OLFUR ODQXIDFWXULQJIRUG6FLHQWLILF ,

E\

-LDPLQJ/LX

% (QJ +RQV ODWHULDOV 6FLHQFHDQG (QJLQHHULQ
4XHHQ ODU\ 8QLYHUVLW\RI/RQGRQ

6 XEPLWWHG WR WKH 3URJUDPLQOHGLD $UWV DQG 6FLHQFHV 6FKRR
IXOILOOPHQW RIWKHUHTXLUHPHQWY IRUWKH GHJUH

ODVWHU RIG6FLHQFH
DW WKH

ODVVDFKXVHWWY ,QVWLWXWH RI 7THFKQRORJ\

0D\

< -LDPLQJ/LX $OO ULJKWV UHVHUYHG

7TKHDXWKRU KHUHE\JUDQWV WR 0,7D QRQH[FOXVLYH ZRUOGZLGH LUUHYRF
ULIJKWV XQGHU FRS\ULJKW LQFOXGLQJWRUHSURGXFH SUHVHUYH GLVWL
UHOHDVH WKH WKHVLY XQGHUDQ RSHQ DFFHVV OLFHQVF

$XWKRUHG E\ -LDPLQJ/LX
SBURJUDPLQOHGLD $UWV DQG 6FLHQFHYV
0D\ WK

&HUWLILHG E\ IHLO *HUVKHQIHOG

'LUHFWRU &HQWHU IRU %LWV DQG $WRPV
BURIHVVRU ODVVDFKXVHWWY ,QVWLWXWHRI7HFKQRORJ\
7TKHVLVG6XSHUYLVRU

$FFHSWHG E\ -RVHSK 3DUDGLVR
$FDGHPLF +HDG 3URJUDPLQOHGLD $UWV DQG 6FLHQFHYV



OLFUR ODQXIDFWXULQJIRUGFLHQWLILF ,

E\

-LDPLQJ/LX

6 XEPLWWHG WR WKH 3URJUDPLQOHGLD $UWV DQG 6FLHQFHV 6FKR
0D\ WK
LQSDUWLDO IXOILOOPHQW RIWKHUHTXLUHPHQWV IRU \
ODVWHU RIG6FLHQFH

$%675%$&7

6FLHQWLILFLQVWUXPHQWDWLRQ RIWHQDGYDQFHV DW WKH SDFH DOC
FDQ GHVLJQ FRPSOH[ H[SHULPHQWY GLJLWDOO\ EXW PLFURQ VFDOH
UDWLR JHRPHWULHV RUWLJKWO\FRXSOHG RSWR PHFKDQLFDO DVVH
NQRZOHGJH DQG PHWURORJ\ 7KLV WKHVLVY GHYHORSV D ODERUDWR!
WXULQJIRUVFLHQWLILFLQVWUXPHQWDWLRQ DQLQWHJUDWHG HFR\
PLFURPDFKLQLQJ RSWLFDO FKDUDFWHUL]DWLRQ DQG DXWRPDWLRQ
7KH FHQWUDO FDVH VWXG\ LV WKH GHYHORSPHQW ZRUNIORZ IRU GLD|
UHVRQDQFH URWRUV 'LDPRQG URWRUV PRWLYDWH WKH V\VWHP EHFI
PLFURQ VFDOHJHRPHWU\ LQWHUQDO ERUH TXDOLW\ FRQFHQWULFLW
IRUPDQFH 7KH WKHVLV WUHDWVY URWRU IDEULFDWLRQDV D FORVHG C
VWRFNDQG RULHQWDWLRQ FRQVWUDLQ WKH SURFHVV ODVHU PDFKLQ
SK\ 5DPDQ VSHFWURVFRS\ PLFURVFRS\ GLPHQVLRQDO PHWURORJ\ L
$URXQG WKLV FDVH VWXG\ WKH WKHVLY GRFXPHQWYV VXSSRUWLQJLQ
VWDJH D FXVWRP QP FRQIRFDO 5DPDQ SODWIRUP D ORZ FRVW VS
WRVHFRQG ODVHU PLFURPDFKLQLQJSODWIRUP DQGDQLQ KRXVH ZD\
RSWLFDO K\GUDXOLF PHFKDQLFDO DQG VHQVLQJGHVLIJQ LWHUDWLTF
7KHFRQWULEXWLRQLVERWKWHFKQLFDODQGDUFKLWHFWXUDO D VH
PHWKRGV IRUGLIILFXOW PLFURQ VFDOH VFLHQWLILF FRPSRQHQWYV D
LQJ DQDO\]LQJ DQG UHYLVLQJ SDUWV ZKLOH SUHVHUYLQJ WUDFHDE
PDWHULDO VWDWH PHDVXUHG JHRPHWU\ DQG IXQFWLRQDO SHUIRUP|

7TKHVLV VXSHUYLVRU 1HLO *HUVKHQIHOG
7LWOH 'LUHFWRU &HQWHU IRU %LWV DQG $WRPV
BURIHVVRU ODVVDFKXVHWWY ,QVWLWXWHRI7HFKQRORJ\



OLFUR ODQXIDFWXULQJIRUG6FLHQWLILF , QVYV

E\

-LDPLQJ/LX

7KLV WKHVLVY KDVEHHQUHYLHZHG DQG DSSURYHG E\WKHIROORZLQJ |

7TKHVLVG6XSHUYLVRU BURIHVVRU 1HLO *HUVKHQIHOG
'LUHFWRU &HQWHU IRU %LWV DQG $WRPV
ODVVDFKXVHWWY QVWLWXWHRI 7THFKQRORJ\

7TKHVLV 5HDGHU BURIHVVRUS5REHUW *X\ *ULIILQ
BURIHVVRU RI &KHPLVWU\ 'LUHFWRU )UDQFLV %LW
ODVVDFKXVHWWY ,QVWLWXWHRI 7THFKQRORJ\

7KHVLV 5HDGHU 3URIHVVRU 'HEDEUDWD *RVZDPL
+$* 3URIHVVRURI &KHPLVWU\
,QGLDQ ,QVWLWXWH RI 7HFKQRORJ\.DQSXU



$SFNQRZOHGJHPHQWYV

, ZRXOG OLNHWR H[SUHVV P\GHHSHVWJUDWLWXGH WRHYHU\RQH ZKR
\HDUVDWO,7 7TRWKHLQFUHGLEOHFRPPXQLW\DW WKH&HQWHUIRU %L
DQG WRIULHQGV DQG FROOHDJXHV DURXQG WKH ZRUOG ZLWKRXW \R.
DQGWUDQVIRUPDWLYHOLIHH[SHULHQFH :KLOHWKHUHDUHWRRPDQ
PRPHQWY ZHVSHQW WRJHWKHU DUH GHHSO\ FKHULVKHG , KRSH WKDV
LQWR \RXU GD\VDV\RXKDYHEURXJKWLQWR PLQH

$VSHFLDO WKDQN\RXJRHVWRDOOP\FROODERUDWRUV ZKR FRQWULE
SDVW WZR \HDUV | LQYLWH\RXWRILQG\RXU QDPHV ZLWKLQ WKHVH S
UHSUHVHQWLQJ RXU VKDUHG HIIRUWY 7R WKH PHPEHUV RI WKH VWD
'DQ .DUD DQGODULVVD ZLWKRXW\RX &%$ ZRXOG QRW IXQFWLRQ DV

7TRP\DGYLVRU 1HLO ZRUGVDUHVLPSO\LQVXIILFLHQWWRFDSWXUHP
LQP\FXUUHQWOLIHDWO0,7SRVVLEOH DQGIRUEHOLHYLQJLQPHGXULC(
7TKDQN\RXIRUPDNLQJWKHXQSUHFHGHQWHG KRVWLOLW\DJDLQVW VF
\RXU XQSDUDOOHOHG DELOLW\WR FUHDWHRUGHU RXWRIFKDRV2DQG
FUHDWLYLW\

7R P\WKHVLVY UHDGHU %RE WKDQN\RXIRU\RXUHQGXULQJHQFRXUD.
SURIRXQG FRPIRUWWR ZDONLQWR WKHODJQHW /DENQRZLQJ\RX ZHU
KDQGWRKDYHDPHDQLQJIXOFRQYHUVDWLRQ ZLWK PH

TR P\WKHVLVUHDGHU '"HEX WKDQN\RXIRU\RXULQFUHGLEOH JXLGDC
ZRUNLQJ DORQJVLGH PH <RX JUDFLRXVO\VKDUHG \RXU YDOXDEOH HJ
HISHULHQFH WKDW ZDV HVVHQWLDO WR EULQJLQJ WKLV ZRUN WR OLIH

7R P\SDUHQWY \RXUORYHDQG DWWHQWLRQKDYHEHHQDQHYHU IOR
HGJHDQG HGXFDWLRQ ODLG WKH IRXQGDWLRQ IRUWKLY MRXUQH\ DQC

$, DQG *HQHUDWLYH 7RRO 8VH

7TKHUH LV QR GRXEW WKDW DUWLILFLDO LQWHOOLJHQFH KDV VXSHUFKDUJHG
PRYLQJWRZDUGDQ HUD RIPDFKLQHV WKDW NQRZDOPRVW HYHU\WKLQJ KDV
WKH PRUH

$, DQG JHQHUDWLYH WRROV ZHUH XVHG DV GUDIWLQJ DQG HGLWLQJDVVLVW
VXSSRUW IRU RUJDQL]ILQJ VRXUFH PDWHULDO UHYLVLQJ SURVH IRUPDWWL
FKDUWY DQG FKHFNLQJGRFXPHQW EXLOG RXWSXW 7KHVHWRROV ZHUH QR



&RQWHQWYV

$SEVWUDFW
$FNQRZOHGJIJHPHQWYV

,QWURGXFWLRQ 2SHQOLFURQ 6FDOHODQXIDFWXULQJDV 6FLHQWL
ORWLYDWLRQDQG 6FRSH
7KH)DEULFDWLRQ %RWWOHQHFNLQ 6FLHQWLILF,QVWUXPHQWD
IDERUDWRU\ $FFHVV 5HSURGXFLELOLW\ DQG ,WHUDWLRQ
7KHVLV &0DLP DQG &RQWULEXWLRQV
(YLGHQFH %DVLV DQG5RDGPDS

'LDPRQG 0$6 105 5RWRUYV

&KDSWHU 2YHUYLHZ

%DFNJURXQG DQG ORWLYDWLRQ 7KH,QVWUXPHQWDWLRQ %RW\
7KH)DEULFDWLRQ %RWWOHQHFNLQ 6FLHQWLILF'LVFRYHU
BULQFLSOHV RI0$6 105DQG WKH5HVROXWLRQ &KDOOHQJH
+RPRJHQHRXV DQG ,QKRPRJHQHRXV /LQHZLGWKV
BHQVLWLYLW\5HTXLUHPHQW DQG '\QDPLF 1XFOHDU 3RODUI
ODWHULDO /LPLWV DQG WKH 7UDQVLWLRQ WR'LDPRQG

'LDPRQG 6HOHFWLRQ IRU 105 5RWRUYV
&DUERQ 3KDVH 6WDELOLW\DQG 6\QWKHVLV 5RXWHYV
'"HIHFW 3URILOHV DQG 'LVORFDWLRQ 'HQVLWLHYV
&U\WWDOORJUDSKLF2ULHQWDWLRQDQG &OHDYDJH OHFKD (
JUDFWXUH 7TRXJKQHVV DQG %ULWWOH )DLOXUH
'LDPRQG 6HOHFWLRQ &ULWHULD DQG :RUNLQJ (YLGHQFH
6WDWH RI WKH $UW 7RXJKHQLQJ &RQFHSWV

/IDVHU ODFKLQLQJIRU'LDPRQG 5RWRU 'ULOOLQJ
2SWLFDO $EVRUSWLRQ 3K\WLFVLQ 'LDPRQG
‘KLEK /DVHU ,VORUH (IILFLHQW IRU'LDPRQG"
/IDVHUDQG ORWLRQ $UFKLWHFWXUHYV

IDWKH $LU %HDULQJ DQG &ODPSLQJ6B\WWHP 'HVLJIQ
JLUVW *HQHUDWLRQ 5RWDU\ $VVLVWHG 6WDJH DQG .LQHPTE
BHFRQG *HQHUDWLRQ 6SOLW 2'DQG &HQWHUOHVV ,' 6WDJH
7KURXJK %RUH $LU %HDULQJ)OLS 6SLQGOHOLFUR /DWKH

&KDUDFWHUL]DWLRQ OHWKRGV IRUB6LQJOH &U\VWDO 'LDPRQG
,QFRPLQJODWHULDO &KDUDFWHUL]DWLRQ
ODFKLQLQJ)HHGEDEN /RRS



BUHOLPLQDU\5HVXOWY 1056SHFWUD IURP 'LDPRQG 5RWRUYV
6XSSRUWLQJ $SUFKLWHFWXUH
6WDWRUODWHULDO 6HOHFWLRQDQGODQXIDFWXULQJ
$HURVWDWLF %HDULQJ (YROXWLRQ
(QG &DSVDQGOLFUR ,PSHOOHUV
$HURVWDWLF %HDULQJORGHOLQJ
7TKHUPDO 9LVFRXV '\QDPLFVLQ +HOLXP

3UHFLVLRQ ORWLRQ DQG WKH)DEULFDWLRQ (FRV\VWHP

'K\ $FFHVVLEOH 6XE —P ORWLRQ ODWWHUYV

ORWLRQ $UFKLWHFWXUHV 8VHG LQ WKH )DEULFDWLRQ (FRV\VWH

3LHIRHOHFWULF 6WDJHV IRU$FFHVVLEOH )LQHORWLRQ
2SHUDWLQJ3ULQFLSOHDQG 'HVLJQ (QYHORSH
5HYLHZ RI 3LH]JR 6WDJH 7\SHV
+\WWHUHVLV &UHHS DQG 3RVLWLRQ 6HQVLQJ

,Q +RXVH/RZ &RVW 3LH]R 6 WDJH
'"HVLJQ ,QWHQW
OHFKDQLVP )OH[XUH DQG ODWHULDO &RQVLGHUDWLRQYV
%LOO RIODWHULDOV
ORWLRQ &RQWURO $UFKLWHFWXUHDQG OHDVXUHG 5HSHDW
.H\ &RPPHUFLDO &RPSRQHQWYV
&KDUDFWHUL]DWLRQ 'DWD 3URGXFWV

/RQJ 7UDYHO +LJK 6SHHG /LQHDU ORWLRQ IRU/DVHU 6\VWHPV
:K\/RQJ 7UDYHO +LJK 6SHHG 6WDJHV $UH D 6HSDUDWH &0OD'
%DOO 6FUHZ 6WDJHV DQG WKH 2[IRUG /DVHU 6\VWHP
'LUHFW 'ULYHOHFKDQLFDO %HDULQJ6WDJHVDQG &RPSDF\
$HURWHFK 6WDJH 6SHFLILFDWLRQV DV 'HVLJQ 7DUJHWYV
(QFRGHU %HDULQJ DQG6HUYR $UFKLWHFWXUH ,QVLGH &R
'ULYHDQG &RQWUROOHU $UFKLWHFWXUH $GYDQWDJHV DQ
$VVHPEO\DQG 7XQLQJ &RQVLGHUDWLRQV
ORWLRQ (UURUDQG )DEULFDWLRQ 2XWFRPHYV
3RVLWLRQ 6\QFKURQL]JHG 2XWSXW

&KDSWHU 6\QWKHVLYV

IDVHU OLFURPDFKLQLQJ6\WWHPV
JHPWRVHFRQG /DVHU OLFURPDFKLQLQJ6\WWHPV
,QWURGXFWLRQ WR )HPWRVHFRQG /DVHU
6WDWH RI WKH $UW DQG &ROG $EODWLRQ 3K\VLFV
,Q +RXVH)HPWRVHFRQG 30DWIRUP ,QWHJUDWLRQ
OXOWL :DYHOHQJWK ODFKLQLQJ6HWXS
%HDP 6KDSLQJDQG 1RQ 'LIIUDFWLYH %HVVHO OHWKRGYV
%XUVW ORGHDQG :DYHOHQJWK $JLOLW\
JHPWRVHFRQG 6RXUFH &KDUDFWHUL]DWLRQ 6SHFWUXP %
$XWRFRUUHODWLRQ IRU'DLO\3XOVH 'XUDWLRQ &KHFNV
)52* ;)52* IRU 3XOVH )LHOG 5HWULHYDO
G VFDQ IRU'LVSHUVLRQ $ZDUH 3XOVH 'LDJQRVWLFV
JLYH)HPWRVHFRQG 3URFHVV ORQLWRULQJDQG $GDSWLYH ¢
‘DWHUMHW *XLGHG /DVHU OLFURPDFKLQLQJ6\WWHPV



%ULHI +LVWRU\DQG &XUUHQW 'LUHFWLRQ
'RUNLQJ 3ULQFLSOH

6\WWHP $UFKLWHFWXUH

(IWHUQDO ,QGXVWU\ %HQFKPDUN

,Q +RXVH :-*/ 30DWIRUP ,QWHJUDWLRQ
JLUVW *HQHUDWLRQ ,Q +RXVH :-*/ '"HVLJQ
BHFRQG *HQHUDWLRQ ,Q +RXVH :-*/'HVLJQ
7KLUG *HQHUDWLRQ ,Q +RXVH :-*/'HVLJQ
'XDO %HDP &RXSOLQJDV D)XWXUH :-*/ 8SJUDGH
'XDO %HDP &RXSOLQJ3HUIRUPDQFHOHWULFV
2SWLFDO )LHOG 5HJXODWLRQ

*DV $VVLVWDQFH IRU :-*/ +HDG '"HYHORSPHQW
'LDPRQG 2ULHQWHG :-*/ 'LUHFWLRQ

:-*/ 9DOLGDWLRQ :RUNIORZ

&KDUDFWHUL]DWLRQ DQG 6SHFWURVFRS\ 7TRROV
&KDSWHU 2YHUYLHZ
ORWLYDWLRQIRU2SHQ 6SHFWURVFRS\
6LQJOH /DVHU QP &RQIRFDO5DPDQ 30DWIRUP
'"HVLJQ 7DUJHW
/DVHU :DYHOHQJWK 6HOHFWLRQ
2SWLFDO $UFKLWHFWXUH
&RPSRQHQW B6HOHFWLRQ &ULWHULD
6SHFWURPHWHU DQG 'HWHFWRU 6HOHFWLRQ
5DPDQ 3URWRW\SH %LOO RI ODWHULDOV
5HIHUHQFH 211 WKH 6KHOI &RQIRFDO 5DPDQ %20
%XLOG :RUNIORZ
6FDQ &RQWURO DQG 'DWD 3URGXFWV
6SHFWUXP 3URFHVVLQJ 1RLVH DQG 615
&DOLEUDWLRQ DQG 9DOLGDWLRQ
3XEOLVKHG &XVWRP DQG 2SHQ 5DPDQ 6\VWHPV
&RPPHUFLDO 5DPDQ %HQFKPDUNV DQG 5RERWLF ,QWHJUDWLRQ
/IRZ & RVW 3HUVRQDO 6SHFWURPHWHU
&ROODERUDWLYH %DVHOLQH
'"HVLJQ &KRLFHYV
&DOLEUDWLRQ DQG 9DOLGDWLRQ
&RPPHUFLDO 6SHFWURPHWHU %HQFKPDUNV
2SHQ DQG 6HOIl %XLOG 6SHFWURPHWHU /DQGVEDSH
L QVWUXPHQW %XLOGLQJ&RQWLQXXP
'HWDLOHG %XLOG DQG 9DOLGDWLRQ 3URWRFROV
5DPDQ %XLOG 5HFRUG
5DPDQ $OLJQPHQW &KHFNOLVW
5DPDQ $FTXLVLWLRQ 7HPSODWH
3HUVRQDO 6SHFWURPHWHU %XLOG DQG 9DOLGDWLRQ 6HTX
&KDSWHU 6XPPDU\



6\QWKHVLV DQG )XWXUH :RUN
\QWKHVLV
&RQWULEXWLRQV
JLPLWDWLRQV
,PSOLFDWLRQYV
5RDGPDS

$SSHQGL[$ /HVVRQV /HDUQHG

S5HIHUHQFHYV



ILVW RI)LIXUHYV

%UXNHU %LR6SLQ $9$1&(1(2 FRQVROHDQG %UXNHU $VFHQG 0+
FLV %LWWHU ODJQHW /DE XVHG DV WKH KLJK ILHOG H[SHULPHQ\
105 URWRU ZRUN

'LDPRQG W\SH FKDUW IURP *,$ 7RS WR ERWWRP W\SH ,D W\SH ,E
* $ VFKHPDWLF VKRZLQJ KRZ QLWURJHQ DQG ERURQ DWRPV FDC
GLDPRQG ODWWLFH 7KH GLDJUDP OLQNV W\SH ,DDQG ,E GLDPR
W\SH ,,D WR DEVHQFHRIPHDVXUDEOH QLWURJHQ RUERURQ DQG
7\SLFDO URXJK VLQJOH FU\VWDO GLDPRQG PRUSKRORJLHV IURF
URXJK LV FRPPRQO\IDFHWHG &9'URXJKLV FRPPRQO\VTXDUH RL
RQDSODQDU VHHG

&DUERQ SUHVVXUH WHPSHUDWXUH GLDJUDP VKRZLQJJUDSKLW!
VHQWDWLYHDUWLILFLDO VIQWKHVLV ZLQGRZV $GDSWHG IURP ¢
&XELF +3+7 GLDPRQG SUHVV 7KH OHIW SDQHO VKRZV WKH H[WH L
ULJKW SDQHO VKRZVWKHRSSRVHG DQYLOLQWHULRU $GDSWHG
> @

,QWHUQDO +3+7 JURZWK DVVHPEO\ 7KH ULJKW SDQHO IURP)DQ
FHOO VWDFN VWHHO FDS &X s OB WHCHHH W J UDDS&Q@ WHUKRH D W H
FDUERQ VRXUFH PHWDO FDWDM\YWS L OWDHDHIG F S\W\R B K\ O OLW2H
OLFURZDYH SODVPD &9'GLDPRQG UHDFWRU DUFKLWHEWXUH VK
FURZDYHFRXSOLQJ SODVPD JHQHUDWLRQ VXEVWUDWH VXSSRL
ZDUH $GDSWHG IURP'LDPRQG/DQG > @
&9'GLDPRQG SODWHV GXULQJSODVPDH[SRVXUHDQGDIWHU UHP
SODWH JHRPHWU\IROORZV IURP KRPRHSLWD[LDO JURZWK RQ SO
'LDPRQG PDFKLQLQJDQGFOHDYDJH ULVNHYLGHQFH 3DQHOV V!
&7 HYLGHQFH RILQWHUQDO FKLSSLQUH@DYYL RQY EFN ZHHRDWK H@ F
FKLQLQJDQG> @ UHODWHG FOHDYDJHLQ WKHGLDPRQG ODWW
5HSUHVHQWDWLYH GLDPRQG 0$6 URWRU JHRPHWU\DQG IHDW XU
PP FODVV URWRU HQYHORSH SK\VLFDO URWRU DVVHPEO\ DQG
WKHLQWHUQDO ERUHDQG ZDOO JHRPHWU\ 7KLV VFDOH LOOXV\V
KLIJIK VWUHQJWK ZLWK ODVHU PDFKLQDELOLW\ ORZWDSHU DQG ¢
*RORWD HW DO > @
6XPPDU\RIGLDPRQGURWRUIDEULFDWLRQRXWFRPHVIURP WKH |
VXPPDUL]HV URWRU OLNHUHFRUGVDQG JURXSV PDWHULDO F¢
VRXUFH JURXSILHOGY 5RZV SUHYLRXVO\ODEHOHGDV XQVSHFL
VLILFDWLRQLV XVHGDV ZRUNLQJPDWHULDO VHOHFWLRQHYLGH
FRPSDULVRQ VWXG\

1DQRWZLQQHG GLDPRQG GHIRUPDWLRQ PRGHO IURP :HQ HW DO
GHIRUPDWLRQILHOGV DQG GLVORFDWLRQ LQWHUDFWLRQ ZLWK"



'LDPRQG ZDYHOHQJWK DEVRUSWLRQ DQG ODVHU FRXSOLQJHYL!
JLUVW JHQHUDWLRQ URWDU\ DVVLVWHG VWDJH XVHG IRU HDUO
ILJXUH GRFXPHQWYVY WKH LQLWLDO URWDU\ VWDJH FRQFHSW WKEL
,' PDFKLQLQJZRUNIORZ $GDSWHGIURP SDWHQW 86 $ >
6HFRQG JHQHUDWLRQ RXWHU GLDPHWHU DLU EHDULQJ VWDJH
UHGXFHVWUDQVIHUUHG VSLQGOHUXQRXWGXULQJ2'VKDSLQJ &
LQJODWKHXVHG IRUPDFKLQLQJWKH?2'RIWKHGLDPRQG URWRU\
LQIJWKHRYHUDOODVVHPEO\ KLIKOLJKWLQJWKH'& GULYHPRWR
GOH DQGWKHFXVWRP MDZFKXFN E $VHFWLRQDO '&$'YLHZ L
LQFOXGLQIJWKHJUDSKLWHDLUEHDULQJSDGV WKDW SURYLGH O
PDJQHWLF D[LDO SUHORDG PHFKDQLVP DQG WKH SRVLWLRQLQ.
FKXFN F $SKRWRJUDSK VKRZV WKH SK\VLFDODVVHPEOHG ODW
> @

6HFRQG JHQHUDWLRQFHQWHUOHVVLQQHU GLDPHWHU VWDJH
LQJ WKH GULYH ZKHHO IROORZHU ZKHHOV DQG GLDPRQG VWRF
VKRZLQJ WKH GULYH ZKHHO RQ D OLQHDU UDLO DQG VXSSRUW E}
VHPEOHG IL[WXUH RQ LWV SRVLWLRQLQJVWDJH 7KHDOUHDG\ |
ERUHPDFKLQLQJ LPSURYLQJ, 2" FRQFHQWULFLW\ $GDSWHG IU
7KURXJK ERUHDLU EHDULQJIOLS VSLQGOHPLFUR ODWKH
%UXNHU 5DPDQ FRPSDULVRQ RI *: DQG ( GLDPRQG VDPSOHV 7K
EDVHOLQH FRUUHFWHG DQG QRUPDOL]JHG WR WKH ILUVW RUGHU
VDPSOHVKRZVORZHULQWHQVLW\LQWKH VHAMBPREEODRWDWGHW GLDPR
WLRQDO ZHDN IHD WXARQOYHBWHQMPZLWK D GLIITHUHQW LPSXULW\
LQWKHWZR GLDPRQG IHHGVWRFNV

7+] 776 DEVRUSWLRQ FRHIILFLHQW FRPSDULVRQ IRU VDSSKLUH
FRQLD 'LDPRQG H[KLELWV ORZ DEVRUSWLRQ FRPSDUDEOH WR
DEVRUSWLRQ WKDQ JLUFRQLD DFURVVY PRVW RI WKH PHDVXUHG
'13 FRPSDWLEOH 0$6 URWRU PDWHULDO OHDVXUHPHQWY ZHUH S
RUDWRU\LQ &KHPLVWU\

JUDFWXUH PHFKDQLFY GHULYHG UHODWLYHDQJXODUIUHTXHQF
QRUPDOL]HG WR <6=> @

OLFUR &7 UHFRQVWUXFWLRQRIDODVHU PDFKLQHG GLDPRQG UF
UHFRQVWUXFWLRQ PDNHV WKH ERUH JHRPHWU\DQG LQWHUQDO
VWUXFWLYHVHFWLRQLQJ DOORZLQJFKLSY WDSHU GLVFRQWLC
EHIRUHDGGLWLRQDO SURFHVVLQJRUVSLQ WHVWLQJ

6(0HQG YLHZRIDODVHU PDFKLQHGGLDPRQGURWRU 7KHPHDV;
GLDPHWHU RIDSSUR[LPDWHO\ —PDQGDQLQQHU GLDPHWHU R
WKHHQG IDFHPRUSKRORJ\SURYLGHV D GLUHFW FKHFN IRU ERUF
GDPDJHDIWHU PDFKLQLQJ

+ GHWHFWHGVSHFWUDRI3+ UHFRUGHG XVLQJD®B&PPRQG URWR
FRUUHODWLRQMSHFRWXPODWLRQ VSHFWUXP > @

7KUHH GLPH@WHWIPWHG 5)'5 K&&+"&5H BW, UHRRUGHG XV
LQJDQ LPSURYHG GLDPR@G IR W RIFY PMD QLQUP IVQ 0+]
VSHFWURPHWHU > @

YJRUPODEV &HUDPLF 5HVLQ VWDWRU SURWRW\SH IRU 0$6 KDUGZT
WXUHV WKHRYHUDOO VWDWRU HQYHORSHDQG JDV IHDWXUH OD
IDFWV DQG VXUIDFH URXJKQHVV LQGLFDWH WKDW SRVW SULQW
YHULILFDWLRQ DUHUHTXLUHG EHIRUHWKHJHRPHWU\FDQ EH XV



%0) SULQWHG DLU EHDULQJDQG VWDWRU SURWRW\SH FRPSRQF
EHDULQJJHRPHWU\DQG IHHG FKDQQHO UHVROXWLRQ

OLFUR &7 FURVV VHFWLRQ RI D %UXNHU FHUDPLF DLU EHDULQJ
FHQWUDO ,'DQG UDGLDO IHHG SDVVDJHV XVHG WR VXSSRUW D VX
5RWRU FORVXUH DQG JDV GULYH SURWRW\SHVY $ 7ZR SDUW G
FDWHG E\ =DFK )JUHGLQ VKRZLQJWXUELQH ILQ JHRPHWU\ FHQW
IDFHWH[WXUH WKHPDFKLQLQJPDUNVDQGDVVHPEOHG FRQVWL
DQGVLQJOH SLHFHGLDPRQG FORVXUHIDEULFDWLRQ % OLFUR
SURWRW\SHVY GHYHORSHG ZLWK 1LFN :LHVQHU DQG 6DPXHO 6WU'
VXUH GHYHORSPHQW DGGLWLYHPLFURIDEULFDWLRQ FDQ JHQH
HUDWLRQ EXWILQDO XVHVWLOO GHSHQGV RQEDODQFH FDSILW
DQG VSLQ VXUYLYDELOLW\

+HOLXP EHDULQJIORZ VLPXODWLRQV IURP SUHOLPLQDU\ PRGH
JUDQFLY %LWWHU 0DJQHW /DERUDWRU\ $ &)' YHORFLW\ILHOG
PLOOLPHWHU URWRU EHDULQJFOHDUDQFH VKRZLQJJDVDFFHO
LQJLQWR WKH URWRU EHDULQJILOP % 5HFHVV VRXUFH SUHV\
VL]JH IRU QLWURJHQ DQG KHOLXP EHDULQJ IORZ FDVHV JDXJH SI
SUR[\LQDIL[HGEHDULQJJHRPHWU\ VRLQFUHDVLQJJDXJH SLQ V
SUHVVXUHUHFRYHU\ 7TRIJHWKHU WKH SDQHOV VKRZWKDW URWR
JDV FKRLFHPXVWEHRSWLPL]HG DV D FRXSOHG DHURG\QDPLF V\'

OXOWLOD\HU SLHIRVWDFN FRQFHSWIURP WKHODERUDWRU\VOL
WURGHOD\HUVFRQYHUWDSSOLHGHOHFWULFILHOGLQWRVPDO
XVDEOHGLVSODFHPHQWDW D SUDFWLFDO GULYH YROWDJH
JURQW &$'YLHZRIWKHLQ KRXVHORZ FRVW SLH]JRPLFUR PRWLR!
E\®WRZHQ =HQJ ZLWKZRUNIURPOD[$DOWRDQG-DNH5HDG DQG Z
RSHQ VRXUFH ;<= QDQRSRVLWLRQHU DUFKLWHFWXUH UHSRUWH
FRPELQHV SLHIR VWDFN DFWXDWLRQ PLQLDWXUH EDOO VOLGH
PDIJQHWLF VFDOHWDSH DQGDFRPSDFW IL[WXUH VWDEFEN
JOH[XUH VWDJH IDEULFDWLRQ HYLGHQFH IURP WKH ODERUDWRI
XQH[SHFWHGO\ FOHDQ IRUWKH JHRPHWU\ WKH IOH[XUH XVHG C
DQG PP ZDOO VHFWLRQV WKURXJK LQ PP VWRFN GLPHQ
SXVKDEUDVLYH ZDWHUMHW FXWWLQJWRZDUG D FRXSRQ YDOLG
BLH]JR'ULYH 3'X GULYHU XVHG WR FRPPDQG WKH SURWRW\SH S|
ORZ YROWDJH FRPPDQG VLIJQDOV LQWR KLJK YROWDJH SLH]R G
ERRVWFRQYHUVLRQDQG RIITVHW YROWDJH VWUXFWXUH QHHGHC
7TKRUODEV 3& :0 SLHIR VWDFNDFWXDWRU VHOHFWHG IRU WKH O
FRPSDFWILQHPRWLRQ EXWWKHXVDEOHVWDJIJHSHUIRUPDQFHG
JXLGHIULFWLRQ IOH[XUH VWLIIQHVYVY DQG FORVHG ORRS VHQVL
$6 PDIQHWLF HQFRGHU DQG PXOWLSROH VFDOH FRQFHSW X\
LQ KRXVHSLHIRVWDJH 7KHVFDOHFRQYHUWYV OLQHDUWUDYHO
ZKLOHWKHHQFRGHUUHDGV WKHILHOG ZLWKRXWDGGLQJVOLGL
7+.16 PLQLDWXUH OLQHDU EDOO VOLGH XVHG DV WKH SURWR\
PDNHV WKHVWDJHPHFKDQLFDOO\DFFHVVLEOHDQG HDV\WRDVYV
PXVWLQFOXGHUROOLQJ HOHPHQW IULFWLRQ VWUDLIJKWQHVYV I



&RPPHUFLDO $HURWHFK UHIHUHQFH VWDJHV XVHG WR DQFKRU W
LPDJHV VKRZ WKH SK\VLFDO GLVWLQFWLRQ EHWZHHQ D FRPSDFW
SURWHFWHG EDOO VFUHZ PHFKDQLFDO EHDULQJ VWDJH DQG D |
VWDJH > @

&ROG DEODWLRQ FRPSDULVRQ IURP/LQ DQG +RQJ LOOXVWUDW
IHPWRVHFRQG SXOVH ORFDOL]HG UHPRYDO > @

,Q KRXVH IHPWRVHFRQG PLFURPDFKLQLQJ SODWIRUP VKRZLQJ
EOH EHDP GHOLYHU\RSWLFV YHUWLFDORSWLFDOEUHDGERDU
FKLOOHU DQG VXSSRUWLQJHOHFWURQLFV

6LPSOLILHG IHPWRVHFRQG ODVHU PLFURPDFKLQLQJ VHWXS IUJ
QRUPDO LQFLGHQFH PDFKLQLQJRID PP WXQJVWHQ VKHHW V
WHQXDWRU VDIHW\LQWHUORFN VWHHULQJRSWLFV IRFXVLQJ (
L3KRQH 2/('GLVSOD\SL[HOVLPDJHGWKURXJKWKHLQ KRXVH IH
SDWK 7KHVSHFLILHG E\ GLVSOD\DW SSLJLYHVDQDSSL
SL[HO SLWFK WKH VHSDUDWHG 5*% VXESL[HO VWUXFWXUH GHPF
ELOLW\UDWKHU WKDQ PDFKLQLQJFDOLEUDWLRQ > @

7KUHH RXWSXW ZDYHOHQJWK URXWLQJUHJLRQRIWKHLQ KRXV
LQIUDUHG JUHHQ DQG XOWUDYLROHW RXWSXW JHRPHWU\DQG V
WR URXWHRQH VHOHFWHG ZDYHOHQJWK DW D WLPH RQWR WKH F
1RQ GLIIUDFWLYHEHDPFRPSDULVRQIURP1JX\HQHWDO D %H
KDOlI DQJOH —PFRUHGLDPHWHU DQG PP %HVVHO OHQJWK
FRUHGLDPHWHUDQG PPFRQIRFDOUDQJH F ORQJLWXGLQDC
> @

([SHULPHQWDO VHW XSRIVLQJOH VKRWDXWRFRUUHODWRU 50
EHDP VSOLWWHU &/ F\OLQGULFDO OHQV ) ILOWHUV $ DSHUWX
)52* ;)52* GLDJQRVWLF VHWXSIURP1IDNDQRHWDO VKRZLQJUH
LQJ KDOI ZDYH SODWH GLFKURLFPLUURU EHDP VSOLWWHUV F
DEOHPLUURU GHOD\OLQH ILEHUFRXSOLQJ DQGPXOWLFKDQQ!
6+* )52* DQG VHOI GLIIUDFWLRQ )52* PHDVXUHPHQWYV > @
6HOl FDOLEUDWLQJG VFDQVHWXSIURP$ORQVRHWDO XVLQJS
YDULDEOH DQRII D[LV SDUDEROD WKLQ %%2 FU\WWDO EOXH IL
DQG VSHFWURPHWHUDFTXLVLWLRQ RI WKH 6+* WUDFHRYHU SU
OHDVXUHGDQG UHWULHYHG G VFDQUHVXOWV IURP$ORQVRHW D
WUXP UHWULHYHG VSHFWUDO SKDVH WHPSRUDOLQWHQVLW\ W
DQG UHWULHYHG FRPSUHVVRU *'* 72" SHU XQLW LQVHUWLRQ > ¢
%DVLFZRUNLQJSULQFLSOHRIZDWHUMHW JXLGHG ODVHU PDFKL
L]JHG ZDWHU MHW WRWDOLQWHUQDOUHIOHFWLRQ JXLGHV WKHE
UHPRYDO RFFXU DW WKH ZRUNSLHFH

‘DWHUMHW JXLGHG ODVHU VI\VWHP DUFKLWHFWXUH IURP +H HW
FRXSOLQJ XQLW ZDWHU VXSSO\ XQLW DLU VXSSO\ XQLW ZRUN
EHDP H[SDQVLRQ FROOLPDWLRQ RSWLFV GLFKURLF HOHPHQW
JOH JDVMHW ZDWHU OD\HU DQG WRWDO UHIOHFWLRQ JXLGHG S
$YRQLV\V ILQLVKHG PDWHULDO GHPRQVWUDWLRQ VKRZLQJ l
PLQXP WKHEODFNPDWHULDO RQ WKHOHIW LV VLOLFRQ



JLUVW JHQHUDWLRQLQ KRXVH :-*/ GHVLJQDQG KDUGZDUH Q
‘< VWDJH &026 FDPHUD SDWK FDPHUD IRFXVLQJ OHQV GLFKURL
RSWLF DQGLQLWLDO ODVHU ZDWHU FRXSOLQJ XQLW ZLWK SURYV
'"HVLJQHG DQG EXLOW E\ OD[ $DOWR 9LQHHW 3DGLD DQG -RKQ =K
BHFRQG JHQHUDWLRQLQ KRXVH:-*/ GHVLJQ QP 023$ VRXUFH
LPDJLQJ SDWK ULQJ OLJKW SULVP PLUURU DQG UHYLVHG KHDC
FXVLQJULQJ DVSKHULFOHQV 2 ULQJVHDO DQG —P QR]]JOH '}
$DOWR
7KLUG JHQHUDWLRQ LQ KRXVH :-*/ GHVLJQ FRPSDFW FXVWRP K
KHDG LQ WKH PDFKLQH IUDPH DQG JUDQLWH EULGJH EDVH PDFK
DQG FDWFKHU UHJLRQ 'HYHORSHG ZLWK OD[ $DOWR /HR &KHQJ
'XDO EHDP :-*/ FRXSOLQJVHWXS IURP :DQJHWDO FRPELQLQJW
FKDQQHOV ZLWK SRODUL]DWLRQ RSWLFV DQG WLPH GRPDLQ SX
PLFUR ZDWHU MHW > @
'XDO EHDP :-*/ FRXSOLQJ SHUIRUPDQFH PHDVXUHPHQWYV IURP :L
MHW WUDQVPLVVLRQ EHKDYLRU FRXSOLQJHIILFLHQF\ YHUVXV I
FRXSOHG SRZHU YHUVXV FRXSOHG MHW OHQJWK DQG SXOVH HQ}
2SWLFDO ILHOGUHJXODWLRQPHWKRGIRU :-*/ ITURP=KDQJHW DO
WULF EHDP FRQGLWLRQV FURVV VHFWLRQ HQHUJ\ GHQVLW\ GL\
IRUWDSHUUHGXFWLRQLQ GHHS SURFHVVLQJ> @
*DV DVVLVWHG :-*/ UHIHUHQFH IURP &DR HW DO VKRZLQJWKH S
RPHWU\ IRFXVLQJOHQV SXOVHG ODVHU ZDWHU LQOHW KHOLX
MHW JDV QR]]JOH ZRUNSLHFH PL[WXUHRXWOHW DQG GHHS KRC
.-*/ GLDPRQG PDFKLQLQJV\VWHP PHWURORJ\ DQG RSWLPL]DWL
OLQNLQJWKHSURFHVVLQJV\VWHP ZDWHU OLJKW FRXSOLQJ FR
PRUSKRORJ\PHDVXUHPHQW DQG 16*$ ,,, SURFHVV RSWLPL]DWLI
(QHUJ\ GHSHQGHQW :-*/ JURRYHUHVSRQVHLQVLQJOH FU\WWDO
LQJ XQGHUZDWHU SRZHU DWWHQXDWLRQ IRULQLWLDO SRZHUV |
"DQG : DQGKLJK SRZHU ZDWHU MHW GLVWXUEDQFH > @

IDVHU DQG SRZHU VXSSO\ VHOHFWLRQ FULWHULD IRU WKH ORFL
WKHS5DPDQ HIILFLHQF\ EDFNJURXQG WUDGHRII OLQHZLGWK OLF
TXDOLW\FRQWUROVFRQIRFDOIRFXVVL]H DQGSRZHU VWDELOL\
FDQEHFRPSDUHG TXDQWLWDWLYHO\

&RPSRQHQW OHYHO OD\RXW XVHG WR H[SODLQ WKH ORFDO Q
vVLIQ VHSDUDWHYV WKH ODVHU GHOLYHU\ SDWK PLFURVFRSH REI
JLRQ LPDJLQJEUDQFK FRQIRFDODSHUWXUH 5D\OHLJK UHMHEFYV
VSHFWURPHWHU VR HDFK VXEV\VWHP FDQEHDOLJQHGDQG YDOL
&$' UHQGHULQJ RI WKH ORFDO FRQIRFDO 5DPDQ DUFKLWHFWXU
PLFURVFRSHRSWLFVY FROOHFWLRQ SDWK DQG FRPSDFW VSHFW
%HQFKLPSOHPHQWDWLRQRIWKHORFDOSDPDQRSWLFDO SDWK ¢
FDJH PRXQWHG RSWLFV VR WKH H[FLWDWLRQ LPDJLQJ ILOWHU
FDQ EHPRGLILHGDQG UHDOLIJQHG GXULQJLWHUDWLRQ
6SHFWURPHWHU VHOHFWLRQ FULWHULD IRUWKH 5DPDQ SODWIF
ZDYHOHQIJWK VHW WKH UHVROXWLRQ FRYHUDJH HIILFLHQF\ WU
OLQH VKDUSQHVV DQG WKURXJKSXW GHWHFWRU TXDQWXP HIILI
FXUUHQW DQG UHDG QRLVH GHWHUPLQHKRZ ZHDN 5DPDQ EDQG\



2SHQ5$0$1 SURMHFW VSHFWUD XVHG DV SURFHVVLQJEHQFKPDLU
7KHNH\TXDOLW\PHWULFLVWKHG615RIDVVLIQHG5DPDQEDQGYV
PRYDO DQGEDVHOLQHFRUUHFWLRQ ZLWKVPRRWKLQJOLPLWH
IHDWXUHVY DUH QRW DUWLILFLDOO\EURDGHQHG RU VKLIWHG >
5SRERWLF5DPDQ LQWHJUDWLRQ FRQFHSW IRUUHPRWH RU KD]DU
DQO0,71HZVUHSRUWRQ D 5DPDQ VSHFWURVFRS\ZRUNVKRS >
DVDIXWXUH IDFLQJFRPSDULVRQ WR WKH ORFDO EHQFKWRS FRQC
DFRPSOHWHG ORFDO FDSDELOLW\

3XEOLVKHG 0306 LPDJHV VKRZLQJWKHEDVHOLQHRSHQVSHFWU|
DQG DUHLPSURYLQJLQ WKHODE > @

0306 PRQRFKURPDWRU GHVLJQ LQFOXGLQJ WKH UD\ WUDFHG J
' SULQWHG RSWLFDO ERG\ 7KHVH ILIXUHV VXSSRUW WKH FROOTL
WLRQ ZHUHSOLFDWHG WKLV FRQFHSWLQ WKHODEDQGDUHLPS
UHSHDWDELOLW\ DQG DOLJQPHQW LQWHUIDFHV > @
&\FORKH[DQH 5DPDQ FRPSDULVRQ IURP WKH 0306 SURMHFW VKF
WURPHWHU ZDVHYDOXDWHG DJDLQVWD FRPPHUFLDO PHDVXUHP|
LQVWUXPHQW > @



ILVW RI 7TDEOHYV

5HSUHVHQWDWLYH  V\VWHPV PRWLYDWLQJXOWUDIDVW 0$6 105
PRGHUQ VROLG VWDWH 105DQG XOWUDIDVW 0$6 OLWHUDWXUH >
6XUIDFH VSHHG DQG ODFK QXPEHU FDOFXODWLRQ IRUD PP UF
FDOFXODWEROMYMMUtPYY DRES rqqRV
&RPSDULVRQRIFDQGLGDWHO0$6 URWRUPDWHULDOVUHOHYDQW
URWRU GHVLJQ 'LDPRQG YDOXHV DUHPDWHULDO DQG GHIHFW \
VLJQ FRPSDULVRQ UDWKHU WKDQ D XQLYHUVDO VXSSOLHU VSHF
5DQNLQJRIVWDWH RI WKH DUW GLDPRQG WRXJKHQLQJPHWKRC
(VWLPDWHG GLPHQVLRQDO FKDQJH IRU D PPROOSBS®RUW RU F(
UHSRUWYVY WKH OLQHDU WKHUPDO® HTS WEWLERH WRA-R ODFR.GIDY W WL R Q-
WKDW QRUPDOL]J]HG PDWHULDO YDOXHLQWR DFWXDO PLFURPHWI|

%LOO RIPDWHULDOVIRUWKHLQ KRXVH ;< SLH]RVWDJH

'"HVLIQ FULWHULD IRUWKH PDMRU 5DPDQ PLFURVFRSH FRPSRQH
&RVWHG 5DPDQ SURWRW\SH %20 IURP WKH ORFDO RULJLQDO V\V

I[IURP WKH EXLOG SHULRG
3HHU UHYLHZHG RIl WKH VKHOI| &50 FRPSRQHQW UHIHUHQFH IUR

0306 UHIHUHQFH %20 DQG PRGXOH VHW



&KDSWHU

OQOWURGXFWLRQ 2SHQOLFURQ
ODQXIDFWXULQJDV 6FLHQWLIL

ORWLYDWLRQDQG 6FRSH

([SHULPHQWDO VFLHQFH GHSHQGV RQLQVWUXPHQWY WKDW FDQ PDNF
RIWKHSKHQRPHQD XQGHULQYHVWLIJDWLRQ 3URJUHVVLQVWUXFEWXU
DQG SUHFLVLRQ PHWURORJ\LVIUHTXHQWO\OLPLWHG QRW RQO\ E\ WK
SK\WLFDO DSSDUDWXV ZLWK WKH UHTXLUHG JHRPHWU\ PDWHULDO SU
,QVWUXPHQWDWLRQLVWKHUHIRUHQRWDQDX[LOLDU\DFWLYLW\ LW
UHJLPHV EHFRPH DFFHVVLEOH

$W WKH PDFUR VFDOH DFFHVVLEOH GLJLWDO IDEULFDWLRQ WRROV
PHQW 'HVNWRS 'SULQWHUV FRPSXWHU DLGHG GHVLJQ WRROV OR
KREE\ JUDGH &1& PDFKLQHV DOORZ PDQ\ ODERUDWRULHVY WR SURWR\
IDFHV DQG H[SHULPHQWDO DFFHVVRULHV ZLWKRXW UHO\LQJ HQWLU|
SDELOLW\LV PXFK OHVV PDWXUH DW WKH PLFURQ VFDOH 6FLHQWLILF
DOLJQHG DVVHPEOLHYV SUHFLVLRQ VWDJHV PLQLDWXUH JDV EHDULQ
WXUHV DUH RIWHQ WRR VSHFELDOL]HG IRUFRPPRGLW\PDQXIDFWXULQ
DQG WRRLWHUDWLYHIRUVORZRXWVRXUFLQJ

7KLV WKHVLVY DUJXHV WKDW WKH PLVVLQJ FDSDELOLW)\ LV EHVW XQ
WKDQ DV D VLQJOHPDFKLQH OLFURQ VFDOHIDEULFDWLRQ UHTXLUHV
PDWHULDO VHOHFWLRQ IL[WXULQJ LQVSHFWLRQ DQG SURFHVV NQR:
PD\ SRVVHVV FDSDEOH WRROV ZKLOH VWLOO ODFNLQJ D UHOLDEOH U
LQWHJUDWHG LQWR D GRFXPHQWHG ZRUNIORZ WKH VDPH WRROV EHF|

7TKH)DEULFDWLRQ %RWWOHQHFNLQG6FLHQWLILF

7TKHIURQWLHUV RI VFLHQWLILF LQTXLU\DUH RIWHQ GHILQHG E\ WKH &
PHQWYV 7KLV OLPLWDWLRQLVHVSHFLDOO\YLVLEOHZKHQDVFLHQWL|
IUDJLOH PDWHULDO VSHFLILF DQGQRWFRPPHUFLDOO\VWDQGDUGL]
HISHULPHQWDQG PD\SRVVHVV WKHGLJLWDO GHVLJQ WRROV QHHGHG
WRIDEULFDWH LQVSHFW DQG UHYLVH WKHSDUWRQD XVHIXO WLPH V

7KHSUREOHPLVVWUXFWXUDO 2XWVRXUFLQJFDQ SURGXFHLQGLYL
WRU\GLUHFW FRQWURORYHU WKH SURFHVV YDULDEOHV WKDW GHWHL
WKHTXHVWLRQRIZKHWKHU D GHVLIQFDQEHPDGH EXWLWGRHV QRW



RQHILIWXUHJHQHUDWHG UXQRXW ZK\RQHODVHUVHWWLQJSURGXFF
WKHGHIHFW )RUUHVHDUFK WKDWPLVVLQJFDXVDO SURFHVV NQRZO

2SHQPLFURQ VFDOHPDQXIDFWXULQJLVWKHUHIRUHQRWVLPSO\DE
LWHUDWLRQ RFFXUV |, IWKHGHVLIJQ IDEULFDWLRQ PHDVXUHPHQW IL
WKHQ WKH ODERUDWRU\ FDQ DFFXPXODWH SURFHVV NQRZOHGJH DV S
WR RUJDQL]JH D VHW RI WHFKQLFDO V\VWHPV SUHFLVLRQ VWDJHV OECL
WRROV GDWD LQIUDVWUXFWXUH DQG DXWRPDWLRQ

IDERUDWRU\ $FFHVV 5HSURGXFLELOLW\ DQG ,Wt

7KHEURDGHU PRWLYDWLRQLVDFFHVVWRH[SHULPHQWDO FDSDELOLV
KDVFKDQJHGWKHSUDFWLFDOVWUXFWXUHRIHDUO\ VWDJHLQVWUXP|
IDEULFDWH WHVW DQGUHYLVHIL[WXUHV RUPHFKDQLFDOLQWHUIDF!
IDFLOLW\ 7KH VFLHQWLILF YDOXHRI WKDW ORFDO ORRS LV QRW WKD\
XOWLPDWH SUHFLVLRQ ,WV YDOXH LY WKDW GHVLJQ LQWHQW SURF|
HOQRXJK WR VXSSRUW UDSLG FDXVDO OHDUQLQJ

2SHQPLFURQ VFDOHPDQXIDFWXULQJ SXUVXHVY WKHVDPHH[SHULPF
REMHFWLYHLY QRW WR UHSURGXFH WKH WKURXJKSXW RUSUHFLVLRC
HYHU\ ODERUDWRU\ 5DWKHU WKH REMHFWLYH LV WR PDNH PLFURQ
VSHFWDEOH DQG LWHUDWLYH $ ODERUDWRU\ VKRXOG EH DEOH WR \
DSSURSULDWH IDEULFDWLRQ SURFHVV PHDVXUH WKHUHVXOWLQJSD
WKHSURFHVVRQWKHEDVLVRIHYLGHQFH

OLFURQ VFDOH SDUWV DUHFRPPRQLQPRGHUQVFLHQWLILFLQVWU)
XQHYHQ $URWRUIRUVROLG VWDWHQXFOHDUPDJIJQHWLFUHVRQDQFF
DSUHFLVLRQ RSWLFDO DOLJQPHQW VWDJH DQG D ODVHU PDFKLQHG
DUWLIDFWV ,Q SUDFWLFH WKH\VKDUHD VHWRIPDQXIDFWXULQJ FRC
VHQVLWLYLW\WRDOLJQPHQW DQG WKHQHHGIRUIHHGEDFN EHWZHH

7KH DFFHVV JDS EHFRPHV HVSHFLDOO\ FOHDU ZKHQ WKH UHTXLUHG
HFRV\VWHP FDQUHFRUG ZKLFK PDWHULDO IDLOHG ZKLFKIL[WXUH SUF
DJH ZKLFKLQVSHFWLRQ PHWKRG GHWHFWHG WKHGHIHFW DQG ZKLFI
WKH HFRV\VWHP LV WKHUHIRUH QRW RQO\ SDUW SURGXFWLRQ EXW W
,Q WKLY VHQVH PLFURQ VFDOH IDEULFDWLRQ LV DOVR D UHSURGXFL|
ILQLVKHG SDUW EXW D GRFXPHQWHG VHTXHQFH RI GHVLJQ GHFLVLRC
IDLOXUH PRGHV WKDW FDQ EHUHSHDWHG FKDOOHQJHG DQGLPSURY!

