLPL]JHG
GLIIXLV GRI

L QWHUGLIIXVLRQ RI )H DQG =0Q

$V GHVFULEHG LQ WKH SUHYLRXV VHFWLR®@ WKHQ LQWHU
FUDFNLQJ DQG =Q SHQHWUDWLRQ EHKDYLRU RE¥NQMUYHG LQ 3+
LQWHUGLIIXVLRQ OLWHUDWXUH UHOHYDQW WRQWMKHDKRW VWD



UHSRUWHG WKDW /0( ZDV UHVSRQVLEOH IRU WKH BUDFWXUH C
VWHHOV DQG UHYLHZHG VHYHUDO VSHFLILFGLO(XPR®RHOV 7KH
FDOFXODWLRQV WR KHOS GHWHUPLQH ZKLFKHUOY i?& G IQOWEKHV W
7:,3 JUDGH > @ 7KRXJK WKH 7:,3 JUDGH KDG DQ JHWKHURVW
DXWKRUV UHSRUWHG FDOFXODWHG GLIIXVLRQ =GQLVWDQIFHYV EL
ERXQGDULHYV QR GLIIXVLYLW\N\ GDWD IRU GLIIXVLRQ DORQJ )t
.DQBW POFXODWHG D GLIIXVLRQ GHSWK RI P DIWHU D
SHQHWUDWLRQ GHSWKV EHWZ HMWQDXOJIDHMWHG WEKDAG .PMVIHG R
PLFURVWUXFWXUDO REVHUYDWLRQV HIRMKHQ ICQWNKUGUDQXOL
SHQHWUDWLRQ DORQJ JUDLQ ERXQGDULHV \ BUINNWUREVZBVWHL
WKH PRVW SUREDEOH PHFKDQLVPV IRU =Q SHQHWUDWLRQ LQ
GLVWLQJXLVK IXUWKHU EHWZHHQ WKH WZR PHFKDQLVPV DV
PLFURVWUXFWXUHY RQ ZKLFK WKH DQDO\HQY WRM ARG XFW H (
PHFKDQLVPV 7KH DXWKRUV UHSRUWHG WKDW LQHEWIXFK[SHU
RI WKH WZR PHFKDQLVPV LV UHVSRQVLEOH IRWFUDFNLQJ > @
FDOFXODWLRQV DQG SHQHWD@®WLRQ GDWD IURP .DQJ

7DEOH "LIIXVLYLW\ &DOFXODWLRQQBWGD@Q 3HQHWUDWL
=Q 'LIIXVIRHULPHQWD(C

$SFWLYDWLR®L®

3KDVH 'LVWDQFH&DW 3HPHWUDWLRQ 'LVW
(QHUJ\ - PR& W IRUJD &?%IV F 0
YHU ) VY 1RW UL
% X [
*UDLQ
%RXQ [ 3+6
$XVW
% X [ 7:.,¢

,Q ZRUN ENWDW&BNW IRFXVHG RQ WKH JURZWK RI WKH .)H =
KROGLQJ GLIIXVLRQ FRHIILFLHQWY RI =Q LQ EXON .)H =Q DQ
DQG [PV UHVSHFWLYHO\ > @ % R VARV I XHGE HIWHHBRRIVOHHE
H[SHULPHQWDOO\ EDVHG RQ FRQFHQWUDWILR ®QGBRIUBGHY WD N
VXEVWDQWLDOO\ KLIJKHU WHW QDRIK W\KH V1B RIUBKHDGN BP\L FIURV W L
UHVSHEWLYHO\ > @ 7KH GLIIHUHQFH LQ GLMHW VRQ@NRHIILF



WHPSHUDW X UHHXW BRQJ EE\H-FPIQX\NH W K H Y D O\ XTHOUHHS R D @VAHXG0 B W HDX
YLD DQ HTXDWLR® IBERPVHRERWN ZDV HIWUDSRODWHG IURP PX
EHWZHHQ f& > @ )LIXUH VKRZV D SORW RI ORJ
WHPSHUPWXRBIGH E\ FRPELQLQJ GLIIXVLRQ GDWD IRU =Q LQ )l
OLWHUDWXUH DV UHSRUWHG E\ PXOWLSOH ORWKRRUG/L bl XV L R
| FF PHWDOV HWRP @D OREKISDUDPHWHU LV ZLWK UHVSHFW WR
WHPSHUDWIXHH R7=GV VKRZQ WKH GLIIXVLYLWLHV DUH PRVV
WHPSHUDWXUWHY DQ@G GHYLDWH DV WHPSHUDWXUH GHFUHDYV
OLTXLG IROORZHG E\ GLIIXVLRQ RI =Q DORQJ .)BWK® JUDLQ E
GLIIXVLRQ IRU DOO WHPSHUDWXUHVY DQG WKHQ GLIIXVLRQ L
H[SHFWHG DV LQ JHQHUDO GLIIXVLRQIDOR®Q E RN QGDIULGINVQ H \
IDVWHU WKDQ LQWR EXON PDWHULDO > @ BGHRIXMLRXD GRQW
)H JUDLQ ERXQGDULHV LW LV OLNHO\ WKDW RXGIGGEH XVLRQ
JUHDWHU WKDQ WKRVH IRU GLIIXVLRQ RI =Q LQ EXON )H DQG
ERXQGDULHYV
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=Q LQ )H PLFURVWUXFWXUHYV IURP OLWHMUBDWHXUH DHVAUHSRL
VLPLODU WR WKH FODVVLF SORW RI BWHADK@LR@KH7I F F P}
SDUDPHWHU LV ZLWK UHVSHFW WRHWKH/PHOWLQJ WHPSHUL
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([SHULPHQWDO $SSURDFK
7KH SULPDU\ IRFXV RI WKH FXUUHQW ZRUN LV WR XQGHU)\

DQG GXULQJ LVRWKHUPDO KROGLQJ Rl 0Q% *, PDWBOLDO G.
WUHDWPHQWY SULRU WR GHIRUPDWLRQ 7KHNRWRWXWOL® ZDV
HYROXWLRQ WR WKH DPRXQW RI =Q ULFK OLTXLGFHUHVHQW D
VXEVHTXHQW GHIRUPDWLRQ EHKDYLRU LQFOXGLKH FUDFNLQ.
VXEVWUDWH JUDLQ ERXQGDULHYV DW GLIIHUHQW WEHP SHUDW X
WKDW LQFOXGHG YDU\LQJ KHDWLQJ UDWH YV HVRDMOH® B WH\G HVE
WHPSHUDWXUH DQG GHIRUPDWLRQ WHPSHUD@WXUH 7KLV VHE
H[SHULPHQWDO PHWKRGV XVHG IRU HDFK SRUWLRQ RI WKH V)
6SHFLPHQV ZHUH KHDWHG DW GLIIHUHQW UDWHY WR SUR
RQ KHDWLQJ ZLWK WKH LQWHQW Rl XQGHUVWDQGBXDRAG WKH HJ
FRXOG EH PLQLPL]HG GXULQJ KHDWLQJ WR HWK R | DWD/PABHDGILW L |
WHUPHG *VLQJOH VWHS  LVRWKHUPDOGXKVRDXWE HMDLPVBIOHQ J Z
WHPSHUDWXUH WR VLPXODWH WKH DX VI\HI WK HQ QriX M @ FIISHLGQ
URRP WHPSHUDWXUH ZLWKRXW GHIRUPDWLRQ $Q DGGLWLRQ
LVRWKHUPDOO\ VRDNHG VDPSOHV ZDW WRKDHN M GQD W HMKW H\VSD P §
IROORZHG E\ D VXEVHTXHQW VRDN DW D ORZHU WWPWBHI UD W X U
7KH PLFURVWUXFWXUHV Rl WKH VLQJOH VWH S1WSHG WP R QB OO
UHVXOWLQJ IURP DXVWHQLWL]LQJ RQO\ &RPSDULMRQVRISWKH
YHUVXV WZR VWHS LVRWKHUPDOO\ VRDNH.GEXWPBQWWZRDW KH |
FRDWLQJ HYROXWLRQ GXULQJ WKH ORZHU W HP/§ MUDHADXURHH Q RV
ZHUH GHVLJQHG EDVHG RQ DRGN+BIYEBRBE WXGHPRQVWUDWHG
FUDFN GHSWKV LQ 3+6 ZKHQ D FRROLQJ VWH SVEMDPBHBQ DWV
UHGXFHG WHPSHUDWXUHV ZDV LPSOHPHQWHG UHYLHZHG LQ
DXWKRUV PRWLYDWHG WKH VLQJOH DQG WZR VWHKOWHQW WU
PLFURVWUXFWXUHV )LQDOO\ D VHSDUDWW KH WDRIHV\ K A URPHDQ
SURILOH DV WKH WZR VWHS KHDW WUHDWPHQWYN DR GVWHKWQ C
WKH UHVSRQVH RI WKH FRDWLQJ DQG VXEVWUDWHLBKULQJ KF



DPRXQW DQG GLVWULEXWLRQ RI )H =Q SKDVHV LQ WKH XQGH
IROORZLQJ VHFWLRQV GHVFULEH WKH GUHHWBUBVHVVW® B MPIMEH
DQDO\WLV WHFKQLTXHV XVHG WR FKDUD PMKH UWHNY XANOWAL QR O MRO\G
FRDWLQJ PLFURVWUXFWXUHYVY WR WKH FUDFNLQJ UHVSRQVH G

ODWHULDO DQG *OHHEOHS 3URFHVVLQJ
7KH PDWHULDO VWXGLHG LQ WKLV ZRUN ZDV 0Q% WKH
LQGXVWU\ 7KLV LV D PHGLXP FDUERQ & VWHHO ZLWK LQWH{¢
DGGLWLRQV WKDW JLYH WKH VWHHO W R ROG KIDHNGH Q CPELWDW WQ \D|
PLFURVWUXFWXUH GXULQJ LQGXVWULDO SUHRPSRDUEHRQ @RI
WKH 0Q% *, PDWHULDO LQ ZW SFW 7KH VKHHW ZDV VXSSOL
[ [ PP [ [ LQ ZLWK D *, FRDWLQJ ZHLJKW
JPa P VLGH $00 VSHFLPHQV ZHUH KHDW WWHDWHG LG
KHDWLQJ KROGLQJ DQG FRROLQJ FRXOG EHJDPREKYBEG'HRWEL
HDFK VHW Rl H[SHULPHQWY DUH SUHVHQWHG LQ WKH VHFWLR

7TDEOH &KHPLFDO &RPSRVLWLRQ RI 0Q% *, 6XSSOLHG

& 0Q 6L % & U OR 7L 1L 1 $0O 9 6 3

3URFHVVLQJ WR $VVHVV &RDWLQJ (YROXWLRQ 'XULQJ +HDWLQJ

7KLV VHFWLRQ GHWDLOV WKH KHDW W\W RD W R B QWY JFURIVEH
WKH )H =Q SKDVH IRUPDWLRQ LQ WKH [HIO RQMAR PRIHFL© B Q0D X
GLPHQVLRQV [ [ PP [ [ LQ ZLWK PP C
DORQJ WKH ZLGWK XVHG IRU DOLJQPHQW Rl WKH WEKFKHW LQ \
HQG $V VKRZQ RQ WKH KHDWLQJ SURILOH LQ )LIXUBW VDPS
UDWHV RI RU 7& V WR 7& DOORZHG WR VWDEL:
TXHQFKHG WR URRP WHPSHUDWXUH 7KH WDUJHW WHPSHUDW
LGHQWLILHG DW URRP WHPSHUDWXUH FRXOG EGIRZRWEBUHG W
KLIKHVW )H =Q SHULWHFWLF DW 7& LQ RE GHIB WHRQ DIV X SIR/§
UHDFKLQJ HOHYDWHG WHPSHUDWXUH
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3URFHVVLQJ WR $VVHVV &RDWLQJ (YROXWIRM@JIXULQJ 6LQIJOH DQG

$V PHQWLRQHG WKH H[WHQW Rl DOOR\LQJ DFKREBYHG GX!|
KROGV SULRU WR GHIRUPDWLRQ ZDV DOVR R D\QWHQW V VZ H.IQH\
LQWHQGHG WR VHUYH DV D EDVHOLQH IR UMMIQH W[ W.HQJWR ®RO D C
7ZR VWHS KHDW WUHDWPHQWY LQ ZKLFK WSB FLHPGIQRHBHUH V.
WHPSHUDWXUH EHWZHHQ WKH DXVWHQLWIGLYR XQG HUMRDPD
IXUWKHU DOOR\LQJ WKDW ZRXOG RFFXU GXULQJ WKH KROG LI

$00 VSHFLPHQV ZHUH KHDWHG WR 7& [SERNDWWHEH RDO
$F a 7& DW D UDWH RI 7& V WR PLQLPL]H DOORKDOWI WKL
DQ\ VLIJQLILFDQW DOOR\LQJ LQ WKH FROMQR BZQOOHEWWHSH V
LVRWKHUPDOO\ VRDNHG VSHFLPHQV ZHUH VRDNHG BW 7& |
URRP WHPSHUDWXUH ZLWKRXW GHIRUPDWLRQ 7KH =% VRDN \
DOOR\LQJ XSRQ UHDFKLQJ WKH VRDN WHPSHUMN®XE MW HIBEQ\S RW K
GHPRQVWUDWH DOOR\LQJ PRUH VLPLO HY NERWWKPMN DFIKR H WY HZ
VWLOO SUHVHUYLQJ HQRXJK =Q ULFK OLTXLG WR XQGHUVWDZC
VWHSV 7ZR VWHS LVRWKHUPDOO\ VRDNHG VDPSROWHV ZWUH VF

WKHQ FRROHG WR RU 2z& DQG KHOG IRU V EHIRUH
7R JDLQ PRUH LQVLJKW LQWR LVRWKHUPCHU D/AHOWR RIIQUSBIWLE® R
ZDV DXVWHQLWL]HG DW z& IRU V FRROHG WR 2z& DQG |

URRP WHPSHUDWXUH 7KLV WHPSHUDWXUBOZD® KR \WWH QE WRD IX(



DQDO\WVLV RI WKH PLFURVWUXFWXUH HYRGXWHERFMROREG DMWY F
WHPSHUDWXUHY EHORZ W\SLFDO DXVWHQH VLU @ X MHPKSHG DWR
DFKLHYH LQLWLDO FRROLQJ UDWHV RI DWWHSVWIXUI V KK
VFKHPDWLF WKHUPDO SURILOHVRIRH IWSKIFUP HQ VDRSO G VYWD Q G~
D TXHQFKHG WR URRP WHPSHUDWSHHMH PHYMU REDWLEMH VXIQQ®
ORZHU WHPSHUDWXUHYV RU 2& FEBHRY WRQXHQFKLC

E VSHFLPHQV KHOG DW z& IRU V DQG WKH(s NRIDINHGY DW
ZHUH KHDW WUHDWHG ZLWKRXW GHIRUPDWLRQ
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JLIXUH 6FKHPDWLF WKHUPDO SURILOMVKHW VSHFQRBHQ VVKBHOQG X
D TXHQFKHG WR URRP WHPSHUDWXUH DIWHU WROREZGU RU "

WHPSHUDWXUHYV RU z& SULRU WR TXHQFKLQJ DQ
V DQG WKHQ VRDNHG DW z& IRU RU V. $00 VSHFLF
GHIRUPDWLRQ

BURFHVVLQJ WR 5HODWH &RDWLQJ (YROXWLRQ WR &UDFNLQJ %HKD
(OHYDWHG WHPSHUDWXUH WHQVLOH WHVIWR/QZBIQE SHUIRL
FUDFNLQJ UHVSRQVH RI WKH 0OQ% *, WKH KHDWDWHHDWPHQ

GHVFULEHG LQ WKLV VHFWLRQ ODWHULDQVARWYDFKLQHG LQ'

[ [ PP [ [ LQ KDYLQJ D UHGXFHG VHFWL
GLPHQVLRQV [ [ PP [ [ LQ +ROHV PP



FHQWHUHG DORQJ WKH ZLGWK DERXW PP LQ\VIURP HDI
RI WKH VSHFLPHQV VWUDLQHG LQ XQLD[LDO WHQVLRQ DW HO
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JLIXUH 'LPHQVLRQV IRU VSHFLPHQV GHGRWHASHIUD WIUM[LPOQOW I

GLPHQVLRQV LQ PLOOLPHWHUV LQFKHV LQ SDUHQWKHVLYV

6SHFLPHQV ZHUH KHDWHG DW 7& V WR 7& VRDNHG |
DW DQ LQLWLDO FRROLQJ UDWH RI DW OHDVW &V DQG VR
GHIRUPDWLRQ 7KHVH VSHFLPHQV ZHUH H FSHMFNHQ JW R HM % & WL
IURP WKH VKRUWHVW WLPH DW DXVWH QR @G ] WHEX W MKFH O D WIXH
RI =Q ULFK OLTXLG GXULQJ GHIRUPDWLRQ $ XQLDEB®IOH®HQV
VLPLODU WR WKDW H[SHULHQFHG DW WKH & XDHW E3-DQG QDG L
LQGXVWULDO VWDPSLQJ RSHUDWLRQV > @ 7HKXAD\DXSWRIUDP
DQG VSHFLPHQV ZHUH SXOOHG WR D GLVSODFHPHQWQR| PP
WKH PLQLPXP DPRXQW RI GHIRUPDWLRQ QHFHVVDU\ WR LQLW
LQFUHPHQWDO GHIRUPDWLRQ VWXG\ GHWDLOV BUHPHQWHG |
WKHUPDO SURILOH ZLWK WKH GHIRUPDWERQGVWRISSNLW & PSBIW B
HLWKHU RU 7& WR DVVHVV WKH LPSDFW RI GHIRUP
SHQHWUDWLRQ DQG FUDFNLQJ
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6FKHPDWLF WKHUPDOWSUREEOHRW IRUMKIHFLPH@WQ&HO G/ O
D VRDNHG DW ORZHU WHPSHUDWXUHV HIRUPDWURQ BP&GIRU
TXHQFKLQJ DQG E VSHFLPHQV KHOGWW & &RIRU VRDQG V
SULRU WR GHIRUPDWLRQ DQG TXHQFKLQJ GHIRUPDWLRQ LQ

YJLIXUH

&KDUDFWHUL]DWLRQ DQG 3KDVH 4XDQWLILFDWLRQ 7HFKQLTXH

THFKQLTXHV XVHG IRU FKDUDFWHUL]|DWMR@RI WKE DOOR
TXDQWLILFDWLRQ RI WKH DPRXQWV RI HDFK BKPWVRVEFBS\GHVF
EDVHG WHFKQLTXHV LQ ZKLFK DOOR\HGGF RMMWPIS@QH F URMWH WHFR
ORQIJLWXGLQDOO\ WR EHVW REVHUYH WKH WAUDQGYFHRIYVIHKHD
WR P XVLQJ 6WUXHUV 23 $1 QHXWUDO DOXPISQDKHDVHG VC
23 $1 VOXUU\ ZzDV OHVYV UHDFWLYH ZLWR &N GRODWLHM WRDE
VOLIJKW HWFKLQJ HITHFW EHWZHHQ WKHUGHEH U KQYOAD KD ZIKW W
HWFKHG PLFURVWUXFWXUH ZDV GHVIHWMH® 0@ WIZR XWHG W R/ K]

WKH DOOR\HG FRDWLQJ PLFURVWUXFWXUWKEVIMUDWEFW QLWD
PLFURVWUXFWXUHYV

; UD\ 'LITUDFWLRQ ;5

$IWHU SURFHVVLQJ ; UD\ 'LIIUDFWLRQ ;5' ZDMWPRQIEXFW
WKH SKDVHV SUHVHQW LQ WKH FRDWLQJWWOH K VB HWF IGRHIQ ZBW
IURP WKH VXUIDFH RI WKH FRDWLQJ $ FRSSHU K &FDQ. MMRXUF
FRQGXFWHG EHWZHHQ WKH WZR WKHWD DQJOHRWQ R 7
ZRUN E\ RWKHU UHVHDUFKHUV RQ )H =Q SKDVHV L@QW=Q EDVHG
SHDNV FRUUHVSRQGLQJ WR D @G FRX@G [EQGRE WH DYQHG+LQ WK

XVLQJ D &X .. VRXUFH 7KH FDOFXODWHG SHQHY FRWWRQ JGHB



EHWZHHQ DQG P ZKHUH WKH FDOFXODWHG SHQHWUD\
GHWDLOV RI WKH FDOFXODWLRQV DUH VKRZQ L KI5 SHRMEDL O %
DOOR\HG FRDWLQJ OD\HU WKLFNQHVYV ZDV DBWWRXWD\ P RU OH
GLITUDFWLRQ ZRXOG EH VXIILFLHQW IRU SKDVH IGBOQWLWLFDW

(OHFWURQ OLFURSUREH $QDO\VLV (30% IRU &RPSRVLWLRQ OHDVXL

AXDQWLWDWLYH FRPSRVLWLRQDO LQIRUPDWLRQ ZDV REW
+\SHU3UREH ILHOG HPLVVLRQ HOHFWURQ SURBB PG&EDRDQDO\
1IDWLRQDO /DERUDWRULHYV $OEXTXHUTXH 10 7UDWH®JZHUH
VXUIDFH IURP WKH VXEVWUDWH WKURXJK WKH H\R D\ GQG [D/QI5
RXWSXW RI (30$ DUH VLPLODU WR WKDW RI(HQHXW GLWXHUVL
EHWWHU HQHUJ\ ZDYHOHQJWK UHVROXWLRQ DRGLWSDWR.DO U
GHWHFW WKH DPRXQW RI DQ HOHPHQW SUHVHQWREWEWQ\ ¢
VKRZHG WKDW WKH RSWLPXP YROWDJH DDQYROXRH ERLHHYH W
WLWDQLXP 7L DQG JROG $X LV DERXW N9 > @ 7KXV D
XVHG LQ WKLV VWXG\ WR HQVXUH WKDW DO @ W OMHH Q W HRU [LR
YROXPH ZDV PLQLPL]HG 2SHUDWLQJ DAV)( Q3D $WIKWM RUKHWL¥R O

YROXPH DERXW —P GLDPHWHU > @ WKLV MPODIVOHSUREH VI
FRPSRVLWLRQ PHDVXUHPHQWY RI IHDWXUHV LBHWHKH FRDWLQ
VWHS VL]H RI —P ZDV XVHG IRU HDFK —P WUDFH 2QH (3

VSHFLPHQ KHDWHG DW HDFK RI WKH YDULRXVHUDWHWD QGWK C
DOXPLQXP $O0 &RPSDULVRQV RI WKH FRPSRVLWLRQV REWDL
HTXLOLEULXP ELQDU\ )H =Q SKDVH GLDJUDY Z2HHWHRRQ G R FW/HKI
DOOR\HG FRDWLQJV

JRFEXVHG ,RQ %HDP ), % /LIW RXW 7HFKQLTXH
JRFXVHG LRQ EHDP ), % OLIW RXWV ZHUH REWDLQHG IUR
z& )RU HDFK VDPSOH FRQGLWLRQ RQH OLIW BRWRABG WDN
FRDWLQJ WR WKH FRDWLQJ VXUIDFH (DFKRWLDMQBRAW LAD V) WK
VKRZV LPDJHV WDNHQ GXULQJ WKH ),% OLIMMWMREHWFEBRNFHYVYV
VHFWLRQ RI bQ DOOR\HG VKHHW VDPSOH VHK® £Z\Q@Q) WKRHNO RB D\
E WKH SODWLQXP 3W FRYHUHG UHJLRQ RHLWR HUHN W EHW