TKHVLVY &ODLP DQG &RQWULEXWLRQV

7KH FODLP RI WKLV WKHVLVY LV WKDW RSHQ PLFURQ VFDOH PDQXIDFW
VWDFN 7KHVWDFN FRQWDLQVIRXUFRXSOHG OD\HUYV

SUHFLVLRQ PRWLRQDQGIL[WXULQJWKDW PDNHPLFURQ VFDOH SF
EOH

IDVHU PLFURPDFKLQLQJ V\VWHPV WKDW GHOLYHUFRQWUROOHGH

&KDUDFWHUL]DWLRQWRROVWKDWFORVHWKHORRSEHWZHHQ GH)\
GDPDJH DQG IXQFWLRQDO SHUIRUPDQFH



$XWRPDWLRQDQG VRIWZDUH LQIUDVWUXFWXUH WKDW PDNH WKHYV
WXDOO\VHOI LPSURYLQJ

7KH WKHVLY FRQWULEXWHY D VIQWKHVLV RI WKLV VWDFN WKURXJK
VSLQQLQJ QXFOHDU PDJQHWLF UHVRQDQFH URWRUV 'LDPRQG URWR
PLFURPDFKLQLQJ VXE —P VFDOH FRQFHQWULFLW\ FDUHIXO UHYHUV
WLSOHIRUPVRIFKDUDFWHUL]DWLRQ EHIRUHVSLQ WHVWLQJ 3ULRU Z
URWRUV > @ DQG PRUH UHFHQW ZRUN DGYDQFHG WKH IDEULFDWLRQ
WRUV > @ 7KLV WKHVLV XVHV WKDW DSSOLFDWLRQ WR GHILQH WKH P
UHTXLUHG IRUD ODERUDWRU\WR GHYHORS PLFURQ VFDOH VFLHQWLII

(YLGHQFH %DVLVDQG 5RDGPDS

7KLY WKHVLVY FRPELQHV FRPSOHWHG H[SHULPHQWDO ZRUN RQJRLQJ
SURSRVHG HQJLQHHULQJ ZRUNIORZYVY 7KHHYLGHQWLDU\VWDWXYV RIH
WKDW FRPSOHWHG UHVXOWY DUH QRW FRQIODWHG ZLWK GHVLJQ LQW|

7KH GLDPRQG 0%$6 105 URWRU SURMHFW LV WKH SULPDU\ ZRUNIORZ
SURFHVV FKDLQ RI WKH WKHVLY 105 PRWLYDWLRQ GLDPRQG PDWHU
LQJ PHWURORJ\IHHGEDFN DQG VXSSRUWLQJKDUGZDUH 7KH QP F
ZRUNDV D ORFDO FKDUDFWHUL]DWLRQ LQVWUXPHQW DOWKRXJK LWV
LQFRPSOHWH LWLV WKHUHIRUHWUHDWHG DV D GHPRQVWUDWHG LQ\
FDOLEUDWHGS5DPDQPHDVXUHPHQWYV VWLOOUHTXLUHG 7KHORZ FRV!'
RULHQWHG SUHFLVLRQ PRWLRQ SODWIRUP DQG LW PRWLYDWHY WKH
QHHGHG IRUUHSURGXFLEOHPLFURQ VFDOH SRVLWLRQLQJ

2ZWKHUFRPSRQHQWV RFFXS\GLIITHUHQWHYLGHQWLDU\FDWHJRULH\
UHSOLFDWHG DQG LPSURYHGDVDQ HGXFDWLRQDO DQGDFFHVYV RULH
PDQ VI\VWHP E\H[SRVLQJVSHFWURPHWHU DUFKLWHFWXUH FDOLEUDW
JXLGHG ODVHU V\VWHP DQG WKHIHPWRVHFRQG PDFKLQLQJV\VWHP DL
ZLWK FXVWRP RSWLFV IOXLGLFVY DQG PHFKDQLFDO GHVLJQ WKH\ DU
IRUPYVDQG SURFHVV GHYHORSPHQW IUDPHZRUNV UDWKHU WKDQ DV FF
FRPPHUFLDO ODVHUV &7 6(0 7+] WRROV DQGURERWLF DOLJQPHQW (
GHVLIQ FRQVWUDLQWY XQOHVV ORFDO PHDVXUHPHQWYVY DUH H[SOLFL)

7KHUHPDLQGHU RI WKHWKHVLVIROORZV WKLVHYLGHQFH VWUXFW !
VWXG\ &¢KDSWHU GHVFULEHV WKH SUHFLVLRQ PRWLRQ OD\HU &KDSW
LQJIHPWRVHFRQGDQGZDWHUMHW JXLGHG VI\VWHPV &KDSWHU GHVF
VSHFWURPHWHU WRROV &KDSWHU VXPPDUL]JHV WKH WKHVLV DV DQ R



&KDSWHU

'LDPRQG 0%6 1055RWRUYV

&KDSWHU 2YHUYLHZ

7TKLVFKDSWHU WUHDWYV WKHGLDPRQGPDJLF DQJOH VSLQQLQJQXFOEF
FHQWUDO PDQXIDFWXULQJ FDVH VWXG\ RI WKH WKHVLV 7KH REMHFW
WKDW PDNH VFLHQWLILF LQVWUXPHQW IDEULFDWLRQ GLIILFXOW D E
WU\ D KLJK DVSHFW UDWLR LQWHUQDO ERUH ORZ UXQRXW ORZ," 2'
PDQDJHPHQW '13 FRPSDWLELOLW\ DQG UHSHDWHG QRQGHVWUXFWL
VDPSOH KROGHU WLV WKH SDUW ZKHUH PDWHULDO VFLHQFH ODVH
105 SHUIRUPDQFH PHHW
7TKHFKDSWHULVRUJDQLIHGDURXQGVHYHQWHFKQLFDOTXHVWLROQ)
ZKDW SXEOLVKHG 105 VSHFWUD GHPRQVWUDWH DERXW GLDPRQG UR\
GLIITHUDV URWRU VXEVWUDWHY ZKLFK ODVHU SURFHVVHV FDQ PDFKL
JHQHUDWLRQV LPSURYHG 2' ,"UHJLVWUDWLRQ KRZGLDPRQG VWRFNTI
DQG KRZVWDWRUV JDV EHDULQJV FDSV DQG KHOLXPRSHUDWLRQ FR

WDFNJURXQGDQG ORWLYDWLRQ 7KH , QVWUXPHQ

7KH )DEULFDWLRQ %RWWOHQHFNLQ6FLHQWLILF'LVFRYHU

7KH IURQWLHUV RI VFLHQWLILF LQTXLU\DUH RIWHQ GHILQHG QRW RQ
E\ZKHWKHU WKH UHTXLUHG LQVWUXPHQW FDQ EH IDEULFDWHG ZLWK
BWUXFWXUDO ELRORJ\ PDWHULDOV VFLHQFH FDWDO\VLV DQG HQHL
SUREH PDWWHU DW PROHFXODU RUDWRPLF OHQJWK VFDOHV :KHQ WK
GLVFRYHU\VORZV EHFDXVH WKH QH[W VFLHQWLILF TXHVWLRQ UHTXLL

7KLV ERWWOHQHFN LV DEXWHLQ VROLG VWDWH 105 0$6 105 FDQ G+
WHPV WKDW DUH QRQ FU\WWDOOLQH LQVROXEOH KHWHURJHQHRXV
ILEULOV PHPEUDQHSURWHLQVLQOLSLGELOD\HUV YLUDODVVHPEOL
WKDW DUH GLIILFXOW IRUVROXWLRQ 105 ; UD\ FU\VWDOORJUDSK\ RL
RI0$6 105LV WKHUHIRUH WLHG GLUHFWO\WR WKH PHFKDQLFDO SHUII
VDPSOH ,I WKH URWRU FDQQRW VSLQ IDVW HQRXJK LILW KHDWV WRH
PLFURZDYH GHOLYHU\GXULQJ'13 WKHQ WKH H[SHULPHQW LV FDSSHG
VSHFWURPHWHU



BrGen

YJLIXUH %UXNHU %LR6SLQ $9$1&(1(2 FRQVROHDQG %UXNHU $VFHQC
%LWWHU ODJQHW /DE XVHG DV WKH KLJK ILHOG H[SHULPHQWDO FRQW

SBULQFLSOHV RI0%$6 105DQG WKHS5HVROXWLRQ &KDOOHQJH

1XFOHDUPDJQHWLF UHVRQDQFH H[SORLWYV WK &V @ G IXKHIMU PRP H (
WKHVHQXFOHLDUHSODFHG LQiD WWWHRQY S WD WWDMH Q@ HIWHLFH UBG GL V E
=HHPDQ LQWHUDFWLRQ DQGHDFK QXFOHXV UHVRQDWHV DW D /DUPRU
DQG ORFDO FKHPLFDO HQYLURQPHQW ,Q VROXWLRQ 105 UDSLG LVRW
LQWHUDFWLRQV DQG SURGXFHV VKDUS VSHFWUDO OLQHYV

,QVROLGY SURWHLQVLQILEULOV PHPEUDQHDVVHPEOLHV DQGUL.
FRPSOHWH 7KHVSLQ +DPLOWRQLDQLVWKHQEURDGHQHG E\RULHQW
DQLVRWURS\DQG KHWHURQXFOHDU RUKRPRQXFOHDU GLSRODU FRXS
WK+Hf+ GLSRODU QHWZRUN FDQ SURGXFH EURDG XQUHVROYHG VSHFW

ODJLF DQJOHVSLQQLQJUHVWRUHVUHVROXWLRQ E\URWDWLQJWKH
UHODWLLYH @®R7KH UHDVRQ WKLV SDUWLFXODU DQJOH PDWWHUV LV W
DQG GLSROH+*+GLSROHWHUPVDUHVHFRQG UDQNWHQVRULQWHUDFWL
tFRY-r FRQYHQWLRQDOO\ZULWWHQ DV WKH VHFRQG /HIHQGUH SRO\C
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'KHQ WKLV DQJXODU IDFWRU LV ]JHUR WKHILUVW RUGHU FRQWULE X\
WLRQV DYHUDJHV DZD\GXULQFBPBLGEURMMDWLRQ 6HWWLQJ
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$W WKLV DQJOH ILUVW RUGHU VHFRQG UDQN DQLVRWURSLF LQWH!
DYHUDJLQJLVRQO\HIIHFWLYH ZKHQ WKH VSLQQLQJIUHTXHQF\LV KLJ
'"HQVH SURWRQ QHWZRUNV LQ IROGHG SURWHLQV FDQ KDYH KRPRQXF
KHUW] DQG VLPXODWLRQVDQG H[SHULPHQWV RQ VHOHFWLYHO\PHWI
FLHV DERYH N+] PD\EHUHTXLUHG WR UHFRYHU PRUH WKDQ RI WK
LQVRPHVSLQ VI\VWHPV> @ 7KLVGRHVQRWPHDQHYHU\VROLG VWDW
URWRU VSHHG LV D TXDQWLWDWLYH H[SHULPHQWDO YDULDEOH DQG |
OLPLWHG E\WKHPDWHULDOVDQG PDQXIDFWXULQJRIWKHURWRU

+RPRJHQHRXV DQG ,QKRPRJHQHRXV /LQHZLGWKYV

7KH SXVK WRZDUG XOWUD IDVW 0$6 LV VWURQJHVW LQ ELRORJLFDO W
VHUYHG OLQHZLGWK FRQWDLQV LQKRPRIJHQHRXV DQG KRPRIJHQHRXYV
FRPHVIURPGLVWULEXWLRQVRIORFDO VWUXFWXUH FRQIRUPDWLRQ
J)DVWHU VSLQQLQJFDQQRWPDNHD KHWHURJHQHRXV VDPSOHKRPRJH(
LVDVVRFLDWHG ZLWK DFWLYH VSLQ VSLQ LOQWHUDFWLRQV DQG WUDC
UHGXFH WKLY PHFKDQLFDOO\DYHUDJHDEOH FRPSRQHQW DQG UHYHD
GLSRODUEURDGHQLQJ

7TDEOH 5HSUHVHQWDWLYH V\VWHPV PRWLYDWLQJ XOWUDIDVW 0$6
HUQ VROLG VWDWH 105DQG XOWUDIDVW 0$6 OLWHUDWXUH > @

%LRORJLFDO RUFPIDWHIULIFIDQFH DQG VWUXFWXUDO FKDOOHQJH 105U
WDUJHW
$O]KHLPHUfVILEULOV SDWKRJHQLF DP\@&RWLKUMHIVEHBERW B ® R K B WADUSH

LQVROXEOHDQG SRO\PRUSKUAVROXWLRQLV QHHGHG WR
GLVWLQJIXLVK SRO\PRUSKLF
VWUXFWXUDO YDULDWLRQV
,QIOXHQ]D O FKDQQHOV 9LUDO WHWUDPHBEEFRBWRW RO SKD G RPOVLISQ G L
ELOD\HUV GUXJWDUJHW HQYLURQPHQWDQGDUH EURD
E\G\QDPLFVDQG SURWRQ
QHWZRUNYV

$OSKD VIQXFOHLQ JLEULOODU SURWHBQRJIDEBIWLHID Y H\R D WV DRLE® & IH\GR
SDUNLQVRQYV GLVHDVH UHJLRQV FRPSOLFDWHDVVLJC

ZLWKRXW IDVW 0$6
3 EDFWHULRSKDJH JLODPHQWRXV YLUDW RYNRIPED\SHWVHGEPBEQDW ? RE&R

PDFURPROHFXODU V\VWHP VWURQJUHOD[DWLRQDQG OLC
FRQVWUDLQWYV
/JLWKLXP LRQ EDSDMHWPDIQHWLF DQG KHWHURDHWQPRIQHWLF DQG
PDWHULDOV PLFURVWUXFWXUHV LQ HQH U NPWRURQHYQXFOHDU LQWHUD
EURDGHQ VSHFWUD DQG PRWL
IDVW VSLQQLQJ

&U\RJHQLF RSHUDWLRQLQWURGXFHVDQLPSRUWDQWOLQHZLGWK C
IUHH]HV FRQIRUPDWLRQDO GLVWULEXWLRQV EHFRPHPRUH VWDWLF
UHIRFXVHG KRPRJHQHRXV GHFD\WLPHV LPSURYH $3I EDFWHULRSKD
FR ZRUNHUV UHSRUWYV WKDW DW + N+]0%$6 FRROLQJIURP . WR
OLPLYWDOXHV IURPDSSUR[LPDWHDO G IWRP DBSURYLPDWHOD\$WWR P
WKHVDPHWLPH UHIRF¥XVBOGXRVRQAQHBXMG IURP DSSUREKBRQWHO\
IURPDSSUR[LPDWHOV"1 3w® 7KMVSIRUQW LV WKDW FRROLQJFDQLPSURY



ZKLOHZRUVHQLQJWKHDSSDUHQW VSHFWUXP WKURXJKIUR]J]HQ GLVRU
IRUIDVWHUDQG PRUHVWDEOH 0%$6 KDUGZDUH

6HQVLWLYLWN\5HTXLUHPHQWDQG '\QDPLF 1XFOHDU 3RODU

7KHVDPH URWRU PLQLDWXUL]DWLRQ WKDW HQDEOHV KLJKHU 0$6 IUHT
LOQWULQVLFDOO\LQVHQVLWLYHEHFDXVH QXFOHDU =HHPDQ HQHUJ\ VS
DWLQ\SRSXODWLRQ GLIIHUHQFH FRQWULEXWHY WR REVHUYDEOH PD
DIUDFWLRQ RIDPLFUROLWHU WKH QXPEHURIVSLQV GURSV VKDUSO\
ORQJ

'\QDPLF 1XFOHDU 3RODUL]DWLRQ '13 DGGUHVVHV WKLV VHQVLWLY
HOHFWURQVSLQVWRQXFOHDUVSLQV 7KHHOHFWURQJ\URPDJQHWLF
VR HOHFWURQ VSLQV SRVVHVV PXFK ODUJHU WKHUPDO SRODUL]DWLR
> @ ,QKLJK ILHOG '13 VDPSOHV DUH GRSHG ZLWK SDUDPDJQHWLF S|
IUHTXHQF\ PLFURZDYHV RIWHQ XQGHU FU\RJHQLF 0$6 FRQGLWLRQV
WR URWRU PDWHULDO VHOHFWLRQ

'13 UHOHYDQW URWRUV PXVW VDWLVI\WKUHH FRXSOHG PDWHULDO

7THUDKHUW] 7+] DQGOLFURZD¥KH/URWREPODMMHILDO PXVWWUDQVPLW
ILHOG HIILFLHQWO\ HQRXJK WKDW WKH VDPSOH UHFHLYHV WKH SROD
UHIOHFWLRQ DWWHQXDWHV WKHILHOGDQG FDQ SURGXFH ORFDO KHD

7TKHUPDO &RQGXFWEWDWLQJ IULFWLRQDQG DHURG\QDPLF GUDJ JHQH
FLHV +LJKWKHUPDO FRQGXFWLYLW\KHOSV GLVVLSDWHKHDW DQG SL

JRZ 7THPSHUDWXUH OHF KD DK IF V& WA\RD FPDOAVWILWKVWDQG FHQWULIXJD(
SHUDWXUH ZKHUHPDQ\PDWHULDOV EHFRPHOHVV WROHUDQW RII10D:

'LDPRQGLVDWWUDFWLYHLQDOOWKUHHFDWHJRULHY ,WFRPELQH
UHOHYDQW UDQJHV DQG KLJK VWUHQJWK +3+7 W\SH ,E GLDPRQG DGC
QLWURJHQ GHIHFWV RU3 FHQWHUV FDQ DFW DV HOHFWURQ VSLQ U]
WLFOHV GHPRQVWUDWHG PLFUR¥BY & VGALW K Q DIBIR | IERKFON WHP SHUD W
HVWDEOLVKLQJ3 GLDPRQG DV D VFLHQWLILFDOO\FUHGLEOH LQWUL ¢
WKDW UHVXOW PRWLYDWHV 3 ULFK +3+7 GLDPRQG ZKLOH OHDYLQJ WK
JLQHHULQJ TXHVWLRQ

ODWHULDO /LPLWV DQG WKH 7UDQVLWLRQ WR'LDPRQG

)RUGHFDGHV \WWULD VWDELOL]JHG ]JLUFRQLD <6= KDVEHHQD VWDQ
<6= URWRUVDUHKLJKO\VXFFHVVIXO EXWURWRUOLWHUDWXUHHPSK!
UHJLPHLQWURGXFHV ERWK JDV G\QDPLFDQG PDWHULDO OLPLWYV >

@ 2 %cy
VR D PPURWRUUHDFKHV DSSUR[LPDWHO\ P VDW N +] P VL
DQG P VDW N+] $W . WKHLGHDO JDV VRXQG VSHHG LV DSSUR

QLWURJIJHQ DQG P VpLY KBOLXP @VELRQH VDPH URWRU WKHUHIRUHDS
VXUIDFHVSHHGVLQDLURUQLWURJHQE\URXJKO\ N+] ZKLOHUHPDL
+HOLXP GRHV QRW PDNH WKH URWRU VWDEOHEHFDXVHLW UHDFKHV W



NHHSV WKHEHDULQJDQG GULYHIORZIDUWKHU IURP VRQLF FKRNLQJ
SHQDOWLHY DW WKH VDPH URWRU VXUIDFH YHORFLW\> @ 7KH PHFK
YHORFLW\ DQG PLFURVFRSLFIODZV FDQ EHFRPHEXUVW LQLWLDWLRC

7DEOH 6XUIDFH VSHHG DQG ODFK QXPEHU FDOFXODWLRQIRUD P
ODW L RoQ2 ALY 6 tutPY DREGO rqqRV

0$6 IUHTXHQF\ 6XUIDFHVSHHG ODFKQXPEHULQDLU ODFKQXPE

N +] PV
N +] PV
N +] PV
N +] PV

6LQJOH FU\VWDO +3+7 GLDPRQG LV WKHUHIRUHLQWURGXFHG DV D I
VSHHG KHDW PLFURZDYH DQGIUDFWXUH OLPLWV RIFRQYHQWLRQD (
EHFDXWLRXV EHFDXVH GLDPRQGLVH[WUHPHO\KDUG EXWDOVREULYV

7DEOH &RPSDULVRQ RIFDQGLGDWH 06 URWRU PDWHULDOV UHOH"
URWRU GHVLJQ 'LDPRQG YDOXHV DUHPDWHULDO DQG GHIHFW VWDW
UDWKHU WKDQ D XQLYHUVDO VXSSOLHU VSHFLILFDWLRQ > @
0DWHULDO "HQVLW\ JUDFWXUH WRXJKQHVV UDQJH @ 21NA{0WE&DQVSDUHQF\
<6= o JFP + 03DFP" 3RRUHU WKD®DVHOLQH EXWEXUVW OLPLWH
GLDPRQG  H[WUHPHVSHHG
6DSSKLUH - JFR03DP" +LJK 7RRIUDJLOH IRUWKLV URWRU
DSSOLFDWLRQ
&9'GLDPRQG © J FPRUGLQDU\ FRORUOHVYPHGIBEW U\VWD@KHPLFDOO\DWWUDFWLYH
&9' 6+ 03DP> @ GHIHFW DQG FOHDYDJH OLPLWH
URWRU WULDOV
+3+7 GLDPRQG © JFW\SH,,D %  W\SH([F HOmoRW 3UHIHUUHG PDWHULDO FD(
o+ 03DP> @ IXQFWLRQDO GLDPRQG URWRUYV

7KH IUDFWXUH WRXJKQHVV HQWULHV LQ 7DEOH DUH GHOLEHUDWHC
RUOHVV VLQJOH FU\VWDO0BD B U PRWYIGHMHIFUV\SH ,E \HOORBRZIGLDPRQC
P°’A* DQG OLWHUDWXUH W\SH ,,DAV'D O HYKRH PX£ K WBIDKMU ERURQ QLWU
&9'YDOXHVDQGDQQHDOHG &9'YDOXHVDUHGLVFXVVHG ODWHU DV WR
SXUFKDVDEOH URWRU VWRFN

'LDPRQG6HOHFWLRQIRU 1055RWRUV

7R XVH GLDPRQG DV D URWRU PDWHULDO WKH FKDSWHU PXVW VHSDUL
VWUXFWXUH &KHPLFDO SXULW\DORQHLV QRWHQRXJK 7KHURWRU P
FDS LQVHUWLRQ SDFNLQJ DQG VSLQ WHVWLQJ 7KH VHOHFWLRQ SU
GLVORFDWLRQGHQVLW\ FU\WWDOORJUDSKLFRULHQWDWLRQ IUDFW)
RI'WKH URWRU

'LDPRQG W\SH LV D XVHIXO VKRUWKDQG IRU SRLQW GHIHFW FKHPLYV
ODEHO 7\SH,D GLDPRQGV FRQWDLQ QLWURJHQ LQ DJJUHJDWHG FOXV
XUDO GLDPRQGV WKH\FRPPRQO\UDQJHIURP QHDU FRORUOHVV WR Ol
SFDSH GLDPRQGV 7\SH ,EGLDPRQGV FRQWDLQLVRODWHG VXEVWLW X
QDU\ LQ FRORU DQG DUH UDUH LQ QDWXUH EXW LPSRUWDQW LQ V\QV
QR PHDVXUDEOH QLWURJHQ RUERURQLPSXULWLHV DQGDUH XVXDOO\



YDULDQWY FDQ RFFXU WKLV LV WKH FKHPLFDOO\ SXUHVW GLDPRQG W
HOHFWULFLW\ DQGDUHFRPPRQO\EOXHRUJUD\ EOXHEHFDXVHERUR
WUXP> @ )RUO0$6 URWRUV WKH SUDFWLFDO LQWHUSUHWDWLRQ LV
URWRU SHUIRUPDQFH VWLOO GHSHQGV RQ HIWHQGHG GHIHFWV RULH:

TypelaA Type laB
laA ¢c—C—C—C ¢—C—¢C
(A-aggregated N pairs)

laB
(B-aggregated 4N + V)

Typela
(aggregated
N impurities)

N c C N C

C o C

AN
Nn—n—n—n

C—N—N C—N—C

Typel

(N impurities)

Type Ib
Type Ib (isolated single
N impurities)

An—n-—n

C =carbon atom
N = nitrogen atom
B =boron atom

V = lattice vacancy

Type lla
Type lla (no N or boron
impurities)

A A aon
AA-nn
a—a-—n-—a
Annn

Typell

(no N impurities)

Type lIb
Type Ilb (boron impurities)

AAAa
A @ N
®An—n
Annw®

YLIXUH 'LDPRQG W\SH FKDYIW XURP *,$,$ VFKHPDWLF VKRZLQJKRZ QLWUR.:

7RSWR ERWWRP W\SH ,D W\SHHWRPW \SHMQ \IDHSODFH FDUERQ DWRPV LQ WKH GL

W\SH ,,E> @ GLDJUDP OLQNV W\SH ,DDQG ,EGLDPRQGV WR Q
VWDWH W\SH,,DWRDEVHQFHRIPHDVXUDEOH
W\SH ,,E WR ERURQ VXEVWLWXWLRQ > @

&DUERQ 3KDVHG6WDELOLW\DQG 6\QWKHVLV 5RXWHYV

6\QWKHWLFVLQJOH FU\VWDO GLDPRQG LV W\SLFDOO\SURGXFHG E\+L
RUE\&KHPLFDO 9DSRU '"HSRVLWLRQ &9' 7KHWZRPHWKRGV PDNHYLYV
PDWHULDOV DV VKRZQLQ)LJ DQG WKRVHGLITHUHQFHYVY PDWWHU E
KHOG ODVHUGULOOHG LQVSHFWHG DQGVSXQDWKLIKIUHTXHQF\ )F
PDWHULDO LWGHWHUPLQHVY WKHEDODQFHDPRQJSXULW\ GLVORFDW
VLIH SULFH DQG PDFKLQLQJVXUYLYDELOLW\

&DUERQ SKDVH YRMVDELDRROG PDWHULDO SUREOHP EHILQV ZLWK WKH F
HQW SUHVVXUH JUDSKLWHLVY WKHWKHUPRG\QDPLFDOO\VWDEOH VR
'LDPRQG EHFRPHV WKH VWDEOH VROLG SKDVH RQO\ DW HOHYDWHG S
HTXLSPHQWWRHQWHURUDSSURDFKWKHGLDPRQG VWDELOLW\ILHOC
E\LWVHOI EHFDXVH JUDSKLWH WR GLDPRQG FRQYHUVLRQ LV FRQWU
XSGDWHG FDUERQ SKDVH GLDJUDP UHYLHZ HPSKDVL]HV WKDW ODUJH
PHWDVWDEOHDQG K\EULG FDUERQ IRUPV WR SHUVLVW DIWHU TXHQFK
VDPHQRPLQDO3:GLDPRQG  SKDVHFDQDUULYHDVIDFHWHG +3+7 VLQJC
GLDPRQG QDQRGLDPRQG SRZGHU RU &9'"SODWH HDFK ZLWK GLIIHUH
ULVN



HPHT DIAMOND ROUGH CVD DIAMOND ROUGH

Figure 2.4: Typical rough single-crystal diamond morphologies from HPHT and CVD growth. HPHT rough
is commonly faceted; CVD rough is commonly square or plate-like because it grows on a planar seed.
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Figure 2.5: Carbon pressure-temperature diagram showing graphite, diamond, liquid carbon, and represen-
tative artificial synthesis windows. Adapted from Bundy [16].

The routes in Fig. 2.5 should therefore be read as process families. Catalytic HPHT growth uses pressure
and temperature to make diamond thermodynamically favorable, but it also uses a molten metal solvent-
catalyst to reduce the kinetic barrier for breaking sp? graphite bonds and precipitating sp> diamond. Direct
catalyst-free graphite-to-diamond conversion removes the metal solvent but requires much more severe con-
ditions; Bundy reported that spontaneous graphite-to-diamond transformation occurs at pressures and tem-
peratures roughly twice those required with conventional catalyst-solvents [18]. Recent direct-conversion
work also shows that graphite-to-diamond transformation is governed by nanoscale graphite-diamond inter-
faces and can produce complex mixed or defected structures during partial transformation [19]. These routes
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can produce scientifically important ultrahard or nanostructured materials, such as nano-polycrystalline or
nanotwinned diamond, but they are not automatically suitable for long, low-defect, sub-millimeter single-
crystal rotor blanks [20, 21].

Shock-wave or explosive synthesis occupies a still different region of the map. The pressure and tem-
perature excursion is extreme but brief, and the rapid quench typically produces nanodiamond powder rather
than large single-crystal plates or rods; detonation nanodiamonds are commonly nanometer-scale in repre-
sentative reports [22, 23]. These powders are important for nanomaterials, polishing, and surface chemistry,
but they are not appropriate feedstock for 0.7 mm-class single-crystal MAS rotors. HPHT and CVD therefore
remain the relevant bulk single-crystal routes for the present rotor workflow.

HPHT synthesis methodology: catalytic growth and press design. HPHT synthesis reproduces the
thermodynamic diamond-stability regime using cubic, belt, or related high-pressure presses. Carbon, often
graphite, is exposed to approximately 5.0-6.5 GPa and temperatures near 1300—1600 °C in representative
literature [24-27]. Metal solvent catalysts such as Fe, Ni, Co, or alloys dissolve carbon and lower the acti-
vation barrier for crystallization. Wang et al. show that, for an iron-based catalyst, the eutectic melt between
carbon and catalyst is central to the graphite-to-diamond transformation; the catalyst lowers the environmen-
tal conditions needed to destroy graphite C—C bonds and form sp? carbon in the diamond-stability field [28].
A thermal gradient then drives carbon precipitation onto an oriented diamond seed, and growth can proceed
slowly over tens or hundreds of hours.

The press architecture in Fig. 2.6 is important because pressure is not only a thermodynamic variable;
it is a machine-design and cost variable. For a fixed sample-cell area, the required load scales with pres-
sure. Raising pressure also increases demands on anvils, gaskets, pressure media, heater materials, thermal
insulation, and cell reproducibility. Higher temperature adds chemical compatibility and heater-life con-
straints. Catalytic HPHT growth is therefore attractive industrially because it moves diamond growth into
a lower-pressure/lower-temperature window than direct conversion, allowing larger sample volumes and
more repeatable equipment. Large-volume cubic presses exploit six opposed anvils to compress a roughly
cubic cell from all orthogonal directions, which is why this geometry has become important for lower-cost
industrial synthetic-diamond production.

Figure 2.6: Cubic HPHT diamond press. The left panel shows the exterior of a six-anvil press, and the right
panel shows the opposed-anvil interior. Adapted from Deljanin [29] and Diamond Land [30].
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/3+7 DQQHDOLQJRIKLIJK JURZWK UDWHVLQJOH FU\WVWDO &9'GLDPRQC
WLRQ DQG FKDQJH QLWURJHQ YDFDQF\ K\GURJHQ UHODWHG GHIHFW \
SODVPD FROQGLWEROVASHVER7 DQQHDOLQJFDQ DOVR PRGLI\&9'PDWHU
VWDELOLW\ILHOG &KDUOHVHWDO UHSRUWHG WKDW D GDUN KLJKO\
DIWHUD KDQQHDO D& ZA3WKOWWGEVWDQWLDO FKDQJHV LQ LQIUDUHG (
GHIHFW VLIQDWXUHV > @ 8HGD HW DO IRXQG WKDW +3+7 DQQHDOLC
IUHH H[FLWRQ HPLVVLRQ UHGXFHG GHIHFW UHODWHG FDWKRGROXPL
KROHPRELOLW\IURPY”*"WR @ FP

7KHVH UHVXOWY PDWWHU IRUURWRU VHOHFWLRQ EHFDXVH WKH\ VK
WHULDO VWDWH $QQHDOLQJFDQ UHGXFH RUWUDQVIRUP RSWLFDOO
GDPDJH DQG LPSURYH RSWLFDO RUHOHFWURQLF PHWULFV ,WFDQQ
LQFOXVLRQV SRRU VHHG LQKHULWDQFH GLVORFDWLRQ EXQGOHV R
VKRXOG WKHUHIRUHWUHDW DQQHDOHG &9'DVD FDQGLGDWH PDWHUL
5DPDQ ELUHIULQJHQFHRU ; UD\ WRSRJUDSK\ PLFUR &7 6(0 DQG PD
HTXLYDOHQW WR RSWLPL]JHG +3+7 VWRFNIRUDIXQFWLRQDO 0$6 URWF

'"HIHFW SBURILOHV DQG 'LVORFDWLRQ '"HQVLWLHYV

'LDPRQG VHOHFWLRQ UHTXLUHV D GLVWLQFWLRQ EHWZHHQ FKHPLFD
WKURXJK D OLTXLG VROLG SURFHVV LQ D PHWDO VROYHQW FDWDO\V\
DQG QLWURJHQ LQFRUSRUDWLRQ EXW WKH WKHUPRG\QDPLF JURZWK
QXLW\ &9'GLDPRQG FDQ DFKLHYHH[FHSWLRQDO FKHPLFDO SXULW\ E
GHSHQG VWURQJO\RQ VHHG TXDOLW\ KRPRHSLWD[LDO JURZWK FRQG
)RU URWRU IDEULFDWLRQ FUDEFN LQLWLDWLQJ H[WHQGHG GHIHEWYV F
FRQFHQWUDWLRQ DORQH
&9'GLDPRQGFDQEHFKHPLFDOO\SXUHUEHFDXVHLWDYRLGV PHWDC
JHQLQFRUSRUDWLRQ 7KDW FKHPLFDO SXULW\LV XVHIXO IRURSWLF\
+RZHYHU FRPPHUFLDO &9' VWRFNFDQ FRQWDLQ GHQVH GLVORFDWLR
KRPRHSLWD[LDO JURZWK LPSHUIHFWLRQV RUWKHUPDO PLVPDWFK 'X
GHIHFWV FDQ EHFRPH VWUHVV FRQFHQWUDWRUV WKDW LQLWLDWH FO
+3+7 W\SH ,E GLDPRQG FRQWDLQV 3 FHQWHUV RIWHQ DW WHQV WR
SDVVLYH URWRUV WKRVH GHIHFWV PD\EH D WUDGHRII )RU '13 RULHC
DVVHW EHFDXVH WKHHOHFWURQVSLQVLQWKHGLDPRQG ODWWLEH PC
FRQGLWLRQDO W\SH,E+3+7LVIDYRUHG ZKHQ 3 FHQWHUV DUH SDUW
ZKHQ WKH URWRU VKRXOG EHDV VSHFWURVFRSLFDOO\SDVVLYHDQG \

&U\WWWDOORJUDSKLF2ULHQWDWLRQDQG &OHDYDJH OHFKD

'LDPRQG LV PHFKDQLFDOO\DQLVRWURSLF 7KHRUHWLFDO ZRUN SUHG
YrqqARZHU VWU ARG ORBQRQRXQFHGR LIAL@X P DIOR®UUHFWLRQDOL\V
ZK\WKH” " IDPLO\LVWKHGRPLQDQW FOHDYDJHIDPLO\LQ GLDPRQG
DORQJWKH> @ GLUHFWLRQ VRWKHERUHDQGORQJD[LVDYRLG GLL

> @












PRGLILHG KLJK GHQVLW\SODVPD &9' JURZWK WR LQFRUSRUDWH ERUR
FR GRSHG VLQJOH FU\WVWDO &9'GLDPRQG ZLWK IUD FPWKUWI® W B X WD HV
LQJ KDUGQHVY QHDU *3b> @ ,Q WKHVDPH VWXG\ ORZ SUHVVXUH
SURGXFHG KDUGQHVV RI DW OHDVW URXJKO\ *3 D*Z’L WHKFIKUD@ MVNJLH W
FDOO\ WKHLPSURYHPHQW LV DWWULEXWHG WRLPSXULW\ UHODWHG |
SURSDJDWLRQ UDWKHU WKDQ WR D ELQGHU SKDVH )RU0$6 URWRUYV
DPRQJVLQJOH FU\WVWDO &9' RSWLRQV EHFDXVH LW SUHVHUYHV D FRQ
DQG PLFURZDYH SHQDOWLHYV RI PHWDOOLF ELQGHUYVY 7KH PDLQ IHDVI
DXWRPDWLFDOO\HTXLYDOHQW WR FRPPHUFLDOO\DYDLODEOH ORQJ
&R GRSHG &9'ZRXOG VWLOO UHTXLUH 5DPDQ &7 (%6' DQG VSLQ WHYV
DOVR JHQHUDWH GLVORFDWLRQ EXQGOHYV UHVLGXDO VWUHVV JUDG|
PDFKLQLQJIDLOXUH

&9'PHWKRG SHULRGLFQLWURJHQ GRS$HFERQO@R' PKOMWRGD\HWR JURZ
QLWURJHQ GRSHG KRPRHSLWD[LDO PXOWLOD\HUV =KDRHW DO UHSR
DOWHUQDWLQJWHQVLOHDQG FRPSUHVVLYH VWUHVVHV LQFUHDVH IU
03D P°ZKHQ WKH VLQJOH OD\HU WKLFNQHVV LVDERXW QP DSSUR[LPI
XVHG LQ WKDW VWXG\> @ 7KH FRQFHSW LV DWWUDFWLYH EHFDXVH
FRQVXPHHQHUJ\GXULQJFUDFNLQLWLDWLRQDQG SURSDJDWLRQ ,W L
GHIHFWLQFRUSRUDWLRQ ,WVURWRUIHDVLELOLW\LVYORZHUWKDQ FI
LQKHUHQWO\GLUHFWLRQDO $0$6 URWRUH[SHULHQFHV KRRS VWUHV
VWUHVV LQ PXOWLSOH GLUHFWLRQV ,I WKHPXOWLOD\HU DUFKLWHFW
WRXJKHQ RQH IDLOXUH PRGH ZKLOH OHDYLQJDQRWKHU XQFKDQJHG

DOVR KDV WR EHJURZQ DW URWRU EODQN VFDOHDQG WKHQ VXUYLYH |

&9'PHWKRG SRVW JURZWKDQQHDOLQ&D GG VMRIHY R IR\DH)D B R @ M@WQ \
VWUHVVHV IURP WKHUPDO PLVPDWFK KLJKJURZWK UDWH DQG GHIHF
WKHVH VWUHVVHV DQG LPSURYH KDUGQHVV RUWRXJKQHVV DV VKRZQ
UHSRUWHG E\/LDQJHWDO > @ )RUURWRUIDEULFDWLRQ DQQHDOL
EHDSSOLHG DIWHU PDWHULDO SURFXUHPHQW DQG EHIRUH RUDIWHU |
WKDQ HQJLQHHUHG FR GRSLQJRUPXOWLOD\HUV EHEDXVHLW GRHV QF
FOHDYDJH ,WLVEHVW XQGHUVWRRG DV D VWUHVV PDQDJHPHQW PH
LPSURYHPDFKLQLQJ\LHOG EXW LWLV XQOLNHO\WRWUDQVIRUP RUGI
PDWHULDO E\LWVHOI

13' 1DQR SRO\FU\VWDOOLQHGLDPRQG 13" LVDELQGHUOHVV QDQRJ
RURWKHUFDUERQ SUHFXUVRUV XQGHU VWDWLF +3+7 FRQGLWLRQV ,L
WDOOLQHGLDPRQGIURPJUDSKLWH DQGODWHUZRUNGHVFULEHYV 13"
PDFURVFRSLF~A "FOHDYDJHSODQH> @ 7KHWRXJKHQLQJPHFKDQL"
FDQQRW SURSDJDWH WKURXJKRQHFRQWLQXRXV VLQJOH FU\VWDO FC
JUDLQ ERXQGDULHYV )RUO0$6 105 URWRUV WKDWIUDFWXUHLVRWURS\
PDWHULDO PXVWEHDYDLODEOHDVY ORQJ GHQVH SRUH IUHH VXE PLC
ZLWKRXW JUDLQ ERXQGDU\ FKLSSLQJ DQG LWV JUDLQ ERXQGDU\ QH'
PLFURZDYH ORVV RUGHEULY UHODWHG IDLOXUH 13'"WKHUHIRUH UDC
ORZWRPRGHUDWHLQURWRUIHDVLELOLW\



YLIXUH 1DQRWZLQQHG GLDPRQG GHIRUPDWLRQ PRGHO IURP :HQ |
GHIRUPDWLRQ ILHOGV DQG GLVORFDWLRQ LQWHUDFWLRQ ZLWK WKH C

1DQRWZLQQHG GDRQRRIGEQQHG GLDPRQG UHSUHVHQWYV RQH RI WKH KL
WHULDOV UHSRUWHG +XDQJHWDO V\QWKHVL]JHGEXONQDQRWZLQQH
+3+7 FRQGLWLRQV DQG UHSRUWHG DQ DYHUDJH WZLQ WKLFNQHVV QHI

*3D DQG VXEVWDQWLDOO\LPSURYHG WKHUPDO VWDELOLW\> @ 7
LV WZLQ ERXQGDU\ VWUHQJWKHQLQJ QDQRVFDOH WZLQ ERXQGDULH
XUH LV XVHIXO EHFDXVH LW VKRZV WKH PHFKDQLVP UDWKHU WKDQ
XODWHG QDQRWZLQQHG GLDPRQG PLFURVWUXFWXUH WKH WZLQ ERX
FRPSUHVVLRQ VKXIIOH VHW GLVORFDWLRQV DQG ORFDO GLVSODFHP
LQVWHDG RI SDVVLQJ WKURXJK D ODUJH XQLQWHUUXSWHG FU\WWDO Y
LI LW FRXOG EH SURGXFHG DV ORQJ KRPRJHQHRXV > @ UHIHUHQFF
VXUIDFHGDPDJH ,WVIHDVLELOLW\UHPDLQV ORZEHFDXVHWKHV\QW}#
JHRPHWU\ LV QRW QDWXUDOO\PDWFKHG WR URWRU PDQXIDFWXULQJ
EHHQ GHPRQVWUDWHG RQ QDQRWZLQQHG GLDPRQG > @

BHFRQGDU\ SKDVH PHWKRG WRXJKHQHG SRO\FIUAXW\WDODRQ I$ BEQ DFRR Q
GLDPRQG FDQ EH WRXJKHQHG E\DGGLQJELQGHU RUVHFRQGDU\ SKD\
DKLIJK WKHUPRVWDELOLW\ 6L+% SRO\FU\VWDOOLQH GLDPRQG V\VWH
LPSURYH IUDFWXUH EHKDYLRU GXULQJ +3+7 VLQWHULQJ> @ 7KLV PF
EXW LW LV QRW D IHDVLEOH PHWKRG IRU IXQFWLRQDO 0$6 105 URWRU
WURGXFH PDJQHWLF VXVFHSWLELOLW\ FRQGXFWLYLW\ GLHOHFWULF
JUDLQ ERXQGDULHV DQGELQGHU ULFKUHJLRQV ZRXOG EH YXOQHUDE
JUDSKLWL]DWLRQ GHEULVY UHWHQWLRQ DQG ORFDO WKHUPDO PLVP
SKDVH 3&' LV WKHUHIRUH XVHIXO DV D FRPSDULVRQ FDVH IRU IUDFWX
VKRXOG EHH[FOXGHG IURP WKH IXQFWLRQDO URWRU PDWHULDO VHW

7KLV UDQNLQJ LV OLPLWHG WR PDWHULDO VFLHQFH WRXJKHQLQJ P
&9' DQG &9' QDQR PXOWLOD\HUV DUH WKH PRVW UHOHYDQW VLQJOH |
FLSOH SUHVHUYH D FRQWLQXRXV GLDPRQG ERG\ ZKLOH LPSURYLQJ U
1DQR SRO\FU\WVWDOOLQHDQG QDQRWZLQQHG GLDPRQG RIIHU KLJK FR
JHRPHWU\ RULHQWDWLRQ FRQWURO DQG KLJK DVSHFW UDWLR PDFK
IDEULFDWLRQ 6HFRQGDU\ SKDVH3&'LVH[FOXGHGIURP WKHIXQFWLR
SKDVH FRPSDWLELOLW\SUREOHPV FRQIOLFW ZLWK WKH 0$6 105 V\VW|



7TDEOH SDOQNLQIJRIVWDWH RI WKH DUW GLDPRQG WRXJKHQLQJPFE

5DQN OHWKRG ODLQ WRXJKHQLQJPHFKDQLVP 105 FRPSDW
%RURQ QLWURJHQ FR G R S4PCOWLIQRISHHU EWWHQD 0Q H H U IB@RIMHIGW Y 0OBVFRPSDWLEOH LI
&9' PRGLILFDWLRQ UHSRUWHGORZ ORYY ORZ GLVORFDWLROQ
WRXJKQHVYV VWRFN LY YDOLGDWHG
&9'SRVW JURZWK DQQH D GIH®ID [¥W UHWVY G XD O VWU H YV &R RESDADICE OBILIV X D/WE Q MAP\H Q W
PDQDJHPHQW ZKLOHUHWDLOLQJPRGHUDBXMRXBESRNWWLOO UHTXLUHV

VFUHHQLQJ
3HULRGLF QLWURJHQ GRSERXHVUHQW LQWHUIDFHV D QIRMNHOMLQDWL G RN SDMVEOH E X

QDQR PXOWLOD\HUV ILHOGV GHIOHFW FUDFNY " UBIBRIUMCH® HFWBR® DQG VFDOH )
WRXJKQHVV PXVW EH SURYHQ
1DQR SRO\FU\WWDOOLQH GLDPRQG 1DQRJUDBQSURFNGHOHBEWLRQ DQG UHP

FRQWLQXRXV VLQJOH FU\VWDDLROERXQ G 8 DPMANIURX QG
DQG PDFKLQLQJPXVW EH

WHVWHG
1DQRWZLQQHG GLDPRQG 1DQRVFDOH WZBQ SEHRRWHIDIRWMWE HOWW RN QLQ J
UHSRUWHG KIDBUGE€3VV XS WRHRPHWU\ LV WKH PDLQ EDUULH
6HFRQGDU\ SKDVH WRXJKHQHG 38&° &DUELGH ELQ®@HWRO RD® MEWLHOEH A D )O\QHG F UL
GHIOHFWLRQ VHFRQGDU\ SKDVHV FDQ DIIHFW
105 5) DQG PLFURZDYH
EHKDYLRU

/IDVHU ODFKLQLQJIRU'LDPRQG5RWRU 'ULOOLQJ

JROORZLQJPDWHULDO VHOHFWLRQ WKHQH[WTXHVWLRQLVY KRZWRP
GHVWUR\LQJWKHGLDPRQG :DYHOHQJWK SXOVHGXUDWLRQ SXOVH&F
GHWHUPLQHVLGHZDOO WDSHU KHDW DIIHFWHG JRQH +$= JUDSKLWI

2SWLFDO $EVRUSWLRQ 3K\VLFVLQ 'LDPRQG

,GHDO GLDPRQG KDV D ZLGHLQGLUHFWEDQGJDS RIDSSUR[LPDWHO\
YLVLEOH DQG QHDU LQIUDUHG VSHFWUXP $VLPSOHRQH SKRWRQ ED
QP DQG QPOLJKWVKRXOGQRWFRXSOHVWURQJO\WR SULVWLQH GL
DQG H9 7KDW VWDWHPHQW LV RQO\WKH VWDUWLQJSRLQW

IHFWV VXUIDFHURXJKQHVV FRQWDPLQDWLRQ PXOWLSKRWRQLRQL]
SURGXFHG GXULQJHDUOLHU SXOVHYV > @

7KHZDYHOHQJWK PDS LQ)LJ LV QRW D PHDVXUHG DEVRUSWLRQ \
,WLVDQHYLGHQFHPDS WKDW VHSDUDWHYV LQWULQVLF GLDPRQG DEVF
LQGXFHG JUDSKLWL]JHG FDUERQ 7KLVGLVWLQFWLRQPDWWHUV EHFD)
LV YLVXDOO\PLVOHDGLQJLQ WKH YLVLEOH UDQJH WKH 3KLOOLS DQG
E\UHIUDFWLYHLQGH[ RQMR KIDNVUWWRHHWHRHS 89 EDQG HGJH LQ WKH =
UHSREWWKURXJK PRVW RI WKH YLVLEOH DQG QHDU ,5 > @ 7KDW V
KLJK SXULW\GLDPRQGLV ZHDNO\DEVRUELQJDW DQG QP E\'V
EXWLWGRHY QRW E\LWVHOIH[SODLQ SUDFWLFDO PDFKLQLQJ

7KH VROLG FRORUHG FXUYHV WKHUHIRUH VKRZ OLWHUDWXUH VXSS
DEVRUSWLRQ FRHIILFLHQWY 7\SH ,,D KLJK SXULW\ GLDPRQG LV WUF
OHVV GHIHFWV VXUIDFHV RU XOWUDIDVW QRQOLQHDU LQWHQVLW\ ¢
WKH DJJUHJDWHG QLWURJHQ FDVH ZLWK YLVLEOH FHQWHU EHKDYLR

WXUH DQG *,$ GLDPRQG W\SH GHVFULSWLRQV > @ 7\SH ,E +3+7 GL
LVFRPPRQO\\HOORZ QLWURJHQ UHODWHG SKRWRFRQGXFWLYLW\ DC
DQG HO FRUUHVSRQG WR DSSUR[LPDWHO\ DQG QP V

KHOS LQLWLDWH DEVRUSWLRQ DW 89 YLVLEOH PDFKLQLQJ ZDYHOHQJ
DQG ERURQ UHODWHG DEVRUSWLRQ HIWHQGV IURP WKH LQIUDUHG W



J)LIXUH AXDOLWDWLYHZDYHOHQJWK FRXSOLQJPDSIRUGLDPRQG
ZHDNO\DEVRUELQJWKURXJKPRVWYLVLEOH 1,5ZDYHOHQJWKYV QLWL
FDUERQDGG FRXSOLQJ SDWKzZD\V 9HUWLFDO OLQHV PDUN DQG