RXW DQG F D EDFNVFDWWHU HOHFWURQ G%%D PISEOIH] HKR D W/ DG
z& V WR z& KHOG V WKHQ TXHQFKHG DIWHU DWWDFK|
F LQGLFDWHY WKH LQWHUIDFH EHWZHWHG WREWHQULG KR \WXEVW

J)LIXUH ),% OLIW RXW SURFHVV VKRZLQJ DORABIGLVYIOHHWR IVW R & OH
LQGLFDWLQJ WKH ORFDWLRQ RI WKH OHUW &R XYW J IZKQ VRH UGHW
ZLWK WUHQFKHVY PLOOHG RQ HLWKHUDWW HUWHO IHUFHMUW Q H %4
LPDJH RI D OLIW RXW IURP D KHDW WUHDWBG VP SXH QKHD\
TXHQFKHG DIWHU DWWDFKPHQW WR D FRSEHWHYXWKHROGHU
LQWHUIDFH EHWZHHQ WKH )H ULFK VAXHUYUWUDWH DQG )H =Q I

7UDQVPLVVLRQ (OHFWURQ OLFURVFRS\ 7(0

$ 7DORV ; WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH 7(0
UHVROXWLRQ (‘6 IRU ORFDO FRPSRVLWLRQ PHDVXUHPHQW D
SDWWHUQV 6%$'3V IRU ORFDO FU\VWDO VW URK\IHVE XFJRHD @/HL W H\WU P
7KH (‘6 GDWD ZHUH =%$) FRUUHFWHG DQG UHSURRHVYHG WR RI
TXDQWLWDWLYH FRPSRVLWLRQV RI WKH )H =Q SKDVNHGE EWQGH][
PDQXDOO\ PHDVXULQJ WKH GLVWDQFH EHWZHNQOMWKIHQGLIITUDF



UDWLRYV LQWHUSODQDU DQJOHV DQG G ¥DFLQDWV\WHK DKH B5\
VLPXODWHG LQ WKH -(06 VRIWZDUH 7(0 UHVXOWY DUH GLVFEX

6FDQQLQJ (OHFWURQ OLFURVFRS\ 6(0 DQG® SXDQWLWDWLYH ,PDJH
7R FRPSDUH WKH SKDVH GLVWULEXWLRQV ZLWIKR@QVWKH F|
VDPSOHV ZHUH VHFWLRQHG ORQJLWXGLQROWD ITKQEG B/HHF KU M X
IRU OLJKW RSWLFDO PLFURVFRS\ /20 DQG VFDOWHSQJ HOHFW
HWFKLQJ SURFHGXUH 1D\8 EW HG/ HERW RRUHIHP® O WKH )H =Q SK
DIWHU SURFHVVLQJ > @ $ TXDOLWDWLYH FRMSDD LWHRQX R WWRA
GLIIHUHQW KHDWLQJ UDWHV ZDV FRQGXFWHR® RKBE®HBVHW QDAL
FRQGXFWHG RQ WKH VLQJOH* DQG WZR VWHWRLWKHKHRIPIP\EB G
FURVV VHFWLRQV ZDV FRQGXFWHG ZLWKLQ PBHHALWHKEBWDPS
%DFNVFDWWHUHG HOHFWURQ %6( LHFDIXHWYHG WRKH 0DADMD R\
VSHFLPHQV (DFK SKDVH DSSHDUV DV D GLIGKBIHQR WK B \GLH Nt
LQ DWRPLF QXPEHU FRQWUDVW ZLWK =Q ULFK USHDRQQIDSSFH
GDUN &RPSRVLWLRQV REWDLQHG IURP ('6 VSRW\D\WHUMKRIY HU
FRPSRVLWLRQV WR HDFK JUD\ OHYHO DQG (WKHDUME\ KHIXSHG
VKRZV DQ H[DPSOH %6( LPDJH RI D WZR VWHS LVRWKHUPD(
7& DQG WKHQ IRU V DW 7& EHIRUH EHLQJ TXHQFKHG
('6 VSRWV REWDLQHG IURP GLIIHUHQW UHJLR QRQUI @ WKK WRB W
FRPSRVLWLRQ LQ ZW SFW =Q DQG FRUUHVSRQGLQJ HTXLOLE
WKH HTXLOLEULXPKIKDYWKULGUURFLRQ OD\HU DW WKH FRDWL
PRVW )H ULFK FRPSRVLWLRQ DQG ZDV LGHQWLILHG WR EH . L
$IWHU HDFK SKDVH ZDV LGHQWLILHG TR PWDW & WH YWHK IHP
IUDFWLRQ RI HDFK SKDVH ZLWKLQ WKH DO O R\M & HFRIDFN. (LD K*
SKDVH LQGLYLGXDOO\ DQG WKH WKUHVKROGHG DWHKHB ZDV PHI
JUD\ WKUHVKROGLQJ SURFHVV XVHG RQ D %6( LPDOH RI D VSFt
TXHQFKHG WR URRP WHPSHUDWXUH DQG WKH UMHVX®WLREK LP
SKDVH OLJKWHVW JUD\ RU E + DQG . SKDVHBJK\DVKRZLD®\
RQ WKH ULJKW WKUHVKROGHG DUHD LQ UHG &LUHROHR/QDQG
WKDW ZDV WKUHVKROGHG LQ ERWK WKH RULJLQDO OHIW DC



YLIXUH %6( LPDJH RI D WZR VWHS LVRWKHUPD®O ORURBKRHG ESH|
KROGLQJ IRU V DW 7& EHIRUH EHLKJ7KHHQRRBEG WR UR
VSRWVY REWDLQHG IURP GLIIHUHQW UHJLRQ~NOHY WIX® RFORIDAN L
WKH FRPSRVLWLRQ LQ ZW SFW =Q DQG FRUUHVSRKQGLQJ H-
RQ FRPSDULVRQ WR WKH HTXLOLEULXP SKDVH GLDJUDP

E
JLIXUH([DPSOHV RI WKUHVKROGLQJ WHFKQLTXH XVIBGYBEHFILI
IRU V DW 2z& DQG WKHQ TXHQFKHG WR DRWRAUVWRSHUDW
D =Q ULFK SKDVH OLJKWHVW JUD\ RU E + DIKROGKDBVHYV
LPDJHV VKRZQ RQ WKH ULJKW WKUHVKROGH G  DWPKHD HY RIHG
WKH VDPH UHJLRQ WKDW ZDV WKUHVKRO GIKG UILQ KBAR WLKR DVIKAH

FRORU LPDJH UHIHU WR 3') WKHVLV ILOH




7KH JUH\ WKUHVKROG UDQJHV IRU + DQG . ZHUH YHU\ VLP
('6 ZHUH UHOLHG XSRQ WR GLVWLQJXLVK WKH WZR+ KDG/HV IR
. WRIHWKHU DV ZHOO DV . DORQH ZHUID WRORWMHEDOVRDODWEQR I
WKUHVKROGHG VR WKDW DUHD IUDFWLRQ RKRDWID IXDVNG FRX
LPDJH RI D WZR VWHS LVRWKHUPDOO\ VRDNHG VSHFMPRHQ KHC
URRP WHPSHUDWXUH DQG SURFHVVHG LPDJHV VKRZLQJ WKH
FRUUHVSRQGLQJ WR WKH E WRWDO DOORKIVARDYWRU PHGLS
Jub\ H + DQG . SKDVHV GDUN JUD\ DQG | . SXKOWKN RQ O\KHN
DUHD IUDFWLRQ PHDVXUHPHQW REWDLQH® 8WURBWHIWH %6( LPD

/RWDO FRDWLQJ WKUHWKRPAERRAGBHD DU
OLJKW JUD\

F

el

+ WKUHVKROGHG DI . WKUHVKROGHGKDUBWNBROGHG DU
LOWHUPHGLDWH JUDGDUN GDUN
C F I
JLIXUH D %6( LPDJH RI D WZR VWHS LRRWKMMLDAD O O \z & RODONGH &/ W/
TXHQFKHG WR URRP WHPSHUDWXUH DQG SURFHVWHG®& LPDJF
DUHD FRUUHVSRQGLQJ WR WKH E WRWDO D®KOIRIHG FRDWLC
LOQWHUPHGLDWH JUD\ H + DQG . SKDVHV GDUNHWDUDDQ((
7KH SKDVHV RI LOQOWHUHVW DUH VKRZQ LQ EODFN

‘AB . 73
Yo
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 QWURGXFWLRQ

$V PHQWLRQHG LQ SUHYLRXV FKDSWHUV DOPRUNQGXEHWIHHQ
KHDWLQJ RI 3+6 WR WKH DXVWHQLWL]LQJ WHPEHDBW®RUHDIKH )H =
LQIOXHQFH WKH DPRXQW RI =Q ULFK OLTXKB BXWWHQWWLQL\Y K HV FIRRE
| WKH IRUPDWLRQ RI PRUH )H ULFK SKDVHV V¥REWGRE H @QFEKQRAMB @ G
RQ KHDWLQJ LW LV SRVVLEOH WKDW WWKXUHRWR WL® HPUHT %IQU Y IGF R
WKH FRDWLQJ FRXOG EH UHGXFHG 7R XQGHU@WRBDBWLIQH H\ B/HIFLVP |
KHDW WUHDWHG YLD V\VWHPDW L RDLEMGGLLQ! I8 H AW WRIQH D WA HU BR\PHS
UHVXOWV RI SKDVH LGHQWLILFDWLRQ L@ WHKWRREROMLIRGY DD Q@ G H\OA
SUHVHQFH RI =Q ULFK OLTXLG DW HOMKDW FIGDWWPSHUDWXUH DUH !

. UD\ 'LIITUDFWLRQ ;5'
'5' ZDV SHUIRUPHG WR GHWHUPLQH WKH SKIDVHWEWHROQRNY LQ
KHDWLQJ UDWH )LJIXUH VKRZV UHODWLYHVLRMWHMQNGWYR HUWZVDV
RU 7& V 7KH UHIOHFWLRQV FRUUHVSRQGLQJ WR WKH ¢
ODEHOHG 7KH ;5' VFDQ IRU WKH DV UHFHQVYHW®\ DWW % *, VEHHMG H[K
FRUUHVSRQGLQJ WR =Q WKH PRVW =Q ULFK SKDRIHWRKLWEKDWH=Q
LQGLFDWHV D YHU\ ORZ )H FRQWHQW L Q QK VDKHUHF®IY Y € G] i & AR D
DOPRVW 3SXUH =Q° FRDWLQJ 7KH VSHFWUD IURRUMKN SR Q@&L\D YV VRS
SKDVH DV ZHOO DV VHYHUDO ORZHWBRQW@HG WLR/Y SHDWY RPRIVSW KRR D
DQG WZR VPDOOHU SHDNV FRUUHVSRQGLQJWHG *WKDW / S@DVH HE
XS WKH PDMRULW\ RI WKH 7& V DOOR\HG FRDW IVQS UDH)/GH @\ D WK R C
IRUPDWLRQ RI / SKDVH DOVR VXJJHVWH G D/QIGD W KEKY/H DK R W WAHK/HV | D D\
DW OHDVW ZW SFW )H PLQLPXP )H FRQWRQW LLQY /L YKDK H. RKDVG Z& M
.P Rl WKH VXUIDFH EDVHG RQ WKH ;5' SHQHWBP® W L\RIP S5Q B O/\K/R ¥ H
VLPLODU SHDNV WR WKH 7& V VDPSOH ZLWKRBVWVBRQBQ QLUQW R/
DQG + > @ ,Q WKH 7& V VSHFLPHQ W KH DUCHVORD DVS. & H DLUQHVE H\@
LQFUHDVH FRPSDUHG WR WKH =Q SHDNV KWXD DWWV Q JF ROMILKHIU T
PRVW QRWLFHDEOH GLIIHUHQFH EHWZHHXHQWHDSHD NW HQ XSV REPVH
EHWZHHQ WKH DQG 2& V VSHFLPHQV ,Q WKBVLW& RIWBKH L PSHD
DQG LQFUHDVH LQ WKH QXPEHU RI SHDNV FRUUHV FRUBIHYE RERGH @&
WR =Q ZHUH QRW REVHUYHG DQG WKH P XO WOLISFOHG VZLDADKO DS B D NV HQ



FORVHU WR 7 FRQVSND/NQ W KHWR FUBIQ8H LQ LQWHQVLW)\ RI \
H[SHFWHG DV VORZHU UDWHY DOORZ PRUHVWRRHWRH )RURD LR RVF
SKDVHV ZLWK KLJKHU FRQFHQWUDWLRQV RID H RQVHL QS HEL B H G UKHLD
WKH LQWHQVLW\ RI WKH SHDNV FRUUNVY 3R QRUGHDRV/ MRIGU B Q SIRIFGC
)LQDOO\ WKH VDPSOH KHDWHG DW 7&VFBNXMELMOA ZISWMBR NV RRQV I
SHDNV ERWK FORVH WR 7 FRUUHVSRQGLQJHWRLIIXMURQREYWR
WKH FRDWLQJ DW WKH VORZHVW KHDWW®H URWRD WWRLY RZIR.UMK=QR ¥
H[SHFWHG DW WKH FRDWLQJ VXEVWUDWHOLE® WH WRFRH LIZKHYMW ) ) B D
FRUUHVSRQGLQJ WR WKLV SKDVH QRU HHEHOWH \I K M RAFR.DWIHE) Z Z Wl
REVHUYHG LQ WKH ;5' GDWD IRU DQ\ KHDWLQUH BIKWMH VQFRRFHU WR
FRDWLQJ VXEVWUDWH LQWHUIDFH D®G=QQ SKIDUWHL AXG®MmLUNWIK & DSU W\
ZHUH XVHG WR YHULI\ WKH VWUXFWXUH DQ@GWKH TRHREGWYDUH Gl
LQIRUPDWLRQ DERXW WKH GLVWULEXWLRQFRDWHKB §KRVNW HE WLKRH
VSHFLPHQV ZHUH LPDJHG DQG WKH UHVXOWY DUH SUHVHQWHG LQ
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JLIXUH ;5" VSHFWUXP RIHUNGDW L YRHUL QONHEOQ VVLWSHFLPH

DV UHFHLYHG QR KHDW WUHDWPHQW RU KHDWHIFG HAGR z&
IRU DQG +H TXHQFKHG WR U



&RPSDULVRQ RI 3KDVH ORUSKRORJ\ DQG 'LVWULEXWLRQ YLD /2

$00 VSHFLPHQV ZHUH VHFWLRQHG DW WKH BLGJZWRMKKHNHQG PR
SURFHGXUH RXWOLQHG LQ 6HFWLRQ JLIXUH VRROPS OHYKW RS
KHDWHG WR 7& DW D E F G RUH 2& V DOORZHG
TXHQFKHG DW D UDWH RI DW OHDVW 7 & FWU HV IR WUFRKRHFG VI H WRHI DWZ
HWFKDQW |IHRPO® WEHY® DO WKH )H =Q SKDVHV > @ ,Q WKH /20 LPD
FRDWLQJ DSSHDU OLJKW ZKLOH PRUH )H ULFK UHJLRQV DSSHDU G|

7KH DOOR\HG FRDWLQJ LQ WKH VDPSOH KHDWGI\GFRRSUL¥&HE W
RI OLJKW UHJLRQV LQWHUSUHWH GHIBVDAQ)H LIFIKF K Z VW R RIQ G DBLKNDH/W U
RQO\ DW WKH FRDWLQJ VXEVWUDWH \LGWHVHIDAW DIK AV K € W @ WHIWDE
=Q GLIIXVLRQ DW WKH LQWHUIDFH RMFXU\V & X¥LANSHUDWQWKB RRQOS A
VHFRQGY DW HOHYDWHG WHPSHUDWXUH GXULQJIBRWKPKRNWLQJ D
JLIXUH D DQG E UHVSHFWLYHO\ VKRZHG RQPL® WK IS KODO/OHR PHRG
OD\HU RQO\ WKH UHODWLYH VL]H RDWHKGE WERWHUFRHHBLIWHO LU B W IO\
VSHFLPHQ $ FRQWLQXHG LQFUHDVH LQ W KHWRRRRQIK RX V& VKN HVOK
FRDWLQJV ZDV DOVR REVHUYHG ZLWK GHFKBQYHH G K WIX\N LA ORD WEl
PRUSKRORJ\ ZDV REVHUYHG EHWZHHQ WKH DGV VSHVLRPHDWLQJ
DSSHDUHG WR KDYH ODUJHU DQG GDUNHU SDWWUHR® H3/L VI5GI® \DHGL Q
WKURXJKRXW WKH DOOR\HG FRDWLQJ 7KH GZRIW\KBIPBRWWH KOLEN V8!
GLVWULEXWHG WKURXJKRXW WKH FRDWLQJ ,WVRH\CEHJ BIHYNF I PIRSX\G
)H ULFK SKDVHV DV WKLV VSHFLPHQ H [ PHWIUHDWFHEGH WB & G RAKM WY K
WLPH ZDV DOORZHG IRU )H =Q GLIIXVLRQ WKLERBOUNIVAH WG WK FAUDMS
KHDWLQJ UDWH ZDV DOVR REVHUYHG ROVRI IXYGREDWLQJ D JUHDW!

7KH SKDVHV SUHVHQW LQ WKH FRDWH® R BD\W KR W2 & H. R.IBHQW EIX
FRPSDULVRQ WR WKH ;5" UHVXOWYV GLVFX\OR\G Gl DDOH Y HBRBXWER
FRUUHVSRQGLQJ WR / DQG + ZHUH REVHUYHG LQ ERWE& WKXV DQG
WKH FRDWLQJ PD\ EH ODUJHO\ / OLJKWHU RUB\ GIQUMLFKDUHRRRE )]
ULFK SDUWLFOHVY DW WKH FRDWLQJ M XAERWSKIRW R J\ QDADHEU COLRHW U7 IKEHX
EHWZHHQ WKH DQG & V FRQGLWLRQV PD\ ARFSH L P QWDW K HL Q5
SHDNV FRUUHVSRQGLQJ WR + DOVR RFFXUURGVE R\WRPISBQ VDK HV K HW: 2
UHVXOWV WR WKH /20 LPDJHV Rl WKH DQGWKRE FRDSHIFQPHEOQV ADAL
FRPSULVHG RI + ZLWK VRPHOVBRWE UWSHEKDRGVURIWLRQY ,Q RUGHU W
RI WKH SKDVHV LQ WKH FRDWLQJV ORFDO WBRSRVHGHE QVB QG N QW
SKDVH DQG WKH UHVXOWYV IURP WKHVH WHFULREWY DUH SUHVHQ
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J)LIXUH /20 LPDJHV RI 0Q% *, VDPSOHV KHDWHG WR z& DW
H z& V VWDELOL]HG IRU V DQG +H TXHQERHGVWE® URRP
PHWKRG EDVHGWRBO-@UGDQ

(30%$ 7TUDFHV IRU /RFDO &RPSRVLWLRQ OHDVXUHPHQW

$V GHVFULEHG LQ 6HFWLRQ HOHFWURQHPS HURBWRHEG QDO
SROLVKHG FURVV VHFWLRQV WR YHULIHEZKHRPRRYBRVLWURKQHRI S KK
LPDJHVY DQG FRPSRVLWLRQ SURILOHV REWDLQHG IURBW3D$ RI 0Q¢
E F z& V G z2z& V RUMH 2& V 7KH VDPSUHEHIRUH EEBORZHE
TXHQFKHG WR URRP WHPSHUDWXUH 7KH SKDVH UHJRR®GYWBRWKMK F
FRPSRVLWLRQV PHDVXUHG ZLWK (30$ RYHUODOG D )LJX&HDUH LQ

%YHFDXVH WKH VDPSOHV ZHUH KHDWHG WR WLZX B\DKMH G KRDQY MWK
SKDVH UHJLRQV SUHVHQW RQ WKH )H =Q HTXIHO LEFOLXP G5 KB DM HAL DC
PLFURVWUXFWXUH DW URRP WHPSHUDWXUNWNHLGLWHN GKXQWQ 5 X K HW
I[URP z& 7KH FRDWLQJ RI WKH VDPSOH KHDWBE& @GN QJ YR WKKIRZ
SKDVH DW WKH FRDWLQJ VXEVWUDWH LQWRDWIF}H WR&OW FBDYWLIQE
FRDWLQJ VXUIDFH 6PDOO VHFRQG SKDVH UHJLRIB\GEZE WHR I/OLVRWRHEMW
ZLWK WKHVH UHJLRQV DQG WKXV FRPSRVLWKRQV Z&H V H/ QRSO REMNDUL



H[KLELWHG + SKDVH DW WKH FRDWLQJ VXEVMEQRWH Q QWKHUUBIPI L C
FRDWLQJ 7KH FRPSRVLWLRQV REWDLQHG IURP WK H P DLHY FRR® WL Q.
WKH SKDVH GLDJUDP DW 7& EXW LQ JHQHWDP E0B KR WHHEOD \U R
7& V 7KH UHGXFHG =Q FRQWHQW VXJJHVW H®R UH @LIUHHFRHRQ W Z |
LQWR WKH =Q FRDWLQJ RFFXUUHG LQ WKH #& V VDPSOH WKDQ LQ
7KH VDPSOH KHDWHG DW  2& V H[KLELW HGLRRWPESRIVIEWMLRQV DV
FRUUHVSRQGLQJ WR .)H =Q + DQG + SKDVH FQB8WHURWW KWK FROR\DLV
UHJLRQV ZKLFK ZHUH PRUH =Q ULFK DQ® 1+Q/ JHHIHBR® PRUUH¥& R
GHWHFWHG $00 VDPSOHV H[KLELWH G ERP SSKWWLWHL B Y VWARQ FRDWH Q
LQWHUIDFH DQG WKH %& V DOOR\HG FRDWRQY FAQR IMKWREEE @ HWI
)H =QDOG + / 7KH VDPSOH KHDWHG DW 2& V VKRZBG PR PBIRIV LWL
FRDWLQJ VXEVWUDWH LQW HW HYRH FRYWHU W KOORQ 1L ) UWGKIHY WDSQ W HV D P S (
FRPSRVLWLRQV FRQVLVWHQW ZLWK + DQG .)H =Q SKDVHV IXUWKH L
7KH PLFURSUREH UHVXOWYV IURP W KHH\DHV Y Q B SJDHWHIVQ GIILF B M G
FRDWLQJ H[KLELWHG UHJLRQV ZLWK FRPSRVLWXR® \D EKH 6 K ZIRX B G
WHPSHUDWXUH 7KLV VXJJHVWHG WKDW VRSPHWHI UL R KE 8 LXK G HZRX
UHDFKLQJ 7& DQG WKDW DGGLWLRQDOTXRD N GQLQDRW & K U\WMR HFPRS
HOLPLQDWH =Q ULFK OLTXLG YLD LVRWHK B UPDIDWVHIGORW. Q 2 & % HHF BIXI
FRPSRVLWLRQV WKDW ZRXOG KDY HLEH HXQ BR.BB C=HQW H © Q LR FFIKGOR WX |
QRW KDYH EHHQ H[SHFWHG LQ WKLV VSHFL P&RP XBRQQUHDR KLRH WK
GDWD WKDW VKRZHG VRPH SHDNV FRUUHVSR @G L\QXII WRY W DRICD W | RIK
ULFK OLTXLG SUHVHQW DW 7& WUDQVIRUPH® E D \WBR @ @ XAHGH KHL (
SKDVH GLDJUDP DV D SHULWHFWLE UHD®WLRQ RFFXUV 7& WKH
$V PHQWLRQHG LQ HDUOLHU VHFWLRQV ;EURDRY K DWKH SHROHWL Q!
WKLFNQHVV HVSHFLDOO\ LQ FRDWLQJV RUWK HWHL FK WK DDH\R \ $G3H
% DQG WKXV LW ZDV QHFHVVDU\ WR SHOQIRUPDWQ R\R |RRW BIKD ¥ H W
WR WKH FRDWLQJ VXEVWUDWH LQWHXIO®WN RIKH®QBDD YHAWLRR SH
ORFDO FRPSRVLWLRQ DQG VWUXFWXUH DRGHWKXR WG ERD WIKGJI Q
LQWHUIDFH
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7TUDQVPLVVLRQ (OHFWURQ OLFURVFRS\ 7(0
$ 7TDORV ; ZDV XVHG WR FRQGXFW KLJK UHVROXWLRQ ('6 IRU O
DQG WR REWDLQ 6%$'3V IRU ORFDO FU\VWIOWRHUBXEW R UHG LER R WR- QW
VKRZV D EULJKW ILHOG LPDJH RI D OLIW RXR/ I[URR WMKHH WPIHRLLRA E
UHJLRQV VKRZ TXDQWLWDWLYH FRORU ('6 FRPASRS HWLRRQIRDBV IRU

VKRZV DQ LPDJH RI WKH VDPH OLIW RXW GQUHMVURRQ 2\& K BLRDK QLG
UHJLRQ ZLWK JUDLQV ODEHOHG RU  VKRZV\IZBUGVFRIOHOHF \&$
$V PHQWLRQHG LQ 6HFWLRQ LQGH[LQJ RI WR®>XGDL.0! BPBIPW X R & PIHX

DQG FRPSDULVRQ WR )H =Q ELQDU\ SKDVH STHNVWE W VDV IHP X OB INH G
$SSHQGL[ & )URP WKLV DQDO\VLV LW ZDV GHWHRQRLDAG WW D WFW
FRQVLVWH@Q GLMKDW JUDLQ ZDV FRQVLVWHQW ZLWK +

&RXSOLQJ WKH ('6 DQG 6$'3 UHVXOWYV WDNHQSKIREHWKH VDPH .
SKDVHV SUHVHQW RQ WKH HTXLOLEULXP JHH®QLSXD0K® GUDILQNPD @B
7KH DJUHHPHQW EHWZHHQ ORFDO FRPSRVIWLEQLX®G) N WQ XSAVDX/WHN
H[FOXGHV WKH SUHVHQFH RI PHW DV WORDOKHSK MWK ALRP B/RKHL QR R\ §
DJUHHPHQW VXJJHVWY WKDW FRPSRVLWLREDRVRHDWRUWRH QW X L O QEU
SKDVH GLDJUDP DUH ZHOO VXLWHG IR W BKHDW H R.IB\W D@L | Z KW L RRXV
'5' DQG (30$ UHVXOWV ZHUH DOVR XVHG IRU SKDVH LGHQWLILFDWL

Coating, Fe-Zn Iql

aFe(zn) |

Substrate |
Fe

JLIXUH %ULIJKW ILHOG LPDJH RI VSHFLPH@Q&HDWHG DW
TXHQFKHG WR URRP WHPSHUDWXUH 7KH PDJQLILHG Ul
FRPSRVLWLRQ PDS ZLWK D FRORU LQWHQVLW\ OHJHQG
LQ FRPSRVLWLRQ RI WARIO RY JULARBYJ H QUAHNVHIFWR 3') WKH'
ILOH




Coating, Fe-Zn ﬂ‘ 1. T[111]
R 7 1 78.3 wt pct Zn

2. M[212]
82.9 wt pct Zn
= 3. 1]
. 69.4 wt pct Zn
aFe(zn) [ :
Substrae‘y‘{’_ :
Fer A;,"
JLIXUH %ULJKW ILHOG LPDJH RI VSHFLPH@Q&HDWHG DW

TXHQFKHG WR URRP WHPSHUDWXUH 7KH PDJQLILHG Ul
RU LQGLFDWLQJ JUDLQV ZKHUH 6%$'3V DQG ('6 FR
PHDVXUHPHQWY ZHUH REWDLQHG

6XPPDU\

,Q WKLV FKDSWHU WKH H[WHQW RI DOOR\IRPBEEHWEHRQ WKH F
VSHFLPHQV KHDWHG WR 7& DW UDWHVRIUWRH DO GR\M G 7KRIDRWLLFQJ
LQYHVWLIJDWHG XVLQJ ;5' /20 (30% DQG 7(XKLWKSRRDLIORBRRIFWKWLRI
VXPPDUL]JHG EHORZ

X :LWK GHFUHDVHG KHDWLQJ UDWH WKHBBRXQ®LRDWH QLF
DPRXQW RI OLTXLG DW 7& DOVR GHFUHDVHG

X ('6 DQG 6$'3V ZHUH REWDLQHG IURP VHNHUDD DQIEL RV HG \
YHULI\ WKH SUHVHQFH Rl HTXLOLEULXPREHWNDQ BK®VHRP 7
(30$ SURILOHV RQ WKH 7& V VSHFLPHQ ZHUIR DR QR/ILWW H
SKDVH GLDJUDP 7& ZKLOH SHDNV FRUGHMS RWKGIL (B W
GDWD 7KHVH UHVXOWYV PD\ LQGLFBWHVWMKDNY DWRFIG RHW K
WUDQVIRUPV WR / RQ FRROLQJ

X ,Q WKH ?& V VDPSOH VORZHVW KHDWLQJ WRW.HH FRPSRY
ZHUH PHDVXUHG ZKLOH PRVW ;5' SHD NV RARIKIHMER Q GFHIGH
LQ =Q DQG WKXV =Q ULFK OLTXLG DW HIO®Y DWH G & M FPTH L
VXJIJHVW WKDW OLWWOH RU QR VRBN PDWYPHRDRIX® & EGHWHW
OLTXLG =Q SHQHWUDWLRQ DQG RU /0( LQ WKH SUHVV KDU



7KH PRVW LQGXVWULDOO\ UHOHYD Q(WZDIQWKGIJGHRRQVKH BWD R
z& V KHDWLQJ UDWH SURYLGHG VXIILFLHQBWWQWLHRH HBQV WK B KU B RVX
FRDWLAUHGXFHG =Q ULFK OLTXLG RQ KHDWLQJ WR WIHIWUDWXUH'
SRUWLRQ RI WKH VWXG\ SUHVHUYDWLRQ PXY¥Q HQEWIOLDOXLGVHNBRBA
ZDV RI LQWHUHVW VR WKDW WKH H[WHQWQRE WQZ RJ NMKH S LITVXR.\G KUHHUGX
KROGLQJ DV GHVFULEHG LQ 6HFWLRQ FRMNOE BEVHWKERDUHD R WBIW L )
2& V ZDV VHOHFWHG IRU KHDWLQJ WK H VASKIHF .GPHH @/V S\WR R VHIORHOND W |
UHSRUWHG LQ &KDSWHU



&+$37(5 5(68/76 $1' ',6&866,21 ())(&7 2) ,627+(50$/ +2/',1* 21
$//2<,1* $1' 2%6(59(' &5%$&.,1* 5(63216(

 QWURGXFWLRQ
$V PHQWLRQHG LQ 6HFWLRQ FKDUDF WM WKWK KRY RV E H HX
DXVWHQLWL]HG DQG WKHQ SUH FRROHG SULRMWUW R/ GHHR IRRW LR @ K
FRQWULEXWLRQ RI WKLV ZRUN ZDV WR LGHRWSKDWKHY SKEVHQW QG
FRDWLQJV DIWHU VLQJOH DQG WZRLRQ@HS WHKDRW WHFMDLRPHDLVOWD F R
LGHQWLILHG DQG TXDQWLILHG LQ WKW FRPE&/LIRIV RI VW FLPHQV HIH
WR LQ WKLV FKDSWHU DV 3 7& V TXHQFK  * 2&HOLQAXHQFK’
FRQGLWLRQV DQG VSHFLPHQV KHDW WUHDWHG E\ VXERNMTEHQWO\
IRU V UHIHUUHG WR DV & 7& V 7& V'DVH L8H QWL ILF DM
DQG SKDVH IUDFWLRQ PHDVXUHPHQWY ZHUMHIBODW FRQ&XFWHG IRE
RU V DQG DUH SUHVHQWHG SULRU WR WKH DQDO\VLV Rl WKH G

(I'THFW RI 6RDN 7LPH DQG 7THPSHUDWXUH RQN&RQWLQJ OLFURVYV

3KDVH ,GHQWLILFDWLRQ
,Q WKLY VHFWLRQ LGHQWLILFDWLRQ RI WK H (B KDQ\GHM RIUPE ® H D
VSHFLPHQV LV GLVFXVVHG 7KH ;5' GDWDJBNVH ZIWHKY WEW HEK DVOHR\Q L G
WKH PLFURVWUXFWXUH WR XQGH UV WDQBWWLKH SFUHFWHRY W I & FAL YWUKD\G
FRQGUWHR@& V TXHQFK ;& V 7& Vv ;& V 7&
7 & V. VR WKDW WKH HIITHFW RI WKH VHFRH G LWEXE WHAGH B ROH W
YDULDWLRQ LQ FRDWLQJ WKLENQHVYV ZDWRENG WKIH HROPBOB VST
SUHVHQWHG IRU HDFK FDVH )RU SKDVH | UDIFWLIR@R P HIRVEDWHARHDWLY
FRDWLQJ QHDU WKH VDPSOH FHQWHU WKWD W @ RSMEXWH\E RG R B WDH Q
UHSUHVHQWDWLYH DYHUDJH FRDWLQJ WKLFNQHVYV
6WUXFWXUH LQIRUPDWLRQ IRU WKH SKDVHV LQ WKH DOO
REWDLQHG IURP ;5' 3HDNV LQ WKH ;5" VSHFW B LWK WHKGIW H G
SKDVHV FRUUHVSRQGLQJ WR WKH SHDN SRMGAWLW® VA8 UHC
SKDMHN + LQGLFDWH WKDW ERWK SKDVHV KDG LQWHQVLWLH'
SRVLWLRQ PHDQLQJ WKDW ERWK PD\ KDYH PRQXWHEXWHG W]
VKRZV D ;5' VSHFWUD VKRZLQJ UHODWLYH LQVKHDQWEZWURN HUV)>
KHDWHG DW 7& V WR 7& DQG DOORZHG WR VWRSELOL]H |
WR ERWWRP RU 7& DQG KHOG IRU V RU WR URR



WR / # ZHUH SUHVHQW LQ WKH ;5' VSHFWUD IRU DOGWNKSHFLP}
DQG ZLWKRXW D VHFRQG LVRWKHUPDO KR OBQBWHSHD,)QVIHQH L
LQFUHDVHV ZLWK LQFUHDVHG VHFRQG VWHS VRERQWH®RERQ DV
7KH LQWHQVLW\ Rl SHDNV FRUUHVSRQGLQJ WR / DWHVVLPLOD!
QRWLFHDEO\ LQ WKH VSHFLPHQ KHOG DW 7& IRU  V GXULC
YJLIXUH DOVR VKRZV %6( LPDJHV Rl HDFK VSHRLPHQ KH
EHIRUH EHLQJ KHOG DW E & IRU V F & IRU V G
TXHQFKHG WR URRP WHPSHUDWXUH 7KH SKDVHV LGHQWLILHC
ODEHOHG RQ WKH FRUUHVSRQGLQJ JUD\ WKUHVKRIHY UWKLR Q
DPRXQW Rl HDFK SKDVH GLVWLQJXLVKHG E\ WKIHODRRXQW RI
EHWZHHQ WKH VDPSOHV SURFHVVHG DW 7& V TXHQFK DC
G DQG )LJXUH H UHVSHFWLYHO\ ,Q ERWKLMSMHFLPHQV W
FRPSULVHV PRVW RI WIQIE FRDWH. GU HVGI® W FORVHVW WR WKH
7KH VLPLODU DOOR\HG FRDWLQJ PLFURMRQOOWXU®G R\ VI JRIFF
GXULQJ WKH VHFRQG LVRWKHUPDO KROG DW 7& ,Q WKH %¢
JLIXUH F VSHFLPHQ WKH FRDWK QP DO ERB GUWIHURHG UH
7KH DPRXQW RI / DSSHDUV WR EH UHGXFHG FRPSDUHG WR W]
7& V VSHFLPHQV LQGLFDWLQJ LQFUBIDWMNGHD QD@DLOY)\ Z)
7& V 7& V VSHFLPHQ H[KLELWHG PLQLPDO / SKDVH
VXUIDFH 7KH FRDWLQJ Rl WKLV VSHFLPHQ VKWK H GJ WWHKIHWRHR/ANK
HIWHQW RI )H =Q DOOR\LQJ RFFXUUHG GXULQJ WKHUH 2& KLJ
E

JLIXUH VKRzZV D ;5" UHODWLYH LQWHQVLW\ NBHV XV
KHDWHG DW z& V WR z& DQG DOORZHG WR MWBRELOL]H I
WRS WR ERWWRP RU z& DQG KHOG IRU V RU WR
VKRZV %6( LPDJHV RI HDFK VSHFLPHQ KHDWHG WR z& DQG
DW E z& IRU V F z& IRU vV G z& IRU V. H RU (

WHPSHUDWXUH 7KH SKDVHV LGHQWLILHG WOB G RERSWKHWLRQ
FRUUHVSRQGLQJ JUD\ WKUHVKROG UHJLRQ RQ HDFK %6( LPDJ



L QWHQVLW\

SHODWLYH

YJLIXUH

7KH
+ DQG +
7KH

Z¢

L H
;5" UHODWLYH LQWHQVLW\ YHWWXYV
V DQG DLU TXHQFKHG WR HLWKHU

V 4XHQF
B8RV WRQ %
IURP

*
’

D
z& KHOG IRU

z& DQG KHOG IRU YV RU WR URRP WHPSHUDWXUH E
VSHFLPHQ KHDWHG WR z& DQG KHOG IRU V¥V EHIRUH EH
F z& IRU vV G z& IRU V. H RU GLUHFWO\ TXHQFI

7KH SKDVHV LGHQWLILHG YLD UHODWLYHGFRSWKHWLRQ |
FRUUHVSRQGLQJ JUD\ UHJ

z& V TXHQFK VSHFLPHQ VKRZHG LQFUHDVHG LQ
EXW VLPLODU LQWHQVLW\ LQ / SHDNV FRPSDHHG WI
%6( LPDJH RI WKLV VSHFLPHQ )LIJXWHLVHGH]RNVELONH

/| DW WKH FRDWLQJ VXUIDFH EXW DO VM \DKRRZ \D PRXIQM LR L FDSK
ZLWK DQ DFFRPSDQ\LEHWQZFRUBDWHILRBRNM F5I' & DIQFBVUXP IURP \



7& v 7 & V VSHELPHQ VKRZV D GHFUHDVH LQ WKH /
7& V TXHQFK WKLV LV DOVR UHIOHFWHBJILQQWKRI1%6( LF
UHPDLQ LQ WKH FRDWLQJ 7KH GHFUHDWHRRKFXUQBGF®XWH\Q W)
7& V LVRWKHUPDO KROG VWHS
7KH SHDNV LQ WKH 7& v 7& V DQG 7 & Y%
FRUUHV SR QEHI +W RV K H 7& Vv 7 & V VSHFLPHQ DOVR
WKH LQWHQVLW)\ RI SHDNV FRUUHVSRQGLQJ WRK LQGLFDWLC
LQFUHDVHG VHFRQG KRO® WHKRSHUDWKXUB QB RWIGBUNHU JUD\
WKH %6( LPDJHV RI WKHVH VSHFLPHQV ZLWHK WHKR I+WHKH LRQV
FRDWLQJ LQ WKH 7& Y% 7& V VSHFLPHQ &\ PD\ EH |
EULJKW UHJLRQV FRQVLVWHQW ZLWK / ZHUH GRWHREVH&YHG
OLNHO\ GXH WR LQFUHDVHG DOOR\LQJ EHWDNHQ IWKH R R B WL
KROG WHPSHUDWXUH
YLIXUH VKRZV D ;5' UHODWLYH LQWHQVLW\ NHM VXV
KHDWHG DW 7& V WR 7& KHOG IRU V DQG DLU TXHQFKk
RU 7& DQG KHOG IRU V RU WR URRP WHPSHUDWXUH
VSHFLPHQV KHDWHG WR 7& VRDNHG IRU V DQG WKHQ VF
V G & IRU V H RU GLUHFWO\ TXHQFKHG WR URRP Wi
UHODWLYH FRPSRVLWLRQ DUH ODEHOHG RQ WKHD FRUUHVSRQ
7KH ;5' VSHFWUXP RI WKH 7& V TXHQFK VSHFLPHQ V
/| + DQG + ZLWK WKH KLJKHVW SHDN DRQ® HQ YQ WWLKH/ FRWWHHWS
%6( LPDJH RI WKH 7 & V TXHQFK VSHFLPHQ )LJXUH H
UHJLRQV FRUUHVSRQGLQJ WR / ZHUH REVHUYHG ZKDQB WKH
+ 7KH :5' VSHFWUD RI DOO VSHFLPHQV KHOG IRU DQ DGGLWL
7& VKRZHG LQFUHDVHG UHODWLY H SIQMNAVQ D I WI KLHD WHIEIR @ GS
WHPSHUDWXUH LQFUHDVHG 7KH / SKDVH IRV DIR WNGGHWHR O B (
DW HLWKHU 7 & 7& RU 7& 7KH SKDVH HYHROXMERQ LQ
WKH %6( LPDJHV ZKLFK DOO VKRZHG FRDWIRJYPHULRO\ WRPS
KLJKHVW UHODWLYH LQWHQVLWYHAH B8R UM\H WKRHQ GQ U HDR HGD D)
RI + DUH FRQVLVWHQW ZLWK WKH JUHDWHVWQIPRXQ® IRIUDW IO
ORQJHVW WLPH DW KLJKHVW WHPSHUDWXUH 7& v
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J)LIXUH D ;5" UHODWLYH LQWHQVLW\ YHWDWXY ZEBRV WRQ% *, V

2z& VRDNHG V DQG DLU TXHQFKHG WR HLWKHU IURP W
DQG KHOG IRU VvV RU WR URRP WHPSHUDWXWH E H VKR
KHOG DW z& IRU V EHIRUH EHLQJ VRDNHG DW E z&

z& IRU V H RU GLUHFWO\ TXHQFKHG WRGURRP WHPSH

('6 DODE
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SHODWLYH ,QWHQVLW\
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Ro

L H z V 4XHQF
J)LIXUH D ;5" UHODWLYH LQWHQVLW\ YHWDWXYV ZEBRV WRQ% *, V
z& KHOG IRU V DQG DLU TXHQFKHG WR HLWKHU IURP
z& DQG KHOG IRU vV RU WR URRP WHPSHUDWXUH E H
VSHFLPHQ KHOG DW z& IRU V EHIRUH EHLQJ VRDNHG I
IRU V G z& IRU V. H RUGLUHFWO\ TXHQFKHG WR U

LGHQWLIL IUH OL

,Q VXPPDU\ WKH :5' IURP DOO VSHFLPHQW 8 [XEELZWWE& B/HK
VKRUWHVW KROG WLPH DW HOHYDWHG WHPSKNUBDRVXURMNRERQGL
HDFK VHW RI VSHFLPHQV VRDNHG IRU WKH VDPW KMLP R VDWW
VLIQLILFDQW LQFUHDVH LQ ;5" SHDNV FRGUGXSIREIGY RE WAR Y H



KROGLQJ DW 7& %6( LPDJHV DOVR VXJIJHVWHG L@FWHKBIVHG
7& VSHFLPHQV DQG WKH TXDQWLWDWLYG® LLQDWWH ROQH RV HD
VHFWLRQ

3KDVH )UDFWLRQ OHDVXUHPHQWYV
3KDVH IUDFWLRQ PHDVXUHPHQWY ZHUH FRQGXHWHG YLD
IUDFWLRQV DUH GLVFXVVHG KHUH )LJXUH SK®ORWV/R+ SKDV|
.+ YHUVXV KROG WHPSHUDWXUH IRU VSHFLPBHQVWHOG D
E 7& v RU 7 & V F RAR 7 ¥ V RU FRROI
GLUHFWO\ WR URRP WHPSHUDWXUH IURPWH@&W REHW K B BVELHRFQ
WKHVH SKDVHV ZHUH DVVXPHG WR EH VROLG LPPMGLDWHO\ S
VRDN WHPSHUDWXUH 7& (DFK GDWD G RUWKHVHWHRWH K& Bl
DUH WKH VWDQGDUG GHYLDWLRQ EDVHG RQ PHDPSWOHP HQW V
FRQGLWLRQ
$V PHQWLRQHG LQ UHODWLRQ WR WKH ;5'H&DWB HD § & HW K P HIDRF
WUHDWHG DW & V DQG 7& VXRZHG VLPLODRUXDMRX@WV RI H
FRDWLQJV ZHUH FRPSULVHG RI DERX®G WKBRWPBLQLQJIFW SFW /
,Q WKH VSHFLPHQ KHOG DW VAN WWESU MQKIHW KB FAMIEFR@ ®| . + DS
DERXW BRWSULVHG DERXW SFW DQG WKH DP RXSDNU RG MGRHWEHD \
VSHFLPHQ KHOG DW 7& V DWQIBPWHKHDRWXBIQFKKE WRFURRRH LQ |
)H ULFK SKDVHVLQWIK®IG + 7& VSHFLPHQ FRPSDUHG WR WEM 78& V
LQFUHDVHG KROG WHPSHUDWXUH ZRXO ® GDIYXVDR Q REoHA QR UK RQ B
7& VSHFLPHQ WKH IUDFWLRQRIKHVW FK+SK D VSHSAHID § GV K
7KH VSHFLPHQV KHDW WUHDWHG DW V 28 & V VXMWHQIKKBQGE
VKRZHG VLPLODU IUDFWLRQV RI .HDVO-ER®W IURPSBB®R XEWXW B RG HBBW
7& V KROG 7KH 7& WHQ VERRZHG VLQHIFQPUHDVIWRP® WKH UL
DERXW WR SFW FRPSDUHG WR WKH FU#DVHVLDXWRHAKDPBRXQ®L ¢
DERXW WR SFW 7KH 7& Vv 7&8& V\DYSHFLPEQV VKRZHG °
VLPLODU SKDVH IUDFRRRSDURG. WRDW& H  2& Vv ;& V VSHFL
GLIIHUHQFH EHWZHHQ WKH SHKDRH/IUQ FWKHR QV 22DV WKH ZERVHQWF DQC
Vv 7 & V VSHFLPHQV VXDOHORNLQJI WR PWQHERKIK ZDV DFKLHYH
FRQGLWLRQV