EOXH FRORU E\ SUHIHUHQWLDOO\UHPRYLQJUHG 1,5 OLJKW > @
SUDFWLFDO WUDQVLWLRQ LV WHH ERRUP DX LRK REYBD §KLEWIRBIG D Q G
SXOVHV WR FRXSOH PXFK PRUH HIILFLHQWO\WKDQ SULVWLQH GLDPR(
WKH SORW VHSDUDWH KLJK FRQILGHQFH VRXUFH EDFNHG VWDWHPHQ
SURFHVV LQGXFHG JUDSKLWL]DWLRQ IURPVDPSOH GHSHQGHQW LPS

SBOWUDYLROHW 89 8P SKRWMRQV GR QRW EULGJH WKH IXOO GLDPRQ
EXW WKH\FRXSOH PRUHUHDGLO\WKDQ JUHHQ RULQIUDUHG OLJKW Wt
UHODWHG DEVRUSWLRQ ,Q +3+7 W\SH ,EGLDPRQG 3 FHQWHUV DQG R
QDQRVHFRQG WRROV FDQ WKHUHIRUH LQLWLDWH PDFKLQLQJPRUH HE
WKHUPDO DEODWLRQ SURFHVV ZLWK +$=DQG FUDFNLQJ ULVNYV

*UHHQ QP HPLVWLQH GLDPRQG LV ODUJHO\ WUDQVSDUHQW DW
JUHHQ PDFKLQLQJ ZRUNV EHFDXVH DEVRUSWLRQ VWDUWY DW GHIHFW
DJUDSKLWIOHHUVSXEVHTXHQW SXOVHV FRXSOH HIILFLHQWO\ WR WKD
KLIK DVSHFW UDWLR URWRUPDFKLQLQJZRUN XVHYV QP QDQRVHFRQ
VXSSRUWHG SURFHVVIRUGHHS ERUHIRUPDWLRQLQ +3+7 GLDPRQG >

,QIUDUHG QP 1HB® LQIUDUHG QDQRVHFRQG PDFKLQLQJFRXSOH)
ZLWKRXW DQ DEVRUSWLYH FRDWLQJ RU SUH GDPDJHG VXUIDFH 2QF}
DJJUHVVLYH EXW WKHUPDO JUDGLHQWY FDQ EH VHYHUH )RU URWRU
URXJKLQJRUFRDWLQJ DVVLVWHG FDQGLGDWH WKDQ DV WKH FOHDQH

JHPWRVHFRQG OXOWLSKRWRQ $EVRUSWLRIDWURPKRURPS XO VR FDQ
OLQHDU DEVRUSWLRQ EHFDXVH WKH SHDN LQWHQVLW\ LV KLJK HQRXJ
KROH SODVPD IRUPDWLRQ 7KLV FDQ UHGXFH WKHUPDO GLIIXVLRQ DQ
FKLQLQJ DWWUDFWLYH IRU ILQLVKLQJ DQG ORZ GDPDJH VWUXFWXUL
PLOOLPHWHU GHHS VXE PLOOLPHWHU ERUHV EHFDXVH GHHS KROHYV
EHDP SURSDJDWLRQ SUREOHPYV

:KLFK/DVHU ,VORUH (IILFLHQW IRU 'LDPRQG"

7KHUH LV QR VLQJOH PRVW HIILFLHQW ODVHU IRU GLDPRQG EHFDXVH
DEODWLRQ WKUHVKROG KLJK YROXPHWULF UHPRYDO UDWH ORZ KHD
LQ D GHHS ERUH RUPLQLPXP SRVW SURFHVVLQJ :DYHOHQJWK PDWMW
3XOVH GXUDWLRQ IOXHQFH UHODWLYH WR WKUHVKROG SXOVH HQH!
SRODUL]DWLRQ QXPHULFDODSHUWXUH GHEULVHYDFXDWLRQ DQG I
QRPLQDO ZDYHOHQJWK

3XOVH 'XUDWLRQDQG 7KHR®@ DHOU SIXOWIHR/QVHQG WR UHPRYHPDWHULDO
]JDWLRQ PHOWLQJ VXEOLPDWLRQ SODVPDIRUPDWLRQ DQGUHGHSRYV
89+, 5 SXOVHVFDQDEODWH &9'GLDPRQG EXW WKHPHFKDQLVP UHPDL(
WKHUPDO PRGLILFDWLRQ > @ &KLFKNRYHWDO FRPSDUHGIHPWRVH
VROLGVDQG VKRZHG ZK\ VKRUWHU SXOVHV DUHIDYRUHG IRU SUHFLVL
GLIIXVLRQ LOQWR WKH VXUURXQGLQJ PDWHULDO > @ )RUGLDPRQG YV
QRQOLQHDU DEVRUSWLRQ DQG GHQVH HOHFWURQ KROH SODVPD IRUF
FDO]RQH ZKLFKPDNHV LWDWWUDFWLYHIRUORZ GDPDJHILQLVKLQJ



WKURXJKSXW IHPWRVHFRQGPDFKLQLQJPD\JLYHWKHFOHDQHVW ORF
SURGXFH WKHIDVWHVW GHHS KROH SURFHVYV

JOXHQFH 3XOVH (QHUJ\ DQG KH INWDVOLRRBDWRO YDULDEOH LV QRW |
SXOVH PXVW H[FHHG WKH ORFDO PRGLILFDWLRQ RUDEODWLRQ WKUH\
WKDW SODVPD VKLHOGLQJ FUDFNLQJ H[FHVVLYH JUDSKLWL]DWLRQ
DQG VSRW VL]H GHWHUPLQH IOXHQFH SXOVH GXUDWLRQ GHWHUPLQH
WKURXJKSXW DQG KHDW DFFXPXODWLRQ ,Q WUDQVSDUHQW RU ZHDN
FRXSOH WKURXJK PXOWLSKRWRQDQG DYDODQFKHLRQL]DWLRQ ZKHQ
HQHUJ\ LV EHORZ WKH EDQGJDS > @ )RUQDQRVHFRQG GLDPRQG PDI
IRUPV ODWHU SXOVHV FRXSOH PRUH VWURQJO\ EHFDXVH WKH VXUID
GLDPRQG > @

%HDP 4XDOLW\ )RFXV DQGHHSWRGBGHMBOKQRW OLPLWHG RQO\E\DEV
FRQWUROV KRZ WLJKWO\DQG V\PPHWULFDOO\ WKHSEBEBDP F DIQYEN IR F X
VPDOOHU FOHDQHU ZDLVW EXW WKH 5D\OHLJKUDQJH PD\EH VKRUW |
PRUH GHSWK RIILHOG EXW ODUJHU IHDWXUH VL]H ,Q KLJK DVSHFW U
ZDOOUHIOHFWLRQV DQG FKDQJLQIJHQWUDQFHJHRPHWU\DOO PRGLI!
7KLV LV ZK\WKHEHVW GHHS KROH SURFHVV LV XVXDOO\QRW VLPSOH ¢

'HHS +ROH 4XDOLWW&HWHDWO SLL-REFHVYV VWUDWHJLHY DUH XVHG WR PD
KROHV 3HUFXVVLRQ GULOOLQJLVIDVW EXWLWWHQGV WRJLYH PRUH
DVPDOOHU EHDP DURXQG WKH GHVLUHG KROH FRQWRXU VR WKH KRC
RQO\E\WKHIRFDO VSRW +HOLFDO GULOOLQJH[WHQGV WKLV LGHD E\
VSLUDO SDVVHV ZKLFKLPSURYHV FLUFXODULW\ ZDOO FRQWURO DQ
LQJUHYLHZV LGHQWLI\ WUHSDQQLQJ KHOLFDO GULOOLQJ DQG SROTL
KLJK SUHFLVLRQ KROHV > @ 3RODUL]DWLRQ LV HVSHFLDOO\ LPSRU
WLRQV FDQ FUHDWH DV\PPHWULFLQWHQVLW\GLVWULEXWLRQV 1ROW
XOWUDVKRUW SXOVH GULOOLQJ VRPHWLPHVY FDOOHG SRODUL]DWLR
WLRQDO PHWKRGV LQFOXGH FLUFXODU SRODUL]DWLRQ IRFXV VWHSS
ZKHQ JHRPHWU\ DOORZV DVVLVW JDV RUOLTXLG IRUGHEULV UHPRYLC
WHU D IDVWHU URXJKLQJ SDVV /LWHUDWXUH RQ OLTXLG DVVLVWHG U
EXUVW PRGHIHPWRVHFRQG DEODWLRQ DOVR VKRZV KRZ GHEULV UHPF
DFFXPXODWLRQ FDQ LPSURYH GLIILFXOW PLFURGULOOLQJ RSHUDWLF
WUHDWHG DV SURFHVV TXDOLW\ FRQFHSWV WKDW FRXOG VXSSOHPH(
WKDQ UHSODEH LW

7KH SURFHVV FKRLFH GHSHQGV RQ WKH LPPHGLDWH PDFKLQLQJ JRD
YRUHG IRUIDVW URXJKUHPRYDODQG SLHUFLQJEHFDXVHKLJK SXOVH |
PRYDOUDWH EXWWKHULVNLV +$= IRUPDWLRQ JUDSKLWLFUHVLGXH
89 JUHHQ RUQHDU ,5 SURFHVVLQJLVEHWWHU IRUFOHDQVXUIDFH IL
DEVRUSWLRQDQG VKRUWHQHUJ\ GHSRVLWLRQ WLPHUHGXFHKHDW G|
RUIHPWRVHFRQG WUHSDQQLQJDQG KHOLFDO GULOOLQJDUH DWWUD
WURO WKH FRQWRXUDQG UHGXFH UHFDVW RU +$= EXW WKH\UHTXLUH
KROHV UHTXLUH KHOLFDO GULOOLQJ WUHSDQQLQJZLWKIRFXV VWHS
PDLQWDLQ HQHUJ\ GHOLYHU\ DQG ZDOO V\PPHWU\ DV GHSWK LQFUHD'
DOVR XVHIXO IRUVXEVXUIDFHPRGLILFDWLRQRUWUDQVSDUHQW PDW
LRQL]DWLRQ EXW FUDFNFRQWURODQG KHDW DFFXPXODWLRQ UHPDL



JRU GLDPRQG URWRUV WKH SURFHVV LPSOLFDWLRQ LV WKHUHIRUF
FHVVLQJ LV XVXDOO\WKH PRVW HIILFLHQW URXJKLQJPHWKRG ZKHQ V
JUDSKLWL]HG OD\HU RU GHIHFW DVVLVWHG DEVRUSWLRQ KDV VWDUW
LQJLVPRUHHIILFLHQW ZKHQ WKH SULRULW\LV ORZGDPDJH GLPHQVL
UHTXLUH DQ RSWLFDO GULOOLQJVWUDWHJ\VXFKDVWUHSDQQLQJ Kt
DJHPHQW ZDYHOHQJWK DORQHLYV QRW HQRXJK WR SUHGLFW VXFFHV\
FHQWHUHG RQ QP QDQRVHFRQG PDFKLQLQJEHFDXVH WKDW LV WKH
LQ WKH SULQFLSDO GLDPRQG URWRU IDEULFDWLRQ SDSHUVDQGLQ W

IDVHUDQG ORWLRQ $UFKLWHFWXUHYV

7KH ODVHU V\VWHP FRPSDULVRQ LV WKHUHIRUH RUJDQL]HG DURXQG )
PDUN URWRU PDQXIDFWXULQJ ZRUNIORZ 2WKHU ODVHU SODWIRUPV
RUVXSSOHPHQWDO SURFHVV GHYHORSPHQW EXW WKH\DUH VHFRQG
VHTXHQFH

2[IRUG QP 1DQRVHFRQG/DVHUZIZWHK $HBRWNFKBMWMBRPELQHV D QI
RQG1G <$* IDPLO\VRXUFHZLWKPHFKDQLFDOLQWHUSRODWLRQ ,QW
DIL[HG EHDP UDWKHU WKDQ UHO\LQJ RQO\RQ D JDOYR VFDQQHU 7KH
UHSRUWV DQ 2[IRUG/DVHUV $ VHULHV VA\VWHP ZLWK D 4 VZLWFKHG Q
—PVSRW DSSUR[LPDWHO\ QV SXOVHGXUDWLRQ DQG N+]UHSHWLYV
EHFDXVHLWLVWLHG GLUHFWO\WR WKH SXEOLVKHG KLJK DVSHFW UD
> @

89 QPDQG QP 023%$ *DOYR 6FDQENQAWPYHQBEXVWULDO JDOYR V\\
TXLFNO\DQGDUH XVHIXOIRUVXUIDFHSDWWHUQLQJ URXJKGLFLQJ D
KDV EHWWHU GHIHFW DVVLVWHG DEVRUSWLRQ WKDQ LQIUDUHG $

SRZHUDQG WXQDEOH SXOVHV EXW GLDPRQG FRXSOLQJLV ZHDN XQWL
DUH OLPLWHG E\GHSWK RI IRFXVDQG EHDP FOLSSLQJLQ GHHS ERUHYV

‘DWHUMHW *XLGBW HADWHW JXLGHG ODVHU PDFKLQLQJ XVHV D ODPLQL
XLGH 7KHZDWHU FROXPQFDQJXLGHWKHEHDP RYHUORQJGHSWK FR
LVDWWUDFWLYHIRUKDUG PDWHULDOV DQG ORZ WDSHU FXWV EXW Q
DQGLQWHIJUDWLRQ ZLWK VXE PLOOLPHWHU URWRU JHRPHWU\UHPDLC

3+$526 )HPWRVHFRQG 30ODWIRUP ZIU/WHK BUMHWRVHFR QG BDHODWIRUP VKLI
WRZDUG PXOWLSKRWRQDQG SODVPD PHGLDWHG PRGLILFDWLRQ ,WV
WXUHV DQGUHGXFHGJUDSKLWL]DWLRQ ,WVFKDOOHQJHLV WKURXJK
FKDLQ IHPWRVHFRQGPDFKLQLQJLVY EHVW SRVLWLRQHGDV D SUHFLV|
GHSWKURWRUERUHV ZLWKWKHUHTXLUHG JHRPHWU\DUH GHPRQVWU

7TDNHQWRJHWKHU WKH QPQDQRVHFRQG 2[IRUG VWDJH ZRUNIORZ
EHFDXVH LW KDV WKHVWURQJHVW GLUHFWURWRUHYLGHQFHDQG GH|
JDOYRWRROVDUHEHWWHU VXLWHG WRURXJKWHVWY GLFLQJ DQG V>

QP FDQ VXSSO\KLJK SRZHU URXJKLQJ RQFH DQ DEVRUSWLYH VXUII
EHDP FOLSSLQJFDQ FUHDWH WDSHU DWHUMHW JXLGHG PDFKLQLQJL
IHDWXUHY EHFDXVH FRROLQJDQG GHEULVY HYDFXDWLRQ DUH EXLOW |
WLRQ DUH GLIILFXOW DW VXE PLOOLPHWHU URWRU VFDOH )HPWRVHI












TKURXJK %RUH $LU %HDULQJ)OLS 6SLQGOHOLFUR /DWKH

7TKHWKURXJK ERUHDLU EHDULQJIOLS VSLQGOHPLFUR ODWKH LV WK
GLDPRQG URWRU PDFKLQLQJ 7KHDLU EHDULQJVSLQGOH VXSSRUWYV
UROOLQJ FRQWDFW UHGXFLQJVSLQGOH HUURU VWLFN VOLS DQG E
PLFUR FKXFN KROGY WKH GLDPRQG ZLWK PRUH XQLIRUP UDGLDO ORD
WUDQVODWLRQ VWDJHVY FRQWURO WKHODVHU SDWK UHODWLYHWR Wt

YLIXUH 7KURXJK ERUH DLU EHDULQJIOLS VSLQGOH PLFUR ODWKF
LQJ

+LJK DVSHFW UDWLR PDFKLQLQJ EHQHILWYV I[URP DFFHVVLQJ WKH Z
UHTXLUHPHQWLVWRUHYHUVH WKHPDFKLQLQJ GLUHFWLRQ ZLWKRXW
WKURXJK ERUH VSLQGOHDOORZVY WKH GLDPRQG VWRFN WR SDVV WKU
LVPRXQWHG RQ D PRWRUL]JHG WUXQQLRQ RU % D[LV VR WKH SDUW FD (
FRRUGLQDWH V\VWHP UHPDLQVUHIJLVWHUHG WRWKHPDFKLQH 7KH O]
UHPRYLQIJWKHGLDPRQGIURPWKHFROOHW 7KLVNHHSVWKHZ2'GDWXF
WLHG WR WKHVDPHUHJLVWHUHG VHWXS UDWKHU WKDQ UHEXLOGLQJ |

JRUIL[HG EHDP V\VWHPV VXFK DV WKH QP 2[IRUG SODWIRUP DQG
ORZ SURILOHWUXQQLRQFRXOGIOLSWKHZRUNSLHFHXQGHU WKHREM
PRWLRQ FRRUGLQDWH V\VWHP $VDQDOWHUQDWLYH D6ZLVV VW\OH
RI WKH GLDPRQG UHOHDVH WKH PDLQ VSLQGOH DQG SDVV WKH ZRUN
ZRXOG NHHS WKH IOLSSLQJ FRQFHSW EXW LW PRYHV WKH ULVN IURP
EHWZHHQ WZR FRQWUROOHG VSLQGOHYV

&KDUDFWHUL]DWLRQ OHWKRGV IRUG6LQJOH &U\VYV

7KH FKDUDFWHUL]DWLRQ ZRUNIORZ KDV WZR EUDQFKHV )LUVW WKH
IRURULHQWDWLRQ LQFOXVLRQV GLVORFDWLRQV SRLQWGHIHFWYV
WKHPDFKLQHG URWRUPXVWEHLQVSHFWHG IRUJHRPHWU\DQG GDPDJ
WL]DWLRQ UHVLGXDO VWUDLQ FKLSV FUDFNV FDSILW DQGVSLQ VW

,QFRPLQJODWHULDO &&KDUDFWHUL]DWLRQ

ODQXIDFWXUHU'HIHFW 0DS S LRR)XIXG/68WWHRQEGLDPRQGY DUH RIWHQ
WLRQLQJ 6\WWHPVVXFKDV6DULQH*DOD[\ W\SHVFDQQHUV FDQ XVH L



LQIJDQG PDSLOWHUQDOLQFOXVLRQV YRLGY FUDFNV RUPHWDOOLF
FXWWLQJ SODQHV WKDWDYRLG PDMRULQWHUQDO GHIHFWV EHIRUH G

ODFURVFRSLF &U\VWDO 2ULHQ@QWBWAWRRHUHQWDWLRQ FRQWUROV FOF
HOQWDWLRQ RI HDFK EODQN LV D FULWLFDO LQFRPLQJ PDWHULDO SD
SURYLGHG RULHQWDWLRQ GRFXPHQWDWLRQDQG ZKHQ QHHGHG XVH
PHDVXUHPHQW EHIRUH PDFKLQLQJ ,Q WKHDEVHQFHRIGLUHFW ORFD
SRVHG VWRFN TXDOLILFDWLRQJDWHUDWKHU WKDQDFRPSOHWHG SU

&KHPLFDO &RPSRVLWLRQ DQ&ERQIRFD OEMRDQYSHFWURVFRS\FDQ LGH
GLDPRQG SHDN GHBUWWHFWUMERQ WKURXJK 'DQG * EDQGVDBRG DQ
HYDOXDWH UHVLGXDO VWUHVV WKURXJK SHDN VKLIWV ,Q WKH URWR!
WRRO DQG D SRVW PDFKLQLQJ GDPDJH WRRO 5DPDQ VSHFWUD RI GRS
UHODWHG EDQGY SHDNEURDGHQLQJ )DQR W\SHOLQH VKDSHFKDQJF
LQ VHFRQG RUGHU GLDPRQG VFDWWHULQJ VR WKH LQWHUSUHWDWLR
WKDQ WUHDWHG DV D VWDQGDORQH FKHPLVWU\PHDVXUHPHQW > +
7KH %UXNHU 5DPDQ FRPSDULVRQ EHORZ VKRZV WKDW WKH *: DQG (
IHUHQW DIWHU 6DYLW]N\+*ROD\ VPRRWKLQJ DV\PPHWULF OHDVW VTX
WKH LQWHJUDWHG ILUVW RUGHU GLDPRQG EDQG 7KH *: VDPSOH KDV
GLDPRQG EDQG GHWDKIDQ (FPDQG LW DOVR VKRZV *ZMPDVE DQ @ RW DS S [
HOQWLQ ( 7KHEIHOFRXUH LV FRQVLVWHQW ZLWK VHFRQG RUGHU GLDP
EDQGLVFRQVLVWHQW ZLWK D GHIHFW RU GRSDQW UHODWHG 5DPDQ |
VKRZ ORZ ZDYHQXPEHU 5DPDQ IHDWXUHV DQG PRGLILHG GLDPRQG OL
DSODXVLEOH LQWHUSUHWDWLRQ IRUWKH *: VSHFWUXP > + @ )RUU
*:DQG ( VKRXOG EH WUHDWHG DV GLVWLQFW IHHGVWRFNV GXULQJPD
LQGLFDWHVY GLIIHUHQW LPSXULW\ GHIHFW RUJURZWK KLVWRULHV

7(0DQG ), % 7(BUDQVPLVVLRQ HOHFWURQ PLFURVFRS\FDQ UHYHDO GL
ODWWLFHGDPDJHDWQDQRPHWHURUDWRPLFVFDOH ), % SUHSDUDWL
ODH )RUURWRU GHYHORSPHQW 7(0LVPRVW YDOXDEOH ZKHQ LW FDC
RULQVSHFW WKHDEODWLRQLQWHUIDFHDIWHU PDFKLQLQJ

(OHFWURPDJQHWLF7UDQVSDUHQRWE\IB+ UA'GRYDPQAYW URWRUV WKHGLD
EHVFUHHQHG IRUORZ GLHOHFWULF ORVV DQG KLIK WUDQVPLVVLRQ F
GRPDLQVSHFWURVFRS\DQG YHFWRU QHWZRUN DQDO\VLVPHWKRGYV R
EOHVFUHHQLQJURXWHY 7KH7+] DEVRUSWLRQ PHDVXUHPHQW EHORZ
E\FRPSDULQJ VDSSKLUH VLQJOH FU\VWDO GLDPRQG DQG ]JLUFRQLD
VRUSWLRQ FRHIILFLHQW PHDQV OHVV ILHOG DWWHQXDWLRQDQG OHV
SKLUHDQGIDUEHORZ]JLUFRQLD RYHU PRVW RI WKHPHDVXUHG EDQG
ZKHQ PLFURZDYH 7+] GHOLYHU\DQG FU\RJHQLF KHDW PDQDJHPHQW P






YLIXUH JUDFWXUH PHFKDQLFV GHULYHG UHODWLYH DQJXODU IUF
QRUPDOL]HG WR <6=> @

ODFKLQLQJ)HHGEDFN /RRS

OLFUR &/LFUR FRPSXWHG WRPRJUDSK\LV WKHPRVW LPSRUWDQW QRC
EHFDXVHWKHERUHLVLQDFFHVVLEOH WR RUGLQDU\SUREHV 6FKDIIH
DIJDLQ IRUILQDO URWRU JHRPHWU\ ZLWK YR[HO VFDOH LQVSHFWLRQ
DQRGLQWHUQDO GDPDJH > @ OLFUR &7 VKRXOG EH D SDVV IDLO JDWH
URWRU 7KHUHFRQVWUXFWLRQLQ)LJ VKRZV ZK\ WKLV LQVSHFWLF
FRQGLWLRQ WDSHU FKLSSLQJ DQGGHEULVFDQEHHYDOXDWHG ZLW

6(0DQG (OHFWURQ %DFNVFDWW I8 BDIQ QUIMRAWMIORFE WBR'Q PLFURVFRS\SUI
RI ILHOG LPDJLQJ RI HQWU\DQG H[LW KROHV FKLSSLQJ URXJKQHVYV
FU\WWWDOORJUDSKLFRULHQWDWLRQ LQIRUPDWLRQLQVLGH WKH®6(0 )
A "DQGA "SODQHV PDS ORFDO VWUDLQ DQG LGHQWLI\WZLQ ERXQ
SHFLDOO\XVHIXO ZKHQ D IDLOXUH VXUIDFH VXJJHVWY FOHDYDJH 6(0
WKHHQG IDFH )LJ VKRZVDQ DSSUR[LPDWHO\ —P2'DQG —P,'
FRPSDWLELOLW\ZLWK PP FODVV 0$6 KDUGZDUH



J)LIXUH OLFUR &7 UHFRQVWUXFWLRQ RI D ODVHU PDFKLQHG GLDP
UHFRQVWUXFWLRQPDNHVWKHERUHJHRPHWU\DQGLQWHUQDO VXUID

DOORZLQJFKLSY WDSHU GLVFRQWLQXLWLHYV DQGUHVLGXDO GHEUL
WHVWLQJ

J)LIXUH 6(0OHQG YLHZRIDODVHU PDFKLQHG GLDPRQG URWRU 7K}t
GLDPHWHU RI DSSUR[LPDWHO\ —P DQG DQ LQQHU GLDPHWHU RI DS
PRUSKRORJ\ SURYLGHV D GLUHFW FKHFN IRU ERUH VKDSH HGJH FKLSS



6FDQQLQJ&RQIRFDO 5DPDQ6HBWHKLQIRARQLRBDO 5DPDQ GHSWK SURIL(
GLDJQRVWLF 5DPDQ GHSWK VFDQV FDQ LGHQWLI\JUDSKLWLF RU DPR
VKLIWV Rl WK BHDNPDQG HVWLPDWH KRZ GHHSO\ ODVHU GDPDJH H[WF
VWURQJ SURSRVHG IHHGEDFN WRRO EHFDXVH LW FRQQHFWV D ODVHU

&DWKRGROXPLQHVFHQFHDQG &URDWEBRBWDR@®DQHWEFHQFH FDQ PDS C
DQG VWUDLQ ILHOGY XQGHU HOHFWURQ EHDP H[FLWDWLRQ &URVV Vt
EHWZHHQ S GIL\DWRQE DS G O D VRIWPFRRGULSKREWBEDUERQ 7KHVHDUH IXW.
PHWKRGV IRUXQGHUVWDQGLQJIDLOXUHPHFKDQLVPV QRW URXWLQH

7KH FKDUDFWHUL]DWLRQ ORRS LV WKHUHIRUH VWDJHG UDWKHU WK
EXONRULHQWDWLRQ UHFRUGY VFUHHQ WKH EODQN EHIRUH FXWWLQJ
DWH FKHPLFDO VWDWH UHVLGXDO VWUDLQ JUDSKLWLF GDPDJH DQG
LV UHVHUYHG IRU PDWHULDO FRPSDULVRQ DQG IDLOXUH DQDO\VLV ZK
ILHG OLFUR &7 LVWKHQRQGHVWUXFWLYHSURFHVVJDWHIRUERUH FF
6(0DQG (%6' SURYLGHWKHVXUIDFHPRUSKRORJ\DQG ORFDO FU\VWDO
FKLSSLQJ FOHDYDJH DQG URXJKQHVV )LQDO VSLQ WHVWLQJUHPDL
URWRU WKDW SDVVHV PLFURVFRS\FDQ VWLOO IDLO WKURXJK FDS ILW

SUHOLPLQDU\5HVXOWY 1056SHFWUD IURP 'LDPR

7KHPRVW LPSRUWDQW SURRIRIWKH GLDPRQG URWRU FRQFHSW LV VS
FKDQLFDO $URWRUPXVW SURGXFHXVHIX0O0$6 105VSHFWUDLQ D VWI
XQDFFHSWDEOHEDFNJURXQG LQVWDELOLW\ RU5)LQFRPSDWLELOLYV
PHQW E\ UHFRUGLQJ SURVGRIP GUSWHHPWHGIURP D PP +3+7 GLDPRQG L
7 FRUUHVSRQGLQJWRIBQG >0@] ,Q WKDW H[SHULPHQW WKHURWRU ZI
WDLQLQJ X@ELMROPBHOHG 1 IRUP\O PHWKLRQ\O OHXF\O SKHQ\ODODQL
LQD WKUHH FKDQQHO +&1 PP %UXNG¥sO$5 NI EHK D QG R SXPBEQVLR
(+)&+ D@91+ FRUUHODWLRQ VSHFWUD LQ )LJ GHPRQVWUDWH WKDW
FORVXUHKDUGZDUH JDV EHDULQJRSHUDWLRQ FURVV SRODUL]DWLF
XQGHUXOWUDIDVWO0$6 FRQGLWLRQV 7KLVLVWKHWKUHVKROG UHVXC
SURWRW\SHLQWRD IXQFWLRQDO VSHFWURVFRSLFVDPSOH FRQWDLQ



JLIXUH *+ GHWHFWHG ¥sHEWUDOR)I 8+ UHFRUGHG XVLQJ D@®&BPRQG UR
FRUUHODWLRQMSHERWXWPODWLRQ VSHFWUXP > @

7KH ODWHU KLJK IUHTXHQF\ GLDPRQG URWRU SDSHU H[WHQGV WKF
ELRPROHFXODUVDPSOHGLUHFWO\UHOHYDQW WR VWUXFWXUDO ELRC
,' PDFKLQLQJ SURFHVV RQH URWRU ZDV UHSDFNHG W KODESHOR[G P D
$°1,,:,DQG VSHESBLW rtle+] LQ DQ 0+] PP +&10%$6 SUREH 7KHUHSRUWH
DRQH GLPHQWEBRYDWSHF W8I CGHWHFWHG WZREEBHOVISRHEW® XP DQG D
SURMHFWLRQ IURP D*W KGUHVWHHG WR-HRQR/&EKQBP5 H[SHULPHQW :HIRXQG W
IUHH RI QDWXUD® EDEPNQGBR®BPIE IURP WKH GLDPRQG URWRU XQGHU WK
SRODUL]DWLRQ ZDb¥V WROQM HG WMKRIPVD® § 6 HDWIQWKKH GLDPRQG ODWW
PXFKORQJHUWLPHVFDOHWKDQ WKRVHLQ WKHSURWHLQ 7KHVDPH U
DOORZLQJPXOWLSOHH[SHULPHQWY WREHFROOHFWHG

7RIHWKHU WKHVH VSHFWUD HVYWDEOLVK WKH FXUUHQW IXQFWLRQ|
EHPDGH VXIILFLHQWO\ FRPSDWLEOH ZLWK FRPPHUFLDO PP 0$6 KD
FDUERQ GHWHFWHG VSHFWUD DW +* N+] 7KHURWRU POWHULDO G
EDFNJURXQGLQWKHUHSRUWHGELRPROHFXODU&30$6 H[SHULPHQWYV
FDUERQ LQ WKH GLDPRQG ZDOO ZRXOG RWKHUZLVH EH D VHULRXV FRC
PDWWHUV VSHFWURVFRSLFDOO\ ORZHU,' 2" HFFHQWULFLW\DQG VWL
PHQWY QRW RQO\EHWWHU PHWURORJ\



YLIXUH 7KUHH ‘6 LPHWMERQIB®D)'5 K&&+* \RSTH R UHRERIUGHG XVLQJ
DQLPSURYHG GLDPRQGEFWRY¥BLYQLQRLQOWQ 0+] VSHFWURPHWHU



6XSSRUWLQJ $SUFKLWHFWXUH

7KH GLDPRQG URWRU GRHVY QRW RSHUDWH DORQH ,WPXVWEHFRPSD)
FDSV 5)FRLOV SDFNLQJWRROV DQGWKHGULYHJDV $WVXE PLOOLF
WKHOLPLWLQJWHFKQRORJ\HYHQ LI WKHURWRUERG\VXUYLYHYV

6WDWRU ODWHULDO 6HOHFWLRQDQG ODQXIDFWXULQJ

7KH VWDWRU LV WKH VWUXFWXUDO KRXVLQJ RI WKH 0$6 SUREH ,W LQ
DQG 5) FRLO LQIUDVWUXFWXUH ZKLOH VLWWLQJDW WKH PDJLF DQJOH
QRQ PDJQHWLF ORZ ORVV WKHUPDOO\VWDEOH DQG PHFKDQLFDOO\
7UDGLWLRQDO VWDWRUV XVH ODFRU <6= DOXPLQD RU UHODWHG \
FDXVH LWV PLFD OLNH PLFURVWUXFWXUH DUUHVWYV FUDFNV EXW LW
RIITHU KLJK VWUHQJWK DQG KDUGQHVV EXW UHTXLUH JULQGLQJ XOWU
GLWLYH PDQXIDFWXULQJ URXWHV VXFK DV 6/$ FHUDPLF ORDGHG UHVI
GHELQGLQJDQG VLQWHULQJ VKULQNDJH FDQ PRYH PLFURQ VFDOH QR
OLWHUDWXUH VKRZV WKDW 'SULQWLQJLV XVHIXOIRUUDSLG LWHUDYV
PDWHULDO DQG WROHUDQFH FRQWURO > = @

JRUWKHVXSSRUW PDWHULDOV WKH XVHIXO GHVLJQ TXHVWLRQ LV C
RUSUHVV ILWFKDQJH 7KHOLQHDU WKHUPDO H[SDQVLRQ FRHIILFLHQ
VRLWPXVWEHPXOWLSOLHG E\WKH IHDWXUH VL]H EHIRUHLW EHFRPH

Pi2 i,P=

VR WKH WDEOH EHORZ FRQYHUWV VXSSOLHU UHSRUWHG RU OLWHUDW
FKDQJH RI D PPIHDWXUH 3RVLWLYH YDOXHV LQ WKH WDEOH DUH \
WKH VDPH YDOXHV ZRXOG EH H[SDQVLRQ GXULQJ KHDWLQJRYHU WKH \
ILUVW RUGHU HVW VPDMPH\HEBDMDXWVHGHSHQGHQW DQG SROVPHU EHKDY
EHQRQOLQHDU )LQDO FDS VWDWRU DQG EHDULQJILWV VWLOO UHTX

3ULQWHG VWDWRU SURWRW\SHV UHPDLQ XVHIXO EHFDXVH WKH\DOC
DQFH DQG DVVHPEO\LQWHUIDFHV WR EH FKHFNHG EHIRUH FRPPLWWL
EHORZ VKRZV D )RUPODEV &HUDPLF 5HVLQ SDUW ZLWK WKH PDMRU VV
HQRXJK WR GHPRQVWUDWH WKH IHDVLELOLW\ Rl WKH JHRPHWU\ EXW
VXSSRUW FRQWDFW DUWLIDFWVY FOHDQ WKH VXUIDFH DQG LPSURYH
GHOLYHU\IHDWXUHY &HUDPLF ORDGHG 6/$ PDWHULDOV FDQ FDSWXU!|
LOQWURGXFHV VKULQNDJHDQG GLVWRUWLRQ WKDW DUH GLIILFXOW WR
DQGILWFKHFENV VLQWHU IUHHJODVV ILOOHG SKRWRSRO\PHU SURWR
JHRPHWU\ ZKLFK PDNHV WKHP XVHIXO IRULWHUDWLRQ HYHQ WKRXJK
EHDULQJPDWHULDOV



7DEOH (VWLPDWHG GLPHQVLRQDO FKDQJH IRU D FR OPFP DXSHRRIWAR
WKH OLQHDU WKHUPDO H[S O Vi RMKFHRIH [ WFERIQX\WPIQY -WRIP QVODWH WK D
YDOXHLQWR DFWXDO PLFURPHWHU VFDOH GLDPHWHU FKDQJH > * @

ODWHULDO &7( XWHGRU

PP(VWLPPWHG.

'"HVLIJQLPSOLFDWLRQIRUGLDPRQG URWR

SHU WR
6LQJOH FU\VWDODW .0 —P X +j2p—P %HVW WKHUPDO PDWFK WR D GLDPRQG UR
GLDPRQG ORZHU EHORZ URRP EULWWOHDQG RULHQWDWLRQ VHQVLWLY}
WHPSHUDWXUH GDPDJHUHPDLQV WKH GRPLQDQW ULVN

9HVSHO 63 + + —P + —P BURYHQ 105 FRPSDWLEOHFDS PDWHL

SRO\LPLGH VKULQNV WHQVRIWLPHVPRUHWKDQGLDP
FKDQJHFDS SUHORDG DW FU\RJHQLF WHPS

3&7)( .HO ) * VXSSOLHUP + —P &U\RJHQLF FRPSDWLEOH IOXRURSRO!'

GHSHQGHQW VHDOV ILIWXUHV EXW WKHFRQWUDFWLRC

WRR ODUJHIRUDQ XQFRQWUROOHG ULJLG

7TRUORQ 3%9 —P —P 6WURQJ SUHFLVLRQ PDFKLQDEOH SRO\
ORZHU H[SDQVLRQ WKDQ PDQ\SODVWLFV
UHTXLUHV 105 EDFNJURXQG DQG FU\RJHQL
YDOLGDWLRQ

8S1IDQR 8S3KRWR + —P + —P 8VHIXO IRU SULQWHG GULYH WLS JHRI

8S'UDIWUHVLQ YDOXHLVDSUR[\IRUUHODWHG
WZR SKRWRQ SRO\PHUL]HG DFU\ODWH UH
8SIDQR GRHV QRW SXEOLVK &7(

JRUPODEV 5LJLG —P —P 6LQWHU IUHH JODVV ILOOHG SK
FKHENV QRWDILQDO KLJK VSHHG EHDULQ

ODFRUJODVV FHUDPLF * + —P + —P ODFKLQDEOH FHUDPLF ZLV
XVHIXO IRUVWDWRU SURWRW\SHV DQG QR
VWUXFWXUHV

$OXPLQD FHUDPLF —P —P 6WURQJ ORZ ORVVVWDWRUF
ILQLVKLQJDQG IHDWXUH WROHUDQFHV DU
LVVXHV

<6= JLUFRQL® —P —P ODWXUH URWRU VWDWRU FHUDPLF EDV

FHUDPLF DQG OHVVIDYRUDEOH WKDQ GLDPRQG IRU

$SSUR[LPDWH GHVLJQ YDOXH RQO\
@ WHKHF<YDOJIJMHAY ERUURZHG IURP SXEOLVKHG WZR SKRWRQ SRO\
@ DQG VKRXOG EHUHSODFHG E\GLUHFW PHDVXUHPHQW EHIR

UHSRUW &7( >
PHDVXUHPHQWYV >

'13 RULHQWHG URWRU ERGLHV
7TKH8S1IDQR UHVLQ GDWD VKHHW UHSRUWYV PH













WZW"(;()
E
ZKHUHV DPELHQW SUNVWXGUIDDGOHDUDQFH > @ $\CGRBLNHVT WHE F\
EHDULQJLQWRDPRUHFRPSUHVVLEOHUHJLPH DQGVWDELOLW\EHFR|

JDV FKRLFH

7TKHUPDO 9LVFRXV '\QDPLFVLQ +HOLXP

+HOLXPLVDWWUDFWLYHIRUXOWUDIDVW 0$6 EHFDXVH LWV VSHHG RI\
$VFDOFXODWHGLQ 7DEOH D PPURWRUDW N+] KDV DVXUIDFH V
QHDU ODFK LQDLUEXWRQO\DERXW ODFK LQ KHOLXP DW URRP WHF
WKDWWKHURWRUEHFRPHY VWDEOHDW WKHVSHHG RIVRXQG 7KHDG
VXUIDFH VSHHG LQ D ORZHU ODFK QXPEHU JDV IORZ UHJLPH UHGXFL
DQG DFRXVWLF LQVWDELOLW\LQ WKHGULYHDQG EHDULQJIORZ > @
JDV VXEVWLWXWLRQ 7KHJDV YLVFRVLW\ GHQVLW\ FRPSUHVVLELOI
FOHDUDQFHDOO FKDQJH WKH SUHVVXUHILHOG DQG WKH YLVFRXV SRz
PRGHOLQJIRU 0$6 KDUGZDUH VKRZV WKDW EHDULQJ VWLIIQHVV DQG"
QR]]JOH UHVWULFWRU JHRPHWU\ DQG FRPSUHVVLEOHIORZ WKURXJK\
ILOP FDQEHDSSUR[LPDWHG DV

A 2 <£ 2 o£~
DQGWKHIULFWLRQDO SRZHU ORVVVFDOHV DSSUR[LPDWHO\DV

0 (% K3 1
Gord\Ad o 2—Coa

$ SUHOLPLQDU\IORZPRGHO E\1LFN :LHVQHU DW WKH 0,7 )UDQFLV %
HYDOXDWH WKLY FOHDUDQFH SUREOHP IRUQLWURJHQDQG KHOLXP *
ZHUH XVHG DV URWRU GLDPHWHU SUR[LHV LQVLGH WKHEHDULQJ /DU
UubDGLDO FOHDUDQFH ZKLOH D VPDOOHU JDXJH SLQ FRUUHVSRQGV WF
)LJ $ VKRZV WKH ORFDO PHFKDQLVP JDV DFFHOHUDWHY WKURXJK
EHDULQJILOP DQG UHGLVWULEXWHV DURXQG WKH URWRU VXSSRUW
WKHWXUQLQJUHIJLRQLPSOLHY WKDW EHDULQJIORZLVY FRQWUROOHG
FOHDUDQFH

7KHSUHVVXUH UDWLRFDOFXODWLRQLQ)LJ %WFRQYHUWY WKH VLD
PHWULF $VJIDXJH SLQ GLDPHWHU LQFUHDVHV IURP WR PP WK
UHFHVY VRXUFH SUHVVXUH UDWLR ULVHY +HOLXPJLYHV D KLJKHU U
FRPSDUDEOH SUHVVXUH FDVHVY ,Q SUDFWLFDOWHUPY VPDOOHU FOH
VWLIIQHVV EXWLWDOVRLQFUHDVHYVY YLVFRXV VKHDU KHDWLQJ DQG
LQFUHDVHVIJDVWKURXJK IORZDQGFDQUHGXFHVKHDUORVYV EXWLIW
VWLIIQHVVDQG WKHURWRUFDQ EHFRPHOHVV VWDEOH 7KLV LV WKHF
JDVVHOHFWLRQ DQG VSLQHIILFLHQF\

%HFDXVH KHDWL@JS\XF\/D(G).IQ\ZWLRNYKI—IU\KLJKVSHHG LQFUHDVHY WKHUF
EHDULQJ, QHDU —P D —PURWRUJLYHVDUDGLDO FOHDUDQFH RI
URWRUJLYHV DSSUR[LPDWHO\ —P 7KDW —PLQFUHDVHLQUDGLD
DHURG\QDPLFDOO\ IURP WKH VLPSOLILHG VGZSE'IID\UUCD'IFG\D(\FHFBBHD/E/RRW[
ZKHQ WKH URWRU 2' FKDQJHV IURP WR —P DW WKH VDPH VSLQ IUH



%

JLIXUH +HOLXP EHDULQJ IORZ VLPXODWLRQV IURP SUHOLPLQDU\
JUDQFLV %LWWHU ODJQHW /DERUDWRU\ $ &)' YHORFLW\ILHOG IRU J
EHDULQJ FOHDUDQFH VKRZLQJJDV DFFHOHUDWLRQ WKURXJK WKH Ul
% 5SHFHVV VRXUFH SUHVVXUHUDWLRDVDIXQFWLRQRIJDXJH SLQ VL
JDXJH SLQ VLIHLVY XVHG DV D URWRU GLDPHWHU SUR[\LQDIL[HG EHD
UHGXFHVFOHDUDQFHDQG FKDQJHVY SUHVVXUHUHFRYHU\ 7TRJHWKHU
JHRPHWU\ DQGJDV FKRLFHPXVWEHRSWLPL]HGDVDFRXSOHG DHURC



ZKLFK VFDOHV DSSSR[LFWIBAFBEG E\ DERXW ODFKLQLQJ KHOLXP
—PLVWKHUHIRUH D UDWLRQDO GHVLIQ DGMXVWPHQW ZKHQ WKH JRD
JDV ILOP ORVVHV 7KHFRVW LV UHGXFHG SUHVVXUH UHFRYHU\DQG S

FOHDUDQFH KDV WR EHFKRVHQ IURP WKHFRXSOHG JDV IORZ WKHUPD
URWRUGLDPHWHU DORQH > @



&KDSWHU

SUHFLVLRQ ORWLRQ DQG WKH)
(FRV\WWHP

K\ $FFHVVLEOHG6XE —P ORWLRQODWWHUYV

SBUHFLVLRQ PRWLRQ LV WKHPHFKDQLFDO OD\HU WKDW WXUQV D WRRO
PDQG LOQWR D UHJLVWHUHG PHDVXUHPHQW ,Q WKLV WKHVLV LW OLQ
SLHIRHOHFWULF ILQH PRWLRQ ORQJ WUDYHO KLJK VSHHG VHUYR PR\
WLRQ SURFHVVFRQWUROIRUPDFKLQLQJDQG FKDUDFWHUL]DWLRQ 7
$ SLHIR VWDJH VROYHV WKH SUREOHP RILQH[SHQVLYH ORFDO VXE —P
UDQJH $EDOO VFUHZRUGLUHFW GULYHOLQHDU VWDJHVROYHV WKH
KXQGUHGV RIPLOOLPHWHUYV ZKLOH PDLQWDLQLQJJHRPHWU\ VSHHG

&KHDS DFFHVVLEOH VXE —P PRWLRQ LV LPSRUWDQW EHFDXVH PDC(
ERWWOHQHFN WKHRSWLFDO PHFKDQLFDO RUPDWHULDO SURFHVV L
ZRUNSLHFHRUVHQVRUUHSHDWDEO\HQRXJKWR H[SORLWLW &RPPHU
WKHLU FRVWDQG FORVHG DUFKLWHFWXUH FDQ PDNH HDUO\ VWDJH LC
WR PRGLI\ $ ORFDOO\ EXLOW SLH]R VWDJH FKDQJHV WKDW H[SHULPH
PRGXOH WKDW FDQ EHUHSDLUHG LQVWUXPHQWHG DGDSWHG DQG W
VHDOHG SXUFKDVHG FRPSRQHQW 7KDW GRHV QRW UHPRYH WKH QHH
PHDQLQJIXO EHFDXVH WKHPHFKDQLVP HOHFWURQLFY DQG FRQWUR(

JRUODVHUPLFURPDFKLQLQJDQGRSWLFDO PHWURORJ\ OLQHDUDJL
JXODUHUURUEHFRPHYV $EEH DPSOLILHG WRRO FHQWHUHUURU 6HUY|
JLIWXUHFRPSOLDQFHEHFRPHV D ORVWGDWXP DIWHU UH FODPSLQJ )
DXWRFRUUHODWLRQ PHDVXUHPHQWY WKHVDPH PRWLRQ VWDFN GHW
PHDVXUHPHQWYVY FDQ EHUHJLVWHUHG WR WKH SK\VLFDO SDUW 7KH SL
FDWLRQ PHWKRG

ORWLRQ $UFKLWHFWXUHV 8VHG LQ WKH )DEULFDW

7TKHFKDSWHU VHSDUDWHV WKHPRWLRQ VI\VWHPV E\OLQHDU PRWLRQ |
SLHIRIOH[XUHV XVHD SLHIRVWDFNRUEHQGHUDJDLQVWHODVWLF JXI
KLIK VWLIIQHVY KLJKVPDOO VLIQDOEDQGZLGWK QR EDFNODVK DQ
KLJK YROWDJHHOHFWURQLFV K\VWHUHVLV FUHHS SUHORDG IOH[XL
VWDJHV XVHVWLFN+£VOLS LQFKZRUP ZDONLQJ RU XOWUDVRQLF IULF
FHQWLPHWHUV EXW WKHLUPRWLRQLV VWHSZLVHDQG XVXDOO\VORZ?