7KH z& V TXHQFK DQG z&IXUW FZ&DOOR\HG FRDWLQJ\

DERXW SFW . + $ERXI¥FW SFW / UHPDLQHG LQ WKHQ KRZHYHW TX
QRQH ZDV SUHVHQW DW WKHRHQP®HS WEKHFKRBGW %1 SVIKG WHKHARQ G V
L Q F U HD MK)GW K H 7& v 7& V7& 78/ DNKE ++ SKDVH

IUDFWLRQV DSSHDUHG WR VWD\ FRQVWDQW
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F
J)LIXUH B3ORWV RI SKDVH IUDFW LR Q HHFPWXVIRB M® W/ ISKOEN BNV W X Ut
VSHFLPHQV KHOG D z& \Y & RUV z& RUE z&
vV F & \% RU Zz&& UHFWRYV WRRORRP GWVHPSHUD

z& 'DWD SRLQWYV UHSUHVHQW WKHKB YMWJIDQJE DY &HY DDQ\G
EDVHG RQ PHDVXUHPHQWY FRQGXFWHG RC



JURP WKLV DQDO\VLY VHYHUDO RYHUDOO REINGUYDWLRQ
FRDWLQJVY FRQWDRQGQJ H[FHSW VSHFLPHQV KHDW WUHDWHG
7& V ZKHUH / SKDVH ZDV QRW REVHUYHG 7KH KLJKHVW
VSHFLPHQ KHDW WUHDWHG DW 7& V DQG MHK® WBRKHJIHVW
VSHFLPHQV KHOG DW DQG V DW 7& 2YHUD GEH WEZKIH QUDF
WKH VLQJOH VWHS LVRWKHUPDOO\ VRDNHG VISHFQ P H/R\D NG
IRU DQ DGGLWLRQDO V DW 7& 7KH PDLQ QGGWIKHWVHQFH EH\
VSHFLPHQV ZDV REVHUSKBVIRYW WEHFLPEQW VRDNHG DW 7&
/| DQG PRMUKD® WKH FRUUHVSRQGLQJ VLQJOH VWHS VSHFLPHQ)\
WLPHVY V RU V DW 7& BKID WK RPUDFWKRQ@WRQOBV+WKH OR
LQ WKH 7& Y% 7& V FRDWLQJ LPSO\LQJ WKDW WKL
RYHUDOO =Q FRQWHQW DW URRP WHPSHUDWXWXFW R UDHON W H U
GHYHORSPHQW LQ WKH VSHFLPHQV KHDW WUHDWHMLRQGHU G
VFKHPDWLFV ZHUH GHYHORSHG LQGLFDW LKQHDWK W (BHKDW H g JS S/
$SSHQGL[' 7KHVH VFKHPDWLFV DUH PHDHGNVWARR VXJIJHVW Wi
PLFURVWUXFWXUHV REVHUYHG DW URRP W HWPLSHUDWX BR X O 6 FF
UHTXLUHG WR FRQILUP WKH SKDVH GHYHORSPHQW GXULQJ Kt
6LPLODU DQDO\VLV RI WKH FRDWLQJ PLFWRF /W XFBOX@\D O
YDU\LQJ VHFRQG VWHS KROG WLPH DQG WHP SHKHM WKDWHRDV C
DQG DPRXQWV Rl SKDVHV SUHVHQW DV D UHVXQ®Q GRXVRHDLVD QV
JURXSYV WR XQGHUVWDQG WKH FRDWLQJ PLFURVQ/UXPWSYHYV
%HFDXVH WKH FRUURVLRQ UHVLVWDQW E\DWMKHU HQR F RGN HDQOMD F
SKDVHV LQ WKH FRDWLQJ WKH SKDVH GHYHOR P HQW LSQUVHAR H
WKH H[SHFWHG FRUURVLRQ UHVLVWDQFH RO W WH QLGDOUGG K R W K
SUHVHQFH Rl + RU DW OHDVW ZW SFW =Q Y Q/RKHMLRID\O FRI
FDOOHG RXW DV D UHTXLUHPHQW > @ DQG DOO BROLRQWLRQ
RI DW OHDVWL HZ\WW GEWUHQLGHQWLILHG LQ DOO FRQGLWLRQV
VKRZHG UHJLRQV Rl / ZKLFK ZRXOG KDYH KLJKHU =Q FRQWHC
WKH FRDWLQJV ZLWK / VKRZ UHDVRQDEOH SHUIRUPDQFH GXU
VRPH RSSRUWXQLW\ IRU H[SDQGHG SURFHVVLQJ UHJLPHYV



,Q WKH QH[W VHFWLRQ WKH SKDVH LGHQWHIGRDRVLRQ DQ
FRPPHQW RQ WKH FUDFNLQJ EHKDYLRU RI WKH VSIBFLPHQV G
LVRWKHUPDO KROG %HFDXVH VHOHFWHG FRRGQW URY 8 RZGNIH
'5' DQG SKDVH IUDFWLRQ FRPSDULVRQV DUH GHVFULEHG IRU
SUHVHQWLQJ WKH FUDFNLQJ UHVXOWV

(IITHFW Rl 6RDN 7LPH DQG 7HPSHUDWXUH RQ 2EVHUYHG &UDFNL
,Q RUGHU WR XQGHUVWDQG WKH HIIHFW Rl WWHRMOOR\HG
EHKDYLRU RI WKH *, 3+6 VSHFLPHQV XQGHUZHHD@W WHBH WKHC(
GHIRUPHG DW HOHYDWHG WHPSHUDWXUH LA & KIDFPVRIG L
,Q DOO FDVHV WKH VSHFLPHQV ZHUH ILUVW DX\WWIHRLWL]H:
WKLV FKDSWHU DV ¢ 2& V' 3®  3& V' * 3& G DW’ FRQG
7& 7& RU 7& W\SLFDOO\ IRU V UHIHUUHG WR DV 3

s o7& V 7& V'  HWF 7KH SXUSRVH RI WKH VHOHFWHG
FRQGLWLRQV ZDV WR DVVHVV WKH LPSDFW RI WKH ARDWLQJ }
FUDFNLQJ LQ WKH DOOR\HG FRDWLQJ DQGHQX\EYWUID WHFV$LR®
DQG DQDO\]HG WR DVVHVV WKH SUHVHQFH RUWUDMIFHKHRI F
FUDFNLQJ EHKDYLRU REVHUYHG LQ HDFK FRQGLWLRROXDW S L V|
RI SKDVHV DQG WKLFNQHVV DQG FRPSRVLWLRQ SURILOH RI V
%HIRUH LQWHUSUHWLQJ WKH FUDFNLQJ EHKDYLRU REVHU
DQWLFLSDWHG VWDWH RI WKH GHIRUPHG® FRODWLQGH DG VKEV
DOOR\VHG FRDWLQJV LQ WKH XQGHIRUPHG DQB GBIPRIUPHG VSH
FRQGLWLRQV ZHUH FRPSDUHG WR HQVXWH W R B WHMKHS D & G R FH
VR WKDW WKH HIIHFW RI WKH DOOR\HG FRDWLQEHLFURVWUXJ
FRQVLGHUHG $ TXDOLWDWLYH FRPSDULVR@QRERAWEHHEBGWKH D
GHIRUPHG VSHFLPHQV VXJJHVWHG WKDW WKH DRRXQ@WM RI SK
VDPH FRQGLWLRQV ZHUH VLPLODU DQG WKXAWSKRNVH IUDFWL]
PLFURVWUXFWXUH HYROXWLRQ RQ GHIRUPDWLRQ EHKDYLRU :
7R GHWHUPLQH ZKLFK SKDVHV ZRXOG EH DQWLFLSDWHG |
GHIRUPDWLRQ DIWHU WKH VHFRQG VWHS LVRWKHUPDO KROG
WHPSHUDWXUHV RI LQWHUHVW ZHUH RIYAHUO® ISX RQL B KHG GQ D
JLIXUH VKRZV D 777 GLDJUDP IRU 0Q% > @ ZHBK ER[HV



KROG WLPH DQG WHPSHUDWXUH FRQGLWLEDQW ZHUH ®RMIRUPD\
z& )URP WKH RYHUODLG FRQGLWLRQV LW ZDV H[SHFWHG
z& V ZRXOG KDYH KDG DQ DXVWHQLWLF VXEVWUDWH PLF

DOVR H[SHFWHG WR KDYH D IXOO\ PDUWHQDILWHE BIURFIWWUQ

7TKH VXEVWUDWHYV RI WKH VSHFLPHQV KHOG IRU Z& \%

SULPDULO\ DXVWHQLWLF GXULQJ GHIRUPDWLRQ XLWK VRPH I}

VSHFLPHQ zDV DOVR H[SHFWHG WR KDYH PWXWHG R NVNRIHQLW I

GHIRUPDWLRQ EXW ZLWK PXFK KLJKHU ITHUU&WH WKDQ WKH V

DXVWHQLWL]HG IRU WKH VDPH WLPH )LQDOO\ HWXHIF W HZ& W RV

KDYH D VXEVWUDWH PLFURVWUXFWXUH FRRSBDWHE R | O WH
z& \Y, z& V ZDV H[SHFWHG WR H[KLELWWXHWMXO®\ P|

GHVLUHG E\ LQGXVWU\ DIWHU SURFHVVLQJ
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J)LIXUH 777 GLDJUDP IRU 0Q% > @ ZLWKWHR KRS HVUICPIH. G QE
WHPSHUDWXUIHUH GHIRUPDWLF

(I"'HFW Rl 6HFRQG 6WHS 6RDN 7LPH RQ '"HIRUPDWLRQ 5HVSRQVH}

3KDVH ,GHQWLILFDWLRQ DQG )UDFWLRQ OHDVXUHPHQW
6SHFLPHQV ZHUH KHDW WUHDWHG DW 7& V 7 &
GHIRUPHG DW 7& RU TXHQFKHG WR URRP WHPSHUDWXUH L



LVRWKHUPDO KROGLQJ LPPHGLDWHO\ SULRU WKE\EXURIUPDWLR
LQIRUPDWLRQ IRU WKH SKDVHV LQ WKH DOOR\HG50D\HU DW U
3HDNV LQ WKH ;5' VSHFWUD SUHVHQWHKIG SIQDWHKY VF R HBWY B R QX
WKH SHDN SRVLWLRQ DQG UHODWLYH LQWH®VLQYGHND ®HDN
WKDW ERWK SKDVHV KDG LQWHQVLWLHYV H[SHFWHD WV RERX V
PD\ KDYH FRQWULEXWHG WR WKH REVHUYHG FMOIND MKREQE I W
UHODWLYH LQWHQVLW\ YHUVXV IRU 0Q% *, VDPSOHV WKD
TXHQFKHG WR 7& DQG KHOG IRU HLWKHU IURP WRS WR ER!
FRQGLWLRQ ZKHUH WKH VSHFLPHQ ZDV TXHQFKHG WR URRP W
3HDNV FRUUHVSRQGHQH MBHVHQW LQ WKH ;5' VSHFWUD II
DW 7& IRU V 7 & V RU TXHQFKHG WR URRP WHF
GHWHFWHG 7KH LQWHQVLW\ RI SHDNV FR URIHW SIRWQ G L § IWKRI /
PDLQ SKDVH SUHVHQW DW WKH VXUIDFH D ®G (R® OWG H F 1& DR/
V 7KH LQWHQVLWLHV Rl PLQRQGS H BN\D BV \LRFLLLHDN Gl @ DWWOK.
LQFUHDVHG VHFRQG VWHS VRDN WLPH )LIXURHQ BREDR/ NG RAZF
7& DQG VRDNHG IRU V EHIRUH EHLQJ VRDNHG DW 7& IR
TXHQFKHG WR URRP WHPSHUDWXUH 7KH SKDVEBWDDEHOHG L(
FRPSDULVRQ RI FRPSRVLWLRQV REWDLQHG IURP (30% WR WK
LPDJHV RI WKH & V DQG WKH 7& V 7& V VSHFL
H UHVSHFWLYHO\ / SKDVH EULJKWHVW UHDQR® +HARPS ULV
SUHVHQW FORVHVW WR WKH FRDW L Q JHHXE WWH DWZAR LER/QHGU WD E
VXJIJHVWHG WKDW PLQLPDO DOOR\LQJ ZPN DRKLHWHG B& ULKH
DOOR\HG FRDWLQJ LQ WKH 7& V 7& VGVBHFLPHQ )L
ZLWK VPDOOHU GLVSHUVHG UHJLRQV R4 4D QB DRL Q/KA-D PR/DS\KLIV
ORFDWHG QHDU WKH FRDWLQJ VXUIDFH 7KH W&)H VLFK 7&
SKDVHV ZLWK HYHQ PRUH FRQVXPSWLRQ R QWKIHU PR B MW VU D\
7KH DPRXQW RI / DW WKH FRDWLQJ VXUIDFH BESHPHOG WIKRLC
7& V 7 & V VSHFLPHQ H[KLELWHG WKH JUBIDBHH VW H|
H[SHFWHG DV WKLV VSHFLPHQ H[SHGLWOPISE UDKHXORQJIJHVW W
(30$ PDSV ZHUH REWDLQHG RQ VSHFLPHQV KHDW WUHDW!?!
V DQG WKHQ GHIRUPHG DW 7& WR LOOXVWODWH & KH FF



FRDWLQJV )LJIJXUH VKRZV %6( LPDJHV DQG (BW$SFRAORU PD:
UHVSHEWLYHO\ IRU VSHFLPHQV KHDW WUHDWHG DW 7 &
WKH VSHFLPHQ KHDW WUHDWHG DW 7& V IR QW WKFE
WKDW ZHUH EULJKW UHG FRQVLVWHQW ZLWK FRPBARYHWLRQV
DQG \HOORZ UHJLRQV WKDW ZRXOG FRUUHVSRQG WR SFW
WKH SKDVH GLDJUDP DWHORZ WA BSGRDMUX WMHKIIHVWHG WKDW
ODUJHO\ FRPSULVHG RI / ZKLOH UHJLRQV DURXQIB KMXGI / DQ
FRPSRVLWLRQV PRLGIGVEPZRDW DMR HHYV ZLWK WKH ;5' GDWD W
SHDNV FRUUHVSRQGLQJ WR / DQG VRPHMQRL® R D SMHDHN WV FHRELLPH
WUHDWHG DW 7& V 7& V. WKH UHG OHIMRQNVQD W KHIL
FRDWLQJ DQG LQFUHDVHG \HOORZ DQ® RGDQ J K WKH R/GW FV K
KHDW WUHDWHG DW 7& V 7& V. WKH UHBL[RGDQJIH
VXJIJHVWLQJ =Q FRQWHQWY EHWZHHQ ZW BWWHWKH ORFEDC
LQGLFDWLYH Rl / ZHUH OHVV SURQRXQFHG DQGJSNWKDRSV RQ
WKDW =Q ULFK / ZDV PLQLPL]HG DIWHU KHDWRQUHDWPHQW DC
$IWHU WKH SKDVHV ZHUH LGHQWLILHG YLD FRPSDULVRQ |
LQIRUPDWLRQ 4,$ ZDV XVHG WR PHDVXUH WKH FUREWGR@ R |
&KDSWHU  )LJIJXUH VKRZV D SORW RI SKDVH IUDEWLRQ YHL
+ + . LGHQWLILHG LQ WKH DOOR\HG FRDWLQJWRIGVSWF LW H
KROG WLPH 7& V 7 & RU V (DFK GDWD SRLQMW
WKH HUURU EDUV DUH WKH VWDQGDUG GHYLDWILRQVHEDRHG R
HDFK VDPSOH FRQGLWLRQ /LQHV FRQQHFWLQJ\WKRK&EDWD SR
DUHD IUDFWLRQV Rl + DQG . DUH GLVSOD\HGWH BIDDUDWHR@\ L Q
SORWYV SUHVHQWHG ODWHU VR WKDW WKHKOBGDEMWLRQV RI OL
DSSUR[LPDWHG ODWHU XVLQJ OHYHU U X OMKFDIQMXGADL\R IQR/QV
DQG . DSSHDUHG WR LQFUHDVH E\ DERXW  SFW( WKDLIHRD\ FF
WKDW VXJJHVWHG WKDW WKH DPRXQWYV RI HDFKZSKIIVWIGHL G C
WZR VSHFLPHQV :LWK LQFUHDVHG KROG WLPH DMRQ RA& WKH
LQFUHDVHG E\ DERXW SFW IURP WR V DQG WKHQ LQFUH
IUDEWLRQV RI + DQG . LQFUHDVHG EHWZHHQ WR V DQG VW
PRVW VLJQLILFDQW LQFUHDVH LQ )H ULFK & \BRIG . DRMDVHVIU



KROG WLPHV ZKHQ WKH WRWDO SKDVH IUDFWLR,QV RI + DQG
JHQHUDO WKH LQFUHDVHV LQ + DQG . VKRXQGXDRGVRUANRHYQMV
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=
|
>
(@4
I r— — I

g | so /.‘DdG ‘
LTS e
- ) ‘LJ Ak k/ \.m &
T HE
>
- &
; . &
ofr .
I : &
Kp] " A.‘A A N

- &

A 'y A .

L | L |

JLIXUH

[ H z V 4XHQF

D ;5" UHODWLYH LQWHQVLW\ YHWWXKHDWHG DW% *, \

z& V WR z& DQG DOORZHG WR VWDELOL]H IRU V DQ(

IRU HLWKHU IURP WRS WR ERWWRP V RU GLUHFW

EH VKRZ %6( LPDJHV RI HDFK VSHFLPHQ KHDWHG WR z/

EHLQJ VRDNHG DW z& IRU E vV F vV G V. H RU GL

WHPSHUDWXUH 7KH SKDVHV LGHQWLIQH GDWULHD QMHEHDOMLGY H |
RQ WKH FRUUHVSRQGLQJ JUD\ WDJ



J)LIXUH %6( LPDJHV DQG (30%$ FRORU PDSVWRUYHOXYWRWFWS B RLEP Iy

KHDW WUHDWHG DW z& \% z& D F G I RU J L
GLVSODFHPHQW RI PP DW FRORBULRPD WR DKHQU KALR) B') W
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Phase Fractions (pct)

10 Solid at 700 °C
0 . A . . L A
0 10 20 30 40 50 60
Hold Time at 700 °C (s)
JLIXUH 30RW RI SKDVH IUDFWLRQ SBWDYHVUVXVWVVKROG W GHH
LQ WKH DOOR\HG FRDWLQJV RI VSHFLPHQVWY KRDW WUPBWHG
& V Z& RU vV 'DWD UHSUHVHQW WKH DYHU

WKH VWDQGDUG GHYLDWLRQ EDVHG RQ PHDRKKXNBPBQWYV FR(
FRQG



$V PHQWLRQHG LQ &KDSWHUV DQG UHGXFWLRQ RI =Q
PLQLPL]H DQG DW VRPH SRLQW FRPSOHWHDWRLWR JONWHH FRILL
WKH IUDFWLRQ RI HDFK DOOR\HG FRDWLQJ VWK\DXW RDWKBYH E|
FRPSRVLWLRQV DVVRFLDWHG ZLWK WKH SKD¥BVSKQWDFK FREC
GLDJUDP LQ WKH VHFRQG VWHS LVRWKHUPDI& VRDN WHPSHUD
YJLIXUH VKRZV WKH =Q ULFK VLGH ZW SFW =Q RI "
ZLWK DQ RYHUODLG JUD\ ER[ LQGLFDWLQJ WKH 6BPRRWL. W LR C
=Q ULFK SKDVHV H[WHQGHG WR WHPSHUDWXUHVW¥ XBQ®R 7&
H[LVW DV VROLG SKDVHV DW 7& DQG /&+ 7BX\G LWH LW S/RIV L
WKDW WKHVH FRDWLQJV ZRXOG KDYH EHHQ VRHI\G DW WKH H
7& V RU & ULRU WR GHIRUPDWLRQ DQG FUDFNLQJ G
SHQHWUDWLRQ ZRXOG QRW EH H[SHFWHG ,Q DOO VSHFLPHQ\
V HLWKHEHWUHRWKH PRVW =Q ULFK RI WKH SKDVHV REVHUYH!
SKDVHV ZHUH RYHUODLG RQ WKH )H =Q SK DR &IXWHJ DRPU DMK H
VSHFLPHQV GLVFXVVHG LQ WKLV VHFWLRI@QWS$®WJ WE& PRFNW ER
UHJLRQV RI WKH FRDWLQJV VXFK DV WKH UHJLRQV RI / REVH
ZRXOG VWLOO OLH LQ WKH + / UHJLRQ Rl WKHLSKDWH GIZBJUD|
WKH UHJLRQV RI WKH FR DWW QR RK DWW FRIQWIDWRUHRZRXOG KD
PRVWO\ OLTXLG DW WKH HQG RI WKH 7 & V VRDN VWHS TC
GXULQJ WKH GHIRUPDWLRQ VWHS DW 7&
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JLIXUH =Q ULFK VLGH ZW SFW =Q RI WKWDPLRIDWK THO=Q H-
RYHUODLG JUD\ ER[ LQGLFDWLQJ WKH FRPSRVPWYRQ=QDQJH
ULFK SKDVHVY DW URRP WHPSHUDWXUH H Z«



/JHYHU 5XOH &DOFXODWLRQV WR (VWLPDWG® 9ROXPH J)UDFWLRQ RI =
7R HVWLPDWH WKH DPRXQW RI =Q ULFK OLTXLG WKDW ZR
UXOH FDOFXODWLRQV ZHUH FRQG X PAMKDBNVXZH QH WHBIVIHUDHGV DR!
WHPSHUDWXUH DQG WKH =Q VROXELOLW)\ LOLR®WY MRDVWLWXF
& DQG + / DW 7& IURP WKH SKEBYIHRGLBIXLP L FU MXKPH /
FRPSRVLWLRQV ZHUH REWDLQHG DW 7& HEHFEDZXVLAKMN KW ZD\
SKDVH GLDJUDP LV ZHOO GHILQHG 7KH OH YoHMYV UX D AWLARMR/ZR
WZR FRQVWLWXHQWY WR EH GHWHUPLQHG LEDVWGERROKDYH U
DYHUDJH FRPSRVLWLRQ RI WKH WZR SKDVHV DQG W®&H FRQFF
WKLV FDVH WKH FRQFHQWUDWLRQ RI =Q XKW GRU ELUQLX A WZHDWAM
UXOH LV H[SUHVVHG LQ (TXDWLRQ EHQRZW KR BB BFXODW L
UHJLRQ

Yeu 00 Wmapvion
ZKHUK  ZW IUDFWLR @ RWHIRQ
Al gl ZW SFW =Q LQ / LQ [/ +
&vHupidW SFW =Q LQ / +
Mgly ZW SFW EQ L@ +
| WKH FRPSRVLWLRQV Rl / DUH NQRZQDRQW WKH RARIFPSRMLIMRRIDHOR | L
SDOOR\" LQ WKLWKAFDMHD FIW)L "G HRIDOOR\ FDQ EH FDOFXODWHG ,Q W
WKH IUDFWWLRPB WKH 4,$ PHDVXUHPHQWY DQG E\ XVLHQVEH WRRSR'
HTXLOLEULXP SKDVH ERXQGD U LM lRU ADIQHLW RWEIG/ FDIOF K B F\R B
SHDUUDQJLQJ (T ovWRHBRCGOWAVIRQ &T
YWeoaobPba v i Ya vd%Wa vai(s

,/ LW LV DVVXPHG WKDW QHJOLJLEOH FKBQBHKNVQLQI FRP SARKH W IHR R URP
WHPSHUDK XB& LW LV SR VoVWbkEaH WKKIDIWHVWRKOH @ RZ WHPSHUDWXUH -
FORVH WRuMWXANEH + / UHJLRQ DW H®HYDW H® WRMAKSHURAKEWH WKH



HVWLPDWHG EDVHG RQI WIKAHWRIRQWXRMHGEHRRUYHUODLG DW z& DQC
WKH UHVSHFWLYH PDVV IUDFWLRQV RHUW DX@H/ DWW WKZY WIHPASHUQYV
WLPH IRU FDOFXODWLQJ WKH IUDFWLRQ RI OLTXLG LQ WKH + / UHJI

“$apvYIiobDEU OU s

P YEU OGEU OU s

,Q RUGHU WR FDUU\ RXW WKH OHYHU UXOH RMRYFRODWLRC
DQGZHUH QHHGHG VR WKDW WKH D YSKDNVIH FHRASRRNV EWRXRQ E|
GHWHUPLQHG $UHD PHDVXWREPMHIMNVY RG EBRK 4,9 QGHYH WDNHQ
WKH YROXPH IUDFWLRQV WKDW ZRXOG KDYH EHHQ SUHVHQW
HDFK SKDVH ZHUH XVHG WR FDOFX{XKHWHD WK Y POXNVRZ HEIRW K V/I
FDOFXODWH WKH PDVV |1UDFWIKPDQVRIRKIDRX EBSHK B Y H ¥IHRQY R QVK K
SKDVH GLDJUDP DW ORZ WHPSHUDWXUWRP SR VAW L R@ ¥ RRQ MDOF KW
WKH /UHJLRQ WKH IUDFWLRQV RI HDFK SKDVH ZHUHR®KHQ XV
&vHupht) WKH FRPELQHIL SKWVSHUFHQW D= QTLQ byHUgh %
RYHUODLG DW 2& LQ WKH + / UHJLRIQ HRU WKEHS KDV HD G IDQ UX

WR FDOFXODWH WKH PDVV IUDFWLRQ RIROQ RA L SULHKHQW
OLTXLG ZDV WKHQ FDOFXODWHG DVVXPLRI VEK H®NOGLR/Q RIKE
FDOFXODWLRQV WKH DPRXQW RI OL®XW &HVKOMVZ R MWK D YA |
FDOFXODWHG IRU VSHFLPHQV KHDW WUHDWHG DWH 7& \Y
SHUFHQW RI OLTXLG LQ WKH + / DQG WKH YROX®H WHHFHQW F
WRWDO DOOR\HG FRDWLQJ DUHDV ZHBR WVD/MOIFRO\D WH® K ADERQ
SKDVHV RI WKH WZR SKDVH UHJLRQV DW ORZ DQGWHK&E YDWHG
IURP WKH SKDVH GLDJUDP > @ 7DEOH VKRZV WKH TXDQWL
UHVXOWLQJ HVWLPDWHYV RI =Q ULFK OLTXLG IRMKHDFK FRQGL!
FDOFXODWHG YROXPH IUDFWLRQ RI WKH FRDW LARI WHKID/'WW VZ R X (
KROG WLPH 7KLV SORW VXJJHVWYVY D VPDOO GHFUHDVH RI =Q
GXULQJ WKH V KROG DW 2& 7TKRXJK WKH IUDFWLRQ RI W]



GHFUHDVHG ZLWK LQFUHDVHG VRDN WLPH WKWXQIORXWG |
WKDW =Q ULFK OLTXLG ZRXOG KDYH EHHQ DY WHWDEWHZXQWEHW
)H VXEVWUDWH DQG SRVVLEO\ SURPRWH FUDFNLQJ GXULQJ
WKDW WKH OLTXLG ZRXOG EH VHSDUDWHG IURP WKH )H VXEV)

7DEOH =Q &RQWHQW LQ &RQVWLWXHQW 3KDVHV RI 7Z]
&RPSRVLWLRQ RI (DFIH3KRYHINQ / f& ZW SFW =Q

/

+

&RPSRVLWLRQ RI (DFK 3KDVH LQ + / 5HJLRQ DW f& Z\

+

ILT =Q
7DEOH 3KDVH $UHD OHDVXUHPHQWY BQ'EG WD OFXQDWIHREQIIIRWX H 'V
Z& DQG V &RQGLWLRQV
'"HQV LW\ &DOFXODWHGQGFXODWB&®EPH 3FW
OHDVXUHG 3KDVH )I
! $YHUDJHO9ROXPH 3RPWLTXLG LQ
3B3KDVH$UHD f& | +
J FP &RPSRVLWERQLTXL&RDWLQJ
ZW SFW
> @ ZW SFW =QLQ + /
Z& Vv Z& Vv
/
+
& \Y Z& Vv
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)L JX §DOFXODWHG YRI ULFK LQ FFYHUVXV KF z!¢

JH =Q OD\HU &RPSRVLWLRQ 9DULDWLRQ DQG 7KLFNQHVV
(30$ OLQHVFDQV ZHUH SHUIRUPHG RQ WKH GRIRUPHG VSt
DQG WKHQ DW 7& IRU RU V WR PHDVXUH WKH FRPSF
FRPSRVLWLRQV RI WKH SKDVHV FORVHU WRHWHK 5 B OIRR\MIGGF R
DFURVV WKH DOOR\HG FRDWLQJ DQG LQWR R/ IOHR @ X EXMNKD B H/
VL]H RLP )LJIXUH VKRZV %6( LPDJHV ZLWK WKH ORFDWLRC
EOXH OLQH DQG WKH UHVXOWLQJ FRPSRVLWLRQ SWRILOH LG
V DQG WKHQ DW 7& IRU D E RU F V 7KH WUDFHYV
FRDWLQJ VXUIDFH VR WKDW PRUH GDWD SRLBWV7RRKNEBGREH R
WKH [ D[LV LQ )LJXUH VKRZV RQO\ UHODWLMB GIRWULVEVRO
JURP WKH OLQHVFDQV WKH FRPSRVLWLRQV DWVEKRWKE MQRVHU I
GHWHUPLQH WKH FRPSRVLWLRQ YDULDW IVR @QVR R U=V ¥ RIQK\HH Q B/
)H VXEVWUDWH .)H =Q OD\HU LQWHUIDFH DSSHDXUMG WR EH I
OD\HU =Q ULFK FRDWLQJ LQWHUIDFH DERXWG EOXW SEQHWDE
(30$ SURILOHV 7KH =Q FRQWHQW LV VXPPDULPHEGHPHQRZ DO
RI WKH .)H =Q OD\HU ZKLFK DUH GLVFXVVHG QH[W
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%6( LPDJHV ZLWK WKH ORHFDGN IHFOX RIOWKRH (B @HG WAKDH H
UHVXOWLQJ FRPSRVLWLRQ SURILOH LQ Z& SWWDIRAQ VSHFLI

WKHQ DW z& IRU D E RU F V DQG GHIRUPHG L
R PP DW 2z& SULRU WR TXHQFKLQJ I1RWH WKDW WKH
VSHFLPHQ KHDW WUHDWHG DW & \% Q& V VWDU

WKHQ SURJUHVVHG WKURXJK WKH FRDWLQJ WR WKH VXEVYV
WK P” {VLW FRORU LPDJH UHIHL

7KH DYHUDJH WKLFNQHVV RI WKH .)H =Q OD\HQGZDV PHD\
GHIRUPHG VSHFLPHQV YLD 4,$ RQ %6( LPDJHV VKR OBBHED DRI GN



WKHQ GLYLGHG E\ WKH LPDJH ZLGWK WR GHWHURICQBQ®GKH DY
GHIRUPHG OD\HU WKLFNQHVVHV ZHUH XVHG WR DWLHRW®QV DQ\ V
DIWHU GLITHUHQW KHDW WUHDWPHQW FRQGLWLRQV ,Q DGGL)
WHQVLOH VSHFLPHQV ZDV PHDVXUHG SULRU WK H S8 UFMMN G
UHGXFWLRQ LQ WKLFNQHVV DQG ZLGWK 7DEOH VKRZV WKF
WKLFNQHVV WKH SHUFHQW UHGXFWLRQ L QG W KRLUFRNIW VR/QD @® (
PLQLPXP DQG PD[LPXP =Q FRQWHQW DFURVV WKRU.)H =Q OD\!
VSHFLPHQV KHDW WUHDWHG DW 7& V 7& RU V

7& V 7& V VKRZHG D UHGXFWLRQ LQ VSHFLPHQ WKL
DQG SFW UHVSHFWLYHO\ 7KH VSHFLPHQV KHDW WUHDWHG
DERXW SFW UHGXFWLRQ LQ WKLFNQHVV DQG DERXW  SFW
W K H 7& V 7& DQG V VSHFLPHQV ZHUH VWUDLQHCGC

7& V 7& V VSHFLPHQ LQ WKH UHJLRQV LQKZHKLFK W
)H =Q OD\HU WKLFNQHVV PHDVXUHG LQ WKHDXDHGALRUKP HG V S
LQFUHDVHG KROG WLPH WKLV PD\ KDYH EHKQ IH{S HR QY HE WK H
LQFUHDVHG KROG WLPH $00 GHIRUPHG VSHFLPHBP VDK DQ .
WKH YDULDWLRQ LQ WKH WKLFNQHVVHV UH\DQW M R ¥ B WODBQER
VXJIHVWHG WKDW WKH UHGXFWLRQV ZHU MW RLYFHNIDHOO/ WXPILIGI 't
VRPH WKLQQLQJ RI WKH FRDWLQJ RFFXUUHG GXUIHQIQVKH GHI
OD\HU ZDV UDWKHU GXFWLOH

&UDFNLQJ %HKDYLRU DQG 3URSRVHG &RDWLQJ 6XEVWUDWH ,QWHU

$IWHU FKDUDFWHUL]LQJ WKH DOOR\HG F R DRLIPGIN L @V KHK H
FUDFNLQJ EHKDYLRU ZDV H[DPLQHG LQ WKH GHIRUPHG VSHFL
RU V WR XQGHUVWDQG WKH H[WHQW RI FUDFNLQJ DV LW U
%6( LPDJHV Rl WKH VSHFLPHQV KHOG DW 7& IRU V WKHQ
EHIRUH EHLQJ SXOOHG LQ WHQVLRQ DQG WKHQJHXHIOQFBHG WF
TXDOLWDWLYH WDEOH LQGLFDWLQJ ZKHWKHW3Q ULFK OLTXL
GHIRUPDWLRQ DQG ZKHWKHU RU QRW FUDFNV SURJUHVVHG L
VSHFLPHQ KHOG DW & V 7& V H[KLEHWHARDWER QWL
XQLQWHUUXSWHG E\ ZLGH FUDFNV 7KH VSHFLPHQV KHOG DW

7 & V VKRZHG VLPLODU IHDWXUHV DIWHU G RIRWPQWLR



VXUIDFH WR WKH LQWHUIDFH EHWZHHQ WRKH G\ UW F KKGID\HH 4 H
QR FUDFNV LQWR WKH .)H =Q OD\HU RU WKBHOWRE ¥ S/IJHDDNUH G QW
KDYH VRPHZKDW EOXQW WLSV LQ ERWK VSHFLREQ W XTKHWWND F
WKDW WKRXJK =Q ULFK OLTXLG ZDV DYDDLODW®H WR SE® QB DAUI
PD\ KDYH SOD\HG D UROH LQ SUHYHQWLQJ GVEHWKIYMHUH FUDF
'LVFEXVVLRQ RI WKH SRVVLEOH FRDWLQJ VXEVWDDPMRULQWHUD
REVHUYHG LQ WKHVH VSHFLPHQV LV QRZ SUHVHQWHG

7DEOH )JH =Q OD\HU WKLFNQHVV LQ 8QGHTRHPMWG ® @ 'HI RGP I
7& RU V
7& V 7& V 7& V
7& V 7& Vv 7& Vv

8QGHIRUPHG .)H =0Q

ID\HU 7KLFNQHVV “ “ “
P

"HIRUPHG .)H =0Q

ID\HU 7KLFNQHVV
P

3HUFHQW 5HGXFWLRQ LQ

6SHFLPHQ 7KLFNQHVV *
SFW

3HUFHQW 5HGXFWLRQ LQ

6SHFLPHQ :LGWK “ “ “
SFW

=Q &RQWHQW DW )H VXEVWUDWH

)H =Q ,QWHUIDFH * “ “

ZW SFW

=Q &RQWHQW DW .)H =Q OD\HU

=Q ULFK FRDWLQJ ,QWHUIDFH “ “
ZW SFW




=Q ULFK /LTXLG 3UHVHQW"

< < <
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J)LIXUH %6( LPDJHV RI HWFKHG FURVV VCHFRVMLR®V RI VSHFLPF
IROORZHG E\ D VRDN DW z& IRU D V E vV F vV Gt
GLVSODFHPHQW RI PP DW z2& DQG WKHQ TXHQFKHG \

TXDOLWDWLYH WDEOH LQGLFDWLQJ WGKPB QB[ RENVNNH®BHGUH\
FUDFNV LQ WKH .)H =Q OD\HU RU VXEVWUDWH LQ HDFK FF

%DVHG RQ WKH DPRXQW RI =Q ULFK OLTXL GGHIVRWRLPQW H G

RI WKLQQLQJ REVHUYHG LQ WKH .)H =Q OD\HU IRU HDFK FRQ
WKH FUDFN EHKDYLRU REVHUYHG LQ HDFX K/SBIWLWH & OLW HSU R §
7& V & V WKH FRDWLQJ ZDV HVWLPDWHG WR FRQ\
KDYH DOVR EHHQ SUHVHQW LPPHGLDWHO\ SULRU QVR/IGHIRUPT
FRDWLQJ IORZHG DQG DFFRPPRGDWHG WK/H LIQP S/XBIWAHR® \® HOR U
PD\ KDYH IRUPHG %DVHG RQ WKH WKLQQLQJKRVNVOIONHYHZEY C
GXFWLOH HQRXJK WR WKLQ LQVWHDG RI FUDFN DWZKH .)H =Q
VXJIHVWHG E\ WKLFNQHVYV PHDVXUHPHQWWLRQ G QVWH H S$H R L
VSHFLPHQ LW PD\ KDYH DFWHG DV D *EDUUWBWHEBWYZWHQ LW
JUDLQ ERXQGDULHV ,| FRQWDFW EHWZHHQ WKH FRPSRQHQW)
SUHYHQWHG LQ WKLV PDQQHU /0( ZDV D ONVRWILRKNXHQVQHG ,PF
TXHQFKLQJ WKH =Q ULFK UHJLRQV Rl WKH FREWHLLQ/H G LW O\



URRP WHPSHUDWXUH UHVXOWLQJ LQ WKH LU@DE& FRDW LAIOR E
KDLUOLQH FUDFNV LQGLFDWHG E\ DQ DUURHEHBBVRIEQYHUYH
OLNHO\ LQLWLDWHG GXH WR WKH GLIITHUHQFH D@L\ K H I B WX\
VXEVWUDWH
,Q WKH VSHFLPHQV KHOG DW 7& V 7& RU VvV
7& DOORZHG IRU IXUWKHU )H =Q DOOR\LQJ RI WKMLBRDWLQ
UHPDLQHG DV OLTXLG 'XULQJ GHIRUPDWLRQ OHMHSEQWR.FK (
WKH VSHFLPHQ KHOG DW & IRU V DQG VRIDSSHDWHBAKHUH
WR KDYH EHHQ RQO\ SDUWLDOO\ EDFNILOOHG ZIWKK =Q ULFK
=Q ULFK OLTXLG ZRXOG KDYH FRQWULEXWHG WR WKH EOXQW
7& V 7 & RU V VSHFLPHQV 7KH .)H =Q OD\HU DO\
FUDFN LQ WKHVH FRQGLWLRQV DQG LWV FRPSRVEZWHRQ YDU
FKDUDFWHULVWLFV Rl WKH .)H =Q ODHRAV ZHYG WRALMD DV FRWY
WKDW VLPLODU UHODWLYH GXFWLOLW\LDRXOG ¥ 8 HF[ISHFQWH G K
SRVVLEOH WKDW WKH .)H =Q OD\HU DO RJ IPFoK. Q WDXIQGH G DG E)H
VXEVWUDWH DV LQ WKH VSHFLPHQ KHDW WU H D WD BW 7 &
FRPSOHWH HOLPLQDWLRQ RI =Q ULFK OLTXLG LV QREDQHTXLU
EH PDLQWDLQHG GXULQJ GHIRUPDWLRQ ,W VKRNGQ @ QWKL ¥ H
SRUWLRQ RI WKH ZRUN DOO H[KLE IL\§ VGK BIVWF RBIW V@IV FRW K X
FRQWHQW WKDQ WKH + SKDVH UHTXLUHG WR @ HV & b HVEMH/Q B
FUDENLQJ LQWR WKH VXEVWUDWH LV RDNWRHEBRRY GG HUMIGH WWHK |
FRQGLWLRQV DOVR SUHVHQWY D EDVLV IRU RGMOLPEUDW¥NRQ JR
DQG =Q SHQHWUDWLRQ

(I"'THFW RI )LUVW 6RDN 6WHS 7LPH DW z& RQ '"HIRUPDWLRQ 5F

3KDVH ,GHQWLILFDWLRQ )UDFWLRQ OHDVXWHRIBQW DQG (VWLPDWH

6SHFLPHQV ZHUH KHDW WUHDWHG DW 7& RU v
DW 7& WR DVVHVV WKH HIIHFW RI KROGL S DWW WK R MW WRH
DQG VXEVHTXHQW GHIRUPDWLRQ UHVSRQVH $V ZDWGAQH LQ
VWUXFWXUH LQIRUPDWLRQ IRU WKH SKDVHV LQ WKH DOOR\HC



JLIXUHSUHVHQWV D :;5' VSHFWUD VKRZLQJ UHODWLYH LQ
VDPSOHV WKDW ZHUH KHOG DW 7& IRU IURP WRS WR ERWW
vV oV 7& V RU FRROHG GLUHFWO\D/R/ R /KR ZWHRB 6 H U D \
LPDJHV RI HDFK VSHFLPHQ KHDWHG WR 7& DQG VRDNHG IR!
VRDNHG DW 7 & V RUH GLUHFWO\ TXHQFKISGLW RVERRP \
%6( LPDJHV ZHUH LGHQWLILHG YLD FRPSDULVRWRRWRRPSRVLW
)H =Q SKDVH GLDJUDP $V PHQWLRQHG DERYHUS HNW F R WUIHQ

;5" VSHFWUD IRU WKH z& IRU V VSHFLPHQ FRROHG WR UR
z& V ZLWK WKH VSHFWUD RI WKH ODWWHAULWERGLYOI LQF
7TKH SHDNV LQ WKH z& \Y, zZ& V DRFBFEPBEBNRUUHYV S

FRUUHVSRQGLQJ WR / ZHUH QRW REVIOUYK®HUQ WIKH DEFG kP
JUD\ ZHUH REVHUYHG ZLWK WKH + UHJLRQV RRSWRHLQJZWR
Vv 7& V FRPSDUHG WR WKH 7& V VSHFLPHQ $V P
VSHFWUD EULJKW UHJLRQV FRQVLVWHQW ZLWK NHEKBUH QRW F
DOOR\LQJ EHWZHHQ WKH FRDWLQJ DQG VXRVWHKBWSH ZLWK LQ
VSHFWUXP RI WKH 7& v 7& V VSHFLPHD@G®KRZBAG St
WKH FRUUHVSRQGLQJ %6( LPDJH )LJXUH DQ GWHK HZ ERRW L Q J
)H =Q SUHVHQW QHDU WKH VXEVWUDWHLH\Q FIRIDHHNDSR Q/GH I .
DQG PV ZHOO DV WKH LQFUHDVHG DSSDUHQW HD VFW WR Q PRIX-Q
RI DOOR\LQJ RFFXUULQJ LQ WKH VSHFLPHQV KH®G IRWENKH O
Vv

YJLIXUH VKRZV %6( LPDJHV DQG (30%$ FRORU PDSV RI =(
UHVSHFWLYHO\ IRU VSHFLPHQV KHDW WUHDWHG DW 7& D
FRORU LPDJH UHIHU WRVBKHWKHMLY VLOH 7& V VSHFLPHQ
DSSHDUHG WR KDYH FRPSRVLWLRQV FRQRALDHQ W, @ LFVRKQ W UIH
VSHFLPHQ KHOG IRU V VKRZHG PRVW UHJLR RUDRQWHK FRMSR
VRPH GLVSHUVHG UHJLRQV RI + EOXH ERWK L QQMKHJ FIRFHN L Q
7KH PDS FRUUHVSRQGY UHDVRQDEO\ ZHOO B R ERWKQW KHQ SK\L
VSDWLDO GLVWULEXWLRQ RI WKH SKDVHV LQ WKH FRDWLQJ )
VSHFLPHQ DQ LQFUHDVH LQ WKH UHODWLYGH) HUPR@\WR Q \R IR+ H



ZDV REVHUYHG ,Q DOO WKUHH VSHFLPHQVLQ KRP.$R\EIQV IORDQ H
RQO\ DSSHDUHG WR LQFUHDVH LQ WKLFNQHVY ZLWK LQFUHDV
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YLIXUH D ;5VKRZHRWUDHODWLYH LQWHQVLW\ YHUV)>
KHOG DW  2& IRU IURP WRS WR ERWWRP v 7 &
& V RU FRROHG GLUHFWO\ WR URRP WHPSHUDWXUH
VSHFLPHQ KHDWHG WR & DQG VRDNHG IRU E vV F

VRDNHG DW z& V. RUH GLUHFWO\ TXHQFKHG WR URR
ODEHOHG LQ WKH %6( LPDJHV ZHUH LGHQWIDILKGGYLD FRPS
IUF(30Y WR '=Q SKDVH



J k I
)LIXUH %6( LPDJHV DQG (30%$ FRORU PDSV RHGQ IRW SFW DQG

VSHELPHQV KHDW WUHDWHG DW 7& D F G I RU J L
WHQVLRQ WR D GLVSODFHPHQW RI PROMRW L P 2 &HS ULHRH WY
3') WKHO

3KDVH IUDFWLRQ PHDVXUHPHQWY ZHUH FRQGXFWHG YLD
SKDVH IUDFWLRQ YRO SFW MAUDRWY ISKOG HWVLPH D W 7& IR
IROORZHG E\ KROGLQJ DW 7& WD PRIQWKHOSBERREBD®/V (DI
YDOXH DQG WKH HUURU EDUV DUH WKH VWD Q® R® GHNYULHDHNV L
LPDJHV Rl HDFK VDPSOH FRQGLWLRQ /LQHV FREDGRWRQIWKK
H\H
%HWZHHQ WKH DQG V KROG WLPHV D®R / GKBP MKMH G D
V WKH IUDFSSHRMURIGFWR LQFUHDVH DQG PLQLPDO FKDQJH
.+ %HFDXVH QR / ZDV REVHUYHG LQ WKH V FREROMWLLRIQ LV
FRPSRVLWLRQ KDG DW OHDWWHDERXMW XPZ)\W FHWGHG WR DOOF
WKH ELQDU\ )H =Q SKDVH GLDJUDP ZKHBSHYU®WXBMKO G E HH SWH
WKH DPRXQW RI =Q ULFK OLTXLGHPIVXHG R @ W KR BK MWHP BUIHIUDN