FRQGLWLRQ SUHORDG ZHDU KXPLGLW\ SD\ORDG DQG YHORFLW\ UL
%»DOO VFUHZVHUYR VWDJHVFRQYHUW URWDU\PRWRUPRWLRQLQWR ¢
JXLGH VI\VWHP 7KH\DUH PDWXUH VWLII KLIJK SD\ORDG DQG FRVW HI
EHKDYLRU IULFWLRQ VFUHZZLQGXS WKHUPDOJURZWK DQGWUDQVF
IURP WRRO SRLQWDFFXUDF\ > @ 'LUHFW GULYHPHFKDQLFDO EHD
PRWRU OLQHDUHQFRGHU DQGFURVVHG UROOHURUSUHFLVLRQ JXLC
KLJK DFFHOHUDWLRQ EXWPRWRU KHDW PDJQHWLFIRUFHYVY FDEOH G
DQRG VHUYR WXQLQJ EHFRPH FHQWUDO > @ 'LUHFW GULYHDLU EH
DQG FDQJLYHH[FHOOHQW YHORFLW\ VWDELOLW\DQG JHRPHWULF DY
SUHVVXUHLQWHUORFNY DIODWVXSSRUW VWUXFWXUH FRQWDPLQD\
$ PRWLRQ D[LVVKRXOGEHVSHFLILHG DW WKHFRRUGLQDWH ZKHUH
PRWRUHQFRGHUFRXQWY DQGFRQWUROOHULQWHUSRODWLRQ GHVFI
UHVSRQGV WR WKH WRWDO WRRO FHQWHU SRLQW HUURU

Hot ) 2HnU) Hival ) Hok ) Hvivrés) Hnopki ) Rvvvelzk

ZKHEKLQFOXGHY FDOLEUDWHIG, OLQADXGRY LRQARRZHQURHMURU G XU
LQFOXGHV VWUDLJIKW Q¥ BQE QG M0 VW B UKHR \GL QFIDXIE B FIGD P S L ¢
DQG FRPSOLRQRKQFQEGHYV IRUFHVY GHEULVY DEODWLRQ UHFRLO SOD
VXUHPHQW UHJLVWUDWLRQ HIIHFWV ,62 SURYLGHV IRUPDO GHILC
DFFXUDF\DQG UHSHDWDELOLW\RIQXPHULFDOO\FRQWUROOHG D[HV >
PDNHWKHVDPHEURDGHU SRLQW XVHIXO SUHFLVLRQ GHSHQGV RQ DF)
WUROOHU DQG HQYLURQPHQW UDWKHU WKDQ RQ FRPPDQG LQFUHPHQ

$EEH HUURU VKRZV ZK\ WKH SRLQW RI PHDVXUHPHQW PDWWHUV 1D
IURP WKH WRRO SRYGWRDB®FXO DWQHWBERWLRQDO OLQHDU HUURU

+ 071
7KLV LV ZK\ D KLJK UHVROXWLRQ HQFRGHU FDQ FRH[LVW ZLWK PLFL
DERYHWKHVFDOHDQG WKHFDUULDJH SLWFKHV RU\DZV GXULQJ WUD

SLHIRHOHFWULF 6WDJHV IRU $FFHVVLEOH )LQH OF

2SHUDWLQJ3ULQFLSOHDQG '"HVLIJQ (QYHORSH

SBLHIRHOHFWULFQDQRSRVLWLRQHUVH[SORLWWKHLQYHUVHSLH]RHO
LQDSLHIRHOHFWULF PDWHULDO ,Q WKHOLQHDU VWUDLQ FKDUJH IRL

62 V7-3G(
L2 G T E(

ZKHBHY VWUDLQWURNVWOHFW ULWHOHE®/ UL F & LLWSHO®MIFWWHR AR P SO LD (
FRQVWDQW HGWHFWKHBSLHRBOHFWULFERMIGLFHOHAWPRPDWSHU MDLQWGW LY |
VWUHVYVY ,Q SUDFWLFDO 3=7 VWDFN DFWXDMWRAUHG WRKHDQ RI)A HWX B QY DF
WUDQVYHUVHERKIVHELHRWEHQGLQJRUODWHUDO GHIRUPDWLRQ $ VL
HVWLPDWH LV

P.I.JYIIO ﬁ "U






7XEH DFWXDWRUV DUH FRPSDFW PXOWL D[LVVFDQQHUV EXW WKHLU F
OLPLW DFFXUDF\ %HQGLQJDFWXDWRUY SURGXFH ODUJHU WLS PRWLF

JOH[XUH DPSOLILHGVWDJHY SODFHWKHSLH]JRDFWXDWRUDJDLQVW
ORWLRQ RFFXUV WKURXJK HODVWLF GHIRUPDWLRQ UDWKHU WKDQ VO
UROOLQJ HOHPHQW IULFWLRQ OXEULFDQW FRQWDPLQDWLRQ DQG Z
IDWLJXH SDUDVLWLFPRWLRQ DQGWKHRQVHWRIORZ IUHTXHQF\ VW]
EHHYDOXDWHG E\LWV GLVSODFHPHQW JDLQ

. Pv\[
a2
F)NU
DQGE\WKHVWLIIQHVV SHQDOW\WKDWFRPHVZLWKDPSOLILFDWLRQ
LV

~ NU
Vo

BWHSSLQJ SLH]R VWDJHV DFFXPXODWH PDQ\ VPDOO PRWLRQV WR R
DV\PPHWULF ZDYHIRUP GULYHV D VORZ VWLFN SKDVHDQG D IDVW VOLS
FDUULHV WKH VOLGHU GXULQJWKHUDSLG UHWXUQ LQHUWLD SUHYH
,QLQFKZRUP PRWLRQ FODPSVDQGDQH[WHQGHU H[HFXWH D KROG H[
PRWRUV XVHUHVRQDQW YLEUDWLRQ WR JHQHUDWH HOOLSWLFDO RU \
ORQJWUDYHO SRVVLEOH EXWIULFWLRQ SUHORDG VXUIDFHFRQGLW
PRWLRQEXGJHW > @

+\WVWHUHVLYVY &UHHS DQG 3RVLWLRQ 6HQVLQJ

3LHJRHOHFWULF VWDJHV PXVW EH WUHDWHG DV QRQOLQHDU PHFKDW
GHSHQGV RQ YROWDJH KLVWRU\ &UHHS PHDQV WKDW SRVLWLRQ GUL
PRGHV OLPLW XVDEOH EDQGZLGWK B6HQVRU QRLVHDQG GULIW OLPLW
VXUYH\V WKHUHIRUH WUHDW PRGHOLQJ VHQVLQJ DQG IHHGEDFN DV
UHILQHPHQWYV > @

$ FRPPRQ SKHQRPHQRORJLFDO PRGHO IRUUDWH LQGHSHQGHQW K\
SOLILHG DFWXDWRUUHSUHVHQWDWLRQ LV

()2~0()-E()
EO2 0. ~aRYER - & EL
ZKHWHY GULYH YIROGLYBHD BEMPRQWWHU QD O K\VW:H D @ ® UK V¥ MWDWHIG D
SDUDPHWHUV %RXF+:HQ YDULDQWVDUH XVHIXO EHFDXVHWKH\FDQ E|
UDWH GHSHQGHQFHDQG DV\PPHWU\RIWHQ UHTXLUH HIWHQGHG PRGH

LOWHUIHURPHWHU RSWLFDOHQFRGHU VWUDLQJDXJH RUPDJIJQHWLF
DQG WKHUPDO GULIWPXVWEHUHSRUWHG > @

,Q +RXVH/RZ &RVW 3LH]R 6WDJH

'"HVLJQ ,QWHQW

7KHLQ KRXVH SLH]R VWDJH LV WKH DFFHVV RULHQWHG ILQH PRWLRC
OHG E\ %RZHQ =HQJ ZLWK KHOS IURP OD[ $DOWR DQG -DNH 5HDG ,WV
PHUFLDO QDQRSRVLWLRQHU ,WV SXUSRVH LV WR FUHDWH D ORFDOO



EHEXLOW UHSDLUHG PRGLILHG LQVWUXPHQWHG DQG XQGHUVWRR(
;<= QDQRSRVLWLRQHU UHSRUWHG E\/LDR HW DO VKRZV ZK\ WKLV GL
SUHORDGHG VWLFN*+VOLSDUFKLWHFWXUHDFKLHYHGFHQWLPHWHU V
PLFURPHWHU VFDOH KLJK UHVROXWLRQ VFDQQLQJUDQJHYV DQG D N
SXEOLVKHG WHVW FRQGLWLRQV > @ 7KHDVVHPEOHG LQ KRXVH VWL
VXUIDFHFRQGLWLRQ HOHFWURQLFVY VHQVRUV DQGDVVHPEO\WROH

J)LIXUH JURQW &$' YLHZ RI WKHLQ KRXVH ORZ FRVW SLH]R PLFUR F
E\®%WRZHQ =HQJ ZLWK ZRUN IURP OD[ $DOWR DQG -DNH5HDG DQG ZDV 1
<= QDQRSRVLWLRQHUDUFKLWHFWXUHUHSRUWHG E\/LDRHWDO > @
PLQLDWXUHEDOO VOLGHJXLGDQFH PDIJQHWLFHQFRGHU ERDUGV PD

OHFKDQLVP )OH[XUH DQGODWHULDO &RQVLGHUDWLRQV

7KH PHFKDQLFDO GHVLIJQ RIDQLQ KRXVH  VWDJH LV HYDOXDWHG E\ W
FURVYV D[LV FRXSOLQJ PRYLQJPDVV UHVRQDQFH DQG HDVHRIIDEUI
VROYHGLIITHUHQW SUREOHPV )OH[XUHVDUHEHVWZKHQEDFNODVK IL
LQDWH O6WLFN*VOLS PHFKDQLVPVY DUH DWWUDFWLYH ZKHQ ORQJ WU
SHUIHFWO\GHWHUPLQLVWLFRSHQ ORRS VWHS VL]H

7KH XVHIXO IOH[XUH YDULDEOHV DUH GLUHFW DQG XQIRUJLYLQJ $\V
WUDYHO EXWFRQVXPHV VWUHVV PDUJLQ IDWLJXHOLIH DQGRII D[LV
FKHFN /RQJHUIOH[XUH EHDPVY ORZHU DFWXDWLRQ IRUFHDQG LQFUHI
HQODUJH SDUDVLWLF PRWLRQ VR PRGDO UHVSRQVH DQG IUHTXHQF\
KLIKHU DPSOLILFDWLRQ UDWLR LQFUHDVHY RXWSXW PRWLRQ IRU D ¢



DSSUR[LPDWHO\ZLWKWKHVTXDUHRIWKHUDWLRDQGORZHUV SD\ORD
D[LYV GHFRXSOLQJDQG SODWIRUP VWLIIQHVV EXW WKH\ FDQ EHFRPH
WROHUDQFHVDUHQRWFRQWUROOHG /RZPRYLQJPDVVLPSURYHV VH'
VWLII 7KH SRVLWLRQ VHQVRU VKRXOG EH SODFHG DV FORVH DV SUDF
FRPSOLDQFHEHWZHHQ VHQVRUDQG SD\ORDG FDQQRW EH FRUUHFWH(
JOH[XUH PDWHULDO FKRLFH LV D PHFKDQLFDO GHVLJQ GHFLVLRQ U
KLJKHODVWLFVWUDLQFDSDFLW\ SUHGLFWDEOHPRGXOXV IDWLJXH
FRPSDWLELOLW\ZLWK WKH SURFHVVHQYLURQPHQW ODWHULDO SURSE
DQG VWRFNFRQGLWLRQ EHFDXVHJHQHULFYDOXHV IRUVWHHO VWDL
WUHDWPHQW FROG ZRUN JUDLQ GLUHFWLRQ DQG VXUIDFHILQLVK

D )OH[XUHGHWDLOLQ &$' E -DWHUMHW FXW IOH[XUH WULD

J)LIXUH JOH[XUH VWDJH IDEULFDWLRQ HYLGHQFH IURP WKH ODERU
HISHFWHGO\ FOHDQ IRUWKH JHRPHWU\ WKH IOH[XUH XVHG DSSURJL!
VHFWLRQV WKURXJK LQ PP VWRFN GLPHQVLRQV WKDW ZRXOG C
ZDUG D FRXSRQ YDOLGDWLRQ UHJLPH

7TKH ZDWHUMHW UHVXOW LQ )LIJXUH ZDV D XVHIXO VXUSULVH IRU\
FORVHUWRD ZLUH ('OWULDO WKDQ H[SHFWHG HYHQ WKRXJK LW ZDV ¢
D[LVDEUDVLYH ZDWHUMHW ZRUNIORZ 7KLV PDWWHUYV EHFDXVH IOH|
$ ZDWHUMHW FDQ URXJK RUHYHQ WULDO FXW FRPSOLDQW PHFKDQLV
GLHOHFWULF VHWXS RUWKHFRQGXFWLYLW\UHTXLUHPHQW RI ZLUH (
RI ZKDW VKRXOG EH DVVXPHG ZLWKRXW WHVWLQJ 20%$; OLVWV ILQH |
PP IRU WKH 0%;-(7 QR]IOH DQG LQ PP IRUWKHOLQL -H!
OoObJ PDWHULDO WKLFNQHVYVY VSHHG SLHUFH VWUDWHJ\ DQGDUF JHR
PP ZHE LQ PP WKLFN VWRFN LV WKHUHIRUH RQO\DERXW RQH ILQ
UDWLR RI URXJKO\ WKURXJK WKH SODWH 7KHFRUUHFW OHVVRQ L\
IDWLJXH FULWLFDO IOH[XUHV EXW WKDW ZDWHUMHW PD\EHJRRG HQT
WDSHU VWULDWLRQ PDUNV DEUDVLYHHPEHGGLQJ DQG ZDOO ZLGWK
7KH FRPSDULVRQ ZLWK ZLUH ('OLV VWLOO LPSRUWDQW 7KHODEDO

QLQJ LQZLUH ZKLFK LV D PPHOHFWURGH GLDPHWHU $6RGLF
VSHFLILHG IRU + LQZLUH GLDPHWHUYV OLQHDU PRWRU GULYHYV
PLFURPDFKLQLQJ > @ )RUD LQZLUH WKHJIJHRPHWULF ORZHU ER

UDGLXV SOXVVSDUNRYHUFXW DQG SUDFWLFDO GHVLIJQUXOHV QRUP
ZLUHYLEUDWLRQ VNLPFXWV DQGPDWHULDO WKLFNQHVYV (YHQ ZLWI
FRUQHU VFDOHLVY PXFKVPDOOHU WKDQ D ZDWHUMHW NHUI :LUH ('0 L)\



FRQGXFWLYH IOH[XUH KLQJHV ZKHQ VXUIDFH LQWHJULW\DQG GLPHQ"
LV WKH IDVWHU VFUHHQLQJ SURFHVV ZKHQ WKH TXHVWLRQ LV ZKHWKF
ZRUWK FDUU\LQJ IRUZDUG

7KH PDWHULDO GHFLVLRQ DQG WKH IDEULFDWLRQ GHFLVLRQ VKRXC
HODVWLF WKHUPDO IDWLJXH FRUURVLRQ DQG LQWHUIDFH EHKDYL
KRZWKHVHOHFWHG PDWHULDO DQG JHRPHWU\FDQ DFWXDOO\EH FXW
KLGHVY LPSRUWDQW WUDGHRIIV IRU H[DPSOH DOXPLQXP PD\ EH DWW
FRQWDFW KDUGZDUH VKRXOG EH VWHHO ZKLOH ZDWHUMHW PD\ EH X\
('OUHPDLQV WKH EHWWHU ILQDO SURFHVV IRU IDWLJXH FULWLFDO FR(

)RU FRPSOLDQW SUHFLVLRQ SDUWYV RUDVLPLODU DOOR\ VWHH
FRQWUROOHG KHDW WUHDWPHQW EXW QHHGV FRUURVLRQ SODQQLQ.
\LHOG VWUHQJWK VXUIDFH ILQLVK DQG IDWLJXH DVVXPSWLRQV \
UHVLVWDQW EXWDQQHDOHG VWUHQJWK ZRUNKDUGHQLQJ DQG PDJ(
DVDSUHFLVLRQIOH[XUHPDWHULDO $OXPLQXPLVH[FHOOHQW IRU WK
FRVW PDFKLQLQJ EXW LW KDV ORZHU PRGXOXV ORZHU IDWLJXH PDUJ
VXUIDFHV SLH]JR FRQWDFW DQG SUHORDG LQWHUIDFHV VKRX0OG WKHU
RIITHUV KLJK VSHFLILF VWUHQJWK DQG FRUURVLRQ UHVLVWDQFH EXV
GLIILFXOW\RQO\PDNHVHQVHLIPDVVRUFRUURVLRQUHTXLUHPHQWYV

JRUIDEULFDWLRQ ZLUH ('O DEUDVLYH ZDWHUMHW DQG &1& ILQLVE
IORZ :LUH ('OLV WKH FOHDQ ILQDO URXWH IRULQWULFDWH FRQGXFW|
ZLUHVFDOHLVIDUVPDOOHUWKDQDILQHZDWHUMHW NHUI EXW LW DG
PHQWVY UHFDVW OD\HU ULVN PLFURFUDFNULVN DQG VXUIDFH ILQLV
FROG DQG PDWHULDO IOH[LEOH LQ WKLV SURMHFW LW SURGXFHG W
WKLFN IOH[XUH WULDO EXW WKH ILQDO SDUW VWLOO QHHGV NHUI W
LQVSHFWLRQ > @ &1& PLOOLQJRUJULQGLQJLV EHVW NHSW
LQWHUIDFHVY SUHORDG EORFNV EXUU UHPRYDO DQG SRVW SURFHVYV
EHFRQWUROOHG

%LOO RIODWHULDOV

7TKHLQ KRXVH ;< SLH]IR VWDJH ZDV GHVLIJQHG DURXQG ORZ FRVW FRP
FRPSDFW VHQVLQJ KDUGZDUH DQG D VPDOO HPEHGGHG FRQWUROOH
WKHFRVWHG LPSOHPHQWDWLRQ XVHG WR HYDOXDWH WKH DFFHVVLEI
DOORZDQFHIRU SULQWHG RUPDFKLQHG SDUWYV

7DEOH %LOO RIPDWHULDOV IRUWKHLQ KRXVH ;< SLH
&RPSRQHQW IXQFWLRQ 6SHFLILFDWLRQ 4 W\
3LHIRHOHFWULF DFWXDWRUV 7KRUODEV 3& :0 FR ILUHG SLH]R
DFWXDWRUV 9 —P QRPLQDO
WUDYHO
OHFKDQLFDO JXLGHYV 7+.16 OLVXPLPLQLDWXUHOLQ
HDU EDOO VOLGHYV
3LHJR GULYHU DPSOLILHU 3'X WKUHH FKDQQHO 9 RXW
SXW ORZ QRLVH SLH]R GULYHU
3RVLWLRQ VHQVLQJ ODJQHWR &OLFN $6 +DOO HIIHFW

HQFRGHU PRGXOHYV



&RPSRQHQW IXQFWLRQ 6SHFLILFDWLRQ 4 W\

OHWURORJ\VFDOH OXOWLSROH PDIJQHWLF VWULS RU WDSH
FRPSDWLEOH ZLWK WKH $6 SROH
SLWFKUHTXLUHPHQW

&RQWUROOHU ORJLF (63 53 FODVV PLFURFRQ
WUROOHU ERDUG
6LJQDO JHQHUDWLRQ ) * "6 IXQFWLRQ JHQHUDWRU

+]+ N+]RSHUDWLQJUDQJH

,QWHUIDFHDQG IDVWHQHUV 1 R$MMRFRXSOHUV WUDQVLVWHFR
0 0 VFUHZV VPDOOKDUGZDUH

6WDJH ERG\IDEULFDWLRQ 3ULQWHGRWRWRW\SH ERG\ RU PDFKLC
DOXPLQXP ERG\ VWHHO DFDVXO®RZOW FH
FRQWDFW DQG SUHORDG KDUGZDUH DW WKH
SLHJRLQWHUIDFH

SBURWRW\SH WRWDO ;< SURWRW\SH FRPSRQH®W WRWDO LQ
FOXGLQJIDEULFDWLRQDOORZDQFH

7KH PHFKDQLFDO ERG\ LV GHOLEHUDWHO\ WUHDWHG DV SDUW RI Wk
DOLJQPHQW FRQWDFW VWLIIQHVYVY DQG UHSDLUDELOLW\ $ SULQWH!
HDUO\DVVHPEO\WULDOV EXWDPDFKLQHGDOXPLQXP ERG\LV WKHEH
VWLIIQHVYVY WKUHDG TXDOLW\ GLPHQVLRQDO VWDELOLW\ DQG WKHU
FRQWDFW RU SUHORDG WKH SLHIR DFWXDWRU VKRXOG EH VWHHO UDV
FHUDPLF VWDFNLV ORDGHG WKURXJK KDUG UHSHDWDEOH ZHDU UHYV

ORWLRQ &RQWURO $UFKLWHFWXUHDQG OHDVXUHG 5HSHDYV

7KHDVVHPEOHGLQ KRXVHSLHJRVWDJHKDVDOUHDG\GHPRQVWUDWH
7KLV LV D PHDQLQJIXO UHVXOW IRUWKH WKHVLY EHFDXVH LW VKRZV W
PHFKDQLFDO SURWRW\SHLQWRD XVDEOHVXE —P SRVLWLRQLQJSODYV
UDWKHU WKDQ DEVROXWH DFFXUDF\ UHSHDWDELOLW\ GHVFULEHV KI
SRVLWLRQ XQGHU D VSHFLILHG FRPPDQG VHTXHQFH ZKLOH DFFXUDF
SRVLWLRQ UHIHUHQFH D FRRUGLQDWH HUURU PDS DQG XQFHUWDLQ!
WKHUHIRUH LQFOXGH D[LV SD\ORDG FRPPDQG ZDYHIRUP DSSURDFK
HQFRGHU PRGH ILOWHULQJ HQYLURQPHQWDO FRQGLWLRQV DQG WK

7KH SHHU UHYLHZHG RSHQ VRXUFH :<=QDQRSRVLWLRQHU UHSRUW
DUFKLWHFWXUHUHIHUHQFHIRUWKHORFDO VWLFN+VOLS FRQFHSW >
VWDFN GULYHV D PDJQHWLFDOO\ SUHORDGHG VOLGHU RQ D PLQLDWX!|
XVHV WKH SLHJR VWDFN DV D VKRUW VWURNH VFDQQHU DQG JLYHV DV
FRPPDQG ZDYHIRUP FUHDWHY WKH VWLFNVOLS VHTXHQFH WKH VOR?Z
ZKLOHWKH IDVW UHWXUQ FDXVHV VOLS EHFDXVH VOLGHULQHUWLD SU
LPDWHO\ —P KLJK UHVROXWLRQ VFDQQLQJUDQJH PP KRUL]JRQWI
WUDYHO DQG XSWR NJKRUL]JRQWDO SD\ORDG XQGHU WKHLU WHVW F
XVHV DQ $SUGXLQR OHJD D '$& ERDUG DQG YROWDJH FXUUHQW DPSOL
LWDO VLIJQDOV IRU WKH '$& ERDUG WKH '$& SURGXFHV VDZWRRWK ZD
IUHTXHQF\LV +] DQGD7'$ DXGLR SRZHU DPSOLILHU GULYHV WKH
$ SHDN FXUUHQW HQYHORSH IRUWKH ORZ FRVW FRQWUROOHU FRQIL
WKDW FHQWLPHWHU VFDOH WUDYHO GRHV QRW UHTXLUH D FRPSOLFD\



PRYHLQIULFWLRQDO LQFUHPHQWY EXW WKHUHVXOWLQJVWHS VL]H |
IULFWLRQ SUHORDG VXUIDFHFRQGLWLRQ DQG ZDYHIRUP VKDSH EHF

7KH DQWRQ\VLJPD SLH]R VWDJH 3,' ERDUG SURMHFW LV XVHIXO DV
WKH QH[W OD\HU FORVHG ORRS SLH]R IOH[XUH IRFXVFRQWURO UDWK
SURMHFW NHHSV WKHKLJK YROWDJH SLH]JRDPSOLILHUDV D VHSDUDW!|
DWHV D FRQGLWLRQHG ORZ YROWDJH FRPPDQG DQG UHDGV D GLIIHUH
LVD —P+ —P=D[LVWUDYHOUDQJH —PFRPPDQGVWHSY DQG PV
QLQJ 6HYHUDO GHVLJQ FKRLFHV WUDQVIHU GLUHFWO\ WR WKH ORFD
WKH SLH]JR DPSOLILHU WR VXSSUHVV JHUR RUGHU KROG VWHSV DQG D
FRQYHUWHG DQG GHFRGHG FORVHWR WKHFRQWUROOHU WKHPHDVXL
ODUJH VHWSRLQW FKDQJHV VKRXOG SDVV WKURXJK D VOHZ UDWH OLT
ULQJLQJ

$ SUDFWLFDO ILUPZDUH OHYHO PRWLRQ ORRS IRUWKH ORFDO VWDJ

¥t 2% -1+ FOQULS+ F -r+ pprz por2)
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ZKHUHLYV WKH UHTXHVWHGE SWWMH. WQRB O L Pl UM GVKHHVDIROLRIAM G FRP P
YHORLLWWKH FRQWUR O ®@HL/WDKH OLHOW HRJHH G H GARARIRIOW BR EBQWHR Q R U
LVWKH GLIJLWDO*RYWKRHOERND ®BIP&ORZ YROWDJH FRPPDQG VHQW W
ERDUG SURMHFW UHSRUWY PDSSLQJD FRQWLQXRXV FRQWUROOHU LQ
SK\WWLFDOWXQLQJ XVLQJD GLVFUHWH IRUP
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ZKHE8HV WKH SURSRUWLRQDO JDLQ DGMXVWHG RQ WKH SK\VLFDO V|
VKRXOG QRW EH FRSLHG EOLQGO\LQWR WKH WKHVLVY VWDJH EHFDXVF
IULFWLRQ DQG SD\ORDGGLIIHU ,WVYDOXHLVDUFKLWHFWXUDO LWYV
VKDSLQJ HQFRGHUIHHGEDFN GLJLWDO FRPSHQVDWLRQ DQGDQDOR
UHSHDWDEO\LQVWHDG RIPHUHO\DSSO\LQJ YROWDJH

JRUWKHLQ KRXVH;<VWDJH WKHLPPHGLDWHFRQWUROREMHFWLYF
VLIH WLV UHSURGXFLEOH UHWXUQ WR SRVLWLRQ EHKDYLRU 7KH V
KDUGZDUHLVDOUHDG\LQWKHXVHIXOUHJLPHIRUPLFURVFRSHDOLJQ
PHOQW 7KHQH[WFRQWURO PLOHVWRQH LV WR SDLU WKLV UHVXOW ZL\
FRPSDULVRQ GULIWWUDFH DQGIUHTXHQF\ UHVSRQVHUHFRUG VR Wi
DUHQRWFRQIODWHG

.H\&RPPHUFLDO &RPSRQHQWYV

7TKHSURWRW\SH XVHVIRXUNH\SXUFKDVHG VXEV\VWHPV DKLJK YROW
DWRUV PDIQHWLFHQFRGHUPRGXOHV ZLWKDPXOWLSROHVFDOH DQ
DUH VLIHG E\ YROWDJH FDSDFLWDQFH EDQGZLGWK VHQVRUUHVROX
GLVSODFHPHQWDORQH (DFKFRPSRQHQW VROYHVDVSHFLILFDFFHV\
WKDW PXVWEHPHDVXUHG RQ WKHDVVHPEOHG VWDJH



SLHIR'ULYHU

7KH3'X GULYHU VKRZQLQ)LJXUH LV D XVHIXO SXUFKDVHG DPSOL
DFXVWRPKLJK YROWDJH ORZ QRLVHDQDORJRXWSXW VWDJHGXULQJ
QHOV ZLWKDi 9WR 9RXWSXWUDQJH XSWR P$SHDNEXUUHQW St

9 SHDN WR SHDN DQG N+]VLJQDOEDQGZLGWK> @ 7KHEORFN C
WKHDFWXDO PRWLRQ FKDLQ DORZ YROWDJHFRPPDQGLQSXWLVDPS
KLJK YROWDJH UDLO IURPD 9VXSSO\ DQG DQ RIIVHW YROWDJH VWEL
UDQJH )RUDODERUDWRU\SURWRW\SH WKHPDLQDGYDQWDJHV DUH F
UHGXFHG KLJK YROWDJH GHVLJQ ULVN DQG FRPSDWLELOLW\ ZLWK VL

D 3'X GULYHU PRGXOH E '"ULYHULQWHUQDO EORFNGLDJUD

J)LIXUH BLH]JR'ULYH 3'X GULYHU XVHG WR FRPPDQG WKH SURWRW\
YROWDJH FRPPDQG VLIJQDOV LQWR KLJK YROWDJH SLH]J]R GULYH RXW &S
RIT'VHW YROWDJH VWUXFWXUHQHHGHG IRUSUDFWLFDO EHQFK RSHUD

JRUD FDSDFLWLYH SLHJIR ORDG WKHDPSOLILHUFXUUHQW UHTXLUH

wrd s% &R

ZKHUIY FRPPDQG IeeHTY PRYK\DWRU F jRDFYLROWPHHDESOLWXGH 7KLY
ZK\KLJK YROWDJHUDQJHDORQHLV QRW VXIILFLHQW IDVWPRWLRQU
WKH SLH]R FDSDFLWDQFH

SLHIR 6WDFN $FWXDWRU

7KHVHOHFWHG 7TKRUODEV 3& :0 DFWXDWRU VKRZQLQ )LJXUH LV D
7TKHDGYDQWDJH RIWKLY DFWXDWRU FODVV LV WKDW LW JLYHV XVHIXC



LQWHUIDFHLQ D VPDOO SDFNDJH ZKLOHVWLOOEHLQJLQH[SHQVLYHF
EHWUHDWHGDVD 9 —PIUHH VWURNH DFWE&EDWIS 0 IZHMPKHTRKVR D @/D E
PP E\ PP E\ PPVWDFNGLPHQVEIORQURDANYHVRQDQW IUHTXHQF\
SUHORDGEHORZ rv@ DSQFLWDQFH DQG 1EORFNLQJIRUFHDW 9>
LVWKHVDPHPXOWLOD\HU PHFKDQLVP LQWURGXFHG LQ )LJXUH PD
vwubDLQ DWD SUDFWLFDO GULYH YROWDJH 7KHPDLQ GHVLJQ FRVW LV

DQG WKHQHHGWRDYRLG WHQVLOH VWUHVV LQ WKHFHUDPLF

D 7TKRUODEV 3& :0FR ILUHG VWDEFE BRFWXBWRWLFDWLRQ HIFHUSW XVHG LQ V

J)LIXUH 7TKRUODEV 3& :0 SLHIRVWDFNDFWXDWRU VHOHFWHG IRU W
SDFWILQH PRWLRQ EXW WKH XVDEOH VWDJH SHUIRUPDQFH GHSHQG"
IOH[XUH VWLIIQHVYVY DQG FORVHG ORRS VHQVLQJ > @

ODJQHWLF (QFRGHUDQG 6FDOH

7KH $6 PDJQHWLFHQFRGHUPRGXOH VKRZQLQ)LJXUH LV WKH OF
SURWRW\SH 7KH VHQVRU UHDGV WKH ILHOG SDWWHUQ IURP D PXOWL
LV FRQWDFWOHVV DQG PHFKDQLFDOO\VLPSOH WR SDFNDJH QHDU WKF
FRQWDFW SUREHRUSRWHQWLRPHWULFVHQVRUEHFDXVHLWDGGV OL
VOLGH VWUXFWXUH 7KHOLPLWDWLRQLVY WKDW WKHVHQVRUDQG VFD
D PPSROH OHQJWKPDJQHWLFVWULSRUULQJ DW\SLFDO PP VHQ

PP SROH SDLU DQG —PLQFUHPHQWDO RXWSXW VWHS VL]H> @
WKHUHIRUH UHTXLUH GLUHFW FDOLEUDWLRQ RI WKH VHOHFWHG HQFF
LQWHUSRODWLRQ PRXQWLQJJDS DQG QRLVH



D $6 HQFRGHU ERDUG E ODIJQHWLF VFDOH ZRUNLQJSULQFLSC

J)LIXUH $6 PDIJIQHWLF HQFRGHU DQG PXOWLSROH VFDOH FRQFH.
KRXVHSLH]RVWDJH 7KHVFDOHFRQYHUWV OLQHDU WUDYHO LQWRD U
UHDGV WKHILHOG ZLWKRXWDGGLQJVOLGLQIJFRQWDFW WR WKH PRWL

OLQLDWXUH /LQHDU 60LGH

TKH7+./6 OLQHDU EDOO VOLGH VKRZQLQ)LJXUH VXSSOLHV WKH
DGYDQWDJHLVY SUDJPDWLF LWSURYLGHVD SXUFKDVHG PLQLDWXUH
IRFXVRQDFWXDWRU VHQVLQJ SUHORDG DQGFRQWUROUDWKHU WKL
/6 VLIH KDV D QRPLQDO PP VWURNH PP KHLJKW PP ZLGWK f
G\QDPLF VWDWLF ORDG UDWLQJV RI 1 1> @ 7KHFRVWLV WKDW
WLRQ JXLGHVWUDLIJKWQHVY SUHORDG DQG FDJH EHKDYLRULQWR Z
DFWXDWRU SUREOHP

D 7+.1/6 VOLGH E 60LGHGLPHQVLRQDO GLDJUDP

J)LIXUH 7+.1/6 PLQLDWXUHOLQHDU EDOO VOLGH XVHG DV WKH SUR
WKHVWDJH PHFKDQLFDOO\DFFHVVLEOHDQG HDV\WR DVVHPEOH EXW
HOHPHQW IULFWLRQ VWUDLIJKWQHVYVY HUURU DQG FDJH EHKDYLRU >



&KDUDFWHUL]DWLRQ 'DWD 3URGXFWYV

7KH VWDJH LV HYDOXDWHG E\ PHDVXUHG EHKDYLRU UDWKHU WKDQ E\
WR RXWSHUIRUP FRPPHUFLDO QDQRSRVLWLRQHUV WR EH XVHIXO LW
DFFHVVLEOHDQG FKDUDFWHUL]JHLWVOLPLWV KRQHVWO\ 7KHFRUHGL
K\ VWHUHVLVY FUHHS GULIW SD\ORDG VHQVLWLYLW\ FURVYV D[LV FR:
UHVSRQVH 7KH D[LVY FDOLEUDWLRQ PDS UHFRUGY SRVLWLRQ HUURU
EHFRPHFRPSHQVDWLRQGDWD 7KHUHYHUVDOPDS UHFRUGV DSSURD
UDVWHU PLVPDWFK 6WUDLJKWQHVYV SLWFK \DZ UROO DQG $EEHRII
HUURU 7KHIUHTXHQF\ UHVSRQVHUHFRUGVWRUHVUHVRQDQW SHDNYV
WXQLQJFDQEHUHSHDWHG LQVWHDG RIJXHVVHG $ WKHUPDO GULIW C
DQGSRVLWLRQGULIWRYHUWKHMREWLPH 7KHILQDOYDOLGDWLRQD
WDVN WKDW FRQQHFWYVY VWDJH PHWULFV WR D SK\VLFDO RXWFRPH

/IRQJ 7TUDYHO +LJK 6SHHG /LQHDU ORWLRQ IRU /DV

K\/RQJ 7UDYHO +LJK 6SHHG 6WDJHV $UHD 6HSDUDWH &0OD

/IRQJ WUDYHO KLJK VSHHG OLQHDU VWDJHV VROYHD GLIITHUHQW SURE
KLIJIKLQWULQVLFEDQGZLGWK EHFDXVH LWV DFWLYHHOHPHQW LV VRO
XVHIXO VWURNHLV QRUPDOO\LQWKH —PUDQJH $VWHSSLQJSLH]R FC
DFKLHYHV WKDWWUDYHO ENMIULFWLRQDORUFODPSLQJF\FOHV VR WK}
WKDQDVHUYRD[LY $ODVHUPDFKLQLQJVWDJIJHPXVWLQVWHDGPRYH |
SUHVHUYH JHRPHWU\ PDLQWDLQ VPRRWK  FRQWRXULQJ YHORFLW\ FF
WKHFRUUHFW VSDWLDO ORFDWLRQV 7KH GHVLIJQ FRQFHUQV DUH EH
WKHUPDO GULIW VHUYREDQGZLGWK FRQWUROOHUFRQILIXUDWLRQ
IHDWXUH HUURU

%»DOO 6FUHZ6WDJHVDQG WKH 2[IRUG /DVHU 6\VWHP

$ EDOO VFUHZ FRQYHUWY URWDU\ PRWLRQ LQWR OLQHDU PRWLRQ WK
LGHDO NLQHPDWLF UHODWLRQ LV

2
s

ZKHUHY VFUHZ QHDBROWKSU DQJOH : LIWHKRX@ MWYFROBUHWHRIROXWLRQ DQC
IDFWRMWKH LGHDO FRPPDQGLQFUHPHQW LV

Porw =%
7KLV FRPPDQG LQFUHPHQW LY QRW WKH VDPHDV D[LVDFFXUDF\ /HI
JXLGH VWLIIQHVY PRWRU FRXSOLQJ IULFWLRQ WKHUPDO H[SDQVLR

PRWRUDQG WKHFDUULDJH $PLQLPDOWZR LQHUWLDIHHG GULYH PR
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+HUHLY PRWRU LIQHRRWLDD J ORDE PRWR U MR@EIXH WUDQVPLVVLRQ VW
DQG GDRSLQIULFWERY LYK XUEDQFH IRUFH 7KLV PRGHO H[SODLQV Z
VHWWOHG ZKLOH WKH ORDG LV VWLOO GHIOHFWHG RU RVFLOODWLQJ
UHFLUFXODWLQJUROOLQJHOHPHQWY JXLGHZD\MRLQWYV SUHORDG
PRGHOLQJIRUKLJK SUHFLVLRQDSSOLFDWLRQV > @

, QWKH2[IRUGODVHUPLFUR PDFKLQLQJV\VWHP WKH352 6/EDOO
WRPDWLRQ FRQWURODQGDQ1GULYHGULYH ,WVUROHLVUREXVW
IRUQDQRVHFRQG ODVHU PDFKLQLQJ $HURWHEFKTV FXUUHQW 352 6/ (
WR PP VWDQGDUG DFFXUDF\IURP*“ —PWR*“ —P RYHU WKDW UDQJ
“ _P “ —_PELGLUHFWLRQDO UHSHDWDELOLW\ PP VPD[LPXP VSHHC
YHUWLFDO D[LDO ORDG FDSDFLW\ DQG D EUXVKOHVV URWDU\ VHUYR!
> @ 7KHLQVWDOOHG 2[IRUG VWDJH VKRXOG EH GRFXPHQWHG E\ LW\
FDOLEUDWLRQ RSWLRQV EHFDXVH WKHVHRSWLRQV FKDQJH WKH DFKL

7KH 352 6/LVDVPDOOHU PHPEHU RI WKH VDPH EDOO VFUHZ PHFKI
D XVHIXO FRPSDFW UHIHUHQFH IRUDQ\LQ KRXVH VFUHZ GULYHQ UDL
DV D SUHFLVLRQ JURXQG EDOOVFUHZ VWDJH ZLWK D ORQJ OLIH UHFL
DIJDLQVW SDUWLFXODWHVY DEUXVKOHVV URWDU\VHUYRPRWRU DQG U
HQFRGHU RU D OLQH GLJLWDO 56 HQFRGHU> @ 7KHFXUUHQW
WUDYHO RSWLRQV PP VPD[LPXPVSHHG FDOLEUDWHG DFFXUDF\ IU
ELGLUHFWLRQDO UHSHDWDELOLW\ NJKRULJRQWDO ORDG FDSDFLW)\
ZLWK WKH DPSOLILHG VLQH HQFRGHU RU —P ZLWK WKH GLJLWDO HQ
WKHVLQHHQFRGHULQFUHDVHV WKHHOHFWULFDO VXEGLYLVLRQRIW
SUHORDG JXLGHUDLO DQG ORDG VLGHFRPSOLDQFHVWLOO VHW WKk

7KHLPSRUWDQW GHVLJQ OHVVRQ LV WKDW EDOO VFUHZ VWDJHV WU
DJDLQVW WUDQVPLVVLRQ SK\VLFV ,I EXLOGLQJD FRPSDUDEOH D[LV
LQJEORFN VWLIIQHVV FRXSOLQJVWLIIQHVYVY PRWRULQHUWLD ORDG
WKHUPDO SDWK DQG ZD\ FRYHU IULFWLRQ PXVW EH VSHFLILHG WRJH\
HOLPLQDWH VFUHZ OHDG HUURU RU ORDG VLGH GHIOHFWLRQ WKH SF
WRRO SRLQW

'LUHFW '"ULYHOHFKDQLFDO %HDULQJG6WDJHV DQG &RPSDF
'LUHFW GULYHOLQHDUPRWRUV UHPRYH WKHVFUHZDQG FRQYHUW FX

6217,

ZKHUHV IRUFH FROQMWWIKOW D GRUUHQW HTXLYDOHQW FRPPDQG $ VL

g b_l %T'éH

%HFDXVH WKH WUDQVPLVVLRQ LV UHPRYHG EDFNODVK DQG VFUHZ
SODFHG QHDU WKH SD\ORDG UHGXFLQJPHDVXUHPHQW RIIVHW 7KLV
FRQWRXULQJ VFDQQLQJ DQG V\QFKURQL]JHG ODVHU SURFHVVLQJ 7K
LQLURQ FRUH GHVLJQV FDEOHIRUFHV FRVW DQG VHUYR WXQLQJ VH
LQ WKLY FKDSWHU IRFXVHV RQ VFUHZ GULYHQ DQG FURVVHG UROOHU

JRU ORQJ WUDYHO KLJK VSHHG VFDQQLQJ DQ $/6 $/6 + FODVV (
UHIHUHQFH DUFKLWHFWXUH $HURWHFKYV $/6 + GDWD VKHHW GHVFL
PRWRU VWDJH ZLWK D KLJK DFFXUDF\ QRQFRQWDFW JODVV VFDOH HQ



QPUHVROXWLRQ ZLWK $SHURWHFK FRQWUROV ELGLUHFWLRQDO UHSE
QHVV EHORZ*“ —P RYHU WKH WUDYHO PP VPD[LPXP YHORFLW\ DQC
DOVR QRWHV WKDW QHLWKHU WKHEHDULQJV\VWHP QRUWKH GULYH V\
DUFKLWHFWXUHLVDWWUDFWLYHIRUORZ ULSSOHVFDQQLQJ 7KH GH
EHWUHDWHG DV WKHPDFKLQLQJDFFXUDF\ _WLVWKDWDGLUHFW GU
HUURU VRXUFHV DZD\ IURP VFUHZ UHYHUVDO DQG WUDQVPLVVLRQ FR
VWUDLJKWQHVV PRWRUKHDW FDEOHIRUFH SD\ORDG SODFHPHQW L

&RPSDFW VFUHZ GULYHQ D[HV DUH VWLOO XVHIXO IRU YHUWLFDO |
VWLIIQHVY FRYHUV KROGLQJEHKDYLRU DQG SDFNDJLQJPDWWHU PR

$76 LOOXVWUDWHY WKLV WUDGHRII WLV DVFUHZ GULYHQ PHFKD(
ORZV $HURWHFK OLVWY WUDYHO OHQJWKYV XS WR PP VXE —P SRVL
WR —P D SUHFLVLRQ JURXQG EDOO VFUHZ OLQHDU PRWLRQ JXLGH

JUDO HQFRGHUV DQG YDFXXP FRPSDWLEOH RSWLRQV > @ ,Q D EXL
IRFXV FRRUGLQDWHUHSHDWDELOLW\ YHUWLFDO VWLIIQHVYVY EUDNH
URXWLQJ DQG WKH$EEH RIIVHWEHWZHHQ WKHD[LVPHDVXUHPHQW O

7KH $17 / VWDJH LV XVHG LQ WKH DXWRFRUUHODWRU EXLOG ZKHL
IRUFH RU SD\ORDG EXW VWDEOH UHSHDWDEOH RSWLFDO GHOD\ 7KH
GLUHFW GULYH OLQHDU PRWRU VWDJH ZLWK KLJK SUHFLVLRQ FURVYV
WUDYHO FODVVHV “* QP ELGLUHFWLRQDO UHSHDWDELOLW)\ 3/86 DFF
SHUIRUPDQFHFRQILIXUDWLRQV P R wWW@PPR GRHYUPRRSH H BXIRDWULKRQ @ D C
VWDELOLW\EHORZ QPIRUWKHKLIJK SHUIRUPDQFHHQFRGHU RSWLR
LOQOVWUXFWLYH WKHVWDQGDUGDPSOLIL#ABLWKIMH HQPR/GBHQ RS B/H RIQORC
WKH KLJK SHUIRUPDQFH DPSQREZUWISDV LQA RISMPIDRIHUIORG > @ 7KH
HQFRGHU RSWLRQ VKRXOG WKHUHIRUHEHUHFRUGHG EHIRUH FODLPL!

7TKH ODERUDWRU\ GRHV QRW FXUUHQWO\ KDYH DQ DLU EHDULQJ OL(
ZRUWK NHHSLQJ DV D GHVLJQ EHQFKPDUN EHFDXVH LW LVRODWHYV ZK
SHURWHFEKTV $%/ IDPLO\ XVHV D IXOO\ SUHORDGHG QRQFRQWDFW |
QRQFRQWDFW IHHGEDFN GHYLFH WKH GDWD VKHHW OLVWYV QP UHVI
WLRQ “ QP UHSHDWDELOLW\ PP VPD[LPXP VSHHG J QR ORDG DF
YDOXHV GRZQ WR * —PRQVKRUWHU WUDYHO FRQILIJXUDWLRQV > @
FRVW RI WKLY DUFKLWHFWXUH WKHDLU VXSSO\PXVWEHFOHDQ DQG
E\SUHVVXUH LQWHUORFNV 7KLV LV WKHULJKW FRPSDULVRQ IRU EHEL
FXUUHQWLQ KRXVHDI[LV

$HURWHFK 6WDJH 6SHFLILFDWLRQV DV 'HVLJQ 7DUJHWYV

7KH FRPPHUFLDO VI\VWHPV DUH QRW FRSLHG DV EODFN ER[HV 7KH\ D
FDWLRQV UHYHDO WKH GHVLJQ YDULDEOHV DQ LQ KRXVH ORQJ WUDY
FHOHUDWLRQ SD\ORDG HQFRGHU W\SH JXLGH W\SH VWUDLJKWQHV
SURFHGXUH )LJXUH DQFKRUV WKUHH SK\VLFDO UHIHUHQFH DUFKL
UROOHUVWDJH D352 6/SURWHFWHGEDOO VFUHZVWDJH DQGDQ $1
VWDJH 7KH $%/ DLU EHDULQJIDPLO\UHPDLQV D FRPSDULVRQ EHQF
D[LV
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+HUHV VLIQD® B WKRGL QW HJHY LV LLEMA HFRXFOBDIQERIUI D FWRQQ H O
JDLQWQGDUH RINYBIQID UH QRLVH W HBBW HVMHRWY TXDGUDWXUH SKDV}
GHVFULEHVRSHQLQFUHPHQWDO HQFRGHUV WKDW ILOWHU WKH VFDOF
QDO FRQGLWLRQLQJWRFRQWUROJDLQ EDODQFH DQGRIIVHW DQG L
> @ )RUH[DPSOH 5HQLVKDZYV 721L& IDPLO\ LV VSHFLILHG DV D FRP
VIVWHP ZLWK VSHHGV XSWR P V UHVROXWLRQV GRZQ WR QP ZLWK )
ORZMLWWHU DQG ORZVXE GLYLVLRQDO HUURU> @ $HURWHFKTV ;¢
WXUH VTXDUH ZDYH HQFRGHU IHHGEDFN FDQ EH DFFHSWHG DW XS W
HQFRGHU PXOWLSOLFDWLRQFDQPXOWLSO\VLQHHQFRGHUV XS WR
WLSOLHG E\ WKH LGHDO FRXQW VL]H LV DERXW QP LID —P VI
LV DERXW QP 7KHVH DUH LGHDO GLJLWDO VXEGLYLVLRQV QRW J
WLRQ LQWHUSRODWLRQ QRQOLQHDULW\ UHDGKHDG DOLJQPHQW DQ
G\QDPLFV VWLOO GHWHUPLQH WKH WRRO SRLQW UHVXOW

7KHEHDULQJV\VWHP LVWKHVHFRQG KDOIRIWKHVDPHVWRU\ $FKlI
IRUPDQ\ODERUDWRU\WRROV EXW KLJK HQG VFDQQLQJVWDJHV DUH
SHDWDEOH HQRXJK IRUWKH HQFRGHU DQG VHUYR WR PDWWHU S5HFLL
YLEUDWLRQ IULFWLRQULSSOH SUHORDG VHQVLWLYLW\ DQG QRLVH
OLQHDU JXLGH OLWHUDWXUH H[SOLFLWO\FRQQHFWV EDOO SDVVDJH
VXUIDFH ILQLVK GHIHFWV DQG KLJK SUHFLVLRQ WDEOH PRWLRQ HUU
GXFHV WKLV YLEUDWLRQ WRRQH WKLUGRIFRQYHQWLRQDO PRGHOV L
GRFXPHQWDWLRQ JLYHV WKH FRPSOHPHQWDU\ GHVLJQ YDULDEOHV |
ULDJHV LQWHJUDWHG OXEULFDWLRQ DQGPXOWLSOHSUHORDGDQG
DQG DVVHPEO\WROHUDQFH> @ 7KHSXEOLF$HURWHFKGRFXPHQWYV
UDLOJUDGHXVHGLQ352 6/ 352 6/VWDJHV VRWKHXVHIXOWKHVLV
SUHFLVLRQ PHFKDQLFDO EHDULQJD[LV VKRXOG VSHFLI\UDLO DFFXU|
IODWQHVV OXEULFDWLRQ VHDOLQJ FDUULDJHVSDFLQJ DQGPHDVXL
RIVLPSO\EX\LQJD3*OLQHDUUDLO

&URVVHG UROOHU GLUHFW GULYH VWDJHV DGGUHVV D GLITHUHQW ¢
XVHV DQWL FDJH FUHHS FURVVHG UROOHU EHDULQJV DQG H[SOLFLWC
LQ ERWK WKH EHDULQJ DQG GULYH VIVWHPV ZKLFK VXSSRUWV VPRR\
VFUHZ JXLGHDUFKLWHFWXUH> @ 7KH$17 /XVHVFURVVHG UROOHL
DJH> @ $LU EHDULQJVWDJHV SXVK WKLV IXUWKHU E\UHPRYLQJ PH
GXFHV ZHDU DQG UROOLQJ HOHPHQW QRLVH EXW RQO\E\DGGLQJ FO}
DQG YHU\FDUHIXO FUDVKDQG FRQWDPLQDWLRQ FRQWURO> @ 7KHF
VWDJHV DUH UREXVW DQG HFRQRPLFDO FURVVHG UROOHU GLUHFW ¢
UHGXFH ULSSOH DLU EHDULQJ GLUHFW GULYH VWDJHV UHPRYH UROC
KLJKHULQWHJUDWLRQ ULVN

6HUYR DUFKLWHFWXUH FORVHY WKH ORRS DURXQG WKH PHFKDQLFV



IDVW FXUUHQW ORRS LQ WKH GULYH YHORFLW\DQG SRVLWLRQIHHGE
WKHFRPPDQGHG WUDMHFWRU\ $ FRPSDFW UHSUHVHQWDWLRQ LV
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7KHIHHGEDFN FRQWUROOHU UHMHFWV GLVWXUEDQFHV DQG VWDEL(
LQJHUURU GXULQJ SUHGLFWDEOH PRYHV ZLWKRXW LQFUHDVLQUJ IHHGC
XPHQWDWLRQ PDNHV WKH VDPH GLYLVLRQ RSHUDWLRQDOO\ PHDVXU
ILOWHUV IRUVWDELOLW\ PDUJLQV WKHQ FRPSDUH SODQW DQG LQYH
JDLQDQG WLPLQJ> @ ,WV)HHGIRUZDUG$GYDQFH SDUDPHWHU H[SC
DQG VQDS IHHGIRUZDUG FRQWULEXWLRQV LQ WLPH WR FRPSHQVDWH
HQDEOHV VHFRQG RUGHU ILOWHUV LQ WKH IHHGIRUZDUG SDWK >
DFFHOHUDWLRQ FRUQHUEOHQGLQJ RUQRQVPRRWK WUDMHFWRULH\
SRVLWLRQLQJORRNV H[FHOOHQW

%RGH SORWVY DUH WKH H[SHULPH QAY DOD \OW & B XSDOIHQ R/U WRFL F XANUHLADW
PHDVXUHG SR¥/(L WVRDKMHAQEHGEDFN FRQWUROOHU WKHRSHQ ORRS UH
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7TKHPDJQLWXGH SORW VKRZV UHVRQDQFHY DQWL UHVRQDQFHV OF
SKDVH SORW VKRZV KRZ PXFK VWDELOLW\ PDUJLQ UHPDLQVY EHIRUH"
IUHTXHQF\ UHVSRQVH PRGXOH GLUHFWO\ H[SRVHVY RSHQ ORRS SODC
UHODWHG UHVSRQVHYVY LWDOVRUHFRPPHQGV XVLQJSKDVHPDUJLQ JI
ULFV ZLWK QRWFKILOWHULQJ XVHG RQO\ZKHQ D PHDVXUHG UHVRQDC
WKH %RGH SORW VKRXOG QRWEH WUHDWHG DVD GHFRUDWLYH FRQWL
ORJVDQGDIDEULFDWHG RUPHDVXUHGDUWLIDFW EHFDXVHWKHUHDC
VSDWLDO SXOVH SODFHPHQW VPRRWKHUVFDQQLQJ ORZHU GHOD\ ML
7KHSUDFWLFDOPRWLRQ VIVWHP WXQLQJGLVFXVVLRQLQ WKLV VHF
IURP OLFKDHO 6HOHSHF DW $SHURWHFK +LV KHOS ZDV HVSHFLDOO\LP
HOFRGHU IUHTXHQF\ UHVSRQVH DQGIROORZLQJ HUURU LQIRUPDWL
WUHDWLQJWKHP DV LVRODWHG VSHFLILFDWLRQV

'ULYHDQG &RQWUROOHU $UFKLWHFWXUH $GYDQWDJHV DC

7KH VWDJH PHFKDQLFV RQO\ EHFRPH D PDFKLQH ZKHQ WKH\ DUH SDLU
UHDO WLPH FRQWUROOHU VDIHW\ ZLULQJ SURFHVV, 2 DQG D WXQLC
VHQGLQGHSHQGHQWD[LVFRPPDQGY ,WIJHQHUDWHV FRRUGLQDWHG \
JHDULQJ DSSOLHV FRPSHQVDWLRQ VXSHUYLVHV OLPLWV DQG IDXOW
VXFK DV ODVHU WULJJHUV $HURWHFKTV $ GRFXPHQWDWLRQ GHVFI



PDFKLQHFRQWUROOHUWKDW FRRUGLQDWHV XSWR D[HV VXSSRUW\
GULYH W\SHVY DQG SURYLGHVLQWHUSRODWLRQ KLJK VSHHG, 2 FDP
IXQFWLRQV> @ )RUDQLQ KRXVHV\WWHP WKHUHOHYDQW OHVVRQ
PRWLRQ GHVLJQ QRWD UHSODFHDEOH XVHU LQWHUIDFH

,QD3& EDVHG FRQWUROOHU WKHLQGXVWULDO 3& EHFRPHV WKH PLC
WHUPLQDO 7KH XVHU VHHV :LQGRZV WKH SURJUDPPLQJHQYLURQPHC
DQG QHWZRUNDFFHVV 7KHWLPH FULWLFDO SDUWLVKDQGOHGE\D UF
GHWHUPLQLVWLF VFKHGXOLQJ LQWHUUXSW KDQGOLQJ PRWLRQ XSG
SURGXFW OLWHUDWXUHLGHQWLILHV ,1WLPHDV WKHUHDO WLPH RSHI
3& FRQILIXUDWLRQ JXLGH HPSKDVL]HV WKDW 3& VHOHFWLRQ %,26 VI
DQG :LQGRZV FRQILIJXUDWLRQ DIIHFW UHDO WLPH FRQWURO SHUIRUF
DV D UHDO WLPH RSHUDWLQJHQYLURQPHQW WKDW UXQV UHDO WLPH
GHWHUPLQLVWLF H[HFXWLRQ IRU WLPH FULWLFDO WDVNV > @ 7KH
PD\ KRVW WKH LQWHUIDFH DQG ILOH ZRUNIORZ EXW WKH PDFKLQH PX
VHUYRWLPLQJDQG, 2

7KLV DUFKLWHFWXUH KDV LPSRUWDQW DGYDQWDJHV ,W UHGXFHV
WKH PRWLRQ SURJUDP SURFHVV UHFLSH +0, ORJJLQJ DQG &$' &$0 Z
PDNHV LW HDVLHU WR FRRUGLQDWH PDQ\D[HV ZLWK D FRPPRQ WUDMH
IROORZLQJ HUURU FXUUHQW FRPPDQG HQFRGHU SRVLWLRQ OLPLW
UHFRUGHG DJDLQVW WKH VDPH MRE WLPHOLQH )RU ODVHU SURFHVVL
WRROSDWK JHQHUDWLRQ 362 VHWXS KDWFK VWUDWHJ\ VN\ZULWLQ.
GLUHFWO\WR WKH VDPH FRQWUROOHU HQYLURQPHQW UDWKHU WKDQ

@ 7KLVLVZK\WKHVRIWZDUHDUFKLWHFWXUHPDWWHUV ZKHQ GHVL
WKH PDFKLQHFDQ FORVH WKH ORRS EHWZHHQ JHRPHWU\ WUDMHFWRM

7KH GUDZEDFNV DUH MXVW DV UHDO $3& EDVHG FRQWUROOHU PDY
FULWLFDO FRPSRQHQW &38 SRZHU VWDWHV FKLSVHW EHKDYLRU %
QHWZRUN GULYHUV WKHUPDO WKURWWOLQJ EDFNJURXQG VHUYLFH
WHUPLQLVP RU PDNH IDXOWV GLIILFXOW WR UHSURGXFH 7KH V\VWH
GULYH ILUPZDUH FRQWUROOHU VRIWZDUH YHUVLRQ ILHOGEXV KDUG
DQG $3, FRPSDWLELOLW\ EHFRPH SDUW RI WKH PDFKLQH FRQILJXUDW
FDXVH D IROORZLQJ HUURU IDXOW PD\ RULJLQDWH LQ PHFKDQLFV HQ
UHDO WLPH VFKHGXOLQJ FRPPXQLFDWLRQ RU SURFHVV VLGH, 2 $\
WUROOHU 3& DV FRQWUROOHG KDUGZDUH GRFXPHQW WKH LPDJH %,
ILUPZDUH UHDO WLPHFRQILIXUDWLRQ DQG WXQLQJILOHV ZLWK WK F

7KH GULYH VWLOO GHWHUPLQHVY WKH HOHFWULFDO DQG WLPLQJHQ
$ QHWZRUN GULYH LV VSHFLILHG ZLWKD 9+ 9'& PRWRUEXV $
WLRQV FRUUHVSRQGLQJ $ $ DQG $FRQWLQXRXV RXWSXWFODVV
RXWSXW IUHTXHQF\ DQG QV VLQJOH D[LV362ILULQJODWHQF\> @
VKRZ WKH VDPH GHVLJQ SUHVVXUHV LQ GLIIHUHQW SDFNDJHV 7KH :&
EXV XSWR $ SHDNFXUUHQW N+] FXUUHQW DQG VHUYR ORRSV G
PHPRU\ DQG RSWLRQDO PXOWL D[LV362DQG, 2H[SDQVLRQ> @ 7Kl
ZLWK EXVRSWLRQVXSWR 9'&« $ $ RU $SHDN FXUUHQW YHUVL
XSGDWHVY PLOOLRQFRXQWYV VVTXDUH ZDYHHQFRGHU LQSXW FDSD
362 FDSDELOLW\> @ 7KHVHQXPEHUV PDWWHU EHFDXVH WKH\FRQV
HQFRGHU UHDGLQJ WULJJHU WLPLQJ DQG GDWD FDSWXUH B6HOHFWL
GULYHPXVWEHVL]HGIURPIRUFHFRQVWDQW PRYLQJPDVV GHVLUHG
IROGEDFN HQFRGHU UDWH VDIHW\, 2 DQG SURFHVV WULJJHU ODWH (

7KHILQDO GLVDGYDQWDJHLVY FRQFHSWXDO UHDO WLPHVRIWZDUH



$ KLJK SHUIRUPDQFH FRQWUROOHU FDQ H[SRVH SUREOHPV UDWKHU W
GHSHQGHQW IRUFH $ SRRUO\PRXQWHG VFDOH VWLOO SURGXFHV LQ\
WKH SD\ORDG SDWK $ VFUHZ VWDJH VWLOO KDV UHYHUVDO DQG FRPS
LV WR PDNH WKHVH HIITHFWV PHDVXUDEOH DQG WXQDEOH LW FDQQRW
PDQDJHPHQW DQGLQGHSHQGHQW FDOLEUDWLRQ

$VVHPEO\DQG 7XQLQJ &RQVLGHUDWLRQV

3UHFLVLRQ VWDJH LQVWDOODWLRQ EHJLQV ZLWK PHFKDQLFV QRW V
VWDJH ZLWKRXW WZLVW WKH SD\ORDG PXVW EH SODFHG QHDU WKH L¢
ODWHUDO IRUFH OLPLW VZLWFKHVY DQG KRPHV PXVW EH XQDPELJXRXV
RUGLQDWH WKDW PDWWHUV 7KHUPDO H[SDQVLRQDQGDLUFXUUHQW\
ZKHQ VEFDQV RUFXWV ODVW ORQJHQRXJK IRUGULIWWRDFEXPXODWH

7KH PHFKDQLFDO FKHFNOLVW LV FRPSDFW EXW VWULFW %DVH IOD
FDUULDJH SLWFK \DZ EHDULQJ SUHORDG YDULDWLRQ DQG SRVLWLRC
JUHVVLYHO\DQG VWUDLJKWQHVV VKRXOG EHPDSSHG DIWHU LQVWDO:
$EEH HUURU VR WKH PRYLQJ PDVV VKRXOG VLW QHDU WKH FDUULDJH
EHUHFRUGHG (QFRGHU VFDOHDQG UHDGKHDG DOLJQPHQW FRQWUR
ULSSOH DQG LQ SRVLWLRQ VWDELOLW\ JDS \DZ SLWFK VLJQDO TX
YHULILHG EHIRUH DJJUHVVLYH VHUYR WXQLQJ &DEOH URXWLQJ FDQ
VLGH ORDG KHDW RU GUDJ VR IX0O0O WUDYHO IROORZLQJHUURU PXV\
SDWKV VKRXOGEHORJJHG WKURXJK ZDUPXS EHFDXVHPRWRUKHDW \
FRRUGLQDWH IUDPH +RPHDQG OLPLW ORJLFPXVW EH WHVWHG DV D U
VWHS &RQWDPLQDWLRQ FRQWURO PXVW SURWHFW JXLGHV VFDOHV
RUVFDQQLQJ

&RQWURO WXQLQJXVXDOO\IROORZV DFDVFDGHG VWUXFWXUH FXU
FXUUHQW ORRS GHWHUPLQHV IRUFH SURGXFWLRQ WKH YHORFLW\ OR
SRVLWLRQ ORRS GHWHUPLQHV WUDFNLQJDQG VHWWOLQJ %RGH SOR!