FRPSRVLWLRQV RI ZW SFW J)HWREBEXXRIKBHEZMKDIHUWY FRQWLS I
RQ WKH SKDVH GLDJUDP 7KHVH FRWERVLWKRGVRW. + WKRJIJZRQ
SKDVH GLDJUDP VXJJHVWLQJ WKDW QR =Q ULFK OLTXLG ZDV
GHIRUPDWLRQ VWHS ,Q WKH VSHFLPHQ KHDW KHJHB VIS HDN H
LQFUHDVH VLIJQLILFDQWO\ WR DERXW SAMYNKDW CG® DIFIKQO MTI
ZRXOG QRW KDYH EHHQ SUHVHQW GXULQJ GHIRUPDWLRQ LI =1
HTXLOLEULXP FRQGLWLRQV

J)LIXUH 3O0RWY RI D SKDVH IUDFWLRQ YHRIY XSFRARAKUND OB BWD
V IROORZHG z& V DQG WK

JH =Q OD\HU &RPSRVLWLRQ 9DULDWLRQ DQG 7KLFNQHVV
$V ZLWK WKH VSHFLPHQV KHOG IRU LQFUHDVLQJ WLPH DV
OLQHVFDQV DQG WKLFNQHVV PHDVXUHP HUWVSDHWH GW U@ UPK
GHIRUPHG VSHFLPHQV KHDW WUHDWHG DW 7& RU v
WUDFH SDUDPHWHUV ZHUH XVHG DV LQ WHKH SUMKRRXWB( GLV
LPDJHV ZLWK WKH ORFDWLRQ Rl WKH (BBISUMVBBPM LQE ERP R @
SURILOH LQ ZW SFW IRU VSHFLPHQV KHDW WUHDWHG DW 7
V 7KH DSSDUHQW LQFUHDVH LQ WKLFENQH\RDWILQXMWERDW Iz
7& V VSHFLPHQ LV D UHVXOW RI QDW X UBD@WLRWLHGN L F

LQ 6HFWLRQ



JURP WKH OLQHVFDQV WKH FRPSRVLWLRQV DW ERWK LQV
PHDVXUHG WR GHWHUPLQH WKH FRPSRVLWLRQ YDULDWLRQ D
VSHFLPHQ WKH =Q FRQWHQW DW WKH )M DERXWUDWW SFM =0
WKH .)H =Q OD\HU =Q ULFK FRDWLQJ LQWHUIDF)®ERXW  ZW

7& V VSHFLPHQV KDG ZW SFW =Q WO LK KWKXE \V WQUDUMH
)H =Q OD\HU LQWHUIDFH DQG DERXW ZWHEW =D \WOLIRAW
ULFK FRDWLQJ 7KRXJK WKH YDULDWLRQV I /XIJ DWW WHDWV W
GLIIHUHQFH LQ =Q FRQWHQW DFURVV WKHGA @QUWK & RIF XWIDR/M G
WLPH DW HOHYDWHG WHPSHUDWXUH

7DEOH VKRZV WKH XQGHIRUPHG DQG GHIRUPHG .)H =0Q
KHDW WUHDWHG DW 7& RU v 7& V DORQJ ZL\
DQG ZLGWK Rl HDFK VSHFLPHQ DUH DOVR VKRZ® SHKHPIHUF H (
YDULHG IURP DERXW + SFW DQG SHUFHQW UHGXFWLRQ LQ
SHUFHQW UHGXFWLRQ LQ WKLFNQHVV DQG ZLIGWKHPHDVXUHP}
VSHFLPHQV ZHUH VLPLODU GXULQJ GHIRUPDVBLRQ W/KHH .)H =Q
XQGHIRUPHG VSHFLPHQV DSSHDUHG WR LQFUHDR/H ZIPNK LQF!I
GXH WR LQFUHDVHG FRDWLQJ VXEVW U D WGHH DROUWRA GOQWUSHLAL R HQ
DOVR H[KLELWHG DQ LQFUHDVHG .)H =Q OD\HWHW KHENQRIO @ H \
WLPH 7KH GLIIHUHQFH LQ OD\HU WKLFN Q HVXLMKWIKQG H HOWMHX
KROG WLPH ,W PLJKW EH H[SHFWHG WKDW DQ VS EHDV\G QX
KHOG IRU LQFUHDVHG WLPH DW HOHYDWHIG MWISPSINUDIVXUH L
GHIRUPDWLRQ 7KH UDQJH RI =Q FRQFHQWUDWLEQM LQ WKH
7KH WKLFNHU FRDWLQJV PDLQWDL QRIDVOOL MM FRDWY QW HE =
LQWHUIDFH EXW RYHUDOO WKH FRPSRVLWLRQ U®QJHV DUH V
FKDUDFWHUL]JH WKH LQIOXHQFH RI WKH =@ UF RQ FHKHN.UB W DR Q
OD\HU



JLIXUH

F

%6( LPDJHV ZLWK WKH ORMHBNIBFOXRIOWRKH (BQHG WNUKDH- H
UHVXOWLQJ FRPSRVLWLRQ SURILOH LQ Z& ®FW IRU VSHFLI
E RU F V DQG WKHQ DW z& V DQG GHIRUPHG L
GLVSODFHPHQW RI PP DW z& SULRU WR TXHQFKLQJ
SHUIRUPHG RQ WKH VSHFLPHQ KHDW WUHDWHG DW z&
FRDWLQJ VXUIDFH DQG WKHQ SURJUHVVHG WKHRXJK WKH |
KLIJIK =Q FRQW P SRVL FRORU LPDJH UHIHL



7DEOH )JH =Q OD\HU WKLFNQHVV LQ 8QGHTRHPMWG ® @ 'HI RGP |
RU v 7& v

8QGHIRUPHG .)H =0Q
ID\HU 7KLFNQHVV P
"HIRUPHG .)H =Q /D\HU
7KLFNQHVV P
3HUFHQW 5HGXFWLRQ LQ
6SHFLPHQ 7KLFNQHVV * " "
SFW
3HUFHQW 5HGXFWLRQ LQ
6SHFLPHQ :LGWK “ " "
SFW
=Q &RQWHQW DW )H VXEVWUDWH
)JH =Q ,QWHUIDFH “ “ “
ZW SFW
=Q &RQWHQW DW .)H =Q OD\HU
=Q ULFK FRDWLQJ ,QWHUIDFH “ “
ZW SFW

&UDFNLQJ %HKDYLRU DQG 3URSRVHG &RDWLQJ 6 XEVWUDWH ,QWHU
JLIXUH VKRZV %6( LPDJHV RI HWFKHG 6URWYV VH&EWRB®V RIEVSHI
F V IROORZHG E\ D VRDN DW z& IRU V GHIRUPHG LQ WHQV
WHPSHUDWXUH $ TXDOLWDWLYH WPREODRILQEGUEP W IOQJ YMKH [HY & HAFE
LQ WKH .)H =Q OD\HU RU VXEVWUDWH LQ H® P RRK GW\K HRUS HY LIPOIV
WUHDWHG DW z& \% zZ& V VKRZHG QR PDNMUPWHRHUDKNLQJ W

z& V z& V VSHFLPHQ H[KLELWHG VRPH G WFROWLQH @MHMEU
LOQWR WKH VXEVWUDWH VKHHW 7 KH{ ZRJWHF NDVE RVXQAVD W S 1P QGANNHED VID HRGX ¥
GLVWDQFH LQWR WKH VXEVWUDWH WXWDQHWRHWHGDMY IOCADNH U D WKW
FUDFNV WKDW SHQHWUDWHG WKH VXEROWHJUKMRZB[KQELWXIGEGHYKDB SW
EH LQGLFDWLYH RI FUDFNLQJ DORQJ 3UDIQW ERXHUGFDRE MM U YoHHE D XQV Y
PLFURVWUXFWXUHY DW URRP WHPSHUDWXUHYV HQW IGEXKU DQ J >XA.H3 RZUDR/



8. WKH SKDVHV GLG QRW OLH LQ UHJLRQV WKDM GROOGDEDYH |
+RZHYHU FRPSDULVRQ WR WKH SKDVH GLDJUDP DREOXPWW N XIDO LE
UHDOLW\ D VPDOO DPRXQW RI =Q ULFK OLTXL G RZQW C5FUM ZH QYW WKHL
VXEVWUDWH FRXOG RQO\ SHQHWUDWH D VPDIHD VA&IDW/SDFLFIHF KN 1R O}
VXJIJHVWHG WKDW =Q ULFK OLTXLG GL® RDERW VH(W H @ WLHGH O Q EMDKEH I\ €
KHDW WUHDWHG DW 5& V 7 & RU =0 S%QHIKWD WH RIQR (
DKHDG RI FUDFN WLSV ZHUH QRW REVHW WK® WQQW KIHS %6 H EPDEEM =7
SHQHWUDWLRQ RFFXUUHG IXUWKHU LQWROWKIH ¥ REWMFKDOWH XE B OZRD
DEVHQW GXULQJ GHIRUPDWLRQ LW LV SRWW HEOBWVK B W WXE\QN O DW
ERXQGDULHV SULRU WR GHIRUPDWLRQ DQG FUDERVUNS@REDEDEWH G
QHHGHG WR FRPSOHWHO\ FRQILUP RQH PHFKPIQGE VP \RMH LK MIXM RW K
DW 7 & Vv 7 & V )LIXUH F DOVR H[KHEHWHGQFEREWYV L
WR WKH 7 & Vv 7 & V VSHFLPHQ WK WRDWKHW 8 KE VO\RID I §
EXW UDWKHU WHUPLQDWHG DW WK H .)HKHQF UTCANVY B S)$iH D XENGVZLIGMI
VKDUS WKDQ WKH FUDFNV REVHUYHG LQ WKH 5 & Ve&  2& v
Vv 5 & V VSHFLPHQ DOVR GLG QRW H[KLBMR ZRV QR®HQHW L
H[SHFWHG WR EH SUHVHQW GXULQJ GHIRUPDWLRQ DW & LQ WKI
7KH FRDWLQJ VXEVWUDWH LQWHUDFWLR@WRKDKYDL\W WP D\ KD
REVHUYHG LQ WKH VSHFLPHQV GHVFULEHG LQVWKVYVHGIEWLRC
WKH SUHYLRXV VHFWLRQ WKH VSHFLPHQ KHDWOWWHDBWWRG D W
FRPSULVH RI XS WR SFW OLTXLG EXW WKH FRQWLQXRXV .)I
OD\HU WR SUHYHQW OLTXLG IURP FRQWDFWLQJ WKH )H VXEVV
$FFRUGLQJ WR WKH SKDVH IUDFWLRQ ARHDDXWUHPHOWY W
v 7 & V ZDV H[SHFWHG WR KDYH PLQLPDO =Q ULFK OLT
DPRXQW LI DQ\ OLTXLG PD\ KDYH EHHQ D YHD LOWDERNY WR MKW
JH =Q OD\HU ZRXOG KDYH DOORZHG =Q ULFKVOUWDWIHG DIQ G UH
SRVVLEO\ GLIIXVH DORQJ JUDLQ ERXQGDULHV 7KH ZHDNHQLC
WXUQ OHG WR FUDFNLQJ LQWR WKH VXEVWUIDPWIB FRKW LSEVH Q
VXJIJHVWHG WKDW WKH =Q ULFK OLTXLG RQO\ BHIGRHW WDKH G L
VXSSO\ Rl OLTXLG ZDV H[KDXVWHG
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=Q ULFK /LTXLG 3UHVHQW"

< " PLQ 1
&UDFNV LQWR .)H =Q /D\HU"

1 < <

&UDFNV LQWR 6 XEVWUDWH"

1 < 1
JLIXUH %6( LPDJHV RI HWFKHG FURVV VCHFRMLRQV EI VSHFLPH
F V IROORZHG E\ D VRDN DW z& IRU V GHIRUPHG
R PP DW z& DQG WKHQ TXHQFKHG WR URRP WHPSHU

LQGLFDWLQJ WKH H[SHFWHG SUHVHQFH WIKHQ ULFK OLTX:
.)H =Q OD\HU RU VXEVWUDWH LQ HDFK FRQGLWLRQ LV DO\

3ULRU WR GHIRUPDWLRQ WKH VSHFLPHQ KHOG DW 7&
KDYH QR =Q ULFK OLTXLG SUHVHQW 'XULQJ GHYRUPDKH R® FW
RI =Q ULFK OLTXLG UHVXOWHG LQ OLWWOH \ILQQNKPLYXBEWANR
VKHHW ,W LV DOVR SRVVLEOH WKDW WKH WH R/Q ERM WAUKCHVHU DR
DQG HQKDQFH WKH URXQGHG 3FUDWHU  DSSHDUDQFH RI WKH

%HFDXVH FUDFNLQJ Rl WKH .)H =Q OD\HU PISWKBUVRWRQR)
VXEVHTXHQW VXEVWUDWH FUDFNLQJ LV REVHUYHEDANL QY XV
RI WKH OD\HU ZDV REVHUYHG &UDFNV WKDW SURSRJDWHG W
VSHFLPHQV KHOG IRU LQFUHDVHG KROG WLPHYV V DW
VXJIJHVWYV WKDW WKHUH PD\ EH D GH HI® WHKH HHL DX E M & D\N WWH D
DOOR\HG .)H =Q OD\HU ,Q OLWHUDWXWHD GQ BMHFGV . 5K EWY L ©IDW
VXFK DV WKRVH REWDLQHG IURP XQLD[LDO WHQKDRB GRW D
EHHQ UHSRUWHG KRZHYHU WKH IRUPDWLRQ RIUEWKMHWOH )H
EULWWOH QDWXUH RI WKH + SKDVH )H UQEK @K DV MAH UKDAVX B Hi]

@ 7KLV LPSOLHV WKDW )H =Q LQWHUPHWRPRRE D WH \OFN D H



GHIRUPDWLRQ SULRU WR FUDFNLQJ WKDQ WKH )HNOQEIVWUDW
EHKDYLRU REVHUYHG LQ WKH SUHVHQW ZRUN 7KH VSHFLPHQ
\Y; 7& V DOVR H[KLELWHG WKLFNHU .)H =Q OD\HUV LQ
FRQGLWLRQV DQG KDG VOLJKWO\ QDUURZHU =QDERIBESWYHW LR
VSHFLPHQ KHOG DW 7& V 7& V. 7KLV VRGIHVWYV WKI
WKLFNQHVV RI WKH OD\HU DIIHFWV WKH KRDBYWLLY D GEEWILRQ!
LV QHHGHG WR IX0O0\ XQGHUVWDQG WKH FWB UDUAD¥FNUQI WKH
VXVFHSWLELOLW\
2YHUDOO FRPSDULVRQ RI DOO WKUHH VSHFLPHQW ZLWK
FUDFNLQJ LQWR WKH VXEVWUDWH WR DQ\ DSSUHFLDEOH GHS
DYDL@DBEBKH .)H =Q OD\HU FUDFNV WR DOORZ BQ/KHAM OLTXL
(YHQ LQ WKH FDVH ZKHUH FUDFNLQJ ZDV REVHGHYIB® KWRK¥KFU
OHVV WKDQ GHHS FUDFNV DVVRFLDWHG ZLWR SH QB @& BW GR®
7KH UHVXOWV SUHVHQWHG LQ WKLV VHFWLRQ DPNV®&DWWKH GHIVQW
WKH FRDWLQJ DIWHU V DW 7& VKRUMSHORDKGWE QLWL]
LQGXVWU\ > @

(INTHFW Rl 6HFRQG 6RDN 6WHS 7THPSHUDWXUH RQ '"HIRUPDWLRQ

3KDVH ,GHQWLILFDWLRQ )UDFWLRQ OHDVXWUMHRIKEQW DQG (VWLPDWH

6SHFLPHQV ZHUH KHDW WUHDWHG DW 7& RU
HDFK UHVSHFWLYH VHFRQG VRDN WHPSHUDWXURQWRVDVVHVYV
UHGXFHG WHPSHUDWXUHY RQ WKH GHIRUPDWLRQ YLHRXRQVH
VHEWLRQV WKH VSHFLPHQ KHDW WUHDWHG DMH DGRO\WHV
SUHVHQWHG KHUH IRU FRPSDULVRQ WR WKH RWYXHU VSHFLPH
LPPHGLDWHO\ SULRU WR GHIRUPDWLRQ

7KH SKDVH LGHQWLILFDWLRQ DQG SKDVH IUBAWRORQ PHDV
ZKHUH WKH VSHFLPHQV KHDW WUHDWE& DW VKRZHG/VRL@GOD L
DPRXQWV RI HDFK SKDVH WKH FRDWLSFW ZHUH FRPBWLNVHG R

SFW / UHVSHFWLYHO\ 7KH VSHFLPW KRAHG OWFUHRBRVH . +

+ DERXW SFW DQG SFW UHVSHFWLYHO\ DQG DERXW KD



EDVHOLQH VSHFLPHQ KHOG DW 7& 7% TXNQFKHERQPWRHWKH
IUDFWLRQ Rl )H ULFK SKDVHV ZDV WKHSRWIJKHVW . + SFW [

&RPSRVLWLRQV WKDW ZRXOG KDYH EHHQ OLHQW IDQV HOH
WKH VSHFLPHQ KHDW WUHDWHG DW FKZRRPSRVLW&RQW R YKL\
WKH )H =Q GLDJUDP GLG QRW IDB[®HBDWHGE IDRDYV ZRHUH D& T X R(
SFW )H ZDV UHTXLUHG WR DOOR\ EG \RIQIX UG DLVR GI\D KK I/\M FZSR-XU
UHVSHFWLYHO\ 7KXV FDOFXODWKXRQVZRUM QR D PRKWH R | | RQ
KHDW WUHDWHG DW RU 7&RYQWWR Q8 VEKIDFMIDXORHE VIRR HU R R F
WHPSHUDWXUH ZRXOG KDYH H[E®%WHIBOEQ QDML R @ W & HIURHQ GIRVD +
IUDFWLRQV RI / H{SHFWHG LQ DW W®H YDRWHG W N B $1HRDMFRKDHD W
GHVFULEHG LQ 6HFWLRQ DQ & \X\WL QR QVKRIl G HIQY/G W LHR PDWY & |
GLDJUDRHUDI& ZW SFW =Q ZDV FDOFXODWH®URW WKH HUDBWLE
RI / ZDV FDOFXODWHG WR EH DERXQW WREBRWKIDW SF W&/ PH® VKRR
WHPSHUDWXUH WKLV LQGLFRWHGRRRKRINWS ODWMW G W QD PRROP
GHIRUPDWLRQ ,Q WKH FDVH Rl WKBFPBHFQVH] BKDGHYWZ H U K¢
EH VLPLODU DW WKH GHIRUPDW L RIDVMX HHA S BY DMK B KYCHHY K R PUS
WKH )H =Q SKDVH GLDJUDP GR QRW WHKBSHH PWEK K H\H W KKXN Q R
FDOFXODWLRQV Rl WKH DYHUDJH FRR FRQLGXFR/OH BMBIKR R BIQVWH I
UHJLRQ ZKLEK ZDV &£ 0oHX ZDWSHBNWED EHQD O\VLY RI WKH SKDV
WZR VSHFLPHQV VXJJHVW WKDW RENIHUYY ® DRX QWR PRWHB BK S
SUHVHQW DW KILLJ K XWHREHGBMYIPBWLRQ DW RU 7& DV ZF

)H =Q OD\HU 7KLFNQHVV

$V ZLWK WKH VSHFLPHQV SUHYLRXVO\ BIL WAOH V)HG= QV KOLIF\NHQH X/
DOVR FRQGXFWHG LQ WKH VSHFLPHQV KHDW WUHDOWHG DKRZV 7 &
WKH XQGHIRUPHG DQG GHIRUPHG .)H =Q O D\SIHFWKH 6 NVQKILVFAN @HMGY ¢
ZLGWK IRU VSHFLPHQV KHDW WUHDWHG DW 78QV WDV WKH \RHLFRQ
KROG WHPSHUDWXUH LQFUHDVHG WKH WKLFN® HFRWD R L QUK D O WR=0Q
IURP .P  OLNHO\ GXH WR LQFUHDVHG WHPSHUB@ XTUKH | B Ul LKUMHDUFE
OD\HU WKLFNQHVV DSSHDUHG WR GHF UHDAAHD MWK GBIG G DK H G N HRF
XQGHIRUPHG .)H =Q OD\HU DSSHDUHG WR KD¥& DOPRVW:®& KH WDPF
FRQGLWLRQ ,Q FRQWUDVW WR WKH VSHFLPHQ@W G RWPSDVHZG KHU H DA



GHIRUPHG DW GLIIHUHQW WHPSHUDWXUHV RDWXB&V )RIE W K
WKHUPDO JUDGLHQWY LQ WKH *OHHE (R¥KQWSYHR L PHRED Q) N WXUDL B GL Q
LQWHUHVW 7KRXJK WRWDO GLVSODFH® QW LAHIEY BEHHADZH A R QG/MI B Q AL
WHPSHUDWXUHV 7KXV VXEVWDQWLYH FRPPHQWOF AP QQRMU B ANRLIDG
VXVFHSWLELOLW\ KRZHYHU .)H =Q O D\ U QFIOLXFAHGH K ¥ UPHH DWRX K H D &
GLIIHUHQFHV LQ OD\HU JURZWK ZLWK GLIIHIHUMW AKHR OFGU WX \R S H bl DAR

7TDEOH JH =Q OD\HU WKLFNQHVV LQ 8QGHTIRUPMWG G @GV 'H I RZW&P
RU z& V
z& \% z& V z& V
z& V z& \% z& \%

8QGHIRUPHG .)H =Q_ ] )
/ID\HU 7KLENQHVV P
'"HIRUPHG .)H =Q /D\HU
7KLFNQHVV P
3HUFHQW 5HGXFWLRQ LQ
6SHFLPHQ 7KLFNQHVYV “ “
SFW
3HUFHQW 5HGXFWLRQ LQ
6SHFLPHQ :LGWK * “ “

SFW

&UDFNLQJ %HKDYLRU DQG 3URSRVHG &RDWLQJ 6 XEVWUDWH ,QWHU
JLIXUH VKRZV %6( LPDJHV RI WKH VSHFLPHQNWBOG DW
E RU F z& IRU V IROORZHG E\ GHIRUPDWLRQ LQ WHQVLRC
$V PHQWLRQHG SUHYLRXVO\ WKH VSHFLPHQ KRPDMWGWAKHDW H'® HDUAL V V
FRQVLVWHQW ZLWK =Q ULFK OLTXLG SUHVHQWBWUQQOJIJDGHIRUPDWL
FRQWLQXRXV .)H =Q OD\HU $V GHVFULEH®OWUHYLI®XVO\ WKA& VS H/
ZDV WKH RQO\ RQH LQ WKLV VHW RI GHIRUPQ®I @ MVMSHPLAKQE B/WKDWH Q
GHIRUPDWLRQ 7KH VSHFLPHQ KHDW WUHDWHGODMWUDFR& LQ/ WKH z&
.)H =Q OD\HU KRZHYHU WKHVH FUDFNV GIFKRDWIMWMQD FHUXNENR/ SDW £
LQGLFDWHG E\ DUURZV LQ )LJXUH E 7KH VSHFLWVHQKKHDWHWU I
QDUURZ FUDFNV WKDW DSSHDUHG WR SURJURIDNWLMKURRIX WHIHPER I



WKH .)H =Q OD\HU VXEVWUDWH LQW HKDIF M K, FEIRIWFK ¥ RFGXWUR GV,
LQ WKH FRDWLQJ ZHUH VROLG DV OLTXL G/ DY SGIRWNVHS® FWKHRY HD @ E
WK H & V 7& V VSHFLPHQV 7KH SURPDMNXWDLYRIQERIHRUDF N
DYRLGHG GXH WR WKH ODFN Rl =Q ULBKVR LFIXDEN VQS W K ¥ HRRD W Q QW K
OD\HU DQG ZHDNHQ PDWHULDO DKHD G HRQ AHKHQF K DWFHQWLB YV FUREMN Y |
FRDWLQJ LQ WKH 7& V YV & V VSHFLEEB WIK\D ¥ RMK HX
GLIIHUHQFH LQ VROLG SKDVHV SUHVHQWXOVMHEDFR WKHRGPOWUR Q FZ
FUDFNLA®HJILRQV FKDUDFRMWKHURHBW WRRP WHPSHUDWXUH PD\ KDYH
GHIRUPDWLRQ DW 7& EXW PHFKRRWFOQGHUR/SHQGLIHNI RV KW K HV H
FRQFOXVLRQV FDQQRW EH PDIGHGEQ L @G MAKW Y LOROON LRHO R Y lVEW ZR |
FUDFNLQJ ZDV DOVR DYRLGHG GXULQUIVGHRRDP®DW LBQHRAY JH RRID W LE
FRPSRVLWLRQV RI ZW SFW =Q QHDU WKH FRIDWK QW WKKH DFFR-D WH.
PD\ EH H[SHFWHG WR KDYH KLJK FRUURVLWQROHRLV¥® LNQFK DI K UGS
WUDQVIRUPDWLRQ WR VROLG SKDVHV SULRURWRS G R 5UPDW QR QL QWS
VXEVWUDWH KRZHYHU DGGLWLRQDO ZRUN WXR RQ GAHLH WROMWEL W K I K
EH SXUVXHG LQ WKH IXWXUH

A2

[ E F
=Q ULFK /LTXLG 3UHVHQW"

< 1 1
&UDFNV LQWR .)H =Q /D\HU"

1 < <
&UDFNV LQWR 6 XEVWUDWH"

1 1 1
JLIXUH %6( LPDJHV RI HWFKHG FURVV VVHFRALLR @V RQ & S\HAH.@ H
HLWKHU D E RU F z& IRU V GHIRUPHG LQ WH
PP DW RU z& UHVSHFWLYHO\ DQG WKHQ TXHQF

TXDOLWDWLYH WDEOH LQGLFDWLQJ KB QB[ RENNWMHBHGUHYV
FUDFNV LQ WKH .)H =Q OD\HU RU VXEVWUDWH LQ HDFK FR



6XPPDU\

,Q WKLV FKDSWHU WKH H[WHQW Rl DOOR\IRPSEHWGHRQ V
VSHFLPHQV KHDW WUHDWHG DW GLIIHUHQW RO MWLPHV DQG
PLFURVWUXFWXUH HYROXWLRQ DQG WKHQ WR UHODWH WKH
HOHYDWHG WHPSHUDWXUH GHIRUPDWLRQ 3KDVHAHBHQWLILFI
DQG SKDVH IUDFWLRQ DQG .)H =Q OD\HU WKLFMQWVV ZDV PH
GHIRUPHG DW WHPSHUDWXUHV ZKHUH =Q ULFK QUD¥FMAL RQWH
WKH FRDWLQJ WKDW PD\ KDYH EHHQ OLTXLG ZDVRHWWIRRD RIH G
WKH ZRUN DUH VXPPDUL]J]HG EHORZ

X $00 SURFHVVLQJ FRQGLWLRQV UH VX OMHE.L® [FRIBWLDS M FF
KHDW WUHDWHG DW 7& v RQWDE®R / VLWKL
LQFUHDVHG KROG WLPH DQG W H P SIHUFUMDWHI GWIKW WUKDH W [
WKH / DSKDV¥HV 7KH SUHVHQFH RI =Q ULFKRVDW FRKOMWE R YW
DQG EQ FRDWLQJV ZKHUH / LV QRW S WKV KDRIK /X FIRIQYWN
EHWZHHQ SFW =Q HVSHFLDOO\ QHBYHEGKE XFR QW LOQIOV
WUHDWPHQWY 7KH KLJK =Q FRQWH®@WYLPXP W Q DERX W B (
UHTXLUHPHQWYVY LQ LQGXVWU\ WDNHQ WR EHRQGERWWRQ\ZW
XVHG LQ WKLV ZRUN PD\ SURYLGH D BEWUVKIRWLRL HU D WNH
VKRUWHU VRDN WLPHV LQ VWDPSLQQJ®LDHVKWKIPAW HIRKH
FRQWHQW FRPSDUHG WR FRQYHQWLRQDO OLQHYV

X :LWK LQFUHDVHG LVRWKHUPDO KROG QWLTPH. ® W& H F LZK.D WHKH
DERXW SFW $IWHU GHIRUPDWLRQ WWWHPWSHPL PG QGK®
H[KLELW FRDWLQJ FUDFNV OLNHOWLBK D MK VK Bl YHOLLIKHEIO
GHIRUPDWLRQ 7KH VSHFLPHQV KHOG DW LOIDWHUPWGLDW
H[KLELWHG VRPH 3FUDFNHG  UHJLRQWUBGWKR BB @R U/ X
=Q ULFK DUHDV SXOOLQJ DSDUW GXULQ@LWHKIGUPDWVELRQ \
FRDWLQJ 1RQH RI WKH VSHFLPHQV UDWIHE V WHIEBWF UTRARMLGEIC
UHWHQWLRQ RI D FRQWLQXRXV .)H EQUOIDHH LEMWIZHHG@ DWK |
WKH FRDWLQJ DQG WKH VXEVWUDWH

x ,QFUHDVHG LVRWKHUPDO KROG WLPH DWHVXDWHRGWK G
LQ WKH IUDFWLRQ Rl )H ULFK EKDW KVFING MAWMWH RARW MVH. Q YJH D



7KH VSHFLPHQV KHOG DW LQWHUPHGDDQWH DG H[WIH)GH
FUDFNLQJ WKURXJK WKH DOOR\HG ER DWQIGQ DWW W\KKDHNV VA B U
LOQWHUIDFH UHVSHFWLYHO\ 7KH/ KHDBDWNVMQWKION SV RGN
VXJIJHVWHG WR EH WKH UHVXOW RI| BERWIKQ WE&BI\ IS U HDWHD V¥R
PLQRU SUHVHQFH RI =Q ULFK OLTXLG WRSNRPRMWRH X YRC
FRQWDFW ZLWK WKH )H VXEVWUDWH ,QWWRMW W KR X BK1 FLI
.J)H =Q OD\HU FUDFNHG UHGXFHG 6NTXURSDY D MAIREL O4LWWN
WKH VXEVWUDWH

X 'HFUHDVHG VHFRQG VWHS KROG WHPSHVYVDKROGH URDORE H
OHVV )H =Q LQWHUGLIIXVLRQ IRU W KHH 8 DLRH LIQFEEQ G WLHPGH R
RI =Q ULFK SKDVHV LQ WKH DOOR\HGVAFRDW L QY W KHURS/MFU:
GHIRUPHG DW RU 7& FUDFNV RFFXUUHG L@ WKH .)H
VSHFLPHQV FUDFNV ZHUH REVHUY HGEIHF WKV . ¥ Q FR DO H
ZDV XQDYDLODEOH GLG QRW SURSDJDR& M SLHPW R HOKH [ K XE M
VRPH FUDFNV LQ WKH FRDWLQJ DQG P RIWH MQ G N UYMHDGHXE
H[SODLQ ZK\ WKH FRDWLQJ FUDFNHG LQ WKLV FRQGLWLRC

7KLV ZRUN SURYLGHG V\VWHPDWLF FKDUDFW¥HRQYMHBLRQ |

LQ WKH DOOR\HG FRDWLQJV XQGHU W MR WH XS H GDMDX K R W R/ @
OLQHV WKDW HPSOR\ SUH FRROLQJ SULRU WRI I& HIRKLAHDAMIGR Q
WKURXJK HLWKHU KROGLQJ IRU VKRWW #LPHNVN DW HOHYDWHG
V RU LQFUHDVHG KROG WLPHV DW UHGXFHG WRBSHWRERW XU
VXJIHVWLQJ WKDW WKHVH FRDWLQJV PH\LH KLEHWL QO IODDFHHE
7KH ILQGLQJV RI WKLV ZRUN VXJJHVW WKDW FURQFMNLEK FDQ E
OLTXLG RU PDLQWDLQLQJ D EDUULHU W R G UH. FK QAL FXRLQAN DF \
FRDWLQJ FDQ EH UHGXFHG SULRU WR GHIRUPDWR RQ FHLAKH
DOOR\LQJ RU UHGXFLQJ GHIRUPDWLRQ W H RS B WDW/KKH MV /K I KR
GHIRUPDWLRQ $W KLJKHU GHIRUPDWLRQ WHPRMUDWXUHV ZK
IROORZLQJ KROG WLPH FRQGLWLRQV ZKHUHRQ @ILPDOHD O OR\I
.)H =Q OD\HU WR DFW DV D EDUULHU OD\HU E W B3HHYHORWH =
WKH OLTXLG VROLG FRQWDFW UHVSRQVLEOH IRU SURPRWLQJ



&+$37(5 &21&/86,216

OLFURVWUXFWXUDO HYROXWLRQ DFKLHYKGGXUMXH )H =Q
KHDWLQJ DQG LVRWKHUPDO KROGLQJ VLQYOMKHRWULWDR GWHS
FRUUHODWHG WR WKH FUDFNLQJ UHVSRQVH REVHUYHG GXULC

7KH HIITHFW RI KHDWLQJ UDWH RQ FRDWGQ Z MXE \DWIRFWW R
FKDUDFWHUL]LQJ WKH SKDVHV GHYHORIS®IS UDDW W W VN PHD[\S H F D
VORZHU KHDWLQJ UDWHV OHG WR JUHDMW IR ZHVAQ KIQDWHIUGIL U |

7& V WR 7& DOORZHG VXIILFLHQW DO GWALVOR BHWEWHQHW
HOLPLQDWH WKH SUHVHQFH RI =Q ULFK O WIDOLGS DB RQKA-H VRD .
ULFK OLTXLG DW HOHYDWHG WHPSHUDWXUHGL & B Y FDBEWHHE W K D
UHTXLUHG WR IXUWKHU FRDWLQJ VXEVWUDWH DDOORLGE QS U
SHQHWUDWLRQ DQG RU /0( LQ WKH SUHVV KDUGHQLRW VWHS
WKH FRDWLQJ WKDW ZRXOG KDYH UHPDLQH G QA WKKIG IDW WHHOVHY
KHDWLQJ UDWH 7& V ZDV WKHUHIRUBYXVW B HL ©QV X E N K TXHX
XSRQ UHDFKLQJ DXVWHQLWL]LQJ WHPSHUDWXUH

&KDUDFWHUL]DWLRQ Rl WKH SKDVH HYROXWLRQ DQG WKF
DVVHVVHG LQ VSHFLPHQV KHDW W UH DWH® W LW UWHIWe HQ WY G ;
(30$ UHVXOWV VXJIJHVWHG WKDW FRPELQDWLRQUPM®ORYKE VDP
FRDWLQJV .JH+=Q 7KH 4,$ UHVXOWV VKRZHG WKDW WKH IUD}
LQFUHDVHG ZLWK LQFUHDVHG KROG WHPSHUDWXUH DQG KRO!
DORQJ ZLWK DYHUDJH FRPSRVLWLRQ FDOG XDOHMWERDW L DR S Ok
PD\ H[FHHG LQGXVWULDO UHTXLUHPHQWY ZHUH DFKHHYHG XQ
LQFUHDVH LQ WKH [UDFAWHSK® WHVWH WM/ RKLOQKRDMBVHG PHOWLQJ
XVHG WR LQIHU D FRPSOHPHQWDU\ GHFUHDVHKHQWKL FN.G K \OL
RI WKH .)H =Q OD\HU DOVR LQFUHDVHG ZHWKQ @BRGHIDR H BHIGR (
FRQGLWLRQV

3KDVH GHYHORSPHQW GXULQJ WKHUPDO SURFHVVLQJ ZD\
REVHUYHG LQ VSHFLPHQV GHIRUPHG LQ XQLD[LNOQWH@WRQ L
WKH VXEVWUDWH VKHHW DVVRFLDWHGRZQ \@K UQQ Z O5VH DRURR_IBWM IC
SURSRVHG WR EH D UHVXOW RI HLWKHU UHGXF® RRIQ Rl =Q Ul



UHGXFHG GHIRUPDWLRQ WHPSHUDWXUH RU RBIQQWERHQ@L.@JRDF
FRDWLQJ VXEVWUDWH VXFK WKDW FRQWDFW EHWBEBMWMG/KH -
7KH RQO\ FDVH LQ ZKLFK VXEVWUDWH FUDFNIDYJXDI/LOBBOH]F
IRU SHQHWUDWLRQ DQG WKH .)H =Q OD\HWEBRFNHG& QG DC

v 7& V $Q LQGXVWULDOO\ UHOHYDQW LPSOLFDWLRQ
SURFHVVLQJ IDVWHU KHDWLQJ UDWHV DQG VKRWW X®RROGEBI W L
ZLWK UHGXFHG GHIRUPDWLRQ WHPSHUDWXUHY PD\ DOORZ IR
LQFUHDVHG FRUURVLRQ UHVLVWDQFH YLD IWPANLDVHG =Q FR
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@ 3 - %HODQJHU - 1 +DOO - - &RU\HOO DQG - 3 6LQ
+DUGHQHG 6WHHONHWHD®GM. RQDO 6\PSRVLXP RQ WKH 1HZ
$GYDQFHG +LJK 6WUHGBWK @WHHO

@ 7 .XU] + 6FKZLQJKDPPHU * /XFNHQHGHU 7 ODQ]JHQUI
&RDWHG 3UHVV +DUGHQLQJ 6WHHOWKKQWAHQDMM PQIO6 R
&RQIHUHQFH RQ +RW 6KHHW OHWDO )RUPLQSSRI ++JK 3HUI

@ * +HQVHQ 3 %HHQWMHV 0 $EVSRHO DQG QF/RLVHDX]
&RDWHG 6WHHO IRU +RW )JRUPLQJ E\ ,QQWXD,WIWHU @ DRHAHR\
&RQIHUHQFH RQ +RW 6KHHW OHWDO )RUPLQSISRI #LJK 3HUI

@ 3 'ULOOHW 5 *ULJRULHYD * /HXLOW®VHHWRSQGDW OREW
,QVLGH WKH 6WHHO RQ 3UHVV +DUG HQHRG HBMGILHD = IRQF %D
*DOYD7HFK WK ,QWHUQDWLRQDO &RQIHUHQF® RQ =L

@ 0O - 9DQ *HQGHUHQ : & 9HUORRS - /RLVHRYRQ@DQG *
6WHHO =Q; Sx 'LUHFW +RW )RUPLQJ IRURFXWRBRRWL RH $ 5
, QWHUQDWLRQDO &RQIHUHQFH RQ +RW 6KHHW OHWDO )RU
SS

@ / '"RVGDW - 3HWLWMHDQ 7 9LHWRULV DIQGAPH& WD X]H
OHWDOOLF &RDWLQJV RQ 3UHVV +DBWHHDHSHOAWBHBK IRU $
L QWHUQDWMRICRQD QR SS * -XQ

@ + .DQJ / &KR & /HH DQG % & 'H &RRPDQ 3=Q 3HQHW
(PEULWWOHG DHYBPWOGXOQIJLFDO DQG ODWHULDOV 7UDQVDF
OHWDOOXUJ\ DQG ODYWRHOULDOYR6FLIBS@FH =

@ /| &KR + .DQJ & /HH DQG % & 'H &RRPDQ °B:0LFURVWI
(PEULWWOHPHQW &UDFNV RQ =Q &RDWHBULSQY®H CIPMANWYLDR
YRO * SS * 1RY

@ & : /HH ' : )DQ 6 - /HH , 5 6RKQ DQG % & 'H &RR
(YROXWLRQ 'XULQJ +RIR BMHDPISQDI RILDOYD7HFK W K
&RQIHUHQFH RQ =LQF DQG =LQF $OOR\ &RDWHG 6KHHW 6W

@ $ 5 ODUGHU 37KH OHWDOO BURJRH¥VQIFQ&RMWHMEDDB O ¥ H!
SS *

@ . : $QGUHZV 3(PSLULFDO )RUPXODH IRU WKH &DOFXOD
7THPSHUDWXWHMND O RI 7KH ,URQ BQ@G 6WHHO ,QVWLWXWH

@ 6 :LHQVWU|HU 0 )UDQVHQ + OLWWHOVW(GWH& 1D]LN
7UDQVIRUPDWLRQ 6WXGLHV RQ *DOYDQQHRBRQHG 6WHHO &R
 QWHUQDWLRQDO &HQWUWHORU 'L9BUDFWLRQ 'DWD
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\Y
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@ /| $

*LDQX]]JL 3 5 +RZHOO + : 3LFNHULWXUDQ@G : 5 ¢

(YDOXDWLRQ RI )H =Q &RXSOHV E\ &URVV 6HFWILRQ 7UDQYV

685 ),1 WK $(6) $QQXDO 7HFKQLFDO &RQIHUHQFH

@ G5HI YJH=0Q ,QWHUQDWLRQDO &HQWUH IRU 'LI|
@ G5HI =Q2 ,QWHUQDWLRQDO &HQWUH IRU 'LIIUDF
@ 5HI )JH 2 ,QWHUQDWLRQDO &HQWUH IRU 'LIIUD
@ G5HI JH =Q ,QWHUQDWLRQDO &HQWUH IRU 'LIII
@ 5HI )JH 2 ,QWHUQDWLRQDO &HQWUH IRU 'LIIUD
@ 5HI JH2 ,QWHUQDWLRQDO &HQWUH IRU 'LIIUDF
@ ,&6' &ROOHFWLRQ &RGH +\SRWKHWLF DG BAMMUX FW X

&DOFXODWHG 3DWWHUQ 2ULJLQDO 5HPDWNRKR Q CH3R WKW R 'ID\WZ
SODQH ZDYH SVHX = S

@ 3 9LOODUV SHD LW\DRQYMMUWD QGERRN RI &U\WWWDOORJUDSK
3KDVHV $PHULFDQ 6RFLHW\ IRU OHWDOV OHWDOV 3DUN

@ /I $

*LDQQX]]L 3% 7TUDQVPLVVLRQ (OHFWURQ OLFURVEFR!

(OHFWURGHSRVLWY '"LIIXVLRQ ,QGXFHG 5QBUDQNCGDW®&H]DW
,QWHUGLIIXVLRQ 5HIJLRQV RI ,URQ =LQF &RX\SOHV ~ 7KH 3}

@ = *KDQEDUL
&RORUDGR 6FKRRO RI OLQHYV

@ : 5RVWRNHU

3 =LQF &RDWHG 6KHHW 6WIHRH® TRAOB B UHVYV +

- 0 OF&DXUKEHULYQ/®@HPEADWNENHEZTXLG OH

<RUN S5HLQKROG

@ $ HVWZRRG

STHZNVEXU\ /HFWXUH &RQWURYHDQG $SS

JUDFWXUH 3REXKRHMMVHRI"ODWHWROOV S8BLHQRH

@ O

ODOX DQG & 0 3UHHFH 37KH 5ROH RI 6ROXWH $GG

(PEULWWOHPHQWDBN HHHUDFXW W FLHQFHYRQG (Q3ISQHHULQJ

@ * <

3&KDSWHU ILTXLG OHWDO ®KIRKHURVLRQ DQG (

7THPSHUDWXUH &RUURVLRQ DQG O0BWHULDOV $SSOLFDWLR

@ & )bQ , 5 6RKQ 6 - /HH DQG % & 'H &RR
,QGXFHG (PEULWWOHPHQW R =Q O0&R\DDNOHOGK & RIWF B &/ MRS Q D
7TUDQVDFWIRRRQV $ QR SS * 6HS

@ = *KDQEDUL - * 6SHHU DQG . 2 )LQGOH\ B¥RRWLQJ

Rl =Q &RDWHG 3UHVV +DUGWR L Q YV B K QW L6ERMHHD & RIH U H C
OHWDO )RUPLQJ RI +LJK BHUIRUPDQFH 6WHHO

@ 9 -DQLN 3

Y%YHHQWMHY ' 1RUPDQ * +H@WH®@JIDQG 6 ¢

&RQGLWLRQV RQ OLFURFUDFN )RUPDWURGHHGEQRQV RRDWH

*DOYD7HFK
6WHHO

WK ,QWHUQDWLRQDO &RQIHUHQFH RQ =L
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@ 5 $XWHQJIJUXEHU * /XFNHQHGHU DQG $ : +DVVHO 3&F
JDOYDQL|RR VWRMLRQYFFFAHQFHS + 2FW

@ & : /HH < 5 &KR DQG % & 'H &RRPDQ * $0 =Q &RD
BWHHONKL@QWHUQDWLRQDO &RQIHUHQFH RQ +RW 6KHHW 0
BWHHO SS +

@ 5 : %DOOXIIL 6 0 $OOHQ DQG : & &DUWHQLGQGRKDSWI
,PSHUIHFW.LRGWLREWY RI ODWSHS LD GV

@ - OHQGDOD 3/LTXLG OHWDO (PEULWWOHPR®W RI 6WHHC
&RQIHUHQFH 6HULHVY ODWHULDOR®BFLHGBH RQ®ADQJILQHH!L
@ . ,QD DQG + .RL]XPL 33HQHWUDWLRQ RILMXG ® H\W /D O

(PEULWWOBWHQ@WDOV 6FLHQFH PRC (QEH.QHIBSLQJI+$ ‘HF

@ 6 3 /\QFK 326ROLG OHWDO ,QGXFHG (PBU2ZWKMHIHPHQW R
ODWHULDWMULDOV 6FLHQFH DPRO (QJLRFHHUEQJI $

@ 9 -DQLN < /DQ 3 %HHQWMHV ' 1RUPDQ ® BOQ@VHQ I
D )H =Q /D\HU *URZWK 'XULQJ $Q Q H DOHLVQDI OR] X=UQ) |&FROOON BI G C
ODWHULDOV 7UD®RVDFW LRV $SS +

@ - 6 'RKLH - 5 &DKRRQ DQG : ) &DOH\ 37KH *UDLQ %
JH "-RXUQDO RI 3KDVH (TXLOYEOLD D@ 'LISSVLR®

@ ' 5 3RLULHU DQG * + *HLJHU 3&KDSWHU V)LEQYV /D2
7UDQVSRUW 3KHQRPHQD LQ DDWHIQEDON 30LRAHMVQ D JOH W I
ODWHULDOV 6RFLHW\ Ss +

@ & ( -RUGDQ . 0 *RJJLQV $ 2 %HQVFRWHU DQG $ 5
3UHSDUDWLRQ 7HFKQLTXH IRU +RW 'LS *DOYDHOL]HG DQG *
ODWHULDOV &KDYRPWHUDRPWLBS + 6HS