DQG JDLQ PDUJLQ , /] D OLIKWO\ GDPSHG,PREGHW Y WK ) MRRSDID LQH DX
FROQWLQXRXV WLPHQRWFKILOWHU LV
. a8 - .
Ay G
sy 7 @

IRWFK WXQLQJ VKRXOG EH YDOLGDWHG DJDLQVW PHDVXUHG IROOF
UDWKHU WKDQ RQO\DJDLQVW D FOHDQHU %YRGH SORW > @

ORWLRQ (UURUDQG )DEULFDWLRQ 2XWFRPHYV

7TKHODUJHVW IHDWXUHHUURUV RIWHQFRPHIURPWKHIXOOPRWLRQ V\
WXQLQJ SD\ORDG ILIWXUH VWDFN =IRFXV DQG SURFHVV VIQFKURQL
WXUH SODFHPHQW HUURU UDVWHU RIIVHW RUPLVSODFHGDOLJQPHQ
HWHURUHQFRGHUFDOLEUDWLRQ IHDWXUHPHWURORJ\ DQG ,62 VW\(
\DZ DQGUROOFUHDWHWDSHU QRQSDUDOOHO ZDOOV IRFXV VKLIW D
WKH\UHTXLUHVWUDLJKWQHVVDQGDQJXODUPDSY QRWRQO\DVLQJO
DSSHDUV DV FXVSVDWGLUHFWLRQ FKDQJHY ELGLUHFWLRQDO UDVWt
ORZLQJHUURU SURGXFHVY SXOVH SODFHPHQW HUURU FRQWRXU HUUR
FROWUROOHUORJVPXVWEHFRPSDUHGDJDLQVW WHVW FXWV DW UHDC
HUURU PRYH WKH GDWXP DIWHU ORDGLQJ IOLSSLQJ RUWLJKWHQLQ.



FRRUGLQDWH UHIJLVWUDWLRQ DUWLIDFWY 7KHUPDO GULIW FKDQJHV
6HQVRU QRLVHDQG TXDQWL]DWLRQ EHFRPHFORVHG ORRS MLWWHU R
DQG QRLVHVSHFWUD VKRXOGEHUHSRUWHG ZLWK WKHIDEULFDWHG U

SRVLWLRQ 6\QFKURQL]JHG 2XWSXW

IDVHU PLFURPDFKLQLQJ FRXSOHV PRWLRQ WR HQHUJ\GHSRVLWLRQ
DFFHOHUDWHVY RUVORZV WKHVSDWLDO SXOVHSLWFKFKDQJHV

P el ) 21)
YIW
ZKHUHLY LQVWD QWD QHRXYySOWRWHSHHE DHBLWLRQ UPYH 'XULQJ
VKULQNY LQFUHDVLQJ SXOVH RYHUODS DQG ORFDO WKHUPDO ORDG
ORFDO GRVH 3RVLWLRQ VIQFKURQL]JHG RXWSXW LQVWHDG WULJJHU\
VSDWLDO LQWHUYDO

N(R) -V(rud P .o

$HURWHFKIYVY GRFXPHQWDWLRQ GHVFULEHV 362DV DIHDWXUH WKDYV
SRVLWLRQIHHGEDFNIURPRQHRUPRUHD[HVY LQFOXGLQJIL[HG GLVW
DQG ODVHU SURFHVV WULJJHULQJ PRGHYV > @ 362LV WKHUHIRU
SURFHVV SK\VLFV LWFRQYHUWV HQFRGHU GLVWDQFHLQWR ODVHU W

&KDSWHU 6\QWKHVLV

7KLVFKDSWHUEHJDQ ZLWK WKH SUDFWLFDO SUREOHP WKDW DFFHVVL
DQGGHEXJ 7KHLQ KRXVHSLH]RVWDIJHLVWKHORFDODQVZHU WR WK
IRUFRPPHUFLDO QDQRSRVLWLRQHUV EXWDVDQLQVSHFWDEOHILQH
FRQWUROOHU PDWHULDO FKRLFHY DQG IDEULFDWLRQ URXWH FDQ EI
UHSHDWDELOLW\ FODLP LV WKHUHIRUH LPSRUWDQW EHFDXVH LW VKR
FROOHFWLRQLQWR D XVDEOH SRVLWLRQLQJWRRO ZKLOHVWLOO UHT
WHUHVLVY DQGEDQGZLGWK

7KH ORQJ WUDYHO VWDJH GLVFXVVLRQ FRPSOHWHY WKH VDPH DUJ
UROOHUGLUHFW GULYH DQGDLU EHDULQJDUFKLWHFWXUHV DOO VR
VSHFLILFDWLRQV RQO\EHFRPH PHDQLQJIXO ZKHQ WLHG WR HQFRGHU
GULIW SURFHVVV\QFKURQL]DWLRQ DQGIDEULFDWHGIHDWXUHTXDO
DFRPPHUFLDOOLQHDUVWDJH XQGHUVWDQGLQJWKHPDQXIDFWXULQ
WKH SODWIRUP XVHIXO (QFRGHULQWHUSRODWLRQ %RGH SORW WXQ
VDPH SXUSRVH PDNLQJWKH PDFKLQHTV PRWLRQ HUURU YLVLEOH HQ
XVHG WR SURGXFHUHOLDEOH UHVXOWY WKDW ZHUH QRW IHDVLEOH EF



&KDSWHU

/I DVHUOLFURPDFKLQLQJ 6\VWH

&KDSWHU 6XPPDU\

7KLV FKDSWHU UHYLHZY VWDWH RI WKH DUWODVHU PLFURPDFKLQLQ.
GHYHORSHG LQ KRXVH WLV QRWDUHZULWH RI WKH GLDPRQG URWRI
SRUWDQW PRWLYDWLQJPDWHULDO EHFDXVHLW SODFHV VWULFW GHP
TXDOLW\ DQG PHWURORJ\ EXW WKH RUJDQL]JLQJ TXHVWLRQ RI WKH F|
DQGZDWHUMHW JXLGHG ODVHU PLFURPDFKLQLQJ SODWIRUPV DUH GH

7TKHFKDSWHULVRUJDQL]JHGDURXQGWZRV\VWHPFODVVHV 7KHILU'
EXLOWDURXQG DQ LQGXVWULDO XOWUDIDVW VRXUFH FXVWRP EHDP
SURFHVV GHYHORSPHQW WRROV 7KHVHFRQG LV D ZDWHUMHW JXLGH
SXOVHG ODVHU VRXUFH K\GUDXOLF VXEV\VWHP FRXSOLQJRSWLFV .
,QERWKFDVHV WKHUHVHDUFKFRQWULEXWLRQLV QRW VLPSO\DFFH\
VRXUFHVY RSWLFV PHFKDQLFV IOXLGLFV DQGGLDIJQRVWLFV LQWR U

JHPWRVHFRQG /DVHU OLFURPDFKLQLQJG6\VWHPV

, QWURGXFWLRQ WR )HPWRVHFRQG /DVHU

JHPWRVHFRQG ODVHU PLFURPDFKLQLQJLQFOXGHV GULOOLQJ FXWWI
FDWLRQ DQG GLUHFW ZULWLQJDW OHQJWK VFDOHV ZKHUH WKH EHDP
WLF VWDFN PXVW EH GHVLJQHG WRJHWKHU &RPSDUHG ZLWK QDQRVF
HQHUJ\ EHIRUH VXEVWDQWLDO ODWWLFH KHDWLQJ DQG EXON WKHUP
DQG LPSURYHHGJH TXDOLW\ EXW LW GRHY QRW UHPRYH HYHU\ GDPDJ
QRQOLQHDU SURSDJDWLRQ IRFXV ZDON RIl UHGHSRVLWLRQ DQG OF
ZLQGRZ> + @

JRU WKLV UHDVRQ D XVHIXO IHPWRVHFRQG SODWIRUP UHYLHZ FRP
YDQW TXHVWLRQV DUH KRZ RSWLFDO HQHUJ\ FRXSOHYV LQWR WKH PDV
KRZ SXOVHV DUH VIQFKURQL]JHG WR VFDQQHU RU VWDJH PRWLRQ KR.
HUHG SXOVH HQHUJ\ DQG GXUDWLRQ DUH YHULILHG DQG KRZ ILQDO T
SKDVH FKHPLFDO FKDUDFWHUL]DWLRQ DQG UHSHDWDELOLW\ &ODLP
E\ SHHU UHYLHZHG OLWHUDWXUH FODLPV DERXW WKH LQ KRXVH V\V\
OD\RXWV DOLJQPHQW GDWD DQG PHDVXUHG EHDP RUIHDWXUH GDWD



6WDWH RIWKH $UWDQG &ROG $EODWLRQ 3K\VLFV

8OWUDIDVW ODVHU SURFHVVLQJPDWXUHG IURP ODERUDWRU\ GHPRQ\
XIDFWXULQJWHFKQRORJ\DV FRPSDFW FKLUSHG SXOVH DPSOLILHUYV
VFDQQHUV KLJK SUHFLVLRQ VWDJHV DQG SURFHVV FRQWURO LPSUR
DV SUDFWLFDO WRROV IRU VXUIDFH PLFURPDFKLQLQJ PLFUR QDQRV\
LQWHUQDO SURFHVVLQJLQ WUDQVSDUHQW PDWHULDOV> @ O0ODOLQ
GXVWU\ HPSKDVL]LQJIDEULFDWLRQIURPEHORZ —P WR —P VFDOH G
WUDQVSDUHQW PDWHULDOV DQG WKURXJKSXW DV WKH ILHOG PRYHYV
> @

7KH FRPPRQ GHVFULSWLRQ RI IHPWRVHFRQG PDFKLQLQJDV 3FROG I
WRVHFRQG H[FLWDWLRQFDQ FRQILQHHQHUJ\GHSRVLWLRQDQG UHGX
PDWHULDO VWDWH VWLOO GHSHQGV RQ IOXHQFH UHSHWLWLRQ UDWHF
SXOVH UHOD[DWLRQ )LJXUH VXPPDUL]JHV WKLV FRQWUDVW ORQJF
GXULQJLUUDGLDWLRQ SURGXFLQJDODUJHUKHDW DIIHFWHG UHJLR(
HDUO\ HQHUJ\ GHSRVLWLRQ DQG FDQ OHDYH D FOHDQHU DEODWLRQ U
DQG IHPWRVHFRQG KROHVLQD —PVWHHOIRLODW QP> @ ORG!
WLRQ ZDYHOHQJWK UHSHWLWLRQ UDWH EXUVW PRGH EHDP VKDSLQ
FORVHG ORRS PRQLWRULQJDV FRXSOHG GHJUHHV RIIUHHGRP > (

YJLIXUH &ROG DEODWLRQ FRPSDULVRQ IURP /LQ DQG +RQJ LOOX\
IHPWRVHFRQG SXOVH ORFDOL]HG UHPRYDO > @

JRUWUDQVSDUHQWDQGZLGH EDQGJDSPDWHULDOV IHPWRVHFRQG
FDUULHU JHQHUDWLRQ HYHQ ZKHQ WKH XQPRGLILHG PDWHULDO KDV .



JRUPHWDOVDQG VHPLFRQGXFWRUV XOWUDIDVWHQHUJ\GHSRVLWLR
QRQHTXLOLEULXP IUDPHZRUNYV )RU GLHOHFWULFV DQG WUDQVSDUH
WLRQ WUDQVLHQW 'UXGH UHVSRQVH LQFXEDWLRQ DQG PRUSKRORJ
VXIILFLHQW DFURVV DOO PDWHULDOVDQG UHJLPHVY $SUDFWLFDO PLI
HOLQJIRUWKHEHDP FDUULHU WKHUPDO PRGHOLQJIRUWKHPDWHULT
DQG HPSLULFDO FDOLEUDWLRQIRUIHDWXUH VL]H WDSHU URXJKQHV

,Q +RXVH)HPWRVHFRQG 30DWIRUP ,QWHJUDWLRQ

7TKHLQ KRXVHIHPWRVHFRQG V\VWHP LVWUHDWHGDVD SODWIRUP EXL
DQRSWLFDOWDEOH 7KHREMHFWLYHLVWRWXUQDQH[LVWLQJLQGX
LQJLQVWUXPHQW ZLWK PHDVXUHG SXOVH GHOLYHU\ PRGXODU EHDP
DFFHVV $ FRPSOHWH SODWIRUP UHFRUG UHSRUWV WKH LQVWDOOHG
GXUDWLRQ DW WKH ZRUNSLHFH UHSHWLWLRQ UDWH OLPLWY SXOVH
LIDWLRQ FRQWURO DYHUDJH SRZHU VWDELOLW\ DQG VDIHW\LQWHU (

J)LIXUH ,Q KRXVH IHPWRVHFRQG PLFURPDFKLQLQJ SODWIRUP VK
EHDP GHOLYHU\ RSWLFV YHUWLFDO RSWLFDO EUHDGERDUG REMHF\
SRUWLQJHOHFWURQLFV



JLIXUH 6LPSOLILHG IHPWRVHFRQG ODVHU PLFURPDFKLQLQJVHWXS
LQFLGHQFH PDFKLQLQJRID PP WXQJVWHQ VKHHW VKRZLQJWKH VI
VWHHULQJRSWLFV IRFXVLQJOHQV DQG &1& VWDJH> @

JLIXUHYV DQG GHILQH WKH KDUGZDUH PDS XVHG IRU WKH LQ KR
DVVHPEOLHV WKHXOWUDIDVW VRXUFHDQG KDUPRQLF RXWSXW UHJL
LQJ WKH VKXWWHU RULQWHUORFNHG EHDP EORFN DWWHQXDWRU SF
PLUURUV WKHSURFHVV KHDG LQFOXGLQJWKHILQDOIRFXVLQJRSWL
EHDP EORFNV DQG ORFDO VKLHOGLQJ WKHPRWLRQDQG ZRUNKROGL
FKLOOHU HOHFWURQLFV LQWHUORFNV DQGVXSSRUWLQJFRQWURO"

$OLIQPHQW VWDUWYV IURP WKH QP SDWK ZKLFK LV XVHG DV WKH
LULVHY GHILQH WKH WDEOH KHLIKWDQG WKH YHUWLFDO EUHDGERDU
WKRVHLULVHY FHQWHUHG WKURXJKWKHILQDO IRFXVLQJRSWLF DQC
FRRUGLQDWHY $ XVDEOHDOLJQPHQW UHFRUGLQFOXGHV GHOLYHUH(
EHDP GLDPHWHU EHIRUH WKH IRFXVLQJ RSWLF IRFXV KHLIKW FDPHL
PDUNRUHTXLYDOHQW IRFXV FKHFN

7KH PLFUR YLVLRQ DQG IRFXVLQJ RSWLFV DUH EXLOW DV DQ LQILQL
REMHFWLYH VWDWHY 7KH SHUPDQHQW UHFHLYHULVD)/,5)OHD )/ 8
ZLWKD & PRXQWLQWHUIDFH 7KHFDPHUD LV WUHDWHGDV WKHIL[HGL
LVFDOLEUDWHG UDWKHU WKDQ DV WKHURXWLQHIRFXVLQIJDGMXVWF
GRXEOHWVHUYHVDVWKHWXEHOHQVIRUYLVLEOHLPDJLQJ ,WLVPR>
IDFLQJ WKH FDPHUD DQG WKH QRPLQDO WXEH OHQV GLVWDQFH VHW E
IURP WKH REMHFWLYHLVIRFXVHGRQWR WKH)/,5VHQVRU > @

7TKHILUVW REMHFWLYH VWDWHLV WKHILQGHU FRQILIXUDWLRQ 7KL
GLVWDQFH LQILQLW\ FRUUHFWHG DSRFKURPDWLF REMHFWLYH :LWK
IRFDOOHQIJWK WKHLPDJLQIJPDJQLILFDWLRQLV [ 7KH PPZRUNLQ.
WKHVDPSOH QDYLJDWHWKHZRUNSLHFH DQG HVWDEOLVK D VDIH DE\
LVWKHUHIRUH XVHG IRU ZKLWH OLJKWVHWXS VDPSOHDSSURDFK DQ
ODVHU GHOLYHU\> @

7KH VHFRQG REMHFWLYH VWDWH LV WKH PDFKLQLQJ FRQILIJXUDWL|
89 IXVHG VLOLFD DVSKHULF OHQV ZLWK PR MNHFWKWHIRFADO @RQJ



WXEH OHQV LPDJLQJ JHRPHWU\ WKH HTXLYDOHQW PDJQLILFDWLRQ L
VHWXSJLYHVY WLJKW FOHDUDQFH ZLWK D ORFDO ZRUNLQJFOHDUDQF!
LVOHVVIRUJLYLQJPHFKDQLFDOO\WKDQ WKHILQGHU REMHFWLYH ,W
SDWKEHFDXVH WKH VLQJOH XQFRDWHG IXVHG VLOLFD HOHPHQW DYRI
FRDWLQJV WKDWFDQIDLO XQGHU KLJK SRZHU XOWUDYLROHW RU JUHL!
OHQV KDV EHHQ XVHGIRUDSSUR[LPDWHO\ : XOWUDYLROHW JUHHQ YV
WR GHOLYHUHGDYHUDJH SRZHU SXOVHHQHUJ\ VSRW VL]HPHDVXUH|]
QRPLQDO ODVHU KHDG SRZHU DORQH ,Q XVH WKLV RSWLFIRFXVHV W
WRZDUG WKH PDFKLQLQJ SODQH 8VLQJIJIWKWINVE RASKOHH LGS H DUD W VRWQ RHL\K
UDGLXV LVDSSUR[LPDWHO\ —P DW QP —P DW QP DQG —
RSWLFDO HVWLPDWHV QRW PHDVXUHG IHDWXUH VLIHV DEHUUDWLRC
PDWHULDO WKUHVKROG DQG SXOVHRYHUODS VWLOO GHWHUPLQH WK

J)LIXUH L3IKRQH 2/("GLVSOD\ SLIHOV LPDJHG WKURXJK WKH LQ KF
SDWK 7KH VSHFLILHG E\ GLVSOD\ DW SSLJLYHV DQ DSSUR]L
WKH VHSDUDWHG 5*% VXESL[HO VWUXFWXUH GHPRQVWUDWHY —P VFI
FDOLEUDWLRQ > @

JLJXUH LVDQDOLJQPHQWDQGLQVSHFWLRQ UHVXOW QRW D ILQTC
PDWH FRPHV IURP WKH GlsVI@BR $SWALQERMBLYRGHG E\' SL[HOV SHU L
WKHIXOO GLVSOD\ SLIHOVSDFLQJUDWKHUWKDQWKHZLGWKRIHDFKF
YLVLRQ SDWK FDQ UHVROYH —P VFDOH GLVSOD\VXEVWUXFWXUHV DQ
VWDJH UHJLVWUDWLRQ DQG YLVXDO LQVSHFWLRQ GXULQJ SURFHVV
FODLPVEHORZ —P UHTXLUHDVWULFWHUYLVLRQDQGPHWURORJ\VW
VDWLVI\ WKHLQWHQGHG LQVSHFWLRQ WROHUDQFH WKHLPDJLQJ SDV
SRVLWLRQ PXVW EH PHDVXUHG RUFRQWUROOHG ZLWKLQ WKH XVHIXO
ILUPHG E\6(0 $)0 FRQIRFDO PLFURVFRS\ RUFDOLEUDWHG RSWLFDO
SURFHVV FDPHUD

&RPPRQ KLJK SUHFLVLRQ ODVHU SURFHVVLQJ YLVLRQ DUFKLWHFW
VLPSOHVWLVDFRD[LDORUQHDU FRD[LDOPLFURVFRSHSDWKWKDW V}
RUGLFKURLF ZLWKLOOXPLQDWLRQDQG ILOWHUV FKRVHQ VR SODVPI
FDPHUD 7KLV LV XVHIXO IRUVHWXS DQG UHJLVWUDWLRQ EXW WKH |
IRFXV FRQWURO EHORZ —P ORUHDGYDQFHG V\VWHPV XVHDFWLYHD:



DQG &&' &026 VSRW JHRPHWU\ IRU UHDO WLPH IRFDO SRVLWLRQ VHQ\
IRFXVSDWWHUQ ORZ FRKHUHQFHLQWHUIHURPHWU\ XVLQJWKH IHPW
D YDULDEOH IRFXV HOHPHQW WR UHOD[ WKH VXUIDFH IODWQHVV UHT
SODWIRUP WKHLPPHGLDWHGHYHORSPHQW VWDQGDUGLVWRWUHDW
WRRO DQG WR DGG FDOLEUDWHG DXWRIRFXV RULQWHUIHURPHWULF
EHORZ —P

$IWHU DOLJQPHQW FRXSRQ WHVWV DUHUHFRUGHG ZLWK WKH SDUTL
ZDYHOHQJWK UHSHWLWLRQUDWH GHOLYHUHGDYHUDJHSRZHURU SX
GLDPHWHU EHIRUH WKH IRFXVLQJRSWLF IRFXVRIIVHWRU] KHLIJKW \
WLRQ LI FRQWUROOHG VDPSOH PDWHULDO DQG SRVW SURFHVV PHD
WKH RSWLFDO DOLJQPHQW DQG PRWLRQ VWDWH UDWKHU WKDQ RQO\ W

OXOWL :DYHOHQIJWK ODFKLQLQJGB6HWXS

7TKHLQ KRXVHIHPWRVHFRQG SODWIRUP XVHV WKH IXQGDPHQWDO VH
VHOHFWDEOH SURFHVV ZDYHOHQIJWKYV UDWKHU WKDQ DV VLPXOWDQH
DOLIQHG WR WKH IXQGDPHQWDO SRUW QHDU QP ZKLFK EHFRPHV W
ORFDWLRQV WKH FDPHUD UHIHUHQFH IRFXVLQJ RSWLFV DQG VWDJ}
SHHU UHYLHZHG GLDPRQG PLFURPDFKLQLQJ ZRUN KDV VKRZQ WKDW )
GLIITHUHQWO\DW QP QP DQG QP ZDYHOHQJIJWK FKRLFH PXVWYV
DEOH QRWDVDFRVPHWLFFKDQJHLQ WKHVRXUFHVHWWLQJ > @

JLIXUH 7TKUHH RXWSXW ZDYHOHQJWK URXWLQJ UHJLRQ RI WKH LC
LQIUDUHG JUHHQ DQG XOWUDYLROHW RXWSXW JHRPHWU\DQG WKH |
VHOHFWHG ZDYHOHQJWK DWD WLPHRQWR WKHFRPPRQ GRZQVWUHDP

7KHJUHHQ SDWK QHDU QP HILWV FORVH WR WKH IXQGDPHQWDO ¢
UHPRYDEOH 7TKRUODEV NLQHPDWLF PLUURU PRXQW SDLU SODFHG LQ |
WKHJUHHQ EHDPRQWR WKHDOUHDG\HVWDEOLVKHG IXQGDPHQWDO G



LW SK\WVLFDOO\LQWHUFHSWV WKHRULJLQDO IXQGDPHQWDO URXWH V
FRQILIXUDWLRQ WKHVKDUHG PDFKLQLQJ SDWK LV FRPPRQ EXW WKt
7KLV LV D GHOLEHUDWHO\ VLPSOH DUFKLWHFWXUH ,W DYRLGV UHEX|
SUHVHUYHVY WKH VDPH ZRUNSLHFH FRRUGLQDWH V\VWHP DQG JLYHV
ZKLOH NHHSLQJWKH QXPEHURILQVHUWHG RSWLFV VPDOO

7KH XOWUDYLROHW SDWK QHDU QP LV EURXJKW LQWR WKH VDPH
PLUURUWKDW GLUHFWV WKH 89 RXWSXW WRZDUG WKHVZLWFKLQJPLU
WKH ,5 DOLJQHGRSHQ SDWK WKHJUHHQNLQHPDWLFURXWLQJVHW D
DOO WKUHH ZDYHOHQJWKY DW WKH VDPH WLPH 7KH GHVLJQ VKRXOG V
EHDP SDWK VHOHFWLRQ QRW FRKHUHQW EHDP FRPELQLQJ $IWHU H
LV EHDP KHLJKW WKURXJK WKH UHIHUHQFH LULVHV EHDP FHQWHULQ
IRFXVLQJRSWLF FDPHUD WR EHDP UHJLVWUDWLRQ GHOLYHUHGDYH
VSRW VL]H DQG D VSHFWUXP RUSXOVH GXUDWLRQ KHDOWK FKHFN ZK|

7KH GLIILFXOW SDUW RI WKLV LQWHJUDWLRQ LV QRW RQO\ VWHHUL
ULF EXW IRFXVLQJIHPWRVHFRQG SXOVHV DW QP QP DQG QP
ZDYHOHQJWK GHSHQGHQW IRFDO VKLIW FRDWLQJOLPLWVY WUDQVPL
GLVSHUVLRQ DQGVSDWLRWHPSRUDO GLVWRUWLRQ %RUVKRZHG WK
UHODWLYH WR WKH SKDVH IURQW E\ SLFRVHFRQGY DQG .HPSH DQG 5
DEHUUDWLRQ MRLQWO\DIIHFW WKH WHPSRUDO GLVWULEXWLRQ RI IR
WRFRUUHODWLRQ] VFDQ ZRUN GHPRQVWUDWHY ZK\ WKH IRFXVHG IHF
VSDWLDO DQG WHPSRUDO REMHFW QHDU WKH IRFDO UHJLRQ UDWKHU
SODWIRUP WKLV PHDQV D VLQJOH VKDUHG GHOLYHU\D[LV LV UHDVRQ
RQO\DIWHU ZDYHOHQJWK VSHFLILFYDOLGDWLRQ ,IRQHRSWLFFDQQ
UDWLRQ DQG GDPDJH PDUJLQ DFURVV DOO WKUHH ZDYHOHQJWKV WK
IRFXVLQJRSWLFVRUDUHSHDWDEOH OHQV FDUULHU VZDS ZLWK VHSD

%HDP 6KDSLQJDQG 1RQ 'LITUDFWLYH % HVVHO OHWKRGV

%HDP VKDSLQJLV D FULWLFDO WHFKQLTXH IRUPRYLQJEH\RQG VLPSO
DVPDOO ZDLVW DQG OLPLWHG GHSWK RIIRFXV ,Q GHHS KROHV WKH |
YROXPHFKDQJHVDVWKHKROHGHHSHQV DQG GHEULVRUSODVPDFDQ
OLNH EHDPV H[WHQG WKH D[LDO LQWHUDFWLRQ OHQJWK DQG FDQ VHO
WKHP DWWUDFWLYH IRUKLJK DVSHFW UDWLR VWUXFWXULQJ DOWKR>
GDPDJHPXVW EH PHDVXUHG UDWKHU WKDQ DVVXPHG



JLIXUH 1RQ GLIIUDFWLYH EHDP FRPSDULVRQ IURP 1JX\HQ HW DO
KDOI DQJOH —P FRUHGLDPHWHU DQG PP %HVVHO OHQJWK E *D
DQG PPFRQIRFDOUDQJH F ORQJLWXGLQDODQG WUDQVYHUVH LQ

J)LIXUH LVLPSRUWDQWEHFDXVHLWVHSDUDWHY WKHXVHIXO %HV)
3DQHO D VKRZV WKDW D %9HVVHO *DXVV EHDP FDQ PDLQWDLQ D QDU
GLVWDQFH WKDQD *DXVVLDQ ZDLVW ZKLOHSDQHO E VKRZV KRZ TXLF
FRQIRFDO UHJLRQ 3DQHO F DOVR VKRZV WKH WUDGHRII WKH %HVVI
HIWHQG WKH PDFKLQLQJ GHSWK EXW PD\DOVR H[SRVH VXUURXQGLQJ
SURYLGH WKHFOHDUHVW YLVXDO UHIHUHQFH IRU WKH EHDP VKDSLQJ
UHODWHG FODLP WKDW %HVVHO EHDPV ZRUN HVSHFLDOO\ ZHOO LQ JC
I9HWWHU HW DO ZKR VWXGLHG KLJK DVSHFW UDWLR VWUXFWXULQJ R
LQ KRXVH VA\VWHP D %HVVHO PRGXOH ZRXOG EHD IXWXUH RURSWLRC
OHQIJWK DQG LPSURYH GHHS IHDWXUH DFFHVV EXW LW PXVW EH YDOI
TXDOLW\ VLGH OREH GDPDJH DQG PDWHULDO VWDWHPHDVXUHPHQW

%XUVWORGHDQG :DYHOHQJWK $JLOLW\

%XUVW PRGH SURFHVVLQJLVDQRWKHULPSRUWDQW XOWUDIDVW V\V!'
FKDQJH DEODWLRQ HIILFLHQF\ KHDW DFFXPXODWLRQ PHOW G\QDPL
DEODWLRQ FRROHG PDWHULDO UHPRYDO ZLWK XOWUDIDVW EXUVWYV
UHPRYDO HIILFLHQF\UHODWLYH WR LVRODWHG SXOVHV > @ )RU WK
FRQWUROOHG H[SHULPHQWDO YDULDEOH UDWKHU WKDQ D JHQHULF L
HQHUJ\ UHSHWLWLRQUDWH LQWUD EXUVWVSDFLQJ QXPEHURI SXO\
URXJKQHVV RUSKDVH GDWD

‘DYHOHQIJWK VHOHFWLRQLYVY SDUWRIWKHVDPHGHYHORSPHQW OD\I
QHDU QP QP DQG QPJIJLYHGLIIHUHQW WUDGHRIIVLQ VSRW VL]
ELOLW\ QRQOLQHDU SURSDJDWLRQ DQG FRXSOLQJWR WKH PDWHULL
SXOVHHQHUJ\DQG VLPSOHURSWLFV JUHHQRSHUDWLRQFDQUHGXFH
FDOFRXSOLQJLQPDQ\PDWHULDOV DQG XOWUDYLROHW RSHUDWLRQ
RSWLFVOLIHWLPHUHPDLQ DFFHSWDEOH DYHOHQJWK LV WKHUHIRU
SDUDPHWHU ZLWK RQH XQLYHUVDOO\EHVW YDOXH

JHPWRVHFRQG 6RXUFH &KDUDFWHUL]DWLRQ 6SHFWUXP %

JHPWRVHFRQG SXOVH FKDUDFWHUL]DWLRQ LV D PHDVXUHPHQW FKDLC
FDQ GLUHFWO\IROORZ D IVSXOVH 7KH SXOVHLVY WKHUHIRUH LQIHL



VXUH DIWHU RSWLFDO FRQYHUVLRQ VSHFWUXP QRQOLQHDU DXWRF
GLVSHUVLRQ GHSHQGHQW QRQOLQHDU VSHFWUD 3HHU UHYLHZHG S
PHDVXUHPHQW DV DQ LQGLUHFW SKDVH UHWULHYDO SUREOHP LQWH
LQFRPSOHWH ZKLOH)52* SW\FKRJUDSKLF 63,'(5 0,,36 DQG G VFL
WLPH GHSHQGHQW ILHOG LV UHTXLUHG > % @

7KH RSWLFDO VSHFWUXP LV WKHILUVW DQG PRVW LPSRUWDQW GDl
VKRUWHVW SRVVLEOH SXOVHGXUDWLRQ $VKRUWSXOVHUHTXLUHV D
QDUURZV WKHSXOVHFDQQRWUHPDLQHTXDOO\VKRUW XQOHVV WKH S
XQGHVLUDEOH ZzD\ )RUD QDUURZ VSH,FWHKXKPDBISQWH P B/ Bl WUADTYXHHAHO
LV

Py e
7KHWUDQVIRUP OLPLWHG GXUDWLRQ LV WKHQERXQGHG E\WKH WLPH
KDOI PD[LPXP ):+0 D *D X \PWLPDAQSSGX @MrH & ID' U5 X IDVHE KA/6 q tTKHV H
QXPEHUVDUH QRW D SXOVH GXUDWLRQ PHDVXUHPHQW E\WKHPVHOYH
VSHFWUDO SKDVHLVIODW RUDWOHDVW SURSHUO\ FRPSHQVDWHG
UHFRUGHG DW WKHVRXUFHDQGDIWHUWKHLQVWDOOHGEHDP SDWK Z
KLIJIK SRZHU RSHUDWLQJFRQGLWLRQV FKDQJH

7KHUHDVRQ VSHFWUXP LV VR SRZHUIXO LV WKDW LW VHSDUDWHYV W
TXHVWLRQ LV ZKHWKHU WKH SXOVH KDV HQRXJKEDQGZLGWK WR EH VK
ZLGWK LV SKDVHG FRUUHFWO\VR WKDW WKRVHFRORUV DUULYH WRJH
FKLUS FDQ EH PXFK ORQJHU WKDQ LWV WUDQVIRUP OLPLW D QDUURZ
SXOVHHYHQ ZLWK SHUIHFW FRPSUHVVLRQ 7KLV LV ZK\VSHFWUXP SC
ZKLOH VSHFWUXP SOXV )52*RUG VFDQLVDILHOG FKDUDFWHUL]DWLR

7KH PLVVLQJ TXDQWLW\LQ DVSHFWUXP RQO\ PHDVXUHPHQW LV V&
HISDQGHG DERXW WKH FDWCWCULHU DQJXODU IUHTXHQF\

1(€)21-1:(C - Q) = 1+(G- QP ~1]- (G- Q) ~ A

7KH FRQVWD.QW $¥PVYBO\ LUUHOHYDQW IRU PLFEURPDKKUQRYS GKA DL (
TXDGUDWLEWIHRKXS GHOD\ GLVSHUVLRQ *'' QR UPDID\D D UDH SRADWHX L
PDNHV GLITHUHQW VSHFWUDO FRPSRQHQW YV ULV W IDWG GR. UIGIK B G WS
72' QRUPDOO\UHSWUWI®GUBDWH DV\PPHWULF SXOVHV SHGHVWDO\
WKH ):+0 ORRNV UHDVRQDEOH +LJKHU RUGHU WHUPV DQG VSDWLRW!|
SXOVH IURQW WLOW EHFRPH LPSRUWDQW ZKHQ EURDG EDQGZLGWK E
JUDWLQJV SULVPV RULPSHUIHFW KDUPRQLF FRQYHUVLRQ RSWLFV

JRU PDFKLQLQJ GLVSHUVLRQ LV QRW D FRVPHWLF ODVHU SDUDPHYV
SHDN SRZHUFAODOMMKBWSXOVH VWUHWFKHY IURP IVWR SV DIWHUD
SRZHU IDOOV E\DERXW D IDFWRU RI WKUHH EHIRUH DQ\PDWHULDO LQ\
QRQOLQHDUDEVRUSWLRQ SODVPDIRUPDWLRQ DEODWLRQ WKUHVKR
DVHULRXV SURFHVV UHFLSH VSHFLILHVY WKH GHOLYHUHG SXOVHHQHU
ZRUNSLHFH QRW RQO\WKH ODVHU KHDG VHWWLQJ

7KHSUDFWLFDOFKDUDFWHUL]DWLRQ ZRUNIORZFRQVLVWV RIPHDV)
SXOVHHQHUJ\ PHDVXULQJVSHFWUXPWRHVWLPDWHWKHWUDQVIRUP
XVLQJDQ DXWRFRUUHODWRU IRU GDLO\ SXOVH GXUDWLRQ KHDOWK I
SDWK GLVSHUVLRQ FRPSUHVVRU WXQLQJ KDUPRQLFJHQHUDWLRQ R
LPSRUWDQW 7KLV FKDLQ FUHDWHY D GHIHQVLEOH OLQN IURP VRXUF|
QRQOLQHDU FRXSOLQJDW WKHPDWHULDO



$XWRFRUUHODWLRQ IRU'DLO\3XOVH 'XUDWLRQ &KHFNV

$ VHFRQG KDUPRQLFDXWRFRUUHODWRULVDQDSSURSULDWH ILUVW S
SODWIRUP RSHUDWLRQ EHFDXVH LW LV UHODWLYHO\ FRPSDFW UREX)\
VWUXPHQW VSOLWY D SXOVHLQWR WZR UHSOLFDV GHOD\VRQH UHSO
UHFRUGV WKH VHFRQG KDUPRQLF VLJQDO YHUVXV GHOD\ ,Q VFDQQL
LFDOO\ LQ VLQJOH VKRW QRQ FROOLQHDU LQVWUXPHQWY WKH GHOTL
> @

‘KDW WKHDXWRFRUUHODWRU UHWXUQVLVDQLQWHQVLW\DXWRFRL
LV REWDLQHG E\ GHFRQYROYLQJ WKH DXWRFRUUHODWLRQ ZLGWK ZL!
IDFWRU LV GLIIHUHQW IRUHQWYVRQ QD YBRKWUXFWXUHG SXOVHV VR D
LV QRWRYHULQWHUSUHWHG 7KHDXWRFRUUHODWRUDOVRFDQQRW L
SXOVH RUD SXOVH ZLWKD SHGHVWDO FDQ SURGXFHDQDXWRFRUUHO
VHHV D ORZHU SHDN LQWHQVLW\ RU GHOD\HG HQHUJ\ 7KLV OLPLWDW!|I
ZLWK VSHEFWUXP DQG ZKHQ QHHGHG DILHOG UHWULHYDO GLDJQRVW

5DPDLDK HW DO JLYH D XVHIXO LPSOHPHQWDWLRQ H[DPSOH EHFD X
RQWRD UHVHDUFK PLFURPDFKLQLQJSODWIRUP $EHDPVSOLWWHU FU
IRUWHPSRUDO RYHUODS LQ WKH .'3 FU\WVWDO 2QH SDWK LV PDGH YDUI
VWDJH ZKLOHWKHRWKHULVIROGHG WKURXJKIL[HG PLUURUV 7KH W
OHQJWK F\OLQGULFDO OHQV LQWR D W\SH , .'3 FU\WVWDO WKH VHWXS
E\ PP.'3 FU\WWDO &&' UHFRUGLQJ DQ DSHUWXUH WR UHMHFW WKH IX
KDUPRQLF OLJKW .* ILOWHUV WRVXSSUHVV VFDWWHUHG IXQGDPHQ"
WKH FDPHUD VLJQDO LQ UDQJH> @ 7KLV LV WKHOHYHORIGHWDLO
SXOVH ZLGWK QXPEHU LV RQO\ PHDQLQJIXO LI WKH PHDVXUHG RSWLF
DQG DVVXPHG SXOVH VKDSHDUH UHSRUWHG WRJHWKHU

J)LIXUH ([SHULPHQWDO VHW XS RIVLQJOH VKRW DXWRFRUUHODWEF
EHDP VSOLWWHU &/ F\OLQGULFDO OHQV ) ILOWHUV $ DSHUWXUH )

JRUWKHLQ KRXVHIHPWRVHFRQG VI\VWHP )LJXUH LV XVHIXO EHF
FKDLQ UDWKHU WKDQ RQO\ WKH QRQOLQHDU RSWLFV SULQFLSOH EH



WKH QRQOLQHDU FU\VWDO ILOWHULQJ DSHUWXUH UHMHFWLRQ &&"'I
ODWRU IXQFWLRQV DV D SXOVH GXUDWLRQDQG GULIW PRQLWRULQJ
WKHDXWRFRUUHODWLRQ ):+0 DVVXPHG SXOVH VKDSH GHFRQYROYH(
HVWLPDWHG WUDQVIRUP OLPLW WLPH EDQGZLGWK SURGXFW ZDYHC
SDWKEHLQJPHDVXUHG ,IWKHDXWRFRUUHODWLRQZLGWKLQFUHDVH
FRPSUHVVRU GULIWLVOLNHO\ ,IWKHVSHFWUXP QDUURZV WKH WUDC(
DQG VSHFWUXP GLVDJUHH VWURQJO\ WKH SXOVH PD\KDYH FKLUS SH
WKHQH[WGLDJQRVWLFLVDILHOG UHWULHYDO PHWKRG VXFK DV )52*

3XOVH wWuDLQ VWDELOLW\ LY DOVR WUHDWHG FDUHIXOO\ O0XOWL \
.KRVUDYL DQG 7TUHELQR VKRZWKDW XQVWDEOH SXOVHWUDLQV FDQ F
FXVVKRZGLVFUHSDQFLHVEHWZHHQ PHDVXUHGDQG UHWULHYHG )52*
> @ 7KLV PDWWHUV IRUPDFKLQLQJEHFDXVH WKHPDWHULDO LQWH
DYHUDJH SRZHU UHDGLQJGRHVY QRW SURYH WKDW WKHLQGLYLGXDO S

)52* ;)52* IRU 3XOVH )LHOG 5HWULHYDO

JUHTXHQF\ UHVROYHG RSWLFDO JDWLQJ )52* LVWKHUHIHUHQFH PHW
DQ XOWUDVKRUW SXOVH ZLWKRXW DVVXPLQJD SXOVH VKDSH

)52* VSHFWUDOO\ UHVROYHVY WKH QRQOLQHDU VLIJQDO JHQHUDWHG
7KH PHDVXUHPHQW LV D WZR GLPHQVLRQDO WUDFH RI VLIJQDO LQWHC
.DQHVKRZHG WKDW WKLY WUDFHFDQEHLQYHUWHGDVDWZR GLPHQV|
LOQWHQVLW\DQG SKDVH> @ .DQHDQG 7UHELQR DOVR GHVFULEHG S
IHPWRVHFRQG SXOVHV> @ DQG WKHODWHUS5HYLHZRIBFLHQWLILF
PHQW IUDPHZRUNDQG EHDP JHRPHWU\ FRPSDULVRQV > @

)52* DQVZHUV WKH TXHVWLRQ WKH DXWRFRUUHODWRU FDQQRW DQV
DOO\FRPSUHVVHG LQWR D VKRUW SXOVHDW WKHWDUJHW $XVHIX0)5
WUDFH UHWULHYDO HUURU WHPSRUDOLQWHQVLW\ WHPSRUDO SKDV
EDQGZLGWK SURGXFW ,I WKH PHDVXUHG DQG UHWULHYHG WUDFHV G
SXOVH PHDVXUHPHQW WKH GLVDJUHHPHQW PD\LQGLFDWH DOJRULW
RUDQ RSWLFDO DUWLIDFW > @

:)52* XVHV D NQRZQ UHIHUHQFH SXOVH WR FKDUDFWHUL]JH DQ XQNC
ZKHQ WKH WHVW SXOVH LV ZHDN VSHFWUDOO\VKLIWHG WHPSRUDOO
HDVLO\ EH VHOl UHIHUHQFHG 1DNDQR HW DO GHPRQVWUDWH FURV)
DSSURDFKHV IRUUHOLDEOH IHPWRVHFRQG SXOVH FKDUDFWHUL]DWL
QRVWLF LV PRUH FRPSOH[ WKDQ DQ DXWRFRUUHODWRU WKH VHWXS |
URXWLQJ QRQOLQHDU PL[LQJ FDOLEUDWHG GHOD\ VSHFWUDO FROO
SODWIRUP )52* ;)52* LV D IXWXUH RUVKDUHG ODE GLDJQRVWLF QRYV
LPSRUWDQW ZKHQ D QHZ KDUPRQLF SDWK FRPSUHVVRU FRQGLWLRQ
SDWKLVLQWURGXFHG

G VFDQIRU 'LVSHUVLRQ $ZDUH 3XOVH 'LDJQRVWLFV

'LVSHUVLRQ VFDQ RUG VFDQ FKDUDFWHUL]JHVIHPWRVHFRQG SXOVFH
GLVSHUVLRQ ZKLOH UHFRUGLQJWKHVSHFWUXP RIDQRQOLQHDU VLJC
WKHVSHFWUDO SKDVHEHFDXVH GLITHUHQW GLVSHUVLRQ VHWWLQJV F
DO GHPRQVWUDWHG G VFDQ IRU EURDGEDQG IHZ F\FOH SXOVHV DQG
DQG SXOVH FRPSOH[LW\ > @ $ORQVR HWDO ODWHUH[WHQGHG WK
FDQ XVHDQDUELWUDU\ FRPSUHVVRUDQG UHWULHYH ERWK WKH SXOV



J)LIXUH )52* ;)52* GLDJQRVWLF VHWXS IURP 1DNDQRHW DO VKRZL(
KDOI ZDYH SODWH GLFKURLFPLUURU EHDPVSOLWWHUV FRQFDYHPL
ILEHUFRXSOLQJ DQGPXOWLFKDQQHOVSHFWURPHWHUIRUFURVV FR!
PHDVXUHPHQWYV > @