@ - *ROGVWHLQ ' ( 1HZEXU\ ' & -R\ & ( /\PDQ 3 (FK(
DQG - 5 O0GFBQEDQJ (OHFWURQ OLFURVFRSYKLQG ;(6DWOLF
1HZ <RUN 6SULQJHU 6FLHQFH

@ - 7 $UPVWURQJ 3 OFVZLJIJHQ DQG & 1LHORGIQ 3% 7K}
SUREH OLFURDQDO\]HU IRU ,PSURYHGOSRDRVYWREDO GSDWL
$QDO\VYRVY QR SS *

@ 5HI YH=Q ,QWHUQDWLRQDO &HQWUH IRU 'LII
@ 3 - %YHODQJHU 3ULYDWH &RPPXQLFDWLRQ *HVWDPS g
@ 7 .XU] 3 /DURXU - /DFNQHU 7 6WHFN DQWHG-HVQHL

VWHHO + FKDUDFWHUL]DWLRQ RI D QBZ PDWRHYIHNMQFWYW D
RQ 3&KDOOHQJHV LQ JRUPLQJ +LJKS6WHHQIWK VKHHWYV ~’



\Y

@ 0 - $VVvVDHO , - $UP\UD - %ULOOR 6 9 6WDQNXV -
S5 HIHUHQFH 'DWD IRU WKH "HQVLW\ DQG 9LWFRMAPNN RI /LT

,QGLXP OHUFXU\ 6LOLFRQRXHOQDOLXIPIKDYGFHIOBPOJG &KHP
SHIHUHQFAM RODWD QR

@ - ODFNRZLDN DQG 1 5 6KRUW :0HWDOMWMHUIQIDWLRDOODC
OHWDOV 5MRDHZVSS +

@ $ 3LFKOHU 3ULYDWH &RPPXQLFDWLRQ YRHVWDOSLQH

@ %' &XOPRWOWYV Rl ; UMGUIGUWEWRDRR@GGLVRQ :HVOH\ 3X
&RPSDQ\ ,QF 5HDGLQJ 0%
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$V PHQWLRQHG LQ 6HFWLRQ HQJLQHHU LG IVWAUDD QQWDRM HYS |
W\SLFDOO\ EHHQ XVHG LQ HOHYDWHGNW & PB W WHDXLYHD QWi QWR. & R W M
+RZHYHU WKH FULWLFDO GHIRUPDWLRQ QHFHE8VRU\ LMDR UFFDIXWHGF U T
GHIRUPDWLRQ UDWHV VXFK DV PP V UBNWH Q@MHABVV® WKGE VVSRODN
UHTXLUHG WR LQLWLDWH FUDFNLQJ KIQWREWMH BRBIW GQYULRQY GI SR W
WHPSHUDWXUH XQLD[LDO WHQVLOH W BDWVILQ@RBU B PHQYE\OR D ROHQ FUL
GHIRUPDWLRQ ZDV FRQGXFWHG

'XULQJ *OHHEOHS SURFHVVLQJ WHPSHUDWRGH G WRRW WH RGO
DW WKH FHQWHU RI WKH VSHFLPHQ D QKHPXSHHPW QL X @\S B O LWIGHWER
WHPSHUDWXUH LV UHDFKHG 6SHFLPHQWLRUH & HKQ GKIHY ZDHPHS B R R/
FHQWHU RI WKH VSHFLPHQ FRPSDUHG W RWV KH LPR/R GHKW HIUGW K b HHFY
WKH WHVW WKH\ DUH DOVR SUHVHQW DQG @D 6 QYO XWHEF W MFKSH B
GHIRUPDWLRQ ,W ZDV QRWHG WKDW ZLWKLQHDQDPB®H WKH) UHJL
WHPSHUDWXUH DW WKH HGJHV Rl WKLV HRWRQ WHB BHALDWKX QH |IRE
6SHFLPHQV ZHUH GHIRUPHG WR HLWKHU RU PP

RU V UHVSHFWLYHO\ $00 VSHFLPHQW DHIGEH VKKHDQV DM H D WeH €
EHIRUH EHLQJ VWUDLQHG 7KLV KHDW QHFVWDHAGP WRW B B UR YV HADRNV G KH
S FRQVHUYDWLYH FRQGLWLRQ LQ ZKLFK FUDPNRQZRZROXD KDEHH KRV K
GXFWLOLW\ DW 7& KLJKHVW GHIRUPDWL R QFW HPLSTHKU BWDXYUDH. O DX
SHQHWUDWLRQ LQWR FUDFNV DIWHU WKH  WXWRDNRDWOORE QIH ,
FULWLFDO DPRXQW RI GHIRUPDWLRQ MW RR®@E& W.PHMHFRPEE QDYWL R F
LGHQWLILHG WKHQ LW ZDV H[SHFWHG APK\D\G HVR B PDIWPLHR Q LWB\W B F & |
UHVXOW LQ FUDFNLQJ DW ORZHU W HDFES M Kl R WAX H H \K RGDHEV W IGPHRWV LAKHH
ULFK OLTXLG ZRXOG EH DYDLODEOH IRU S HQ® WWEIOMLIFRI@ H Q MJ XGDHV
VSHFLPHQV KHDW WUHDWHG DW 7& IRU v 7& RRU RPDQG
SULRU WR TXHQFKLQJ



PP PP

LQ\ LQ
/

JLIXUH $ /IRDG GLVSODFHPHQW FXUYHV IRU VSHFLPHQV GHIRUPH

7KH VSHFLPHQV GHIRUPHG WR RU PP H[KYELW MX HLQ BIPS C
FHQWHU WKDW DSSHDUHG WR FRQWLQXH K WSHWF KPHRRD IH.QH \WDKH3
VHFWLRQHG DQG LPDJHG LQ WKH 6(0 WR GH® i QMR W KNHK M XEN SWUID \
EH\RQG WKH DOOR\HG FRDWLQJ WKLFNQHVV 7KG® WISHFUPHQV GHI
FUDFNLQJ QHDU WKH VSHFLPHQ FHQWHU RUWNKHG UWHRE RDK HD Q& FONH
JLIXUH $ VKRZV EDFNVFDWWHUHG HGRHOPWRIRIQD B46 { SLHPFCLIAHVQ RD | AUHF
WR D E F DQG G RUH DQG I PP )LJXUH $ F DQG
ZKLOH G DQG | VKRZ PRUH VHYHUH FUDFNLQJEQ®DYLRU IRU VSHF
UHVSHFWLYHO\ 7KH VSHFLPHQV GHIRUPHGVVSR QH W QDBW L QRIPSWHKISZHH
WR WKH VSHFLPHQ VXUIDFH DQG VWRSSYQJ WEWLESHWKMHDO®HRI\RIG

PP H[KLELWHG FUDFNV WKDW FRQWLQXHG/YDELURMWD \KDGWRKW KGH
FUDFNV WKH FUDFNV LQ WKLV VSHFLPSE BUHRG WR/ ¥ KB QIHWRUW & Bl J!
GLUHFWLRQV EHIRUH WHUPLQDWLQJ %DVHG RQPW® H GR B KDWY W& HH [
VSHFLPHQV GHIRUPHG PP XQGHUZHQW W K\ WHDT WIKUIHH BXE M VRWIP\D
PDWHULDO DQG VR VSHFLPHQV SURFHVVHG DWGXOOQRIRWKHWLRQV
GHIRUPDWLRQ SRUWLRQ RI WKLV ZRUN ,| D WHKHYRBR® GDQH ORQIW
WHPSHUDWXUH GLITHUHQFH RI DERXW  KfH& VCSRIZFH. B HADK/D DHW K HG A SRIE

SFW HQJLQHHULQJ VWUDLQ IRU DOO FDVHYV



D PP GHIRUPHG E PP GHIRUPHG

F PP GHIRUPHG W\SLFDO G PP GHIRUPH

H PP GHIRUPHG W\SLFDO I PP GHIRUPH(

JLIXUH $ %6( LPDJHV Rl HWFKHG FURV\GVIMFWLR@V Rl W BDKFLPHQ
WKHQ  7& V EHIRUH EHLQJ VWUDLQHG LQ XQLD[LDO WHC
H DQG | PP 7KH WHQVLOH D[LV LV DOLJQHG KRUL]JRQWD
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$V PHQWLRQHG LQ 6HFWLRQ WR HVWLPDWHHIGRZLRWE K RI1 Wi
'5' WKH ; UD\ SHQHWUDWLRQ GHSWK ZDV FDOERQDWH)H IRQY SKK\HH )\
7KH PHWKRG XVHG IRU FDOFXODWLQJ WK H HTHXDHWVLRDWLRQDGH S K.
D WUDQVPLWWHG ; UD\ EHDP WR WKH LQEWQB® . QW WQ W\ | IR\PH & X
DQG 6WRFN > @ FDQ EH XVHG WR GHWHUPLQ H HWKB QSH B R @\ VQ R
UHODWHG WR WKH PDWHULDO DUH NQRZQ IR M BD QWPROMHHIR E FDKP
LQWHQVLW\ HTXDWLRQ LV VKRZQ EHORZ (T %
L 415 FAaTL 415 @FETA %
ZKHUH LQWHQVLW\ RI WUDQVPLWWHG EHDP DIWHU SDVVLQJ W
R LOQWHQVLW\ RI WKH [ UD\ EHDP
OLQHDU DEVRUSWLRQ FRHIILFLHQW
I GHQVLW\
DQG ! PDVV DEVRUSWLRQ FRHIILFLHQW 0$&

7KH 0$& LV D FRPPRQO\ WDEXODWHG YDOKX® IDYGH!SHWQ 6 HRW \RV
SK\VLFDD WWROWE OLTXLG RU JDV DQG WKXV LV WWLLAFQWY OAKAH HG
GHQVLW\ DQG 0%$&V IRU )H DQG =Q ZHUH REWDLQHGTURP BAVK. MV HD W L
DQG XVHG WR FDOFXODWH WKH SHQHWUDWLR@ GHBEWRPIRRIXWY&M SX
VXFK DV LQWHUPHGLDWH )H =Q SKDVWWNGLNYRIWH®EG RD GiPXEDWHG 1D
IRU WKH 0%$&V IRU WKH )H =Q SKDVHV WKLV ZDV GRQH XVLQJ (T %

@A L S@AE S@AE® %
5 6

ZKHUH ZHLJKW SHUFHQW RI ILUVW HOHPHQW
Z ZHLJKW SHUFHQW RI VHFRQG HOHPHQW

%DVHG RQ WKH HTXDWLRQV VKRZQ D ZRUNV K&RPS XD U VELHRHID E
3URMHFW 1R &&3 ZKLFK SURYLGHSWHK @PX6 BWL.@® @K HR K OFHPRIH
PDWHULDO DQG DOVR IRU D VSHFLILF HDIRWPHG KDV ZROUDWKRBW 2
SHQHWUDWLRQ GHSWK DOO FDOFXODWLRRQVRRRIVXPAHEG DVENX .. VRXL
SHQHWUDWLRQ GLVWDQFH ZLOO EH WKW®WFDW XKWLLFXO E HR IRE WK H UG LHI
LQWHUDFWLRQ DQG DQ DQJOH RI f DPK$HU B QLIRDDHW\HH O HDRQAI DRYQZ ;
KLIKHVW LQWHQVLW\ ZRXOG EH H[SHFWHG IRU PR¥WWRU=QRSKWNKH V
JUHDWHVW GHSWK RI SHQHWUDWLRQ |RURRRVKH R | WDK 5 DQ R UDGVE |



FDOFXODWLRQV IRU HDFK SKDVH DUH VKRZQ LQ 7DEOH %

7KH DYHUDJH ; UD\ SHQHWUDWLRQ GHSW KW.IQH (SHKDWRY ZDWK L
DYHUDJH SHQHWUDWLRQ GHSWK ZDF §BQHRNWUDWH & QRAWH W KZKD\D H L
=Q 7KH LQWHUPHGLDWH SKDVHV KDG SP QMW DWHRE® GHSWKV EBC
WKH PDMRULW\ RI WKH DOOR\HG FRDWLQ.JP W@ WKG W ¥ LUFHNRHL\W\H G D
PRVW DOOR\HG FRQGLWLRQ VKRXOG EH VDPSOWMBGRIQQ PRNWWH FIDRAHW
WKH FRDWLQJV PD\ KDYH FRQVLVWHG RI + DR @D YHO IDN S DQ D\ K DHWLH
VXJJHVWLQJ WKDW DW OHDVW SFW RRWED PRDWRLOI DDVHWDWEKOF
DERXW DV REVHUYHG LQ WKLV ZRUN

7TDEOH % JH =Q 3KDVH ,QIRUPDWLRQ DQ&WDOFXODWHG ;

$YHUDJH O0ODVV
1R "HQV LW\ ;9" 3BHQHWUDWLRQ
$EVRUSWLRIQH

3KDVH JRUPXOPWRPV L@ SWK DW
&RHIILFLHQW !
8QLW &HCOC® f .P
FPJ
)H JH =Q > @ > @

+ )#HQ> @ > @
)HEQ> @
JHQ @

)H=Q )H=0 @
> @
JH=Q

JH=Q )H=C @
> @

JH=R @ > @

=Q =Q»H@ > @
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$V PHQWLRQHG LQ 6HPWLRIDV XDHMD WRVFRQGXFW KLJK UHVRO
GLVSHUVLYH ; UD\ VSHFWURVFRS\ ('6 IRQ® RFD 8 VRPISR WLHVOLHFEQV A |
GLIIUDFWLRQ SDWWHUQV 6$'3V IRU CRPFBRDRHYV W Q OVKW UDXKFFOVRA B I
7KH 7(0 DFTXLUHG 6$'3V 6$'3V VLPXODWHG LWZHGEK WEE §BOFHNQ W\
DQG PHDVXUHG G VSDFLQJV DUH SUHVHQWHBUKH WK NRW R S H FA8P HKQH
IRU V DQG WKHQ TXHQFKHG WR URRP WHPSHUDWXUH RLJXUH &
OLIW RXWV IURP VSHFLPHQV KHDWHG DW DRIQLILARGVUWRLR Q&L WK
JUDLQV ODEHOHG RU LQGLFDWHV JUDLQ\ZHKHUHR 6 EYVWHGEG (
RI WKH GLIITUDFWLRQ SDWWHUQV ZDV FRQGRHAWHBIBHE) WE & X®LO O DFFA
VSRWV DQG FRPSDULQJ WKH UHVXOWLQJ J UDWGRY VB DIF L QUEW HRAS
SODQHV LQGLFDWHG WR WKH GDWD FD®KODIWAIEGL R W KD F KO HV RQW
OHDVXUHPHQWYV ZHUH FRQGXFWHG RQ WKH SDWWIKBUKRPSRREG \RR \
VLPXODWHG SDWWHUQV IRU WKH VDPH SHKDVHKH 68 URMKGWD GLM | HYGI G
PHDVXUHG YHUVXV VLPXODWHG G VSDFLQURARU HDFK WD\E /M UK B |
DQG ('6 GDWD DUH SUHVHQWHG IRU HDFK JUDRJHV RI RDFK NRSHFRPI
UHVSHFWLYHO\

JLIXUH & %ULIJKW ILHOG LPDJH RI VSHFLPHMOQIGHDWHG DW i
TXHQFKHG WR URRP WHPSHUDWXUH 7KH PDJQLILHG UHJ
RU LQGLFDWH JUDLQV ZKHUH 6$'3V DQG ('6 FRPSRVLWL
REWI



),% OLIW RXW IURP

62383 'VIURWP *UDL Q

6LPXODWO® G

*DPPD

SKDVH LGHQWLILF

SKDVH LGHQWLILEDWLRQ UHJLRQ 3DWWHUQ IRU > |@ ]JRQH
OHDVXUHG (‘6 &RPSRVLWLRQ 2\
1J JJ G VSDFLQJ ¢
f )H
6LPXODWHG
1J > @ @ J 3 G| VSDFLQJ
f
3HUFHQW 'LITHUHQFH JQ G VSDFL|QJ
JLIXUH & &RQWLQXHG
),% OLIW RXW IURP 6%® WRRJ*UDOLQ 6LPXOD\WH® *DPPD  +
DWLRQ UHJLRQ 3DWWHUQ IRU > @ ]JRQH D

OHDVXUHG

('6 &RPSRVLW

LRQ ZW

1J J J G VSDFLQJ c
f JH
6LPXODWHG
1y > @ J J G| VSDFLQJ
f
SHUFHQW 'LITHUHQFH|LQ G VSDFILLQJ

JLIXUH &

&RQWLQXHG



y 70 L
),% OLIW RXW IURP 62383 'VIURWP *UDL Q 6LPXODW® G *DPPD

SKDVH LGHQWLILFDWLRQ UHJLRQ 3DWWHUQ IRU > |@ ]JRQH
OHDVXUHG ('6 &RPSRVLWLRQ Z\
1y J J ) G VSDIFLQJ ¢ =Q
f )H
6LPXODWHG
1J > @ J > @ J 3 G| VSDFLQJ| ¢
f
3HUFHQW 'LIITHUHQFH LQ G VSDFL|QJ

JLIXUH & + &RQWLQXHG



JLIXUH & %ULIJKW ILHOG LPDJH RI VSHFLPHMQKGHDWHG DW
TXHQFKHG WR URRP WHPSHUDWXUH 7KH PDJQLILHG Ul
RU LQGLFDWHY JUDLQV ZKHUH 6%$'3V DQG ('6 FRP!
PHDVXUHPHQWY ZHUH REWDLQHG

),% OLIW RXW IURP | & $3'1RURPKDIIH.Q 6LPXODWHG 'HOWD
LGHQWLILEFDWLRIQ UHJLRQ JH=Q 3DWWHUQ IRU > @ ]R
OHDVXUHG (‘6 &RPSRVLWLRQ Z
1y J J J =Q
f )H
6LPXODWHG
17 > @ J > @ J 3
f

JLIXUH & +* &RQWLQXHG



),% OLIW RXW IURP Z@$9' IIRNR B KDDHQ 6LPXODWHG =Q ULFK )

LGHQWLILFDWLRIQ UHJLRQ 3DWWHUQ IRU > @ ]JRQH |

OHDVXUHG ('6 &RPSRVLWLRQ ZV
1y J J ) G VSDFLQJ ¢ £o

f )H
6LPXODWHG

1J > @ J > @ J G|VSDFLQJ ¢

f

3HUFHQW 'LITHUHQFHI|LQ G VSDFLQJ

JLIXUH & + &RQWLQXHG

),% OLIW RXW IURP | 7&%3TRURPKDUIHL.Q 6LPXODW® G|*DPPD
LGHQWLILEFDWLRIQ UHJLRQ 3DWWHUQ IRU > |@ JRQH
OHDVXUHG (‘6 &RPSRVLWLRQ Z

1y J J J G VSDFLQJ ¢ =Q

)H

6LPXODWHG
1J > @ J > @ J| J G VSDFLQJ| c

SHUFHQW 'LITHUHQFH LQ G VSDFL|QJ
JLIXUH & + &RQWLQXHG
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7KH SURSRVHG PLFURVWUXFWXUDO GHYH®DR ®FMHQWf & XOUL® IV H
RU f& LV VKRZQ VFKHPDWLFDOO\ LQ WKLV DSSHQGL[ EDV
PLFURVWUXFWXUHY SUHVHQWHG LQ &KDSWHWUD W )IRIX BRH W K M KFRRZDAVI
PLFURVWUXFWXUDO GHYHORSPHQW GXULQJ KHIRW W WH IVDE®D M S HF
$ $ 3 f& Vv f& IRU V ODEHOHG % % % % f&
ODEHOHG & & & & 7KLV VFKHPDWQE UO OXWWEHMZIHRHID DLXARIWP Kl
VWHSV VXFK WKDW OLWWOH DOOR\LQJ RGFX TKHGS & & Y HQH Y RFORMLLE
GHVFULEHG LV EDVHG RQ FRPSDULVRQ WR WKH )H =(GBBKDWHRGLDJL
LQ WKH UHJLRQ LQGLFDWHG YLD WKH GDVK HG®G OWQH VER{F ZKRQY VKK W
f& V D VLPLODU SURJUHVVLRQ RI PLFUR¥WRIKEWKHDG BWRO X}
IRU RU V ZLWK VXEVHTXHQW KROGV DW RU f& EXW
PRUH )H ULFK SUHFLSLWDWHV G X HS WRDM¥*WH DR/W GHWALP H DWHH G H M
JRU DOO VSHFLPHQV WKH ILUVW VWHEROGLIQH PMDW W& HRW P |
ODEHOHG $ % & DQG ZRXOG KDYH UHMWX-OWI8SR@ WHPERDYJFRD,
WKH FRDWLQJ ZRXOG KDYH EHHQ FRPSULVHG RLW® D LWKL®@L DXL EQR
OD\HU LQ EHWZHHQ $FFRUGLQJ WR WKH )H =W SRDWHV®/IDIEJWUHD PD @ Q
GXULQJ KROGLQJ DW f& LQWHUGLIIXVLRQ FAH) K HD\QG W & W QVE H/
LQFUHDVH LQ WKLFNQHVV RI WKH .)H =@ JADXUWH 7KBV)B WELQDIHU
VKRUW WLPH V DW f& DQG ZRXOG KDYHROGFWHPNHIG HQ WRWF
V DW fa&
$FFRUGLQJ WR WKH )H =Q SKDVH GLDJUDP + LV VWDEOH DW
WHPSHUDWXUH $ + PD\ KDYH SUHFLSXWIOWGEG®ROQSWRBRID HLMKKE L
REVHUYHG H[SHULPHQWDOO\ LQ WKH FRDWLQJ PDHVNSOERURN @/KTHX E
'XULQJ KROGLQJ DW f& $ )JH =Q LOQWHUGLIIXVKRG D®VWRKH LQW
SURFHHGHG UHVXOWLQJ LQ D FRPSRVLWX@GLIUWD ®RAUGW= GHIWEKHQ |
RI WKH FRDWLQJ 8SRQ FRROLQJ $ WKH UHJIDRQ® WKHKH PRUGIGLQ L
UHJLRQV LQ WKH FRDWLQJ WUDQVIRUPHG WR /
7KH VSHFLPHQV KHOG DW f& DIWHU DXVWHPK VW RNXQG BWYH
H[LVWHG LQ WKH + DQG + / UHJLRQV RO WW K DS/ DWK-H G DRUBHG %/ K U, |
FRDWLQJ DV ZLWK WKH VSHFLPHQ KHOG DW KH PRV WKLQ K MWFKHO/L Z |
'XULQJ KROGLQJ LQWHUGLIIXVLRQ EHWZHHQ WKERX 0D Q & D RHF AXOUR



LOQWHUPHGLDWH )H DQG =Q FRQWHQWV EHW RHRHPQWM RIS MUZRN XKIHV HNF
RI WKH + DQG / WUDLOVWVRKUIHFP BSEUVWLR HFWRLGEUHDFWLRQ DW f& + [/

,Q WKH VSHFLPHQV KHOG DW & & WKH FRDWHKHID®J ZRXOG k
SHULWHFWLF UHDFWLRQ DW f& DQG PRUWRHRVKIFFEGFREFSRVLWLR
UHJLRQV RI WKH SKDVH GLDNHODRRURHG PRGFXUUHQWO\ EXW RQO\
ZDV REVHUYHG LQ WKH ILQDO PLFURVWUXEWDXWHKERKK @/IRIKNORGQ X
DQG =Q ZRXOG KDYH EHHQ WKH VORZHVW FRPSDUHG WR WKH KLJK
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