JRUDQ LQGXVWULDO &3%$ XOWUDIDVW VRXUFH G VFDQ LV HVSHFLDC
DFRPSUHVVRUDQG WKHLQVWDOOHG PLFURPDFKLQLQJ SDWKDGGV D
PDQ\SUDFWLFDO V\VWHPV WKH YDULDEOH FRPSUHVVRU GLVSHUVLRQ
SXOVHVSHFWUDO SKDVHLWVHOIFDQUHPDLQPRUHFRPSOH[> @ )LJ
LOVHUWLRQLV VFDQQHG LQ D GRXEOH SDVV FRPSUHVVRU WKH SXOVt
IXQGDPHQWDO LVILOWHUHG DQG WKH 6+* VSHFWUXP LV UHFRUGHG R
WKHNLQGRILQIRUPDWLRQ QHHGHG ZKHQ D PDFKLQLQJUHVXOW FKDQ
HISDQGHU RUFRPSUHVVRU VHWWLQJLY FKDQJHG

$G VFDQFKDUDFWHUL]DWLRQ UHSRUW LQFOXGHV WKHPHDVXUHG I:
VSHFWUDO SKDVH UHWULHYHG WHPSRUDO SXOVH *'" 72" HVWLPDWH
HUURU DQG WKH SK\VLFDO ORFDWLRQ RI WKH PHDVXUHPHQW 7KH OI
KHDGLVQRWDXWRPDWLFDOO\WKH SXOVHGHOLYHUHGDIWHUDWWHQ
LQJ RSWLFV )RU SURFHVV GHYHORSPHQW WKHRSHUDWLQJ VWDQGD
GLDJQRVWLFFDQEH SUDFWLFDOO\LQVHUWHG WKHUH

JLYH)HPWRVHFRQG 3URFHVV ORQLWRULQJDQG $GDSWLYH

B3URFHVV PRQLWRULQJLVYVHSDUDWHG IURP SXOVHGLDJQRVWLFV 3XC
SURFHVV PRQLWRULQJREVHUYHVY WKHPDWHULDO LQWHUDFWLRQ GXL
IHHGEDFN EHFDXVH D VWDEOH SXOVH GRHV QRW JXDUDQWHH VWDEOH
VKLHOGLQJ VXUIDFH FXUYDWXUH LQFXEDWLRQ FKDQJLQJDEVRUSW
KHWHURJHQHLW\FDQDOO FKDQJHWKH IHDWXUHEHLQJZULWWHQ ORC
LQJVWXGLHVLGHQWLI\LPDJLQJ UHIOHFWHG RUVFDWWHUHG OLJKW
YLEUDWLRQ DQG V\QFKURQL]JHG PDFKLQH VWDWH ORJV DV WKHPDLQ |
EDFN FRQWURO > @

7KH PRVW GLUHFW FORVHG ORRS GHPRQVWUDWLRQV XVH D UHDO W
IRUSRVW SURFHVVPLFURVFRS\ &KDQJHWDO XVHG ODVHU WULJJHU
XOWUDIDVW ODVHUPLOOLQJ VKRZLQJWKDW SODVPD HPLVVLRQFDQD
SURFHVV> @ &KHQHW DO GHYHORSHG D SUHGLFWLRQ FRUUHFWL]
PLOOLQJLQ ZKLFKWKHPHDVXUHG SURFHVV VLJQDOLV XVHG WR FRUUH



J)LIXUH 6HOI FDOLEUDWLQJ G VFDQ VHWXS IURP $ORQVR HW DO X
YDULDEOH DQRII D[LVSDUDEROD WKLQ %%2 FU\VWDO EOXHILOWHU
DFTXLVLWLRQ RI WKH6+* WUDFH RYHU SULVP SRVLWLRQV > @

J)LIXUH OHDVXUHGDQG UHWULHYHG G VFDQ UHVXOWV IURP $ORQV
WUXP UHWULHYHG VSHFWUDO SKDVH WHPSRUDO LQWHQVLW\ WHPSH
FRPSUHVVRU*"" 72'SHU XQLW LQVHUWLRQ > @



GXULQJIDEULFDWLRQ > @ ORUHUHFHQW ZRUNFRPELQHV WKHRUHW
WDSHUHG PLFURFKDQQHOV LQVLOLFDJODVV UHLQIRUFLQJWKHEUREL
LVDGDWD GULYHQ FRQWURO SUREOHP UDWKHU WKDQ D IL[HG UHFLSH
JRUWKHLQ KRXVHIHPWRVHFRQG SODWIRUP WKHDSSURSULDWH Qf
HUDUFK\ 7KHIDVW ORRS UHFRUGYVY SURFHVV SODQH VLIJIQDOV GXULQ
SRVLWLRQ DYHUDJH SRZHU UHIOHFWHG RU VFDWWHUHG OLJKW SOI
LPDJHV 7KDW ORRS FDQ GHWHFW ORVV RIIRFXV ORVV RI FRXSOLQJ
RUVXGGHQ FKDQJHV LQ DEODWLRQ VWDWH 7KHVORZHU ORRS XVHV F
DQG FURVV VHFWLRQ GDWD WR XSGDWH WKH SURFHVV PRGHO EHWZH
DOV 5DPDQ VSHFWURVFRS\UHPDLQV HVVHQWLDO EHFDXVH IHDWXUH
DPRUSKRXV FDUERQ UHVLGXDO VWUDLQ RUVXE VXUIDFHGDPDJH >
7KHIHHGEDFN FKDQQHOV DUH WKHUHIRUH ZULWWHQ LQWR WKH SU
LQVWUXPHQW OLVW &RD[LDODQG RII D[LVLPDJLQJWUDFN VSRW SR\
VWDWH DQG ODUJH IRFXV FKDQJHV WKHVHVLIQDOV FDQ WULJJHU D ¢
RUGHU 30DVPD RUSOXPHHPLVVLRQ WUDFNV DEODWLRQLQWHQVLW\
FDQ VXSSRUW FKDQJHV LQ SXOVHHQHUJ\ VFDQ VSHHG UHSHWLWLRQ
IHDWXUH GDWD 5HIOHFWHGDQG VFDWWHUHG OLJKW DUH XVHIXO IRU
FOLSSLQJ RUORVV RISURFHVY SODQHFRXSOLQJ 3RZHU ORJV WULJ
GULIWIURP PDWHULDO UHVSRQVH FKDQJHV E\UHFRUGLQJ GHOLYHUH
WLPLQJ DQG VIQFKURQL]DWLRQ 3RVW SURFHVV 5DPDQ SURILORPH)
ORRSE\FRQQHFWLQJOLYHRSWLFDO SUR[LHVWRJUDSKLWL]DWLRQ Vv
$QDGDSWLYHIV ODVHU PDFKLQLQJH[SHULPHQW VKRXOG WKHUHIR
YDULDEOHV DUH SXOVHHQHUJ\ UHSHWLWLRQ UDWH EXUVW VHWWLQ
KDWFK VSDFLQJ SDVV FRXQW DQG WUDMHFWRU\ 7KHPHDVXUHG VWL
PRWLRQ DQGSRVW SURFHVVVLIQDOV 7KHFRQWUROREMHFWLYHLV:
WKH GHVLUHG IHDWXUH GHSWK ZLGWK VLGHZDOO TXDOLW\ KHDW D
PDMRUUHVHDUFK DUHD IRUWKH SODWIRUP EHFDXVH WKH VDPH IHHGE
WR GLDPRQG URWRU ERUHVY WUDQVSDUHQW PDWHULDO FKDQQHOV D

'DWHUMHW *XLGHG /DVHU OLFURPDFKLQLQJ 6\VW|

%ULHI+LVWRU\DQG &XUUHQW 'LUHFWLRQ

:-DWHUMHW JXLGHGODVHUPDFKLQLQJEHIJDQDVDQDWWHPSWWRVRO
WLIJKWO\N\IRFXVHG EHDPJLYHV KLIJIKLQWHQVLW\ EXWLWDOVRKDV D Vk
]JRQH GHEULV UHGHSRVLWLRQ DQG VHQVLWLYLW\WR VXUIDFH KHLJK
ODPLQDUZDWHU MHW VR WKDW WKH ZDWHU DLULQWHUIDFHJXLGHV W
FRROVWKHFXWDQG FOHDUV GHEULY 5HYLHZVWUDFH WKHPRGHURQ :-
(3)/LQ WKH HDUO\ V IROORZHG E\FRPPHUFLDO GHYHORSPHQW WKL
LQ WKHODWH VvV > @

7KH HDUO\ SDWHQW UHFRUG LV XVHIXO EHFDXVH LW DOUHDG\ IUDP
WKDQ DV D ODVHU ZLWK ZDWHU DGGHG DIWHUZDUG 5LFKHU]KDJHQTV
DODVHULQWR D QR]]J]OH IHG OLTXLG MHW DQG H[SOLFLWO\ GLVFXVVE
DVDVRXUFHRIIRFXV VKLIWDQG SRWHQWLDO QR]]JOH GDPDJH > @ 7
EHDP FKDPEHUIORZ ZLQGRZ ZDWHUDEVRUSWLRQ QR]J]JOH SUHVVXL
GHVLIQHG WRIJHWKHU

7TKHILHOGKDVQRZPRYHGIURP SURYLQJWKDWDODVHUFDQEHJXLG
HQHUJ\ UHDFKHV WKH PDWHULDO DQG ZKDW IHDWXUH TXDOLW\ UHV X



UHIJXODWLRQIRUWDSHUDQG GHHS SURFHVVLQJFRQWURO GXDO EHLIL
PRGXOHVIRUGHHS EOLQG IHDWXUHY UHDO WLPHEHDP SURFHVYV PHLEL
RSWLPL]DWLRQ DQG GLDPRQG VSHFLILFPDFKLQLQJVWXGLHV > =
LV SRVLWLRQHG LQVLGH WKDW PRGHUQ WUDQVLWLRQ WKHILUVW JR
FRXSOLQJ MHW VWDELOLW\ DQG IHDWXUH TXDOLW\ WKH ORQJHU W
KDuUuG EULWWOH DQG KHDW VHQVLWLYHPDWHULDOYV

"RUNLQJ3ULQFLSOH

‘DWHUMHW JXLGHG ODVHU PLFURPDFKLQLQJFRXSOHV D SXOVHG ODV|
OLTXLG RSWLFDO ZDYHJXLGHE\WRWDO LQWHUQDO UHIOHFWLRQ 7KH
7KH ZDWHU MHW SURYLGHY DQ HIWHQGHG QHDUO\ F\OLQGULFDO HQF
UHPRYHV GHEULY DQG LQFUHDVHV ZRUNLQJGLVWDQFH UHODWLYH W

J)LIXUH %DVLFZRUNLQJSULQFLSOHRIZDWHUMHW JXLGHG ODVHU I
ZDWHU MHW WRWDOLQWHUQDO UHIOHFWLRQ JXLGHV WKH EHDP DORC
WKH ZRUNSLHFH

7KH :-*/ KHDG LV D FRXSOHG RSWR IOXLGLF VA\VWHP G6WDEOH SHUIF
SXOVH GXUDWLRQ IRFXVLQJJIJHRPHWU\ SURWHFWLRQ ZLQGRZ ORDGL
RPHWU\ MHW FRKHUHQFH VWDQGRII DVVLVWJDV VZHHS JDV GUDLC(
HDUO\OLTXLG JXLGHG ODVHU SDWHQW LV LPSRUWDQW EHFDXVH LW L
DVDURRWFDXVHRIIRFXVVKLIWDQG QR]JOH GDPDJH PDNLQJFOHDU \
FR GHVLIQHG UDWKHU WKDQ WUHDWHG VHSDUDWHO\ > @

6\VWHP $SUFKLWHFWXUH

$ SUDFWLFDO :-*/ VIVWHP FRQWDLQV WKH ODVHU VRXUFH EHDP FRQ
ZLQGRZ FRXSOLQJ FKDPEHU ZDWHU VXSSO\ SXPS ILOWUDWLRQ Sl
ZRUNKROGLQJ FDWFKHU GUDLQ DQG SURFHVV REVHUYDWLRQ )LJXU
WLRQV LQWR ODVHU RSWLFDO ZDWHU VXSSO\ DLU VXSSO\ FRXSOLQ
VWLOO VKRZLQJWKDW WKH\PHHW DW WKHFRXSOLQJKHDG (DFKVXEV)
ZLQGRZ UHGXFHV FRXSOLQJ $ ZRUQ QR]]JOH FKDQJHV MHW GLDPHWH L



WKH MHW 3RRUGUDLQDJH FDXVHV VSODVK DQG VHFRQGDU\GDPDJH
JXLGDQFH 3RRUPRWLRQ V\QFKURQL]DWLRQ FDXVHV WDSHU RUNHUI"

J)LIXUH :DWHUMHW JXLGHG ODVHU VA\VWHP DUFKLWHFWXUH IURP
FRXSOLQJ XQLW ZDWHU VXSSO\ XQLW DLU VXSSO\ XQLW ZRUN SOD
VLRQ FROOLPDWLRQ RSWLFV GLFKURLF HOHPHQW IRFXVLQJ OHQV I
WRWDO UHIOHFWLRQJXLGHG SDWK > @

(I WHUQDO ,QGXVWU\ %HQFKPDUN

&RPPHUFLDO /DVHU OLFUR-HW DQG UHODWHG :-*/ VIVWHPV VKRZ ZK\ W
ZDWHU MHW FDQ SURGXFHORQJZRUNLQJGLVWDQFH GHEULV UHPRYD
VHQVLWLYH PDWHULDOV 7KH $YRQLV\VGHPRQVWUDWLRQ LV UHWDLC
DVLQ KRXVH ZRUN

,Q +RXVH:-*/ 30DWIRUP ,QWHJUDWLRQ

7TKHLQ KRXVH :-*/V\VWHPLVDUHVHDUFK JUDGHRSWR IOXLGLF PDFKL
LQJSXOVHGODVHUVRXUFH EHDP FRQGLWLRQLQJRSWLFV IRFXVLQJ



J)LIXUH $YRQLV\VILQLVKHG PDWHULDO GHPRQVWUDWLRQVKRZLQ.
WKHEODFNPDWHULDO RQ WKHOHIWLVY VLOLFRQ

KHDG DKLJK SUHVVXUHSXPS SUHVVXUHUHJXODWLRQ ILOWUDWLRQ
KDUGZDUH DQGPRWLRQ ZRUNKROGLQJ 7KLVVHFWLRQ GRHV QRW FO
FLDO JUHHQ :-*/ HQJLQH LW GRFXPHQWYV WKH RSWLFDO K\GUDXOLF |
VWXG\DQG HYHQWXDOO\FRQWURO :-*/ PLFURPDFKLQLQJ
7TKH:-*/ VRXUFHLVHYDOXDWHG E\GHOLYHUHG SXOVHHQHUJ\DQG FF
DYHUDJH SRZHU $00 WKUHHLQ KRXVHJHQHUDWLRQV ZHUH EXLOW D!
VRXUFH 7KLV VRXUFHLVIOH[LEOHDQG SURJUDPPDEOH EXW LW FUH
FRPPHUFLDOJUHHQ :-*/ V\VWHP *UHHQ ZDYHOHQJWKY QHDU QP WR
ZDWHU DEVRUSWLRQ LV PXFK ORZHU DQG FRXSOLQJ LY EHWWHU HVW
EXUGHQ RQDEVRUSWLRQ WKHUPDO OHQVLQJ SURWHFWLRQ ZLQGRZ
7TKHK\GUDXOLF V\VWHPLVWUHDWHGDYV SUHVVXUHKHDGURRP SOXV
XVHV DQ DLU SRZHUHG K\GUDXOLF SXPS DQG KDV EHHQ RSHUDWHG D
7KLYV SUHVVXUH OHYHO PDNHV ILOWUDWLRQ SUHVVXUH FRQWURO S’
DVLPSRUWDQW DV PD[LPXP SUHVVXUH 7KH QR]J]JOH LV DOVR QRW M X\
LQOHW JHRPHWU\ RULILFH GLDPHWHU FDYLWDWLRQ EHKDYLRU FRD
DOOLQIOXHQFH MHW VWDELOLW\DQG SURFHVVUHSHDWDELOLW\ ,Q W
DWDSSUR[LPDWHO\ SVLDQG WKHOHQV FOHDQLQJDLULVVXSSOLHG
DVHSDUDWHO\UHJXODWHG PDFKLQH YDULDEOHUDWKHU WKDQDQ XQ
7TKHLQ KRXVHGHYHORSPHQW SDWK LV WKHUHIRUH GLYLGHG LQWR I
WKHVRXUFH ZKLOH GHOLYHULQJD FRQWUROOHG IRFXV LQWR WKH ZD\
DEOHOHQV WR QR]JOH GLVWDQFH ODWHUDO DOLJQPHQW DFFHVV DC
7KH K\GUDXOLF EXLOG SURGXFHV D VWDEOH ILOWHUHG EXEEOH IUH]|
HQRXJK WR WKH KHDG WKDW SXPS SXOVDWLRQDQG OLQH ORVVHV DU
VHUYLFHDEOH EHFDXVHQR]JJOHLQVSHFWLRQ ZLQGRZFOHDQLQJ OH
SHDWHGO\ 7KH SURFHVV REVHUYDWLRQEXLOGDOORZV MHWLPDJLQJ
VR WKDW FRXSOLQJIDLOXUHVY DUHQRW PLVWDNHQ IRUPDWHULDO OLF
7KH GHVLJQ UHFRUG SUHVHUYHV WKH :-*/ KDUGZDUH LWHUDWLRQV



YDOXDEOHEHFDXVH WKHILUVW JHQHUDWLRQ SURYHG SK\VLFDO DFFH
LVYDOXDEOHEHFDXVHWKHVHFRQG JHQHUDWLRQ EURXJKW WKH IRFX
FRKHUHQW VWDFN )LJXUH LVYDOXDEOH EHFDXVH WKH WKLUG JHC
UHVHDUFK KHDG ZLWK URRP IRUVHQVLQJDQG IXWXUHJDV DVVLVW PF
ZLWK WKH FRUUHVSRQGLQJ JHQHUDWLRQ UDWKHU WKDQ JURXSHG DV
FKDQJHG ZKDW OLPLWDWLRQ GURYH WKH FKDQJH DQG ZKDW PHDV XU
EHWWHU

JLUVW *HQHUDWLRQ ,Q +RXVH :-*/ '"HVLJQ

7KHILUVW JHQHUDWLRQ GHVLJQHVWDEOLVKHG WKHLQLWLDO KDUGZI
WR D YHUWLFDO KHDG EDVLF ZRUNSLHFH DFFHVV EHORZ WKH QR]]OH
VWUXFWXUH WKDW FRXOG KROG WKH KHDG UHODWLYH WR WKH ZRUN
OD[ $DOWR 9LQHHW 3DGLD DQG -RKQ =KDQJ GXULQJ 1HLO *HUVKHQIH
DOPRVW $Q\WKLQJFODVV 7KHGHVLJQ ZDVLQWHQWLRQDOO\FORVH
RQ 7KRUODEV VW\OH FRPPHUFLDO PRXQWV DQG WXEH FDJH KDUGZDU
PHFKDQLFDO VXSSRUW FRXOG EH DVVHPEOHG TXLFNO\DQG PRGLILHC
SDUWV 7KH RSWLFDO FRQFHSW XVHG DQ DVSKHULF IRFXVLQJ OHQV I
RSWLFDO SDWK DQG WKH ZDWHU FKDPEHU 7KDW ODUJH ZLQGRZ ZDV X
IRUD FRPSDFW :-*/ KHDG EHFDXVH LW LQFUHDVHG WKH SUHVVXUH OF
DQG FUHDWHG D ODUJHU HOHPHQW WR VHDO FOHDQ DQG SURWHFW |
ILUVW JHQHUDWLRQ ZDV WKHUHIRUH QRW ILQDO SHUIRUPDQFH LW PD
DFFHVV SUREOHPV YLVLEOH

7KH ILUVW JHQHUDWLRQ OHQV KHDG &$' GHVLJQ UHFRUGHG WKH IL
ERG\ QR]]JOH DQGJDV ZDWHULQWHUIDFHVDVDVLQJOHDVVHPEO\ UD
PDUNV WKH EHJLQQLQJRI WKH WUDQVLWLRQ IURP FRPPHUFLDO RSWR
KDUGZDUH



YLIXUH JLUVW JHQHUDWLRQ LQ KRXVH :-*/ GHVLJQ DQG KDUGZDU'
‘< VWDJH &026 FDPHUD SDWK FDPHUD IRFXVLQJOHQV GLFKURLF HOF
ODVHU ZDWHU FRXSOLQJXQLW ZLWK SURWHFWLYHOHQV ZDWHU FKDF
9LQHHW 3DGLD DQG -RKQ =KDQJ

BHFRQG *HQHUDWLRQ ,Q +RXVH :-*/ "HVLJQ

7KHVHFRQG JHQHUDWLRQ GHVLJQPRYHG WRZDUGDPRUHLQWHJUDW!|
DWHVWDJHEHWZHHQ D FDWDORJ SDUW SURWRW\SHDQG D FXVWRP KF
OD[ $DOWR &RPSDUHG ZLWK WKH ILUVW JHQHUDWLRQ WKLV YHUVLRQ
FKDPEHU ZLQGRZ DQG QR]]JOHDVDPRUHFRPSDFWVWDFN ,WVWLOO
WKH KHDG JHRPHWU\ EHJDQ WR PRYH DZD\ IURP JHQHUDO SXUSRVH 7K
SDUWV WKDW FRQVWUDLQHG WKHRSWLFDO DQG K\GUDXOLF D[HV PRU

7KHVHFRQG JHQHUDWLRQKHDGDQG IRFXVLQJ OHQV GHVLJQ LV WK
VWDFN 7KLV YHUVLRQ H[SORUHG DQ D[LFRQ OHQV HOHPHQW WRJHWk
ZLQGRZRUFRXSOLQJLQWHUIDFH 7KHPRWLYDWLRQZDVWRLPSURYH'
UHJLRQ ZKLOH UHGXFLQJ WKH EXON DVVRFLDWHG ZLWK WKH ILUVW Jt
PHFKDQLFDODQGRSHUDWLRQDO UREXVWQHVV XVLQJVKDSHG RSWLF
VHDOLQJ FOHDQLQJ DOLJQPHQW WROHUDQFH SUHVVXUH ORDGLQJ
DURXQG D VHSDUDWH IODW SUHVVXUH ZLQGRZ DQG D SURWHFWHG IR
FODULILHG WKH QHHG IRUD PRUHFXVWRP VHUYLFHDEOH KHDG UDWK |



YLIXUH 6HFRQG JHQHUDWLRQ LQ KRXVH :-*/ GHVLJQ QP 027
PDJQLILFDWLRQLPDJLQJSDWK ULQJOLJKW SULVPPLUURU DQGUHYL
ULQJ DVSKHULFOHQV 2 ULQJVHDO DQG —P QR]]JOH 'HVLJQHGDQG

7TKLUG *HQHUDWLRQ ,Q +RXVH :-*/"HVLJQ

7KH WKLUG JHQHUDWLRQ GHVLJQ LV WKHILUVW YHUVLRQ RUJDQL]HG
RSWRPHFKDQLFDO SURWRW\SH 7KLV YHUVLRQ ZDV ZRUNHG RQ ZLWK
PRYHV WR FXVWRPPRXQWV DQGD FXVWRP KHDG DUFKLWHFWXUH ZKLC
RSWLFDO VWDFN UHWXUQV WR DQ DVSKHULF IRFXVLQJ OHQV EXW WK
IODW RSWLFDO ZLQGRZ 7KLV VHSDUDWHV IRFXVLQJIURP SUHVVXUH YV
VKDSHG RSWLFLQWHUIDFH UHGXFHV WKH SUHVVXUH ORDGHG DUHD
PDNHVY ZLQGRZ UHSODFHPHQW DQG FOHDQLQJ PRUH PDQDJHDEOH 7K
IOXLGDQGJIDVIXQFWLRQV WKHDLU SRZHUHG K\GUDXOLF SXPS VXSS
DVVLVWDLULVVXSSOLHGDWDSSUR[LPDWHO\ SVL DQGOHQV FOHD!
SUHVVXUHV DUHWUHDWHGDV PDFKLQH VWDWH YDULDEOHY EHFDXVH
VSODVK EHKDYLRU DQG SURFHVV UHSHDWDELOLW\ 7KH WKLUG JHQH
&$' LQVWDOOHG YHUWLFDO KHDG RSWLFDO FDPHUD DFFHVV SOXPEI
JUDQLWH JDQWU\PDFKLQHFRQFHSWLQDVLQJOHILIJXUH



J)LIXUH 7TKLUG JHQHUDWLRQLQ KRXVH:-*/ GHVLJQ FRPSDFW FXVYV
LQ WKHPDFKLQH IUDPH DQG JUDQLWH EULGJH EDVH PDFKLQH FRQFH
'"HYHORSHG ZLWK OD[ $DOWR /HR &KHQJ DQG $ELJDLO 6XN

'XDO %HDP &RXSOLQJDV D )XWXUH :-*/8SJUDGH

'XDO EHDP FRXSOLQJLV DVWDWH RI WKH DUW :-*/ GLUHFWLRQ QRW L
EDVLFLGHDLVWRFRPELQHEHDPVEHIRUHFRXSOLQJLQWRWKH ZDWH!
LQWR WKH OLTXLG ZDYHJXLGH ZKLOH FRQWUROOLQJ SRODUL]DWLRQ
LPSOHPHQWDWLRQ LQ ZKLFK WZR QP VROLG VWDWH ODVHU FKDQQF
WLPH GRPDLQ SXOVH FRQWURO EHIRUH IRFXVLQJLQWR WKH PLFUR ZD
EHFDXVH WKH OLPLWLQJ YDULDEOH LV RIWHQ QRW QRPLQDO VRXUFH
VWDEOH MHW

L QWKHLQ KRXVHV\VWHP WKLV LGHD ZRXOG UHTXLUH D IXWXUH FRF
LIDWLRQ FRQWURO RUEHDP FRPELQLQJRSWLFV D SRZHUPRQLWRUE
EDVHG GLDJQRVWLF DIWHU FRXSOLQJ LQWR WKH MHW ,W LV EHVW D
IRUPDWLRQ DQG D UHSHDWDEOH FRXSOLQJPHWULF 2WKHUZLVH DGC
KDUGHU WRLQWHUSUHW

‘XDO %HDP &RXSOLQJ3HUIRUPDQFH OHWULFV

J)LIXUH LV XVHIXO EHFDXVH LW VKRZV WKHNLQGV RI PDFKLQH PHW!
WXDOO\UHSRUWY FRXSOHG SRZHU WUDQVPLWWHG SRZHU LQ WKH Ml
SDUDPHWHUV )LJXUH LOQFOXGHY EHDP GHIOHFWLRQ DW WKH ZDW F
FRXSOLQJ HIILFLHQF\ YHUVXV MHW GLDPHWHU DQG SURFHVVLQJ GLV\
DQG SXOVH HQHUJ\ YHUVXV FRXSOHG MHW OHQJWK :DQJHWDO UHSF
FRUUHVSRQGLQJWR :DYHUDJH FRXSOHG SRZHU WKRVH YDOXHV D
IRUWKHLQ KRXVH V\VWHP > @

JRUORFDO GHYHORSPHQW WKHLPSRUWDQW OHVVRQLV WKH PHDV?
LOQOFLGHQW ODVHU SRZHU ORVV EHIRUH WKH KHDG SRZHU FRXSOHG 1
ZKHUH PHDVXUDEOH MHW GLDPHWHU SUHVVXUH QR]JJOHFRQGLWLRQ



JLIXUH 'XDO EHDP :-*/ FRXSOLQJ VHWXS IURP :DQJHW DO FRPEL
FKDQQHOV ZLWK SRODUL]DWLRQ RSWLFV DQG WLPH GRPDLQ SXOVH F
> @

WLHGWRWKHVHPDFKLOQHPHWULFYV 7KLV SUHYHQWVDIDOVHFRPSDUL
DQG D SRRUO\FRXSOHG KLJK SRZHU FRQGLWLRQ

2SWLFDO )LHOG5HJXODWLRQ

2SWLFDO ILHOG UHJXODWLRQ LV LPSRUWDQW EHFDXVH :-*/ FXWV FDC
GHOLYHU\HYHQ ZKHQ WKH EHDP LVJXLGHG E\ZDWHU =KDQJHWDO Vt
WKHRSWLFDOILHOGLQVLGHWKHZDWHUMHWWRUHGXFHWDSHUDQGL
FRPSDUHY FHOQWHUHG DQG HFFHQWULF EHDP FRQGLWLRQV WKH FRUL
JURRYH GHSWK UHVSRQVH )RUWKHLQ KRXVH SODWIRUP WKLV VXJJ
DUHQRWRQO\DOLJQHG IRUPD[LPXP SRZHU EXW GHVLJQHG WR FRQW.L
WKH MHW

7KLV ZRXOGEHLQFRUSRUDWHG DVDQ RSWLFDO XSJUDGH DIWHU EC
ZRXOGEHWRFRPSDUHD VWDQGDUG IRFXVHG EHDP ZLWK D VKDSHG RL
SUHVVXUH WKHQ PHDVXUH NHUI WDSHU VLGHZDOO URXJKQHVV JURI
ILHOG LPSURYHV WDSHU ZLWKRXW VDFULILFLQJ FRXSOLQJ VWDELOLYV
DVSHFW UDWLR SURFHVVLQJ

*DV $VVLVWDQFH IRU :-*/ +HDG '"HYHORSPHQW

*DVDVVLVWDQFH LQ :-*/ LV GLIITHUHQW IURP DVVLVW JDV LQ GU\ ODVH
UHPRYHVPHOW FKDQJHV FKHPLVWU\ RUSURWHFWV WKHRSWLF ,Q :-
VR DQ\JDV PXVW SUHVHUYH WKH VWDEOH ZDWHU DLULQWHUIDFH WKL
VKLHOG WKH MHW IURP UHYHUVH VSODVK H[WHQG WKHFRKHUHQW MH



J)LIXUH 'XDO EHDP :-*/ FRXSOLQJ SHUIRUPDQFH PHDVXUHPHQWYV I
WUDQVPLVVLRQEHKDYLRU FRXSOLQJHIILFLHQF\YHUVXV MHW GLDPH"
FRXSOHG MHWOHQJWK DQG SXOVHHQHUJ\ YHUVXV FRXSOHG MHW OH!

JLIXUH 2SWLFDO ILHOGUHJXODWLRQ PHWKRGIRU ::-*/IURP =KDQJ
EHDP FRQGLWLRQV FURVV VHFWLRQ HQHUJ\ GHQVLW\ GLVWULEXWLF
LQGHHS SURFHVVLQJ > @



GHHS EOLQG KROH $ SRRUJDV DVVLVW GHVLJQ FDQ VKHDU WKH MHW
DQG UHGXFH FRXSOLQJ

7TKH3GRXEOHFRD[LDO" " ODQJXDJHLQ &DRHWDO UHIHUVWRDQHVWI
RIYLVLEOHSRUWVLQ)LJXUH 7TKHLUEDVHOLQHV\VWHP DOUHDG\ X
7KHSURSRVHG XSJUDGHDGGHGDQRXWHU FRD[LDODUJRQ MHW DURXC
KHOLXPIORZ LV XVHGDVDQLQQHU SURWHFWLYHHQYHORSHDURXQG
UHSRUWVY WKDW D FRD[LDO KHOLXP HQYHORSHFDQLQFUHDVH VWDEO
DWWUDFWLYHLQ WKDW UROH EHFDXVH LW LV LQHUW ORZ GHQVLW\ LC
ORZRSWLFDODEVRUSWLRQ 7KHRXWHUDUJRQLY XVHG GLIITHUHQWO
SXVKDZD\UHYHUVH ZDWHU DQG GHSRVLWHG ZDWHU LQ GHHS EOLQG K
WLPH IRU D PP GLDPHWHU PP GHHS KROH IURP V WR V DQG WK
DQDVSHFW UDWLR RI LQDVXSHUDOOR\WKHUPDO EDUULHU FRDV
DUJRQVWXG\DOVRIUDPHVJDVDVVLVWDQFHDVDZD\WRLPSURYH :-*/.
LQFOXGLQJFHUDPLF PDWUL[ FRPSRVLWHV DQG &9'"GLDPRQG > @

JRUWKHLQ KRXVH :-*/ VI\VWHP KHOLXP RUDUJRQ VKRXOG QRW EH W
ZDWHU OLQH *DV PXVWQRWEHPL[HGLQWR WKH ZDWHU VXSSO\RU QR
RSWLFDOZDYHJIJXLGHDQGGHVWDELOL]HWKHMHW ,IJDVDVVLVWDQFF}
PRGXOHRXWVLGH WKHZDWHU MHW ZLWK LWV RZQ UHJXODWRU IORZ
SDWK DQG YLVXDO MHW VWDELOLW\ FKHFN +HOLXP DOVR KDV SUDF)
DQG UHTXLUHV GHGLFDWHG SOXPELQJWR MXVWLI\WKHEHQHILW 7KH
EDVHOLQH FRXSOLQJDQG MHW VWDELOLW\ *DVDVVLVWDQFHLV D IXW
UHSHDWHGO\IRUP D FOHDQ MHW FRXSOHPHDVXUDEOHRSWLFDO SRZ

J)LIXUH *DV DVVLVWHG :-*/ UHIHUHQFH IURP &DR HW DO VKRZLQJ
RPHWU\ IRFXVLQJOHQV SXOVHG ODVHU ZDWHU LQOHW KHOLXP LQC
ZRUNSLHFH PL[WXUHRXWOHW DQG GHHS KROHIORZPRGHO > @

'LDPRQG 2ULHQWHG :-*/'LUHFWLRQ

7KHGLDPRQG RULHQWHG :-*/ SDSHUV SRLQW WRZDUG IXWXUH SODWIR
FKLQH LY VWDEOH :DQJHWDO PRGHO :-*/ GLDPRQG PDFKLQLQJDV D



UDWKHU WKDQ DVLQJOH GHSWK PD[LPLIDWLRQ SUREOHP &XWWLQJG
VHW SXOVHIUHTXHQF\ SXOVHZLGWK DQG VXUIDFHURXJKQHVYV DUH |
16*$ ,,, ZRUNIORZ VKRZV WKH NLQG RI GDWDVHW VWUXFWXUH QHHGHGC
XUH LVHVSHFLDOO\ XVHIXO DV D FKHFNOLVW EHFDXVH LW FRQQH]I
FRXSOLQJ VFKHPDWLF FRXSOLQJ SRZHU PHDVXUHPHQW GLDPRQG P
ZRUNIORZ 7KHUHSRUWHG HTXLSPHQW VWDFN LQFOXGHV D : QP
VIVWHP FRXSOLQJFRQWUROOHU PRWLRQ FRQWURO FRPSUHVVHG D
DPRQGIHDWXUH PHDVXUHPHQW > @ 7KLVGLUHFWLRQ WUHDWYV :-*/ (
LGHQWLILFDWLRQ SUREOHP

J)LIXUH :-* GLDPRQG PDFKLQLQJ VIVWHP PHWURORJ\ DQG RSWLF
OLQNLQJ WKH SURFHVVLQJ V\VWHP ZDWHU OLJKW FRXSOLQJ FRXSO
PHDVXUHPHQW DQG 16*$ ,,, SURFHVV R RSWLPL]DWLRQ > @

&KHQ HW DO VWXG\HQHUJ\ GHSHQGHQW :-*/ SURFHVVLQJRIVLQJO
FDQQRWEHWUHDWHG DVD PRQRWRQLFLPSURYHPHQW YDULDEOH )L.
ZLWK XQGHUZDWHU GHSWK IRULQLWLDO SRZHUV IURP :WR : WKHQ

WKH EULJKW VEDWWHULQJ VSRWYV DW KLJKHU SRZHU LQGLFDWH ZL
GLDPRQG :-*/ PDFKLQLQJDV D WUDQVLWLRQ IURP WKUHVKROG OLPLW
UHPRYDO UDWH DVSHFW UDWLR NHUIZLGWK ZDWHU MHW GLVWXUELI
> @ )RUWKHLQ KRXVH VI\VWHP WKLV SDSHU PRWLYDWHVY UHFRUGL



JURRYH RUNHUI JHRPHWU\ VXUIDFH URXJKQHVYV DQG PDWHULDO VW
RQO\VUHSRUWLQJ ZKHWKHU D FXW FRPSOHWHG

YLIXUH (QHUJ\ GHSHQGHQW :-*/ JURRYHUHVSRQVHLQVLQJOH FU\
XQGHUZDWHU SRZHUDWWHQXDWLRQ IRULQLWLDO SRZHUV Rl : WR
KLJK SRZHU ZDWHU MHW GLVWXUEDQFH > @

:-* 9ODOLGDWLRQ :RUNIORZ

:-* SHUIRUPDQFHLVHYDOXDWHG E\PDFKLQHPHWULFVDQGIHDWXUH
HIILFLHQF\ WUDQVPLWWHG SRZHULQ WKH MHW MHW GLDPHWHU EUH
GRZ WHPSHUDWXUH RUGDPDJH DOLJQPHQW WROHUDQFH DQG SUHV\
GHSWK WDSHU VLGHZDOO URXJKQHVV HQWUDQFH H[LW FKLSSLQJ |
LW\ JRUGLIILFXOW PDWHULDOV PLFURVFRS\DQG 'SURILOLQJDUH V
FKDUDFWHUL]DWLRQ EHFDXVHUHGXFHG WKHUPDO GDPDJHLV QRW W
7KHUHFRPPHQGHG LQ KRXVH YDOLGDWLRQ VHTXHQFH LYV VWDJHG
SUHVVXUH VWDELOLW\ MHW GLDPHWHU EUHDNXS OHQJWK VSODVK EI
SURYH RSWLFDO FRXSOLQJDW ORZ SRZHU FRXSOLQJLPDJH WUDQVF
LQVSHFWLRQ QR]JJOHLQVSHFWLRQ DQGWROHUDQFHWRIRFXVDQG O
WRPDSNHUIZLGWK GHSWK WDSHU UHGHSRVLWLRQ DQGUHSHDWDE
PDFKLQH OHYHO PHWULFV DUH VWDEOH 7KLV VHTXHQFH NHHSV VRXU
PLVLQWHUSUHWHG DV PDWHULDO SURFHVV OLPLWYV



&KDSWHU

&SKDUDFWHUL]|DWLRQDQG 6SHI

&KDSWHU 2YHUYLHZ

7KLV FKDSWHU GHVFULEHVY WZR OLQNHG VSHFWURVFRS\ LQVWUXPHQ
FDO 5DPDQ LPDJLQJ SODWIRUP DQG D ORZ FRVW SHUVRQDO PXOWLUR
7KH FKDSWHU LV LQWHQWLRQDOO\ FHQWHUHG RQLQVWUXPHQWDWLR
YDOLGDWLRQ ORJLF DQG FDSDELOLW\H[SDQVLRQRIVSHFWURVFRS\
TKHWZR SURMHFWY RSHUDWH DW GLITHUHQW OHYHOV RI SHUIRUPD (
PDQ SODWIRUP LVD UHVHDUFK IDFLQJLQVWUXPHQWLQWHQGHG IRUZC
PDSV DQG VSDWLDOO\ UHJLVWHUHG SURFHVV IHHGEDFN RQFH LWV F
DQRG UHSHDWDELOLW\DUH PHDVXUHG 7KH SHUVRQDO VSHFWURPHW
VOLW JUDWLQJ RSWLFV GHWHFWRU FDOLEUDWLRQ DQG VRIWZDUF
LV XVHIXOIRUHGXFDWLRQ UHSOLFDWLRQ DQG VHOHFWHG PHDVXUH
VXEVWLWXWHIRUD FDOLEUDWHG FRQIRFDO 5DPDQ PLFURVFRSH

ORWLYDWLRQIRU2SHQ6SHFWURVFRS\

7KH PRWLYDWLRQ IRUEXLOGLQJRSHQ5DPDQDQG RSHQ VSHFWURPHYV
PDWWHUV EHFDXVHDFRPPHUFLDO FRQIRFDOS5DPDQ PLFURVFRSH FD
WRULHV WHDFKLQJJURXSV FRPPXQLW\FROOHJHV KLJKVFKRROV D¢
WKHGHHSHUPRWLYDWLRQLVVFLHQWLILFDIJHQF\ ZKHQ WKHRSWLFD
ELOORIPDWHULDOV DUH YLVLEOH WKHLQVWUXPHQW EHFRPHV VRPH
DQG WDXJKW UDWKHU WKDQ VLPSO\RSHUDWHG

2SHQ VFLHQWLILF KDUGZDUH FKDQJHVY WKH VRFLDO UROH RI LQVWU
VRXUFHKDUGZDUHFDQORZHUWKHFRVWRIUHVHDUFKHTXLSPHQW DQ
WRVFLHQWLVWV ZKRFDQQRW MXVWLIV\RUDIIRUGORZ YROXPHFRPPHL
FDVHIRURSHQ ODEZDUH VKDUHG GHVLJQV ORFDO IDEULFDWLRQ DC
DQG VFKRROV EXLOG XVHIXO WRROVIDVWHU HVSHFLDOO\ZKHUH VXS
7KLVPDWWHUVIRUVSHFWURVFRS\EHFDXVH OLJKW EDVHG PHDVXUHP
LFDO HGXFDWLRQ PDWHULDOV LGHQWLILFDWLRQ TXDOLW\FRQWUR
ELRORJLFDO VDPSOH VFUHHQLQJ DQGIDEULFDWLRQIHHGEDFN

$QRSHQ VSHFWURPHWHU FDQ OHW D VWXGHQW VHH KRZ D VOLW JUI
LQWR GDWD $QRSHQS5DPDQ VI\IVWHP FDQ OHW D UHVHDUFKHU VHH KRZ
FDODSHUWXUH GHWHFWRU QRLVH DQG VLIJQDO SURFHVVLQJ VKDSH
DEXWWRQ SXVKHULQWRDQLQVWUXPHQW EXLOGHU ,Q SUDFWLFDO V



OHPV UHSURGXFHPHDVXUHPHQWY DGDSWDV\VWHP WR XQXVXDO VD
FRPPXQLW\

7KH KXPDQLWDULDQ YDOXH VKRXOG EHVWDWHG FDUHIXOO\ $ORZ |
DPHGLFDOGLDJQRVWLFGHYLFH DUHJXODWRU\LQVWUXPHQW RUDYV
, WVYDOXHLVWKDWLWORZHUV WKHWKUHVKROGIRUOHDUQLQJ H[SH!
FDQ EXLOGDQG XQGHUVWDQG PHDVXUHPHQW WRROV PRUH SHRSOH |
WKHLU RZQ HQYLURQPHQW WHDFK VSHFWURVFRS\ ZLWK UHDO KDUG:
FRPPHUFLDO YHQGRUPD\QHYHU WDUJHW ,Q WKDW VHQVH RSHQ VSH
PRUH GLVWULEXWHG UHSDLUDEOH DQG ORFDOO\RZQHG VFLHQWLILF

6LQJOH /DVHU QP &RQIRFDO 5DPDQ 30DWIRUP

'"HVLJIQ 7DUJHW

5DPDQ VSHFWURVFRS\ PHDVXUHV LQHODVWLFDOO\ VFDWWHUHG OLJK
SKDVHV VvVWUDLQ VHQVLWLYH SHDN VKLIWV DQG XQZDQWHG EDFNJUF
&RQIRFDOS5DPDQPLFURVFRS\DGGVVSDWLDO VHOHFWLYLW\E\IRFXVL
RXW RI IRFXV OLIJKW ZLWK D SLQKROH ILEHU FRUH RU VOLW ORGHU(
FRPELQDWLRQFDQVXSSRUWFKHPLFDOLPDJLQJIURPPLFURPHWHU V
DQG HQKDQFHG PRGDOLWLHYVY EXWRQO\ZKHQ WKHRSWLFV FDOLEUD)
VA\VWHP > @

7KH ORFDO V\VWHP ZDV EXLOWDV D VLQJOH H[FLWDWLRQ ZDYHOHQ
VLGHUHG ERWK YLVLEOHDQG QHDU LQIUDUHG HI[FLWDWLRQ EXW WKH
DURXQG QP 7KDWGLVWLQFWLRQ PDWWHUY EHFDXVH ZDYHOHQJWK
ILFLHQF\ IOXRUHVFHQFHULVN VDPSOHKHDWLQJ RSWLFDOILOWHUL
DQG ODVHU VDIHW\ SUDFWLFH

/IDVHU :DYHOHQJWK 6HOHFWLRQ

7KH ODVHU ZDYHOHQJWK IRU D 5DPDQ PLFURVFRSH LV VHOHFWHG E\ I
WLFDO UHVROXWLRQ VDPSOH FRPSDWLELOLW\ DQG FRPSRQHQW DYI
HOVHHTXDO WKH VFDWWHULQJHIILFLHQF\LQFUHDVHYV VWURQJO\ DV
GLVFEFXVVHG ZLWK D@ ®ISSHRGEH®AMHH 7KLV IDYRUV YLVLEOH H[FLWDWLR
VRUSWLRQ DUH PDQDJHDEOH > @ $VKRUWHU ZDYHOHQJWK DOVR LF
WKHODWHUDO VSRW VL]HVFDOHYVY ZLWK ZDYHOHQJWK IRUD IL[HG REM
QP zZDV WKHUHIRUH D SUDFWLFDO FKRLFH IRUWKHILUVW ORFDO |
FRPPRQ GLRGH SXPSHG VROLG VWDWH ODVHUV YLVLEOH RSWLFV GL
&&' FODVV GHWHFWRUV DQG DOLJQPHQW FDPHUDV ,W DOVR SURYLC
GHU WKH VDPH REMHFWLYH 7KH WUDGHRII LV WKDW QP FDQ LQFUH
SKRWRFKHPLFDO ULVNLQ DEVRUELQJRUIOXRUHVFHQW VDPSOHV $
SRO\PHUV ELRORJLFDO VDPSOHV GDUN SRZGHUV DQG XQNQRZQ PDV
RUFRPSDUDWLYH FDSDELOLW\ XQOHVV LWLV EXLOW LQWHUORFNHG
DV WKH QP SDWK
7TKHVHOHFWLRQ FULWHULD XVHG IRUWKH ORFDO V\VWHP ZHUH

f{f VWURQJS5DPDQ VFDWWHULQJIURP PDWHULDOV WKDW WROHUDWH
+t FRPSDFWDQGDIIRUGDEOH ODVHU ILOWHU GLFKURLF REMHFWLY






J)LIXUH &RPSRQHQW OHYHO OD\RXW XVHG WR H[SODLQ WKH ORFD(
VHSDUDWHV WKH ODVHU GHOLYHU\ SDWK PLFURVFRSHREMHFWLYH C(
FRQIRFDODSHUWXUH 5D\OHLJK UHMHFWLRQILOWHU ILEHU FRXSOLC
EHDOLIQHG DQG YDOLGDWHG LQGHSHQGHQWO\

J)LIXUH &$" UHQGHULQJRIWKHORFDO FRQIRFDOS5DPDQ DUFKLWHF\
VFRSHRSWLFVY FROOHFWLRQ SDWK DQG FRPSDFWVSHFWURPHWHU F



J)LIXUH WHQFK LPSOHPHQWDWLRQ RI WKH ORFDO 5DPDQ RSWLFDO
FDJH PRXQWHG RSWLFV VR WKHH[FLWDWLRQ LPDJLQJ ILOWHULQJ D
DQGUHDOLJQHG GXULQJLWHUDWLRQ



&RPSRQHQWG6HOHFWLRQ &ULWHULD

7TKHFRPSRQHQWFKRLFHVDUHRUJDQL]HGDURXQGDVLPSOHSULQFLS(
XVHIXO 5DPDQ VLIQDO UHMHFW XQZDQWHG OLJKW SUHVHUYH VSDWI
DOLIQDQGUHSURGXFH 7KLVLVHVSHFLDOO\LPSRUWDQWIRUDOREFD
KLGHVY PDQ\RIWKHVH FKRLFHV LQVLGHIDFWRU\ DOLJQHG PRGXOHV

7TDEOH '"HVLIQ FULWHULD IRUWKH PDMRU 5DPDQ PLFURVF

6 XEV\VWHP 6HOHFWLRQ FULWHULRQ 5HDVRQ LQ WK

QP ODVHU1DUURZ OLQHZLGWHK DRRG]EHNDXNDEOH 5DPDQ VFDWW F

VRXUFH TXDOLW\ VWDEOH SRKIHWH SUHVHUYLQJD VPDOO FRQI

FRQWUROODEOH RXMREXW DIDEBGUHSHDWDEOH VSHFW UL
FRPSDWLEOH VDIHW\KDUGZDUH

JLEHU GHOL YsHHB\HDDQMSD EOH FRXSOHPR XSWBE WHKH ODVHU KHDG IURP

FROOLPDWRBROOLPDWHG EHDP PRRGRUBDRYEB SDWK DQG PDNHV WK
RUG60$ VW\OHLQWHODDRMWZKIMLHHU WR UHEXLOG
XVHIXO

OLFURVFRSHORGHUDWH PDJQLILFRMWLRIQ/W EXLOG XVHVD [REMHF

REMHFWLYHDGHTXDWH QXPHULEMGDSWHW WX UM IRUJLYLQJIRUDOL
XVDEOH ZRUNLQJ G ID/\WVDWOFMHSOB&DQGOLQJ ZKLOH VW]
DIIRUGDEOH UHSODVXBERUWIDQNKLFURPHWHU VFDOH

'LFKURLF RU:PHBI®HQJWK PDWFKHKGE OBDS\DHIDGHWRIQY Q PRYHV DZD\ U

VSOLWWHU RIH[FLWDWLRQ DQGVERSOHFWHEXEH WRZDUG
5DPDQ LPDJLQJOLJEBWHOHQJIJWK VHOHFWLYH VSOLW\

LPSURYH FROOHFWLRQ HIILFLHQF
LPDJLQJ TXDOLW\

&DPHUD EUDQFK 9LVLEOH ILHGO® R MWSLHFA\DUDLDQIBGPWRY EH WLHG
WKH ODVHU IRFXV DQR\VWPDE VDPSOH UHJLRQV UDWK |
FRRUGLQDWHYV DQRQ\PRXV VWDJH SRVLWLRQV

5D\OHLJK UHBHRA\WRURXRW FK |LOVWHER NHIWWKHEKMRE HWHFWRU IURP H

ILOWHU WKH QP ODVHU ZLWKDRLWKIU DQG PDNHV ZHDN 6 WRNF
RSWLFDO GHQVLW)\ BWYPDQHE@IVGMUPGILDQHX U D E O H

&RQIRFDO DSHQWROH ILEHU FR GH MRHFWOLRXW RI IRFXV OLJKW DQ:

RU ILEHU SODFHG DWDQ LPDJWISODSBVELEVDPSOLQJ YROXPH I
[ \ DGMXVWPHQW WKHVSHFWURPHWHU

6SHFWURPHWHMOLOG VOLW ILEHUWHGRWQ HRZIKBIWKHU WKH LQV WL

GHWHFWRU OHQJWK GHWHFWREBDQ@VOAWXEBDWH UHOHYDQW EDQGV
HIILFLHQF\ GDUN QRKWNV IOHGZHDN VLIQDOV FDQ EH P
FRROLQJVHOHFWH&LRMKW KW G HRVH WG H VPRRWKLQJ
5DPDQ VKLIW UDQJHDQG
UHVROXWLRQ

OHFKDQLFDO IUDPH &DJH UD L O.\HHSWYDNR/H D\W MWRHP RIRMERWQ YL J X UD E
DQG RSWLFDO EUHDBGHKIRDUGHWDLQLQJ HQRXJK ULJLGL
PRXQWLQJ UHSHDWHG DOLJQPHQW DQG PDSS







SXUFKDVLQJRUFRVWFODLP

7DEOH &RVWHG 5DPDQ SURWRW\SH %20 IURP WKH ORFDO RULJLQDC
WK H EXLOG SHULRG
,WHP RUPRGHO )XQFWLRQ LQ WKH5DPDQ EXLOG 4\
& .LQHPDWLFPRXQWLQJKDUGZDUH
$' ) JLEHU PRXQW
) )& JLEHU FROOLPDWLRQRU ILEHU RSWLF IRFXV
SDFNDJH
&0 '&+ 'LFKURLFILOWHU PRXQW

‘DYHOHQJWK PMHEBKBD®/HYV HIFLWDWLRQ IURP WKHFROOHFWHG
GLFKURLF EHDFPDWIIL WAMGHILPDILQJ SDWKV

&3 2EMHFWLYH PRXQW

0< [PLFURVFRSH REMHFWLYH

&&0 (5 %HDP VSOLWWHU FXEH PRXQW

% 6 1RQ SRODUL]LQJEHDPVSOLWWHU FXEH XVHG
LQ HDUO\LPDJLQJ FROOHFWLRQ WHVWYV

$& $ $FKURPDWLF GRXEOHW IRFXVLQJ OHQVHV

60 =% = D[LVWUDQVODWLRQ PRXQW

‘DYHOHQJIJWK PMHWMHKME/ 5D\OHLIK OLJKW EHIRUH WKH
SDPDQ HGJH ILRMHBFDO VSHFWURPHWHU SDWK

$& $ $FKURPDWLF GRXEOHW IRFXVLQJOHQV

3 . —PSLQKROHIRUFRQIRFDO VSDWLDO
ILOWHULQJ

&:< $ . \WUDQVODWLRQ PRXQW IRUDSHUWXUH RU
ILEHU DOLJQPHQW

0 / 2SWLFDO ILEHU

60 60% JLEHU PRXQW

QP '366 ODVBDPDQ H[FLWDWLRQ VRXUFH VXEVWLWXWHG

VRXUFH IRUWKHHDUOLHU ZDYHOHQJWK VSHFLILF

%20 OLQH

&RPSDFW VSHFWURPHWHU 'LVSHUVHV DQG UHFRUGY WKHILOWHU?
5DPDQ VLJQDO

7TRWDO UHFRUGHWRPHFKDQLFV RSWLFV H[ELWDWLRQ
SURWRW\SH FR\RUFH DQG FRPSDFW VSHFWURPHWHU

SHIHUHQFH 211l WKH 6KHOI &RQIRFDO 5DPDQ %20

'tD] % DUUHURHWDO DUHXVHIXOKHUHEHFDXVHWKH\GRQRWRQO\GH
PLFURVFRSH WKH\SXEOLVKWKHNLQGV RIFRPSRQHQWYV WKDW PDNH"
D PPFDJH EDVHG DUFKLWHFWXUH D QP HI[FLWDWLRQ SDWK D ZLG
DUP ILEHUFRXSOLQJWR WKHVSHFWURPHWHU DQG PRWRUL]JHG [\]VD



7TDEOH 3HHU UHYLHZHG RIl WKH VKHOI| &50 FRPSRQHQW UHIHU

6XEV\VWHP 5HSUHVHQWDW LN WLIDQUOMYVRORRWWE H Q@ RF D
WKH SDSHU EXLOG

IDVHU FRXSOLQJ ) )& $IL[HG)LEFXVFIRESOLQJFDQ PDNH WK
FROOLPDWRUDQG VLQFLMW BREGRQLEHWK PRGXODU I
GHOLYHU\ KHOSV LVRODWH WKH ODVHU V

IURP WKH PLFURVFRSH ERG\

%HDP VWHHULQXD®G® VWHHULQJPRXEWODWQIBU SDWK VKRXOG EH
FOHDQXS /1 ODVHU OLQFAOHOQWHG DQG DGMXVWDEOH E
LW UHDFKHY WKH REMHFWLYH

(IFLWDWLRQ FROOKBFWLRQVLQJOH H&ZMYHOHQJIJWK VHOHFWLYH
VHSDUDWRU GLFKURLFEHDP VSOLGMWKURLF LY SUHIHUUHG RYH !
JHQHULF VSOLWWHU ZKHQ 5DF
FROOHFWLRQHIILFLHQF\PDW
2EMHFWLYH DQG VDPISQHW\ FRUUHFWRB REWMMHWW REMHFWLYH LV D

IRFXV XVHG IRUWKHUHSRUSMHIGFWLFDO ILUVW FRQILJXUD
PHDVXUHPHQWYV DQGFDQ VWLOO VXSSRUW
PLFURPHWHU VFDOH PDSYV
3RZHU PRQLWRULQJ 60 3' $ VLOBRRA S PRWMWRIGLRBPISOH VKR XO
SRZHU PRQLWRU WUDFNHG UDWKHU WKDQ DVV X
I[URP WKHODVHUFRQWUROOH
:LGH ILHOG LPD%I6Q J EHDPVSOLWWBULQJDQG VSHFWURVFRS\
EUDQFK $& $ O/ DFKURPDWKRX®PGG UHPDLQ UHJLVWHUHC

&6 &8 0OFRORU &026FDWPFHWDD FDQ EHLQWHUSUHW
VSDWLDOO\
&RQIRFDO GHWHFWLRQDUP /3 BRQ IRGDHOIUBMWHEWLRQ GHSHC
$& $ 0/ IRFXVLQEAQWEWKH DSHUWXUH VL]H DQ
SLQKROHV DQG 67 ;<SBUJBFLVH DSHUWXUH SODFHPH
WUDQVODWRU
6SHFWURPHWHU FRXSOLQJ &XVWR)REHUFRHRPY WR\ ¥D QVEH X VHIG!
EXQGOHLQWR WKH VEWEW UR WHWIPUFURVFRSH LPD
SODQHDQG WKH VSHFWURJUD
HQWUDQFH JHRPHWU\
ORWLRQ V\VWHP ORWRULJHG [\3VPPS ® B SWUDTVOLIIW LARRQV L R Q
DVVHPEO\ PHWDGDWD VWHS VL]H YDOLC
DQGIRFXVFRQWURO QRW MX"
SRLQW VSHFWUD

%XLOG :RUNIORZ

7KH V\VWHP ZzDV DVVHPEOHG DVD VHTXHQFH RIWHVWDEOH PRGXOHYV L
SUDFWLFDO EXLOG RUGHU LV

HVWDEOLVK ODVHU VDIHW\ HQFORVXUH H\HZHDU EHDP KHLJKW
SRVVLEOH DQGD ZULWWHQ RSHUDWLQJ SURFHGXUH

FROOLPDWHDQG FOHDQ WKH QP EHDP WKHQ YHULIVEHDP TXDOL



PLFURVFRSH

DOLIQWKHGLFKURLF REMHFWLYHSDWKZLWKDORZ SRZHU WDUJFE
WKURXJK REMHFWLYH FKDQJHVY RUIRFXV PRYHPHQW

DOLJQ WKH ZKLWH OLJKW FDPHUD EUDQFK VR WKH FDPHUD LPDJH
WKH VDPH SK\VLFDO UHJLRQ

LQVHUW 5D\OHLJK UHMHFWLRQ RSWLFVDQG YHULI\WKDW WKH VSFE

SODFHDQG FHQWHU WKH FRQIRFDODSHUWXUH RUILEHU DW WKH L
WHVWLQJ ZHDN VDPSOHYV

FDOLEUDWH WKHVSHFWURJUDSKZDYHOHQJWK RUS5DPDQ VKLIWD
PHDVXUH VSDWLDO UHVROXWLRQ FRQIRFDOUHMHFWLRQ 615 DQ

7KLV ZRUNIORZ NHHSV IDLOXUHV ORFDO ,Il WKH 5DPDQ VLJQDO LV
ODVHU SRZHU IRFXV REMHFWLYH 1$ VDPSOH UHVSRQVH ILOWHU R
VSHFWURJUDSK WKURXJKSXW GHWHFWRU VHWWLQJY RUEDFNJURXQ

6FDQ &RQWURODQG 'DWD 3URGXFWYV

$ FRQIRFDO 5DPDQ PDS LV RQO\XVHIXO LIHDFKVSHFWUXP NQRZV ZKH
VWDFN VKRXOG ORJVWDJH FRRUGLQDWH REMHFWLYH ODVHU SRZHU
GHWHFWRUWHPSHUDWXUH FDOLEUDWLRQ ILOH EDFNJURXQG ILOH LC
WKHUHODWLRQVKLS EHWZHHQ WKH ZKLWH OLJKW LPDJHDQG WKH VW
QLQJLVVORZ EXWLWLVWKHVDIHVWILUVWPRGHIRUDFXVWRP V\VWE
H[SRVXUHDUHHDVLHUWRDXGLW WKDQLQFRQWLQXRXV VFDQQLQJ
&RQIRFDO 5DPDQ PLFURVFRS\ LV HDV\WR RYHULQWHUSUHW (YHUL
D XVHIXO zDUQLQJ SLQKROH VL]H DEHUUDWLRQ UHIUDFWLYH LQGH
SRRUGHSWKFDOLEUDWLRQFDQDOO SURGXFHFRQYLQFLQJEXWPLVO
WKHORFDOLQVWUXPHQW UHSUHVHQWDWLYHUDZVSHFWUD SURFHV'
WKHUHIRUHPRUH FRQYLQFLQJWKDQ SROLVKHG KHDW PDSV DORQH

6SHFWUXP SURFHVVLQJ 1RLVH DQG 615

'XULQJGHYHORSPHQW VSHFWUDIURP WKH2SHQ5%$0%$1 SURMHFW ZHUF
SURSDQRO LVRSURSDQRO W\SHS5DPDQ GDWD QRWDV SURRIRIORFDC(
WKLV FKDSWHU LV WKDW WKH\PDNH WKH GDWD SURFHVVLQJ SDWK YL\
FXUYDWXUH SRVVLEOHFRVPLF UD\VSLNHV DQGUDQGRP QRLVH EHIF

7KHVLIQDO WR QRLVHUDWLR VKRXOG EHUHSRUWHG QXPHULFDOO
,Q WKLV ZRUNIORZ VLJQDO FDQ EH GHILQHG DV WKH KHLJKW RU LQWHF
EDVHOLQH FRUUHFWLRQ DQG QRLVHFDQEHGHILQHGDV WKHURRW P
WUDO ZLQGRZ 'DUN VXEWUDFWLRQDQG UHSHDWHG DFFXPXODWLRQV
,VRODWHG VSLNHVDUHUHPRYHG E\PHGLDQ RURXWOLHUUHMHFWLRC
WLRQV %URDGIOXRUHVFHQFHRULQVWUXPHQWEDFNJURXQGLV FRUL
EDVHOLQH PRGHO ZKLOHG6DYLW]N\+*ROD\VPRRWKLQJLV XVHG RQO\
ZLQGRZLVVPDOOHUWKDQ WKHSHDNVSDFLQJWKDW PXVWEHSUHVHU
VKRXOGDOZD\VEHWUDFHG EDFNWR WKH XQVPRRWKHG FDOLEUDWH(



D SHIHUHQFH SHDNDVVLIQPHQW 5DZDQGEDVHOLQH FRUUHFWHG YV

J)LIXUH 2SHQ5%$0%1 SURMHFW VSHFWUD XVHG DV SURFHVVLQJEHQF
NH\TXDOLW\ PHWULF LV WKH615RIDVVLIQHG 5DPDQ EDQGV DIWHU GEC
FRUUHFWLRQ ZLWKVPRRWKLQJOLPLWHGWRGLVSOD\VRWKDWQDUUI
RU VKLIWHG > @

&DOLEUDWLRQDQG 9DOLGDWLRQ

&DOLEUDWLRQLVWUHDWHGDVDURXWLQHPHDVXUHPHQW QRWDRQH
DQFKRUIRUS5DPDQ VKLIWFDOLEUDWLRQ SUDFWLFH DQGD VLOLFRQ L
FKHFN > @ (DFK5DPDQGDWDVHWVKRXOGUHFRUGWKHODVHUZDYH!
JUDWLRQ WLPH DFFXPXODWLRQV ODVHU SRZHU DW WKH VDPSOH GH!'
VWDQGDUG DQG SURFHVVLQJVRIWZDUH YHUVLRQ

7KHPLQLPXP YDOLGDWLRQ SDFNDJH IRU WKH ORFDO QP FRQIRFD!
ZDUG 5DPDQ VKLIWFDOLEUDWLRQ VKRXOG UHSRUW WKHVWDQGDUG .
SRVLWLRQ WKHILWUHVLGXDO DQGDQ\FRUUHFWLRQDSSOLHG RWKI
6SHFWUDO UHVROXWLRQ VKRXOG EHPHDVXUHG ZLWK D QDUURZ OLQH
LQIJDQG VOLW ILEHU VHWWLQJV XVHG IRU GDWD DFTXLVLWLRQ /DWEF
EHDG SDWWHUQHG WDUJHW RUVPDOOS5S5DPDQ DFWLYHIHDWXUH VFDC
EHPHDVXUHGE\D]VFDQ WKURXJK D WKLQ 5DPDQ DFWLYHOD\HU RU U}
GHSWKLVNQRZQ 6DPSOH SODQH SRZHU VKRXOG EHPHDVXUHG GLUH
DWLQFUHDVLQJH[SRVXUHWRGHWHFW SKRWRGDPDJH WKHUPDO GUL
VKRXOG FRPHIURP UHSHDWHG VSHFWUD DW WKH VDPH SRLQW DQG UH
WKH ZKLWH OLJKW LPDJH ODVHU IRFXV VWDJH FRRUGLQDWHY DQG ¢
FDQEHWLHG EDFNWR WKH SK\VLFDO VDPSOH

SXEOLVKHG &XVWRPDQG 2SHQ 5DPDQ 6\VWHPV

7KH XVHIXO FRPSDULVRQ FODVVIRUWKHORFDOEXLOGLY QRWRQO\FR
VIVWHPV DQG RSHQ 5DPDQ SURMHFWV VKRZ KRZPXFK FDQ EHEXLOW ZlI
KRQHVW SHUIRUPDQFH UHSRUWLQJ

'tD] %DUUHUR HW DO SURYLGH WKH PRVW GLUHFW SHHU UHYLHZHC

QP FRQIRFDO 5DPDQ PLFURVFRSHEXLOW PRVWO\IURPRIl WKH VKH(
LQJDUP LQWHUFKDQJHDEOH SLQKROHYV PRWRUL]JHG [\] VDPSOHPRWL
7KHLPSRUWDQW OHVVRQ LV QRW WKDW D FXVWRP VIVWHP DXWRPDWL]
DFXVWRP VIVWHP FDQ EH FUHGLEOH ZKHQ WKH RSWLFDO OD\RXW FRF
UHVROXWLRQ DQG WHVW PHDVXUHPHQWY DUHDOO UHSRUWHG

$O6KHKDE HW DO VKRZ D VHFRQG FXVWRP 5DPDQ SDWK LQ ZKLFK Wk
VFLHQWLILF XVHLQ SODVPRQ HQKDQFHG 5DPDQ PHDVXUHPHQWYV DUH
EHFDXVH LW OLQNV KDUGZDUH FRQVWUXFWLRQ WR D VDPSOH TXHVWL



GDWDPXVWEHLQFOXGHG EHIRUHWKHLQVWUXPHQWFDQFDUU\VFLHQ

QP5DPDQVSHFWURPHWHUIRUXQGHUJUDGXDWHDQGJUDGXDWH HI!
FRQIRFDOLPDJLQ) EXWLWLVVWURQIJHUWKDQDVLPSOHFODVVURRP
ILOWHULQJ VSHFWURPHWHU FRXSOLQJ DQG WHDFKLQJ XVHDV RQHF

2SHQ5%$0%1 LV WKH PDLQ RSHQ KDUGZDUH 5DPDQ FRPSDULVRQ SRL(
SHUIRUPDQFH YHUVLRQV PHFKDQLFDO ILOHV RSWLFV HQFORVXUH I
ORJLF > @ $XWR2SHQ5DPDQ HIWHQGV WKDW GLUHFWLRQ E\ DGC
*8, DURXQG DQ 2SHQ5%$0%$1 VW\OH V\VWHP > @ 7KHVH SURMHFWYV D
ZKROH VWDFN H[FLWDWLRQ ILOWHULQJ VSHFWURPHWHU GHVLJQ F
HISRUW DQG RSHUDWLQJ OLPLWDWLRQV 7KH\DOVR PDNH FOHDU W
FRPPHUFLDO WRRO LWLVDGRFXPHQWDWLRQDQG OHDUQLQJHFRV\V
LPSURYHG

&RPPHUFLDOS5DPDQ %HQFKPDUNV DQG 5SRERWLF,

&RPPHUFLDO 5DPDQ VA\VWHPV VHW WKH EHQFKPDUN IRU D PDWXUH LQ"
PDWHG FDOLEUDWLRQ FRQIRFDO RSWLFV KLJK WKURXJKSXW VSHFW
RSWLRQV IRFXV WUDFNLQJ VRIWZDUH SLSHOLQHY DQG VHUYLFH VX
XVHIXO IRUEHQFKPDUNLQJ EXW WKH\UHPDLQ YHQGRU FODLPV UDWK|

SHQLVKDZTV LQOLD IDPLO\LV D PDWXUHFRQIRFDOS5DPDQ EHQFKPDL
PHQW FDOLEUDWLRQRSWLRQV PXOWLSOHODVHU FKRLFHV KLJK VSH
WRU IRFXV WUDFNLQJ > @ +25,%%$1V /DE5%$0 2G\VVH\ UHSUHVHQWV I
ZLWK PXOWL ODVHU DQG PXOWL JUDWLQJ FRQILIXUDWLRQV IDVW LP
SDUWLFOH DQDO\WLV ZRUNIORZV> @ 2[IRUG ,QVWUXPHQWVTY:, 7HF \
PDQ LPDJLQJ PRGXODUPLFURVFRS\LQWHJUDWLRQ DQG IXWXUH SDW
7TKHUPRG6FLHQWLILFTV ';5 [LVKRZVWKHWXUQNH\LPDJLQJVLGHRI WK
FXV FRQIRFDOGHSWKGLVFULPLQDWLRQ DQGVRIWZDUH GULYHQDQL
6(17(55%$,, DQG1DQRSKRWRQ 5%0$1WRXFKVKRZWZRDGGLWLRQDO FR
FURVFRSHS5DPDQRQRQHVLGHDQG KLIJK VSHHGOLQH LOOXPLQDWLRC
V\VWHPVY PDNH FOHDU WKDW WKH FRPPHUFLDO VWDWH RI WKH DUW LV
LOWHJUDWHG RSWLFDO PHFKDQLFDO FDOLEUDWLRQ VRIWZDUH DQ

+DQGKHOG DQG URERWLF 5DPDQ VA\VWHPY VROYH D GLITHUHQW SUR
ILHOG DQG VWDQGRII WRROV IRULGHQWLILFDWLRQ LQ VHWWLQJV ZK
RSHUDWLRQDOO\ GLIILFXOW WR EULQJ WR D PLFURVFRSH > @ 5
WUHDWHG DV D IXWXUH H{IWHQVLRQ RI WKH VSHFWURVFRS\HFRV\VWH
PLFURVFRSH $PRELOHSODWIRUPPRYHVWKHWHFKQLFDO SUREOHP D
DQG WRZDUG SRVH FRQWURO VWDQGRII GLVWDQFH ODVHU VDIHW\
1HZV GRFXPHQWHG D KDQGYV RQ5DPDQ VSHFWURVFRS\ZRUNVKRS L
PRXQWHG WR D URERW GRJ WR GHPRQVWUDWH UHPRWH PDWHULDO LC
FULPHVFHQHV RUWR[LFLQGXVWULDO VLWHV > @ 7KDWH[DPSOHFELC
WUDGHV PLFURVFRSH JUDGH VSDWLDO UHVROXWLRQ IRUDFFHVV GL\



J)LIXUH SRERWLF 5DPDQ LOQWHJUDWLRQ FRQFHSW IRU UHPRWH RU |
0,71HZVUHSRUWRQD SDPDQ VSHFWURVFRS\ZRUNVKRS > @ ,QWwW
FRPSDULVRQ WR WKHORFDO EHQFKWRS FRQIRFDO 5DPDQ SODWIRUP U

IRZ &RVW 3HUVRQDO 6SHFWURPHWHU

&ROODERUDWLYH %DVHOLQH

7KH SHUVRQDO VSHFWURPHWHU SURMHFW IROORZV D GLIITHUHQW SXl
PDNHVVSHFWURVFRS\EXLOGDEOHDQG XQGHUVWDQGDEOHDWORZFR
LQJGLVSHUVLRQ GHWHFWRU UHVSRQVH FDOLEUDWLRQ DQG VRIWZ)
EDVHOLQH IRU WKLV SDUW RI WKH FKDSWHU LV +XDQ\X 5HQYV PXOWLI
ZKLFK ZH UHSOLFDWHG LQ WKH ODE DQG DUH QRZ LPSURYLQJ ZLWK P/
PRXQWY FOHDQHU PRGXOH LQWHUIDFHY DQG D SDWK WRZDUG PRUH
GHVLIJQ VXSSRUWYV 89+YLVLEOH DEVRUSWLRQ IOXRUHVFHQFH IODPH
5DPDQ GHPRQVWUDWLRQV ZLWK D UHSRUWHG DSSUR[LPDWH FRVW R
DERXW QP WR QP XQGHU WKH GHVFULEHG RSWLFDODQG FDPHUD

7TKHWKHVLVFRQWULEXWLRQLVWKHUHIRUHQRWRQO\UHSOLFDWLR
WRzZzDUG D PRUHPHFKDQLFDOO\GLVFLSOLQHG RSHQ VSHFWURPHWHU
PHDVXUHPHQWY IURP XVHG VSHFWURPHWHU KDUGZDUH LV SDUW RI W
LQVWUXPHQWLVRQO\XVHIXO ZKHQ WKHVOLWJHRPHWU\ GHWHFWRU
DUHYLVLEOHDQG UHSHDWDEOH %XLOGLQJ WKHVSHFWURPHWHU OR
OHDYLQJWKHTXDOLW\RIWKH5DPDQ RUIOXRUHVFHQFH GDWD GHSHQ



D OXOWLUROHO0306 FRQFHSW E 5HSUHVHQWDWLYHRSWLFDO FRQIL

JLIXUH 3XEOLVKHG 0306 LPDJHV VKRZLQIJWKHEDVHOLQHRSHQ VSH
DUHLPSURYLQJLQ WKHODE > @

D 5D\ WUDFHPRGHO RIWKH &' JUDWL@EJ BBROWNHG PRORGKURPDWRUDQG LQ

J)LIXUH 0306 PRQRFKURPDWRU GHVLJQ LQFOXGLQJWKH UD\ WUDF
SULQWHG RSWLFDO ERG\ 7KHVH ILIJXUHV VXSSRUW WKH FROODERUDYV

WKLY FRQFHSWLQ WKHODEDQGDUHLPSURYLQJWKHPHFKDQLFDO VW
IDFHV > @



7TDEOH 0306 UHIHUHQFH %20 DQG PRGXOH VHW

6 XEV\VWHP SHSRUWHG RU UHSROAH DY WE& HROHRIZR RR\VQW
FKRLFH VSHFWURPHWHU
ULQWHG FKDVVLYV ORGXODU ' CDUNRWWG&GH RSWLFDO JHRPHW

PRQRFKURPDWRU DQGYL&WXEQB ORZFRVW DQG
H[SHULPHQW PRGXOHWHFKDQLFDOO\UHSURGXFLE
HQRXJK IRUWHDFKLQJ
(QWUDQFH VOLW 5D]RU EOD G HHMDQW\PRXQRODGMLR VB € G
PRQRFKURPDWRU HQWNPQEXIKSXW ZKLOH NHHSLQ.
VOLW LQH[SHQVLYHDQG
UHSODFHDEOH
'LVSHUVLYH HOHPHQW &' JUDWLQ$0ORINMDORD FRUNEFRASBULV
JUDWLQJ UHSRUWHG EHDWBOMY ZR¥FBRBAIWK UDQJ
& DW OLQHV PPDQGGOYBWUVLRQ DQGHIILFLHQF

OLQHV PP
&ROOLPDWLRQ RSWLF &RQFDYH RIRWWORP B MK/ OH. I R W \WUHRSP! RV
OHQJWK RI PP EHIRUH JUDWLQJGLVSHUVLR

WKH FRPSDFW IROGHG SDWK
JREXVLQJ GHWHFWRU OHQV &&79 OHRNMUHW KHKBHSIRASWMHGHBP W |
PP FODVYV VSHFWUXP RQWR DQ DUUD\
GHWHFWRU ZKLOH UHPDLQLQ
LQH[SHQVLYHDQG DGMXVWD]
'"HWHFWRU $VWURQRPLFDO €OH\FDRWWMHDLWKZ GDWD DF|
DGMXVWDEOH LQWHJUDWGE R Q QUMLLQH [BIRAY XUH FRQW
ELWRXWSXW DQG XWKDQHDUHMSRIDY SKRQH RU
WRZDUG WKH 1,5 ZHEFDP FDPHUD
89+tYLVDQG OXOWLSXUSRVHOLJKWXRSREW\FXEWRWEHVLRQ DQG
IOXRUHVFHQFHKRROGHWHEURDGEDQG WOXRIWHWH® KPR HDE KL QJ
VRXUFH DQG /(' HIFLWBBHRQ RIBQWR QUWK WKH VDP
PRQRFKURPDWRU ERG\
$WRPLF VSHFW)URDFRBWRPL]JHU XOWUWHPRRYMFUDWHY HPLVVLRQ DC
PRGXOHYV QHEXOL]JHU ORZ SUHVIVEKWRIWSRMGLR@VSHFWUD ZLWK
ODPS 7HVOD FRLO JORERBRPWEKDDOHDWRPLF
IL[WXUHV DQG JDV GLVBKIFWIHRW K BHW
5DPDQ PRGXOH QPRU QP ODYBEOBRQXBOMNVDWLYH 5DPEL
ILOWHUV QHDU QP RGHPROVGMDWLRQV ZKLOH NH
FKDPEHU DQG FXYHW WH WRBMWYFADOSDWK VLPSOHU
JHRPHWU\ EDFNVFDWWHULQJ FRQIRFDO
PLFURVFRSH
&DOLEUDWLRQI@6U RUIOXRUHVFHQARQPASWNFWWHUD SL[HOV LC
VRIWZDUH JUDXQKRIHU OLQHYV Z KHWHHIDS-BQUIRBKIRDWHPDQ VKLI\
UDZLPDJH SURFHVVLQD[HWIQG H[SRVHV FDOLEUDW
ZDYHOHQJWK FDOLEUBWURQ WR WKH XVHU



6 XEV\VWHP SHSRUWHG RU UHSROAH DY WE HRORRZR RR\VQW
FKRLFH VSHFWURPHWHU

SHSRUWHG FRVW $SSUR[LPDWKWOWWDE®LVKRM WKH
0306 PDWHULDOVDQG BPREBKKOWHRULHQWHG FRVW WD
WKHSHUVRQDO VSHFWURPHMW
HITRUW

'"HVLJIQ &KRLFHYV

$ VWDQGDUG JUDWLQJ VSHFWURPHWHU KDV DQ HQWUDQFH VOLW D F
RSWLF DGHWHFWRURU FDPHUD DQ HQFORVXUH DQGD ZDYHOHQJW|
DUH YLVLEOH VWXGHQWV DQG EXLOGHUV FDQ GLUHFWO\ VHH ZK\ VOL
JUDWLQJDQJOHFKDQJHVZDYHOHQJIJWK UDQJH ZK\VWUD\OLJKW PDW\
FRVPHWLF SORW

7TKHPDMRUGHVLIQ FKRLFHV DUH

HOWUDQFH VOLW ZLGWK ZKLFKWUDGHYVY VSHFWUDO UHVROXWLRQ
JUDWLQJJURRYHGHQVLW\DQG EOD]J]HZDYHOHQJWK ZKLFKVHW G
IRFDO OHQJWKDQG GHWHFWRU VL]H ZKLFKVHW ZDYHOHQJWK UDC(
GHWHFWRU W\SH ZKLFKFRQWUROV VHQVLWLYLW\ QRLVH H[SRV>
HQFORVXUHDQGEDIIOLQJ ZKLFKFRQWURO VWUD\OLJKWDQG PHI
FDOLEUDWLRQ VRXUFH ZKLFKGHWHUPLQHVY KRZZHOO SL[HO SRVI

= + + H+ +H+ +H+ H

VRIWZDUH ZKLFKPXVWKDQGOHGDUNIUDPHY FDOLEUDWLRQ FXU
GDWD

&DOLEUDWLRQDQG 9DOLGDWLRQ

7KH SHUVRQDO VSHFWURPHWHU LV RQO\ XVHIXO LI LWV OLPLWDWLRQ
IRUD QDUURZ HGXFDWLRQDO GHPRQVWUDWLRQ EXWDEURDGHU YLVI
FDOLEUDWLRQ EHFDXVHFDPHUD OHQVHYVY JUDWLQJJHRPHWU\ DQG RI
JRQ QHRQ FRPSDFWIOXRUHVFHQW RURWKHUOLQHVRXUFHV FDQ EH
OLQHV FDQ KHOSLQ VRODUVSHFWURVFRS\ EXW WKH\ VKRXOG EH XVH
DQGOLQHLGHQWLILFDWLRQ PDWWHU

JRUSDPDQ GHPRQVWUDWLRQV WKHZDYHOHQJWKD[LV PXVW EH FRC

Ty
1ZA)

ZKHUWQGDUH LQ QDQRPHMWH®BWDDIGLY FRQYHUVLRQ PDNHV FDOLEU
VHULRXV EHFDXVH D VPDOO ZDYHOHQJWK HUURU FDQ EHFRPH D PHDQL

7KHYDOLGDWLRQ ODGGHU IRUWKH SHUVRQDO VSHFWURPHWHU VWE
VOLW JUDWLQJ GHWHFWRUJHRPHWU\ %20 HQFORVXUH QRWHV DQG |
LEUDWLRQ WKHQ UHTXLUHV D OLQH VRXUFH VSHFWUXP LGHQWLILHG

ZLWKRXW WKH UHVLGXDO SORW WKH VSHFWUXP PD\ ORRN FRQYLQFL(

r
P & 2 rg -
+



J)LIXUH &\FORKH[DQHS5DPDQ FRPSDULVRQIURP WKHO0306 SURMHFW
HWHU ZzDV HYDOXDWHG DJDLQVW D FRPPHUFLDO PHDVXUHPHQW ZKLO

> @

HUURU 5HVROXWLRQ VKRXOG EHPHDVXUHG ZLWK D QDUURZ OLQH RU
JUDWLQJ XVHG IRUWKH PHDVXUHPHQW ,QWHQVLW\EHKDYLRU VKRXO
VSHFWUD H[SRVXUH OLQHDULW\ DQG WKH VDWXUDWLRQ OLPLW RI W
FRYHUHG VRXUFH PHDVXUHPHQW D EORFNHG EHDP PHDVXUHPHQW L
URRP OLJKWFRQGLWLRQV 5HSHDWDELOLW\VKRXOGEHPHDVXUHG E'
DQG WKHQ UHDFTXLULQJ WKH FDOLEUDWLRQ RUUHIHUHQFH VSHFWU X
WKH PRGXOH XVHV ODVHUV |1ODPH KLJK YROWDJH RU FKHPLFDO VDP
XVHIXO LILWFDQQRWEHRSHUDWHG UHVSRQVLEO\

&RPPHUFLDO 6SHFWURPHWHU % HQFKPDUNYV

&RPPHUFLDO VSHFWURPHWHUV VSDQ D ZLGH UDQJH FRPSDFW 2(0 PRC
WURPHWHUV KLJK VSHHG 2&7 VSHFWURPHWHUV DVWURQRP\VSHFWU
)RUD SHUVRQDO VSHFWURPHWHU FKDSWHU WKH PRVW XVHIXO FRPSE
WKH IHDWXUH VHW WKDW PDWXUH FRPPHUFLDO GHVLJQV XVH WR VRO'Y

7KH FRPPHUFLDO ODQGVFDSHLV XVHIXO EHFDXVH HDFK SURC
SUREOHP 2FHDQ,QVLJKW4(3URDQGUHODWHG +5 FODVV DUUD\VSHF
PRGXODUGHWHFWLRQ IRUIOXRUHVFHQFH ORZ OLJKW VSHFWURVFRS
DEHQFKPDUNIRUGHWHFWRUFRROLQJ G\QDPLFUDQJH VWUD\ OLJKW
$YD6SHF +(52 UHSUHVHQWY WKH PDWXUH FRPSDFW ODE FDWHJRU\ EL
VLIQDO WR QRLVH KLJK G\QDPLF UDQJH DQG FRROHG GHWHFWLRQ I
)5(('20 VKRZV WKH 2(0 GHVLJQ SDWK ZKHUH WKH RSWLFDO WUDLQ LV |
PRGXOHV ZLWK DSSOLFDWLRQ VSHFLILFZDYHOHQJWK DQG UHVROXW|

$W WKH RWKHU VL]H H{(WUHPH +DPDPDWVXTV & 0$0(06 PLFUR VS
GHWHFWRULQWR DILQJHUWLS VFDOH YLVLEOH 1,5 PRGXOH PDNLQJ
LWV UHVROXWLRQ DQG RSWLFDO IOH[LELOLW\ DUH OLPLWHG FRPSDU
WRQLFV &REUD 6 LV D UHPLQGHU WKDW VRPH VWDWH Rl WKH DUW VS|
LQWHJUDWLRQ HVSHFLDOO\2&7 UDWKHU WKDQ IRUORZ FRVW WHDFK
RFFXS\D SDUWLFXODUO\UHOHYDQW PLGGOH JURXQG WKH\FRQQHFV
GLVFLSOLQH DQGKLJK UHVROXWLRQ SUR DPSUDFWLFH VKRZLQJWK!
DURXQG FDUHIXO GREXPHQWDWLRQ UDWKHU WKDQ VHDOHG EODFN ER



2SHQDQG 6HOI %XLOG6SHFWURPHWHU /IDQGVFDSE

7TKHRSHQDQGVHOI EXLOGVSHFWURPHWHUODQGVFDSHLVEURDG 6R
DUH SXEOLVKHG WHDFKLQJLQVWUXPHQWY DQG VRPHDUH ZHOO GRF.
JRULHVQHHG WR EHODEHOHG KRQHVWO\EHFDXVHRSHQ GRFXPHQWD
VXSSRUWDUH GLITHUHQW IRUPV RIHYLGHQFH

6HYHUDO HI[DPSOHV DUHHVSHFLDOO\ XVHIXO IRUSRVLWLRQLQJ WK

10306 PRGXODU VSHBWQORPHWHW UHYLHZHG ' SULQWHG PRGXODU V
WHFKQLFDO UHIHUHQFH IRU WKH SHUVRQDO VSHFWURPHWHU GLU|
FHQFH IODPH HPLVVLRQ DEVRUSWLRQ JORZ GLVFKDUJH VSHFWU
GRFXPHQWHG ORZ FRVW SODWIRUP > @ ,WVYDOXHLV QRW RQO\
FKRLFH GHWHFWRUUHVSRQVH FDOLEUDWLRQ DQG H[SHULPHQW

F3K\WLFV2SHQ/DE ZHEFDP WEHRWWHANESHMWQ/DE SURMHFW LV XVHIX
PHQWDWLRQIRUYHU\ORZ FRVWVSHFWURPHWHU FRQVWUXFWLRQ
LQWKHHGXFDWLRQDO DFFHVV ODQGVFDSH EXW LW VKRXOG EH W
SHHU UHYLHZHG YDOLGDWLRQ

$6KHO\DN 6RO T (WEBKWIBKHO\DN HFRV\VWHP VKRZV WKDW QRQ LQGXVV

QLFDOO\ VHULRXV ZKHQ WKH RSWLFDO OD\RXW FDOLEUDWLRQ Sl
> @ ,WLVHVSHFLDOO\UHOHYDQW DV D PRGHO IRUEXLOG GRFXI
PXQLW\LPSURYHPHQW DURXQG DVWURQRP\VSHFWURVFRS\

$2SHQ VRXUFHIOXRUHVFHMHHINVSHFIMURPGHREHQ/IOXRUHVFHQFH LQ)
KRZILOHV FRVW FDOLEUDWLRQ DQG HGXFDWLRQDO XVH FDQ EH
DILQLVKHG EODFNER[> @ 7KLV LV WKHGRFXPHQWDWLRQ VWDZC
VFLHQWLILFDOO\ XVHIXO

t/RZ FRVWWHDFKLQJ VSHFRHRNRQWRBHAMMURSKRWRPHWHUDQG U|
LQVWUXPHQWY VKRZ WKDW LQH[SHQVLYH RSWLFDO V\VWHPV FDQ
YDOLGDWLRQ GDWD ZKHQ WKH PHDVXUHPHQW JRDO LV FOHDUO\VF

$t6PDUWSKRQH DQG ' SULQW DVERDH WSHKRQWRPE'SWNU DQG ' SULQV
WRPHWHU SDSHUV GHILQH WKH ERWWRP HQG RI WKH DFFHVV ODGG
DQG RXWUHDFK EXW WKHLU FDOLEUDWLRQ VWDELOLW\ VWUD\ OL
OXWLRQPXVWEHVWDWHG H[SOLFLWO\EHIRUH WKH\DUH XVHG IRU

 QVWUXPHQW %XLOGLQJ&RQWLQXXP

7TKH FRQIRFDO 5DPDQ VHWXS DQG WKH SHUVRQDO VSHFWURPHWHU DU
VSHFWURPHWHU WHDFKHVY WKHRSWLFDOJUDPPDU VOLW FROOLPDW
OLJKW DQG UDZ GDWD 7KH FRQIRFDO 5DPDQ PLFURVFRSH WXUQV W
DGGLQJ ODVHU VDIHW\ PLFURVFRSH IRFXVLQJ 5D\OHLJK UHMHFWLR
DQG PDS UHJLVWUDWLRQ &RPPHUFLDO V\VWHPV VHW WKH LQWHJUDV
DQG VHOI EXLOG SURMHFWY GHILQH WKH GRFXPHQWDWLRQ UHSDLUD



'"HWDLOHG % XLOGDQG 9DOLGDWLRQ 3URWRFROV

SDPDQ %XLOG SHFRUG

7KH5DPDQ EXLOG UHFRUG OLQNV VSHFWUD DQG PDSV WR WKH SK\VLF
UHFRUG PDNHV ODWHU FRPSDULVRQ SRVVLEOH ZKHQ RSWLFV VWDJH)\

JRUWKHODVHU VRXUFH WKHUHFRUG VKRXOGVWDWHZDYHOHQJWK
DQG DWWHQXDWRU VWDWH FOHDQXS ILOWHU EHDP GXPSV DQG H\HZ
SRZHUDVDIXQFWLRQRIFRQWURO VHWWLQJ 7KHEHDP GHOLYHU\UHF
REMHFWLYH IRFXVLQJJHRPHWU\ EHDP GLDPHWHU DQG WKH DOLJQP
SDWK 7KH LPDJLQJ EUDQFK VKRXOG UHFRUG LOOXPLQDWLRQ EHDP\
PDIJQLILFDWLRQ DQGILHOGRIYLHZ ZLWK D FDOLEUDWLRQ WDUJHW |
FURPHWHUY 7KHS5DPDQ ILOWHULQJUHFRUG VKRXOGJLYH WKH HGJH
EORFNLQJ VSHFLILFDWLRQ ZKHQ DYDLODEOH WKHQ VKRZ WKDW 5D\O
WKH FKRVHQ DFTXLVLWLRQ VHWWLQJY 7KHFRQIRFDO UHFRUG VKRXC
VLRQ WKHDSHUWXUH PRXQW DQG WKHDGMXVWPHQW PHWKRG ZLW|
HYLGHQFH 7KHVSHFWURJUDSKDQG GHWHFWRU UHFRUG VKRXOG LQF
FRROLQJVWDWH JDLQ UHDGRXWPRGH H[SRVXUHUDQJH FDOLEUDW
FRVPLF UD\KDQGOLQJ 7KHPRWLRQUHFRUGVKRXOGJLYHFRDUVH DC
VRIWZDUH OLQN UHSHDWDELOLW\ WHVW PDS UHJLVWUDWLRQ DQG \
VKRXOG SUHVHUYH WKHDFTXLVLWLRQ VFULSW RUSDFNDJH ILOHIRUF
UDZILOH PHWDGDWD H[SRUW DQG YHUVLRQ QXPEHU

5DPDQ $OLJQPHQW &KHFNOLVW

7TKHDOLIJQPHQWFKHFNOLVWLVUXQZKHQHYHUWKHRSWLFDO SDWK LV
RUWKHLQVWUXPHQW KDV EHHQLGOHORQJHQRXJKIRUGULIWWRPDV

7TKHRSHUDWLQJFKHFNOLVWLY VKRUWHQRXJKWRNHHSLQ SURVH |
VWDWH ZDUQLQJVLJQ EHDP GXPSV DQG WKHORZHVW SUDFWLFDO O
ODVHU FDQ EH HQDEOHG ZLWKRXW H[SRVHG XQFRQWUROOHG EHDP SC
WHULQJ WKURXJK WKHH[FLWDWLRQ SDWK WKHEHDP VKRXOG UHPDLC
EDFNDSHUWXUH 7KLUG IRFXVRQWRDEHQLJQDOLJQPHQW WDUJHW L
EHYLVLEOH VWDEOH DQG EHORZ WKH FKRVHQ SRZHU OLPLW )RXUW
JLRQDV WKHODVHUIRFXV WKHFDPHUD FURVVKDLU RUPDUNHG SL[HO
VWDWHG UHJLVWUDWLRQ HUURU )LIWK LQVHUWOS5DPDQILOWHUV DQG
VDWXUDWH XQGHU WKHWDUJHWDQGH[SRVXUHVHWWLQJV 6L[WK PD]
DVWURQJS5DPDQ WDUJHW WKH VLIJIQDO VKRXOG ULVH VPRRWKO\ ZLW|
PLVDOLIQHG 6HYHQWK DFTXLUHD FDOLEUDWLRQ VSHFWUXP DQG ILV
PXVWUHPDLQ ZLWKLQ WKHDFFHSWDQFH OLPLWIRUWKDW GDWDVHW
SHDWPDS WKHVSHFWUDDQGPDSVVKRXOGDJUHH ZLWKLQH[SHFWHG
FODLP LV PDGH

5DPDQ $FTXLVLWLRQ 7THPSODWH
(YHU\5DPDQ GDWDVHW XVHG DV WKHVLVHYLGHQFH KDV DFRPSDQLRQ

+t VDPSOH," VDPSOHGHVFULSWLRQ SUHSDUDWLRQ VWDWH RSHUD

+t ODVHU ZDYHOHQJWK PHDVXUHG VDPSOH SODQH SRZHU REMHFW
VOLW SLQKROH ILEHU VHWWLQJ GHWHFWRU WHPSHUDWXUH JDLC



+ FDOLEUDWLRQVWDQGDUG H[SHFWHG OLQH SRVLWLRQ PHDVXUH¢
WLRQ ILOH

f ZKLWH OLJKW LPDJH ILOH VWDJH FRRUGLQDWH RULJLQ VFDQ VL
GLUHFWLRQ GZHOO WLPH DQG VHWWOH WLPH

f UDZVSHFWUXP ILOH GDUN EDFNJURXQGILOH FRVPLF UD\UHPRY
DQ\ DQG SHDN ILWPRGHO LI XVHG

f SORWWHG RXWSXWVDQG WKHH[DFWVFULSW RUVRIWZDUH YHUVL

7TKLVUHFRUGLVLOQWHQWLRQDOO\KHDYLHU WKDQ D T TXLFNODE QRW
WKHGDWD FDQEHUHIJHQHUDWHGDQG TXHVWLRQHG ODWHU

SHUVRQDO 6SHFWURPHWHU %XLOGDQG 9DOLGDWLRQ 6HT.

7KH SHUVRQDO VSHFWURPHWHU EXLOG UHFRUG LVIROGHG LQWR WKH
PHDVXUHG HYLGHQFH UDWKHU WKDQ DVHSDUDWH FKHFNOLVW %HIRI
VOLWPDWHULDODQG ZLGWK FROOLPDWLQJRSWLF JUDWLQJJURRYH
HQFORVXUH RU EDIIOHVY FDOLEUDWLRQ VRXUFH DQG VRIWZDUH SDW
EHWLHGWRHYLGHQFH VOLWZLGWKWR UHVROXWLRQDQG WKURXJKSE
VHWWLQJV WR GDUN IUDPH DQG VDWXUDWLRQ EHKDYLRU HQFORVXU
UHVLGXDO SORWYV DQG VRIWZDUHWR UHSURGXFLEOHUDZ GDWD SUR

$ORZ FRVWVSHFWURPHWHU LV WKHUHIRUH YDOLGDWHG LQ D VHTXI|

UHFRUG D GDUN IUDPHDQGD FRYHUHG GHWHFWRU IUDPH WR HVWL
UHFRUG D FDOLEUDWLRQ ODPSDQG LGHQWLI\VHYHUDO OLQHV DFL
ILWSL[HO SRVLWLRQWR ZDYHOHQJWK DQG SORWUHVLGXDOV UDW
PHDVXUHD QDUURZOLQHRUOLQH SDLUWRHVWLPDWHVSHFWUDO
UHSHDW WKH FDOLEUDWLRQDIWHU PRYLQJRUUHRSHQLQJ WKH HC
PHDVXUH DNQRZQ VDPSOHRUODPSDQG FRPSDUH WKH SHDN SRVL
IRULQWHQVLW\ ZRUN UHFRUG EODQN UHIHUHQFH VSHFWUD DQG L
IRUSDPDQRUODVHUGHPRQVWUDWLRQVY GRFXPHQWODVHUVDIHW
VSHFWUD

&KDSWHU 6 XPPDU\

7TKH5DPDQ PLFURVFRSHDQG WKHSHUVRQDO VSHFWURPHWHU DUH UH(
GDWLRQ %RWK GHSHQG RQ FRQWUROOHG OLJKW GHOLYHU\ GHILQHC
UHVSRQVH FDOLEUDWLRQ GDUNVXEWUDFWLRQ VWUD\ OLIJKWFRQW
WURPHWHU H[SRVHV WKHVH LGHDV LQ WKHLU VLPSOHVW IRUP D VOLW
VSHFWUXP D GHWHFWRU UHFRUGV LQWHQVLW\DV D IXQFWLRQ RI SR
ZDYHOHQJIJWKYV 7KH FRQIRFDO 5DPDQ SODWIRUP EXLOGV RQ WKH VDP
UHVHDUFKLQVWUXPHQW ODVHUVDIHW\ PLFURVFRSHIRFXVLQJ 5D\C
FROQWURO 5DPDQ VKLIWFDOLEUDWLRQ 615UHSRUWLQJ DQG VSDWLI



7TRIHWKHU WKHVH SURMHFWYVY GHILQHD SUDFWLFDO SDWKIURP DFF
FDSDELOLW\ 7KHORZ FRVWVSHFWURPHWHU ORZHUV WKH HQWU\EDU
FROQVWUDLQHG JURXSY WKDW QHHG WR OHDUQ KRZ VSHFWUD DUH SU|
FORVHG LQVWUXPHQW 7KHO5DPDQ SODWIRUP VKRZV KRZ WKH VDPH R
PRUH GHPDQGLQJ PHDVXUHPHQWY ZKHQ WKH RSWLFDO SDWK EXLOG |
FDOLEUDWLRQ ZRUNIORZ DQG SURFHVVLQJ SLSHOLQH DUH GRFXPHQ
LQVWUXPHQWDXWRPDWLFDOO\UHSODFHVD FRPPHUFLDO VA\VWHP W
DGDSW DQGYDOLGDWHDVFLHQWLILFPHDVXUHPHQW WRRO EHFRPHYV

TKDWGLVWLQFWLRQLVLPSRUWDQWIRU SHRSOHDQG LQVWLWXWLR
ZDUH ,Q PDQ\ VHWWLQJV WKH OLPLWLQJIDFWRU LV QRW RQO\ WKH ¢
PLFURVFRSH LWLV WKHLQDELOLW\WR UHSDLU WKH V\VWHP FKDQJ}
SLSHOLQH UHSODFHDIDLOHG SDUW TXLFNO\ RUDGDSW WKHLQVWUX
ULFDWLRQ SURFHVV $ GRFXPHQWHG RSHQ VSHFWURPHWHU FDQ VXSS
DQGHPLVVLRQ GHPRQVWUDWLRQY DQG VHOHFWHG YDOLGDWHG PHD\
SRUWPDWHULDO LGHQWLILFDWLRQ SURFHVVIHHGEDFN DQG VSDWL|
ROXWLRQ FRQIRFDOUHVSRQVH 615 UHSHDWDELOLW\ DQG VDIHW\ F
RI WKLV FKDSWHU LV WKHUHIRUH D VSHFWURVFRS\ EXLOGLQJIUDPHZ
YDOLGDWHHDFKFODLPDJDLQVW PHDVXUHGHYLGHQFH NHHS FRVWD
XQGHUVWDQGDEOHHQRXJKWKDWRWKHUSHRSOHFDQUHSURGXFH LP

7KH QP 5DPDQ SURMHFW EHQHILWHG IURP WHFKQLFDO DVVLVWDC
FXVVLRQ ZLWK OD[ $DOWR .RVHNL - .RED\DVKL .LUVFKYLQN ODUFHOC



&KDSWHU

6\QWKHVLVDQG )XWXUH :RUN

B\QWKHVLYV

7KLV WKHVLYVY DUJXHV WKDW PLFUR PDQXIDFWXULQJ IRU VFLHQWLILF
ODERUDWRU\ FDSDELOLW\UDWKHU WKDQ DV D VLQJOH PDFKLQH RU Sl
DIHDWXUHFDQ EHPDGHRQFH 7KHKDUGHU UHTXLUHPHQW LV WR FRQ
SURFHVVLQJ FKDUDFWHUL]DWLRQ GDWDPDQDJHPHQW DQGLWHUDW
LPSURYHPLFURQ VFDOH SDUWV IRULWV RZQ VFLHQWLILF TXHVWLRQV

7TKHGLDPRQG0$6 105 URWRULVWKHVWURQJIJHVWFDVHVWXG\EHFD)>
RQHGHPDQGLQJREMHFW 7KHURWRUPXVWEHPDGHIURP DPDWHULD (
GDPDJH FDSLQVHUWLRQ JDV EHDULQJRSHUDWLRQ DQG FU\RJHQLF
JHRPHWU\LVVXE PLOOLPHWHU EXWLWVIDLOXUHPRGHVDUHV\VWHP
DODVHU PDFKLQLQJIODZ DQ,"  2"HFFHQWULFLW\HUURU D FDS RU Gl
RUD FKDUDFWHUL]DWLRQJDS 7KHURWRUWKHUHIRUHPDNHYV WKH WK
IRUVFLHQFHLVQRWPHUHO\VPDOO VFDOHIDEULFDWLRQ EXWIDEULF

7KH VXSSRUWLQJ FKDSWHUVY GHYHORS WKH VDPH DUJXPHQW IURP C
PRWLRQ FKDSWHU FRQQHFWY VWDJH DUFKLWHFWXUH SLH]R DFWXDW
WKH UHSHDWDELOLW\ QHHGHG IRUIDEULFDWLRQ DQG PHDVXUHPHQW
VWUDWHG ORFDO PDFKLQH EXLOGLQJ IURP OLWHUDWXUH EDVHG SUR
ZDWHUMHW JXLGHG ODVHU SODWIRUPVY DUH EHVW XQGHUVWRRG DV F
WKURXJKSXW DQG IHHGEDFN UHTXLUHPHQWY 7KH VSHFWURVFRS\ F|
5DPDQ PLFURVFRS\DQG D FXVWRP VSHFWURPHWHU DUH QRW VLGH SU
PHOQW WRROVQHHGHG WR YHULI\PDWHULDOVDQG IDEULFDWLRQ RXWI

&RQWULEXWLRQV

7KHILUVW FRQWULEXWLRQLVDV\VWHP OHYHO IUDPLQJIRUPLFUR PD
OLQNV WKH &HQWHU IRU %LWV DQG $WRPVWUDGLWLRQ RIDFFHVVLEO
RSHQ RULQ KRXVH WRROV DUH XVHIXO RQO\ ZKHQ WKH\ FDQ SURGXFH
SDUWYV

7KH VHFRQG FRQWULEXWLRQ LV WKH RUJDQL]DWLRQ RI WKH GLDPR
WHP ODWHULDO FKRLFH +3+7 &9' GHIHFW VWUXFWXUH FU\WWDOOR.
GXUDWLRQ URWDU\IL[WXULQJ PLFUR &7 6(0 5DPDQ 7+] 91$ PHDVX
WLSV DQG KHOLXP RSHUDWLRQ DUHWUHDWHG DVFRXSOHG GHVLJQ Y



7KH WKLUG FROQOWULEXWLRQ LV WKHLQWHJUDWLRQ RI VXSSRUWLQJ
7KH SLHIR VWDJH IHPWRVHFRQG SODWIRUP ZDWHUMHW JXLGHG OD"
VSHFWURPHWHU VKRZKRZD ODERUDWRU\FDQEHIJLQWREXLOGLWYV RZ
DURXQG D GLIILFXOW VFLHQWLILF SDUW 6RPHRIWKHVHV\VWHPV DU}
WKH\HVWDEOLVKWKH  SUDFWLFDOURDGPDS PDNHWKHPDFKLQH PHLIL
UHVXOW WRUHYLVH ERWK

ILPLWDWLRQV

7TKH PDWXULW\RIWKHHYLGHQFHLYV XQHYHQ DQG WKH WKHVLV VKRXC
ZRUNIORZ KDV WKH VWURQJHVW FRQQHFWLRQ WR SXEOLVKHG URWRU
ODVHU 5DPDQ VSHFWURPHWHU DQG DXWRPDWLRQ VI\VWHPV SURYLG
UHTXLUHDGGLWLRQDO TXDQWLWDWLYH YDOLGDWLRQ EHIRUH WKH\F

7KH PRVW LPSRUWDQW PLVVLQJ GDWD DUH QRW H[RWLF 7KH\ DUH
WUXVWZRUWK\ VWDJH UHSHDWDELOLW\ K\VWHUHVLYV GULIW FDOLE
WHUMHW SRZHU EHDP TXDOLW\ IHDWXUHJHRPHWU\ WDSHU KHDW DI
vLJQDO WR QRLVHUDWLR GHWHFWRUVWDELOLW\ DQGUHSHDWHG V.
UHPDLQV D SURPLVLQJDSSDUDWXV UDWKHU WKDQD YDOLGDWHG VFLI

$ IXUWKHU OLPLWDWLRQ LV WKH XQHYHQ SURYHQDQFH UHFRUG IRL
PDQXVFULSW ,PDJHV GHULYHG IURP OLWHUDWXUH SDWHQWY FRO(
VFKHPDWLFVY UHTXLUH FOHDU DWWULEXWLRQ DQG VKRXOG EH GLVWL
WKDW DUHRQO\LOOXVWUDWLYH VKRXOG EHUHSODFHG ZLWK KLJK UH
SRUW WHFKQLFDO FODLPVY RU UHPRYHG ZKHQ WKH\ GR QRW 7KH VDF
VKRXOG VXSSRUW WKHH[DFW FODLP EHLQJPDGH QRWRQO\WKHJHQF

,PSOLFDWLRQV

7KH EURDGHU LPSOLFDWLRQ LV WKDW PDQ\VFLHQWLILFJURXSYV QHHC
WULDO VXSSOLHUVDUHHVVHQWLDO EXW WKH\DUHRIWHQ WRR VORZ
GHYHORSPHQW +REE\ JUDGHIDEULFDWLRQ WRROVDUHDFFHVVLEOH
RJ\ DQG GRFXPHQWDWLRQ UHTXLUHG IRUDGYDQFHG VFLHQWLILF KD
WKRVHH[WUHPHYV ODERUDWRU\ VFDOHPLFUR PDQXIDFWXULQJV\VWi
ULJRUWRDFFHOHUDWH UHVHDUFK

JRUO0$%$6 105 WKLV PHDQV D ODERUDWRU\FRXOG LWHUDWH URWRU P
EHDULQJY DQG LQVSHFWLRQ PHWKRGV ZLWKRXW WUHDWLQJ HDFK FK
ODVHU SURFHVVLQJ LW PHDQV WKDW IHPWRVHFRQG DQG ZDWHUMHW
SURFHVV IHHGEDFN LQVWHDG RI XVHG DV EODFN ER[HV )RU VSHFWUF
WKDW PHDVXUHPHQW WRROV FDQ EHGHVLIQHG WR VHUYH WKH IDEULF

SRDGPDS

7KHLPPHGLDWH URDGPDS LVWRILQLVKWKHHYLGHQFH FKDLQ IRU HE
VWHS LV D VWUXFWXUHG EXLOG ORJ OLQNLQJ VWRFN LGHQWLW\ JUR
&7 6(0 5DPDQ UHVXOWYV FDS ILW DQG VSLQ WHVW RXWFRPH )RU SU
FDOLEUDWLRQ XQGHU UHDOLVWLF ORDGV DQG VI\QFKURQL]JHG WULJJH
WKHIHPWRVHFRQGDQG ZDWHUMHW JXLGHG ODVHU SODWIRUPV WKH



RSWLFDO VHWWLQJV WR IHDWXUH JHRPHWU\DQG GDPDJH PHWULFV )i
VWHS LV FDOLEUDWLRQ DJDLQVW NQRZQ VWDQGDUGV DQG TXDQWLILH

7KH ORQJHU WHUP URDGPDS LV DQ RSHQ LQVSHFWDEOH PLFUR PD
PHQWDWLRQ ,Q WKDW ZRUNIORZ D UHVHDUFKHU VKRXOG EH DEOH W
GRFXPHQWHG PDFKLQH VWDWH LQVSHFW LW ZLWK ORFDO PHWURORJ
VKDUH HQRXJK GDWD WKDW DQRWKHU ODERUDWRU\ FDQ UHSURGXFH
YHUVLRQ RI GHPRFUDWL]HG IDEULFDWLRQ QRW RQO\DFFHVV WR PDF
PDNH SDUWV WKDW H[SDQG ZKDW DQ H[SHULPHQW FDQ GR



$SSHQGL[$ /HVVRQV /HDUQHG

2QHRIP\IDYRULWH VHFWLRQV LQ :LOO /DQJIRUGTV WKHVLV ZDV KL
E\WKDWH[DPSOH WKLVDSSHQGL[VXPPDUL]J]HVVHYHUDO OHVVRQV IU
FDOOV DQGUHVHDUFK SDWWHUQV WKDW VKDSHG WKH ZRUN LQ WKLV

7KHO9DOXH RI 6\VWHPDWLF/HDUQLQJ

4XLFN OLWHUDWXUH VHDUFKHY DUH XVHIXO IRU RULHQWDWLRQ EXW
OHPV %RRNV UHYLHZDUWLFOHY DQGHYHQ WKH WDEOHRIFRQWHQ\
VFDIIROGLQIJ QHHGHG WR XQGHUVWDQGDILHOG IURP LWV IRXQGDWLF
PHFKDQLFVY PDWHULDOV HOHFWURQLFV DQG PHDVXUHPHQW V\VWH
DFROOHFWLRQRIGLVFRQQHFWHG WULFNV

(FRQRP\RIGFDOHLQ '"HVLJQ

&XVWRP SDUWV DUH RIWHQ VORZ DQG H[SHQVLYH WR PDNH :KHQHY!
SURGXFHG FRPPHUFLDO RIl WKH VKHOI FRPSRQHQWY EHIRUH FRPPLW
SRQHQWV DUH QRW DXWRPDWLFDOO\LGHDO EXW WKH\PDNH D V\VWH
DFFHVVLEOHWR HYHU\RQH HOVH

7TKH %X\YV %XLOG'LOHPPD

0,77V PDNHU FXOWXUH HQFRXUDJHV EXLOGLQJIURPILUVW SULQFLSOl
LVILQLWH 7KHGHFLVLRQ WREXLOG VKRXOGEHZHLJKHG DJDLQVW WK
PRGXOH RUVHUYLFH &KRRVLQJZKDW QRW WREXLOGLVDVLPSRUWD

5XWKOHVV 3ULRULWL]DWLRQ

WLVQRWSRVVLEOHWRILQLVKHYHU\SURPLVLQJWDVN 1HLO RIWHQ
DFWXDOO\EH FRPSOHWHG 5HVHDUFK SURJUHVV GHSHQGV RQ LVROD
DQG OHWWLQJORZHU SULRULW\WDVNV UHPDLQ XQILQLVKHG ZKHQ WK

7TKH1IHFHVVLW\RIG6HHNLQJ +HOS

5SHVHDUFK LV UDUHO\ VROLWDU\ :KHQ D SURMHFW VWDOOV DVNLQJ II
LQWKLV FRPPXQLW\DUHJHQHUDOO\ZLOOLQJWRKHOS EXW WKH\DUF
DQG VFKHGXOLQJIULFWLRQ VKRXOG QRWEHLQWHUSUHWHG DV UHMH

&EXOWLYDWLQJ3HUVSHFWLYH

5HVHDUFK FDQ EHFRPH DOO FRQVXPLQJ *UDGXDWH VFKRRO RFFXSL|
HQWLUHO\ WR ODERUDWRU\ RXWSXW 7LPH RXWVLGH WKH ODE LV QR
PDLQWDLQLQIJMXGIJPHQW FXULRVLW\ DQG ZHOO EHLQJRYHU WKH GX



%DODQFLQJ7KHRU\DQG ([HFXWLRQ

$FWLRQ DQG UHIOHFWLRQ PXVW IHHG RQH DQRWKHU :LWKRXW FOHD!
ZLWKRXW SURJUHVYV LWKRXW H[HFXWLRQ WKHRU\ UHPDLQV LQHUW
PRGHO HQRXJKWRDFW EXLOGHQRXJKWROHDUQ PHDVXUHHQRXJK YV

SLIRURXV'RFXPHQWDWLRQ

'RFXPHQWLQJ ZRUN HDUO\DQG RIWHQ LV HVVHQWLDO 3KRWRJUDSKYV
DQG VKRUW QRWHV IURP XQILQLVKHG RUIDLOHG DWWHPSWV RIWHQ E
WUDMHFWRU\ 'RFXPHQWDWLRQLVPRVWYDOXDEOH ZKHQLWLVFROO
UHVXOWLV DOUHDG\NQRZQ

SURFHVV YV 5S5HVXOWYV

,WLVHDV\WRVSHQG XQOLPLWHG WLPHRSWLPL]JLQJZRUNIORZV WRRC
LPSURYHV UHSURGXFLELOLW\ EXWH[FHVVLYH SURFHVV GHYHORSPHC
LWVHOI 7KH SURFHVV VKRXOG VHUYH WKHUHVXOW QRWUHSODFH LW



SHIHUHQFHYV

> @ 1DWDOLH & *RORWD =DFKDU\3 )UHGLQ 'DQLHO 3 %DQNV 'DYlI
:LOOLDP . /DQJIRUG &DPURQ/ %ODFNEXUQ (ULN6WUDQG %ULD
1HOVRQ 1HLO *HUVKHQIHOG DQG 5REHRIXWQDOLRIIOPJQBDWR B 6HMR
GRL M MPU 2iiTh,B30BXQ ;fRyXRyRefDXDK"

kykjXRyd9ods

\

@ /DXUHQ6FKDIIHU 'DYLG3UHLVV 5DYL6KDQNDU3DODQL 1LFKRO

6DOLPD %DKUL 6DUD /LQVH 1HLO *HUVKHQIHOG DQG 5REHUW * *

DQJOH VSLQQLQIRXUHQORB®RHFOMWVIQHWLF 5HVRQD @GHRL M MPU
85PRiiTh,ff/QBXQ ;fRYXRYyRefDXDK Xkyk8XRydNyN

> @ ODUWD %YRQDFFRUVL 7TDQJX\/HODUFKDQG DQG*XLGR3LQWDFXC
DQJOH VSLQQAXQUUHAW 2SLQLRQ LQ 6WUXFWXUD®GRALRORJ\M VEL
852iiTh,ff/QBXQ ;fRYyXRyRefDXb#BXkykRXykXyy3

\Y

@ <XVXNH 1LVKL\DPD *XDQJMLQ +RX 9LSLQ $JDUZDO <RQJFKDR ¢
8OwWUDIDVW PDJLF DQJOH VSLQQLQJ VROLG VWDWH 105 VSHFWUR
SOLFDWKROWVFDO 5HYLHZW% GRL DFV FKHPUHY F
?21iTbh,ff/QBXQ ;fRYXRYykRf +bX+?2K 2pXk+yyRNd

\

@ (5 $QGUHZ $ %UDGEXU\ DQG 5 * (DGHV 1XFOHDU PDJQHWL!
URWDWHG DW KWXUWSHHG GRL D?ii88/ff/IQBXQ " ;f
RyXRyj3fR3kRe8N vy

\Y

@ , - /IRZH JUHHLQGXFWLRQ GKAPOLNCRI BIRYW.ONE 149 W WRHALG K L
3K\V5HY/HWW ?2iiTh #5/QBXQ :fRyXRRyjfS?vb_2pG2iiXkXk38

\

@ .DL ;XH 5LGGKLPDQ 6DUNDU &DULQD ORW] 6DP $VDPL 9HQLWD
7TRVQHU DQG %YHUQG 5HLI ODJLF DQJOH VSLQQLQJIUHTXHQFLHV
PD[LPXP VHQVLWLYLW\LQ VHOHFWLYHO\PHWK\O SURWMRRRWHG SL
QDO RI 3K\WLFDO &KHPLVWUY\ & GRL DFV MSFF E
2iiTh,ff/QBXQ ;fRYyXRykRf +bXDT++X3#y8eyy

> @ ,YDQ9 6HUJH\HY .HLWK)ULW]VFKLQJ 5LYNDKS5RJDZVNL DQG $Q
VROLG VWDWH 105 &KD O GH@NWLRDEE V@KW LRQ\GR L SUR
85/?iiTh,ff/QBXQ ;fRYXRyykfT QX93y]

> @ $GDP 1 6PLWK DQG -RDQQD 5 /RQJ '\QDPLF QXFOHDU SRODUL]!
VROLG VWDWH QXFOHDU PDJQ $QD6 \WLFD@DEXHP VS MWW U RVER S \
DFV DQDOFKHP 7HiTh,ffl§RBXQ ;fRYXRYKRf +bX M H+?2KX8#y9



\Y

\%

\Y

\Y

\Y

\Y

\Y

\Y

\Y

\Y

@ 5DYL 6KDQNDU 3DODQL OLFKDHO ODUGLQL <LIDQ 4XDQ <LIX 2X
*ULIILQ '\QDPLFQXFOHDU SRODUL]DWIKRQREXW®&BOFRHGWWULY¥DQ &K
IHWWHUV + GRL DFV MSFCOHWMWffFQBXQ85RyY X
RykRf +bXDT+H2iiX9+ykeRk

@ (QJLQHHULQJ 7RRO%R] 6SHHG Rl VRXQG?iiTEXDWXRQV
2M:BM22 BM;iQQH#QtX+QKfbT22/@bQRWMP®OMEKXPGKHMHIHUHQFH YL
DFRXVWLF YHORFLW\LQ LGHDO JDVHV DFFHVVHG

@ OLFKDHO S5 OROGRYHU 5REHUWR O *DYLRVR -DPHV % OHKO /D>
-LQWDR =KDQJ $FRXVWLFJDV WKHNPRPIKMBDiX;Qp8SMm#HB+ iBQM
+QmbiB+@; b@i?2 K@GKRBXEOLFDWLRQ SDJH XVHGIRUWKHGLOXW

@ 'LUN :LOKHOP $UPLQ 3XUHD DQG )UDQN (QJHONHR)OMXQABARBRRZ G
ODJQHWLF5HVRQHDQFH GRL M MPU ?21iTbh,ff8G@BXQ ;f
RyXRyRefDXDK XkyR8Xy8Xyye

@ 4L /LDQJ &KLK B6KLXH <DQ <XIHLOHQJ -RVHSK /DL 6]F]JHVQ\.UD
VHOO - +HPOH\ (QKDQFLQJ WKH PHFKDQLFDO SURRKUWDKVRRI V1
3K\WLFV &RQGHQVHG ODWWHU GRL 85/
2iiTh,ff/QBXQ ;fRYXRy33fyN8j@3N39fkRfjefje9kR8

@ *HPRORJLFDO ,QVWLWXWH RI $PHULFD 'LJ2L0OB,EQWHRXGR XPRQG
2/mf2M@ mbf#HQ;f/B;;BM; @ /B KRKFWMAMVING2b f

@ )UDQFLV 3 %XQG\ 7KH 3 7 SKDVH DQG UHDFW L-RQ GQ D OUDI P HRRU H
SK\VLFDO 5HVHDUFK %ROLGH{DUWK GRL % L% S 85.
2iiTh,ff/QBXQ ;fRyXRykNfC"y38B"RkTyeNjy

@ )UDQFLV 3 %XQG\ :LOOLDP$ %DVVHWW OLFKDHO 6 :HDWKHUV
$OH[DQGHU ) *RQFKDURY 7KH SUHVVXUH WHPSHUDWXUH SKDVH
XSGDWHG WKBERXERQ * GRL 85/
2iiTh,ff/QBXQ ;fRyXRyRefyyy3@ekkjUNeVyyRdy@ 9

@ JUDQFLV 3 %XQG\ 'LDPRQG VIQWKHVLV ZLWURWRQHROYHQWLRQ
GRL D ?2i8%5b,ff/QBXQ ;fRYyXRyj3fk9RRRe y

@ . XQ/XR %LDR/LX -LHFKHQJ<DQJ 6KDQJ]KRX=KDQJ 4LDQJZHL /I
BWLQJELQJ/LX 6LMLH=KDQJ ;XH\RQJ=KRX 4XDQ +XDQJ <XVKHQJ =
=KDRGRQJ/LX &RKHUHQW LQWHUIDFHV JRYHUQ GLUHFMW WUDQYV
WXUH  + GRL Y, 2iiT85ff/QBXQ ;fRyXRyj3f
b9R83e@ykk@y93ej@ k

@ 7THWVXR ,ULIXQH $\DNR .XULR B6KL]XH 6DNDPRWR 7RUX ,QRXH
FU\WWDOOLQH GLDPROIBWMYER®P JHDSKLWHGRL E 85/
2iiTh,ff/QBXQ ;fRYXRyj3f9kR8NN#

@ 4XDQ +XDQJ 'RQJOL <X %R ;X :HQWDR +X <DQPLQJOD <DQELQ :
~XORQJ+H =KRQJ\XDQ /LX DQG <RQJMXQ 7LDQ 1DQRWZLQQHG GL
DQG VW DB WXIUM\ = GRL QDWXUBHTD,ffBBBXQ ;fRyX
Ryj3fM im 2Rjj3R



\Y

\Y

\Y

\Y

\Y

\

\Y

\

\Y

\

@ 9DG\P 1 ORFKDOLQ 20JD6KHQGHURYD 'HDQ +R DQG <XU\ *RJRW
RIQDQRGLDPWQAGM IDQRWHFK®RORJ\ GRL QQDQR 8¢
2iiTh,ff/QBXQ ;fRyXRyj3fMM MQXKyRRXKkyN

@ 9LQFHQW 3LFKRW %HQHGLNW5LVVH )DELHQ6FKQHOO -XOLHQ |
ILQH QDQRGLDPRQG IRUPDWLRQ XV6G1PWRNWBEXERXWEHRELH[SOR'
VUHS 2861b,ff/QBXQ ;fRYXRyj3fb 2TykR8N

@ &KDR )DQJ <XHZHQ =KDQJ :HL[LD 6KHQ B6KLVKXDL 6XQ =KXDQ
DRSHQJ -LD 6\QWKHVLYV DQG FKDUDFWHUL]DWLRQ RI +3+7 ODUJ}
PXOWDQHRXV LQIOXHQFH RI &UN\YMQY PIER RPG URLIHQ GRL

& &( & 881iTb,ff/QBXQ ;fRYXRyYjNf*d*1yRjON*

@ 6KXDL)DQJ <RQJINXL:DQJ /LDQJFKDR&KHQ =KL\XQ/X =KHQJKD
+RQJDQOD DQG ;LDRSHQJ-LD 7KHHIIHFWRISUHVVXUHRQ V\QWK
DWXUHV DQG SUHVVXUHV LQ BQ )WHWLQ FORFOFO\VAW V\VWHPGRL

' & ( ' 85/?i1iTh,ff/QBXQ ;fRYXRYjNf.y*1yR98K.

@ &KULVWRSK ( 1HEHO &9'GLDPRQG D)X¥EMHRRQ & SMDLERRI/GD Q G
GRL 2i8BB,ff/QBXQ ;fRyXRy3yfkeN9RRR
kykjXkkyR8NK

@ +LWRVKL 6XPL\DDQG .HQML 7TDPDVDNX /DUJH GHIHFW IUHH V\Q
VLIHG YLD KLIJIK SUHVVXUH-D@OG & HYK WRIPEQIDO WXPIFBEOLHG 3K\VLF\
GRL --$3 ?21i8B/ff/QBXQ ;fRyXd8edfCC SX8RXYyNyRyk

@ <RQJIJNXL:DQJ 6KXDL)DQJ /LDQJFKDR&KHQ &KDR)DQJ =KDQGR
LD *UDSKLWH GLDPRQG WUDQVIRUPDWLRQ PHFKDQLVP XQGHU W
XQGHU KLJK SUHVVXUH D@6 \WW QWE&PSHYDWXUH GRL

' & ( % 85PiiTh,ff/QBXQ ;fRyXRyjNf.k*1yRkyk"

@ %UDQNR 'HOMDQLQ 6WDEOH HQKDQFHPHQWY DQG XQVWDEO
3URFHHGLQJV Rl WKH QG OHGLWHUUDQHDQ 9%HB® HmMEGE D-H B8 D IO}
0D\ 85/2iiTh,ffrrrX 2b2 “+?; i2XM2ifTm#HB+ iBQMfjy3NkNR3R
1M? M+2K2Mibn M/nIMbi #H2nh 2 iK2MibnQ 7 n¥QIXQrk 2 X B AKH MEE H V
WKURXJK 5HVHDUFK*DWH

@ 'LDPRQG /IDQG +3+7 GLDPRQG VIQWKHVLY 7HFKQRORJ\ SURFI
?2iiTh,ffrrrX/B KQM/XH M/f2Mf#HQ;f "iB+H2bf? TREQDDVWLROBbODFFHYV

@ 'HYL 6KDQNHU OLVUD 6WXGLHV RI GLVORFDWLRQV LQ W\SH ,E \
DPRQ&V\VWDOV GRL FU\WWW ?iiTh,BBQBXQ ;fRyX
jiNyf+ vbiRjy9ye8d

@ S5LFKDUG 6 %DOPHU - 5 %UDQGRQ 6 / &OHZHV + . 'KLOORQ

7 ' ODGJZLFN O / ODUNKDP 7 3 OROODUW 1 3HUNLQV * $ 6FDU
'KLWHKHDG - - :LOPDQ DQGS6 0 :RROODUG &KHPLFDO YDSRXU
WHULDOV WHFKQRORRXLUED® DRI BKRDMFMR GQRQGHQVHG 0ODWWH U

GRL 2i8%5b,ff/QBXQ ;fRYXRy33fyN8j@3N39fkR
je9kkR
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@ (9 %WXVKXHY 9 <X <XURY $ 3 %ROVKDNRY 9 * 5DOFKHQNR ¢
( ( $VKNLQD]L 9 $ 6KHUVKXOLQ 9 3 3DVKLQLQ DQG9 , .RQRY
HSLWD[LDO &9' GLDPRQG | LIOCDPPRURZ /AN 5 9O W FH\G0D W H UG R D V

M GLDPRQG 2iiTh #5/QBXQ ;fRYyXRyRefDX/B KQM/XkyReXR

@ 'LDPRQG /DQG &9'GLDPRQG VIQWKHVLV 3ULQFLSQ@HVbSURFHV\
ffrrrX/B KQM/XH M/f2Mf#HQ:f "iB+H2bf+pHE D/WWAFBHf DFFHVVHG

@ <XIHL OHQJ &KLK 6KLXH <DQ -RVHSK /DL 6]F]JHVQ\ .UDVQLFNL
NZDQJODR DQG5XVVHOO - +HPOH\ (QKDQFHG RSWLFDO SURSHU\
FU\WWWDO GLDPRQG E\ORZ SUHYVVXUHJR E H GHPIS/HRI DAMNOHIHDINQ @R KDL
RI6FLHQFHV + GRL SQDV 2iiTh,fd6QBXQ " ;f
RyXRydjfTM bXy3y3kjyRy8

@ 6 - &KDUOHV - ( % XWOHU % 1 H\JHOVRQ 0 ( 1HZWRQ '/ &D
6 <bQ + . ODR DQG5 - +HPOH\ &KDUDFWHUL]DWLRQRIQLWURJ
VLQJOH FU\WVWDO GLDPRQG EHIRUH DQG DIWHU K&BEKVEEBWWKXDW X K
VROLGL D + GRL SVVD ?21iTh,B83QBXQ ;fRyX
RyykfTbb Xkyy9y8RdS8

@ .DJX\XNL8HGD ODNRWR .DVX <RVKLKLUR<DPDXFKL 7RVKLNLOD!I
7ZLWFKHQ *HRIITUH\$ 6FDUVEURRN DQG6WHYHQ( &RH +LJK SUH
HITHFWV RQ &9' KRPRHSLWDI[LDPRAIDPRQ G HIO®PWHGtODWHWLDOV

GRL M GLDPRQG ?iiTh,ff/@BXKQ ;fRyXRyRefDX/B KQM
kyyeXydXyKkij

@5 + 7THOOLQJ & - 3LENDUG 0 & 3D\QH DQG - ( )LHOG 7KHF
GLDPR3XGVLFDO 5HYLHZ /HWWHUV GRL 3K\W5HY/HWW
85/?iiTh,ff/QBXQ ;fRYXRRYjfS?vb_2pG2iiX39X8Rey

@ 1DWDOLH & *RORWD 'DYLG 3UHLVV =DFKDU\ 3 JUHGLQ 3UDVKI
SREHUW * *ULIILQ DQG 1HLO *HUVKHQIHOG +LJK DVSHFW UDWLR
$SSOLHG 3K\VLFV$ GRL Y, 21iT86,ff/QBXQ " ;f
RyXRyydfbyyjjN@ykj@yed88@ k

@ <XQ =KDR -XSLQJ 7X /LDQJ[LDQ &KHQ -XQMXQ :HL -LQORQJ /L.
HQKDQFHPHQWRIVLQJOH FU\WWDO GLDPRQG E\WKHKRPRHSLWDII
PXOWLO@PWHIMDWLRQDO -RXUQDO RIOLQHUDOV HHWDOOXKRU\ DQG

Vv 8%iiTh,ff/QBXQ ;fRyXRyydfbRkeRj@ykk@kINd@ F

@ %LQ :HQ %R ;X <DQELQ:DQJ *XR\LQJ*DR :LDQJ )HQJ=KRX =KL\
&RQWLQXRXV VWUHQJIWKH Q L QUSIM &RPSRWDLVQIQRHIED ® LODPVBRUEL D O V
Vv 85iiTh,ff/QBXQ ;fRYXRYj3fb9R8KkI@YRN@yk8e@ |

@ <XQTL =KDQJ <XPHL =KX DQG =KLKRQJ /L 3UHSDUDWLRQ DQG
WRXJKHQHG 6L+% VIVWHP RI KLJK WKHUPRVWDELOLW\0DRO\FU\VW
WHULDOV GRL PD 2iiBB/ff/QBXQ ;fRYXjjNyf

K ReRRjNjj
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@7 9 RQRQHQNR 9 * 5DOFKHQNR , , 90DVRY 6 9 *DUQRY DQ
GLDPRQG ZLWK QDQRVHFRQG ODVHDPRX®@Y BY & 158190 W WHEQUIIHW H U L

+ GRL 6 21iTOS1F/QBXQ ;fRyXRyRef
ayNk8@NejBUN3VYyyRN3@ 3

@ 9LWDOL 9 .RQRQHQNR ORGLILFDWLRQ RI GLDPRQBRWRQDFH E
LFV GRL SKRWRQLFWiiTh,ff/@BXQ ;fRyXjjNyf
T?QiQMB+bRyRyRydd

@ + 5 3KLOOLS DQG ( $ 7DIW .UDPHUV NURQLJ D@XAVVLEW®BI UH
BHYLHZ $ % +$ GRL 3K\V5HY ?28Tb,ff8EBX
Q ;fRYyXRRyjfS?vb_2pXRjeX R998

@ OLNKDLO 1 3RO\DQVNL\ SHIUDFWLYHLQGH[ L®@FR HEXDW.DED V|
'‘DWD GRL Vv 21iBIBJIf/QBXQ ;fRYXRyj3f
bORSNAd@Yykj@yk3N3@k

@ - :DONHU 2SWLFDO DEVRUSWLRQ5H@E WW P LRIHYFROAH QL Q LIKF
+ GRL 21T TOSIF/QBXQ ;fRYyXRy33f
VYj9@9338f9kfRyfyyR

@ ' +RZHOO $ 7 &ROOLQV / & /RXGLQ 3 / 'LJJOH 8 ) 6 'f+DHQH
.DWUXVKD - ( %XWOHU DQG) 1HVWROD $XWRPDWHG )7,5PDSSI|
'LDPRQG DQG 5HODWHG §DWH U L D®R/L M GLDPRQG
2iiTh,ff/QBXQ ;fRyXRyRefDX/B KQM/XkyRNXykXykN

@ ( 5RKUHU & ( 1HEHO 0 6WXW]PDQQ $ )O|WHU 5 =DFKDL ;
FRQGXFWLYLW\RI XQGRSHG QLWURJHQ DQG ERUROGRIRSHQ®I'
5 HODWHG ODWHUEDOV GRL 6 211 T®5/
ff/IQBXQ ;fRyXRyRefayNk8@NejB8UNdVYyYyjR3@s

@ % 1 &KLFKNRY & ORPPD 6 1ROWH ) YRQ $OYHQVOHEHQ DQG
FRVHFRQG DQG QDQRVHFRQG $53B5\0H.\H C BEDW.IFR/GBRI VROLGRL
%) 82/NiTh,ff/IQBXQ ;fRyXRyydf"6yR8edejd

@ %DNKWLDU $OL , 9 /LWYLQ\XN DQG ODNV\P 5\EDFKXN )HPWR)
DPRQG &XUUHQW UHVHDUFK VWDW XD DESRS®LAEDWLRQV GRIG FKDC
M FDUERQ 2iiTb8H/QBXQ ;fRYXRyRefDX+ "#QMXKkykRXy9 X

@ 5DIDHO5 *DWWDVVDQG (ULFOD]XU )HPWRVHFRQG ODWHURLFUR
3KRWRQLF¥ GRL QSKRWRQ@iiTh,ff/@BXQ ;fRyXRyj3f
MT?QiQMXKkyy3X9d

@ -LDQ &KHQJ &KDQJ/LX 6KDR 6KDQJ 'RQJ/LX :DOWHU 3HUULH *
UHYLHZ RI XOWUDIDVW ODVHU2PFDWHVLDDVHU FHRIPDRRARQJGLQJ
GRL M RSWODVWHF?iiTb,ff/QB&XE) ;fRYyXRyRefDXQTiH bi2+XKk
yveXyjd

@ 6 1ROWH & ORPPD * .DPODJH $ 2VWHQGRUI & )DOOQLFK ) )
SRODUL]DWLRQ HIITHFWV LQ XOWY8POKIRE WKSKXIOFAH$SODVHUGRULOOL
\Y, 82iTh,ff/QBXQ ;fRyXRyydfbyyjjNyy8yN9R
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@ 3UDVKDQW 3DWLO 'DQLHO %DQNV 6DOLPD %DKUL :LOO /DQJIRL
*ULIILQ DQG 1HLO *HUVKHQIHOG 'LDPRQG URWRUV IRU0$6 105 8
86 $ 8®%iiTh,ffT i2MibX:QQ;H2X+QKfT i2MiflakykRyR9e
2M3XEOLVKHG DVVLIJQHH ODVVDFKXVHWWY ,QVWLWXWH R

@ 6WHYHQ3UDZHUDQG5REHUW - 1HPDQLFK 5DPDQ V3KIFOMRURVFR:
VRSKLFDO 7TUDQVDFWLRQV RIWKHS5R\DO 6RFLHW\$ ODWKHPDWLFI

* GRL UVWD ?iiTbh,ff8RBXQ ;fRYyXRyYyN3f bi X
kyy9XR98R

@ 0 %HUQDUG $ 'HQHXYLOOH DQG3 0OXUHW 1RQ GHVWUXFWLYH
RIKHDYLO\GRSHG PHWDOOLF GLDPRQG WHIDP RO® ¥ QUERFHEICPVD DG/
WHULDOV + GRL M GLDPRQG?iiTh,ff/QB%Q ;fRyX
RyRefDX/B KQM/XkyyjXRyXy8R

@ 3 : 0D\ : - /IXGORZ 0 +DQQDZD\ 3 - +HDUG - $ 6PLWK DQG .
FRQGXFWLYLW\VWXGLHVRIERURQ GRSHG PLFURFU\VWDOOLQH G
FDXOLIORZHU G L DIPRRXBG DQRV5HODWHG 0D*W H UL D OWR L M

GLDPRQG 2iiBB/If/QBXQ ;fRYXRyRefDX/B KQM/XkyydXRRXyy8

@ 'DQLHO %DQNV %ULDQ OLFKDHO 1DWDOLH *RORWD DQG 5REHL
FDSV IRU PDJLF DQJOHRMXSUQ@MQ ®J ADFQHWLF 5HVR QD QFRIL
M MPU 2iBm,ff/QBXQ ;fRYyXRyRefDXDK XkykRXRydRke

@ .H;X 20LYHU SHFKHU ODUFR %UDXQ DQG -|[UQ 6FKPHGW DXI GH|
ZLWK ORZ FRVW ' SRAQWHGRIDDWYHWLF 5HVRQD @GHRL M
MPU BAEMb,ff/QBXQ ;fRYXRYyRefDXDK XkykRXRydyNe

@ 'DQLHO 3HUHLUD OoDULDQD 6DUGR ,OGHIRQVR 0DUtQ ORQWHVL
SULQWHG VWDWRUV IRUORZ FRVWIDEULFDWLRQBORWIED OQBKBR
LVWU\ + GRL DFV DQDOFRHFPDbRFf/QBX8&d/;f
RYyXRykRf +bX M H+?2KXj+yRjkj

@ (OHPHQW 6L[ &9''LDPRQG +DPQGERRN+p/X+8BKFK2/B frvbBrv;fT/7f
1H2K2MinaBtn*o.n.B KQM/n? M/#THFKXYKBDXOTKDQGERRN YDOXHYV IR
PDO H[SDQVLRQ DQG WKHUPDO SURSHUWLHYV

@ 'X3RQW O9HVSHO 63iiTh,ffrBSX/ mTQMiX+QKfT Q/m+ibfp2bT2H@bT
ODQXIDFWXUHU SURSHUW\ SDJH DFFHVVHG

@ &XUEHOO 30DVWLFV 3&7)(.HO ) 1HRIORQ &U\RJHQLF $SSOLFI
85/ 2iiTh,ffrrrX+m #2HHTH biB+bX+QKfK i2 B HbfaHSSi@LHUTRDNVEHUL
SURSHUW\ SDJH DFFHVVHG

@ 30DVWLF ODFKLQLQJ ,QF 3&7)( .HO ) 'DAWiD b 6fKH HXWV
TH biB+K +?BMBM;BM+X+QKfT+i726X/SS@bRR26FDWD VKHHW DFFHV

@ 7TRUORQ VLWH 7RUCRIPD,ffiQ HQABXbBi2fiQ " HQM®@ ;" /2bfiQ HQM(
ODWHULDO SURSHUW\ VXPPDU\ DFFHVVHG
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@ 8S1DQR 8S3KRWR 5HVLQ 'DVPD BKHHMWXmMTM MRX+QKfrT@+QMi2
MTHQ /bfkyk9fy9fITL MQn_2bBMbn. i na?2@DMQRXEDRWUIHU GDWD VK
FHVVHG

@ 4LQJGD -L -RKQQ\ORXJKDPHV ;XH&KHQ *XR\XDQ )DQJ -XDQ - -
,JOHVLDV ODUWtQH] *ZHQQ 80OOLDF &pGULF &OpY\ 3KLOLSSH /XW
$UQDXG 6SDQJHQEHUJ -LQ\DQJ /LDQJ $QQH ORVVHW DQG OXDP}
PHWDPDWHULDOYV IRU \&RM RDEFRWRRRW LOF-DAW H U IGIRA.V

\Y 82AiTh,ffrrrXM im 2X+QKf "iB+H2bfb9jk9e@ykR@yyR?:

@ -LD 4X OXDPHU .DGLF $QGUHDV 1DEHU DQG ODUWLQ :HJHQHU
"PHWDPDWHULDOV ZLWK QHJDWLYH WKHUPDO H[SBGVHRQERHIIL

5HSRUWYV GRL VUHS ?2iiTbh8&krrXM im 2X+QKf "iB+H2bf
b 2T9ye9j
@ )RUPODEV 5LJLG . SHVPQTb,ff7Q&H #bX+QKf;HQ# HfT Q/m+

‘'B;B/@RyF@ PPEOKAIDFWXUHU PDWHULDO SURSHUW\SDJH DFFHVVI

@ &RUQLQJ 0$&250DFKLQDEOH*ODVV &HUDPLF IRUTEXMWULDO $
+Q MBM;X+QKfK2/B frQ H/rB/2f+bKf/Q+mK2MibfdRd8N 99j8j89jRjN8:
T/7 0ODQXIDFWXUHU GDWD VKHHW DFFHVVHG

@ &RRUV7HN $OXPRQDDb,ffrridG/QQ bi2FX+QKf2MfK i2 " BODIG HmKBM
XIDFWXUHU WHFKQLFDO FHUDPLF SURSHUW)\ SDJH DFFHVVHG

@ *: &HUDPLFV =LUFRQPEPDITh,ff;r+85/KB+bX+QKfK i2°'B HbfxB +QM
THFKQLFDO FHUDPLF SURSHUW\SDJH DFFHVVHG

@ 7 + 3DQ]JHUD - & & 5XELR & 5 %RZHQ DQG 3 - :DONHU OLFL
IRUDHURVWDWHPEEWUWQ3\KRQFUHWH &RPSRVLWIBRL M
FHPFRQFRPS 2iiTB5F/QBXQ ;fRYXRYRefDX+2K+QM+QKTXkyyd>

@ <DQGRQJ*X -LQZX &KHQJ &KDRMLH :LH /RQJI\X/L DQG &KDQJJH
FDOLQYHVWLIJDWLRQVRQVWDWLFFKDUDFWOIDEKNMIHY RI DHURVW
GRL PDFKLQHYV

@ 6 <RVKLPRWR + 7R]XND DQG6 'DPEDUD 6WDWLFFKDUDFWHUL
ZLWKDVXUIDFH BHWRWHHBWO SV WKH , QVWLWXWLRQRIOHFKDQLF
RI (QJLQHHULQJ 7ULERORJ\ GRL

@ ;LQ :LDR -LDQ]KRX 'X <X =KDQJ -LQJ\L <DQ <XQSLQJ /L .RQJI
BWXG\RQ VWDWLF FKDUDFWHULVWLFV RIDHURVWDW IOHPHDULQJ E
EUDQHV GRL PHPEUDQHWIiTh,ff/@BXQ ;fRyXjjNyf
K2K# M2bRKyNy3N3

@ -LQ =KDR /LQ\LQJ:DQJ ;LDRMLDQODR /LTLRQJ $Q <XWDR /LX 6
)HQJ 3UHSDUDWLRQ DQG SURSHUWLHV Rl SRURXV DOXPLQD FHU
LQJW@HUDPLFV ,QWHUQDWERQDO  GRL M FHUDPLQW
2iiTh,ff/QBXQ ;fRYXRyRefDX+2  KBMiXkykkXyRXKkRYy

@ 0,7 QDQR 1DQR2QH ' 3ULQWHU IURPTIB,SIND IR M I b X EBi X2/ mf
T QiQiVIBM: @7 +BHBiVIVF MM HTXLSPHQW VSHFLILFDWLRQ SDJF
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@ 8S1DQR +XE1DQR 5HVLQV ODWHULDO +DQGOLQJDQG 5HFRPPH
2iiTh,ffrrrXmTM MQX+QKf?m#M OOQEXIDFBMOYHU PDWHULDO KDQGO
SDUDPHWHU JXLGH DFFHVVHG

@ 5DMGHHS 'HE $QGUHDV +XQNHOHU 'LUN:LOKHOP 3DWULFN -HQ

HOLQJDQG GHVLJQ GHFLVLRQV IRUDHURVWDWLF EHDULQJV ZLWk

VSLQQLQJ 0$6 7W\WERHORI\ ,QWHUQDWLR QISR L M WULERLQW
85/?iiTh,ff/QBXQ :fRyXRyRefDXi ' B#QBMiXkykkXRyd388

@ -LDQSLQJ /L +X +XDQJ DQG 7DNHVKL ORULWD 6WHSSLQJ SLH]I
VWURNHIRU QDQR SRVLWLRQQ QR VVWDNHGPHF \§ YBIWRHE $ 3K\VLFDO
GRL M VQD

@ +VLHQ 6KXQ/LDR &KULVWLDQ :HUQHU 5RPDQ 60LSHWYV 3HWHU

&KDQJ +DQV 8OULFK 'DQJHEULQN .XDQJ <XK +XDQJ DQG (Q 7H +Z.

QDQRSRVLWLRQHU IRU KLJK SUHHD/ULERDGH O\WLFDO@RLSOLFDW
M RK][ H ?2i18Bl,ff/QBXQ ;fRYXRYyRefDXQ?tXkykkX2yyjRd

@ <XVXI $OWLQWDV $ 9HUO & %UHFKHU / S8ULDUWH &DEBG * 3ULV
$QQDOV + GRL M FLUS

@ &KDQJ\RX /L OHQJWDR ;X :HQMXQ 6RQJ DQG +RQJ]KXDQJ =KDQJ
DQDO\VLVRIEDOOVFUHZIHHG GULYHV UHFLUFWBDQYDLRQYLRQQBVDR X
RIODFKLQH 7RROV DQG 0DQ XD FWXRIH M LMPDFKWRROV

@ * 3ULWVFKRZ $FRPSDULVRQRIOLQHDUDQGE&BRFEQWARQDO H
+ GRL 6

@ $HURWHFK $/6 + 6HULHY OHFKDQLFDO % HDULQJ 'LUHFW 'ULY|
21iTbh,ffrrrX 2°Qi2+?2X+QKfrT@+QMi2MifmTHQ /bfkyXiy LAY D@aRH PR U
GDWD VKHHW DFFHVVHG

@ $SHURWHFK $%/ 6HULHV $LU %HDULQJ 'LUHFW '"MULYHH /LQHDU
ffrreX 2°Qi2+?2X+QKfrT@+QMi2MifmTHQ /bfkykyfRyf "GRyyy@. i @a?
T/7 21ILFLDO YHQGRU GDWD VKHHW DFFHVVHG

@ ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRUBWDQGDUGL]DWLRQ ,62
'HWHUPLQDWLRQ RI DFFXUDF\DQG UHSHDWDELOLW\ RI SRVLWLF
85/2iiTh,ffrrrXBbQXQ ;fbi M/ /88 KNREXI2iKMH G DFFHVVHG

@ (EHUKDUGODQVNH *HUG-DJHU 7LQR+DXVRWWH DQG5RODQG):

RI QDQRSRVLWLRQLQJ DQG Q D@RPHOUIHFH QW WHAK@QRDRQG 7HFK G
GRL

@ $QGUHZ - )OHPLQJ $UHYLHZRIQDQRPHWHU UHVROXWLRQ SRVL
6HQVRUVDQG $FWXDWRUY¥ $ 3K\VIGHRLO M VQD

@ ,((( $16, ,(((6WG (((6WDQGDUG RQ 3LHJRHOHFWULFLW\
LOQDFWLYH ZLWKGUDZQ VWDQGDUG XVHG IRUQRWDWLRQ DQG WK|

@ 6DQWRVK 'HYDVLD (YDQJHORV (OHIWKHULRX DQG 6 2 5H]D OR
LQ QDQRSRVUWIBRQYDFWLRQV RQ &RQWURO 6\VMWWHPV 7THERQRORJ
7&67
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@ <XHQ .XDQ <RQJ 6 2 5H]D ORKHLPDQL %ULDQ- .HQWRQ DQG .I
WLFOH +LJK VSHHG IOH[XUH JXLGHG QDQRSRVLWLRHWLIQUZ BHFKD
BFLHQWLILF ,QVWUXPHQWVGRL

@ 4LQJ<DR - 'RQJ DQG3 0 JHUUHLUD 'HVLJQ DQDO\VLV IDEULFLE
PLFURSRVLWLR@WHJODMWLRQDO -RXUQDO RIODFKLQH ZRROV DQG
GRL M LMPDFKWRROV

@ -LQJQDQ &DL :HL 'RQJ DQG 5\R]R 1DJDPXQH $ VXUYH\RI ERXF
WR SLH]R DFWXDWHG PHFKDQLFDO V\VWHPYV - F@RKB(BIID)(D(RJ REWHHDVOLL
ODWHULDO 6\VWHPV DQG 6 WMUXFWXUIBBWRL ;

@ -LQTLDQJ*DQ DQG ;LDQPLQ =KDQJ 1RQOLQHDU K\VWHUHVLV PR
JHQHUDOL]HG ERJEFUR® P RIGIHIDH V GRL PL

@ 20%; 20$; :DWHUMHW )$4V QIiGTb,ffTBOKQXQK tX+QKf2Mfmb
QK t@r i2 ' D2i @UDXIDFWXUHU )$4 DFFHVVHG

@ 20%; 7TDSHU &RPSHQVBIWILR{JriQ X® K8tXN+QKf2MfmbfK2/B @+2Mi2 fi
i T2 @+QKT2MWODBXXMDFWXUHU WHFKQLFDO QRWH DFFHVVHG

@ 6RGLFN $3 /:LUH ('QiiQbGffBRIB+FX+QKIT Q/m+DDXSPHWXUHU
VSHFLILFDWLRQ SDJH DFFHVVHG

@ . + +tRDQG6 7 1HZPDQ 6WDWH RI WKH DUW H Q- WWQ B V@ BSQ D
-RXUQDORIODFKLQH 7RROV DQG D Q X | D F WaRIH 6

@ /DXUHQWLX 60DWLQHDQX 2DQD 'RGXQ ODUJDUHWD &RWHDWD
$GHOLQD +tULWXF :LUHHOHFWULFDQDBENE®E&BVYIH PDFEGRQLQJ+*D U
PDFKLQHV

@ ORKDPHG +DVKLVK $EUDVLYBWBWHMOMMHW PDFKG®RLQJ
PD

@ 20%; $FFHVVRU\&RPSDULVRQ $ -HWiYVW,fTLOXQK tHKWQ R BM f ro/f
K2/B @+2Mi2 fiBTbfD2i@ p@ (BHOFW2HUHU WHFKQLFDO QRWH DFFt

@ $QWRQ\ & 6 &KDQ 3LH]R IOH[XUH QDQR SRVLWLRQIQJ VWDJt
ff;Bi?m#X+QKf MiQMvbB:K fTB2XxQ@ bR SH@TBRAWBDH KDUGZDUH DQG
SURMHFW DFFHVVHG

@ 3LH]JR'ULYH 3'X + 7KUHH &KDQQHO 8OWUD /RZ ZiRTNMHf 9 3LH]
rrrXTB2XQ/ ' Bp2X+QKIKQ/mMHODIIXIBRWYUHU VSHFLILEFDWLRQV DFFF

@ 7TKRUODEV 3& :0&R )LUHG 3LH]R $FWXDWRU OLPURPHWHU 0D
ffrrrXi?Q H #bX+QKfBi2BDSRIPPFWXUHU SURGXFW VSHFLILFDWLRQ\

@ DPV 265%$0 $6 +LJK 5HVROXWLRQ ODJQHWLF /LQHMDW(QFRGHU
ffHQQFX Kb@ Qb  KX+QKfKfkd2 3jk3Rdk+8k33fQ B;BMOMQXI[RR@ .ay
WXUHU GDWD VKHHW DFFHVVHG
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@ 7+. /ILQHDU %DOO 60LGHORGHDIBXIQFX+®Hf2mf2MfT Q/m+ibfQi?
HBM2 ‘nKQiBQMn:mB/2bfHBM2 “n# MIHOBHBO2SHRIGIYFW SDIJH DFFHV

@ $HURWHFK 352 6/0HFKDQLFDO %HDULQJ %D WBFUHX6WDJIH
2°Qi2+?X+QKfrT@+QMi2MifmTHQ /bfkykyfRyfS PRNyaG@. i @a?22i
2IILFLDOYHQGRUGDWD VKHHW DFFHVVHG

@ $SHURWHFK 352 6/0HFKDQLFDO %HDULQJ %D WBFUHXE6WDJIH
2°Qi2+?X+QKfrT@+QMi2MifmTHQ /bfkykyfRyfS PRR8aG@. i @a?22i
2IILFLDOYHQGRUGDWD VKHHW DFFHVVHG

@ $SHURWHFK $76 OHFKDQLFDO %HDULQJ 6FUHIZbYUfYHRY /LQHD!
2°Qi2+?X+QKfT ' Q/m+if ibRyy@K2+? MB+ H@Q#2 'BM;@b+ ' 2r@/ Bp2N\
21 ILFLDO SURGXFW SDJH DFFHVVHG

@ $SHURWHFK $17 /6LQJOH $[LV/LQHDU I1DQRSRMLMLROELRJI6WDJ
2°Qi2+?2X+QKfrT@+QMi2MifmTHQ /bfkykyfRyf LhN8G@ . 2i@a?22i@ .
FLDO YHQGRU GDWD VKHHW DFFHVVHG

@ 5HQLVKDZ +RZ5HQLVKDZ 2SWLFDDii(ToF RGrHX\2 MRBIONY (X E6QKEB K f
?2Qr@QTiB+ H@2M+Q/2 b@QL FI@D@ jWNdFNK QLFDO RYHUYLHZ DFFHV\V

@ 5HQLVKDZ 721L& 2SWLFDO ,QFUHPHQIWMDOI{QERGNBBH UXHYKE C
2MfiQMB+@ QTiB+ H@BM+ 2K2Mi H@ 2M2Q/RF@DQ "B2R @)X@Fj\W3&B F X P H
DFFHVVHG

@ 5HQLVKDZ 2SWLFDO (QFRGHUV BiFDHDH 5D 2M B B?Q X + QG2 M f
QTiB+ H@2M+Q/2 b@b+ H2@2IMRID@ j8YRGXFW GRFXPHQWDWLRQ

@ $HURWHFK $XWRPDWLRQ ;& 3:0 6MHUIYRfIULXH2 Qib+? X&RIKT
T Q/m+if miQK i BOQMR@t+9@ TrKk@2B|BFLB@SBRBXFW SDJH DFFHVVI

@ 16. 16./LQHDU *XLGH +LJK $FFXUDF\ 6HULBANTbS$fra@XRBFOV Q
+QKFf+QMi2Mif/ KIMbFf+QKKQMf+ i HQ:bf+i :S/7fT 2+RIFRQ M RDRN#X
IDFWXUHU FDWDORJ DFFHVVHG

@ 6.) (YROXWLRQ 6.)/DXQFKHV //7 3URALOb,5M2IpQ HXLiG B W XD K57 X850 K
bF7@H mM+?22b@HHIi@ T Q7BHR@W BH@YLAEYOPHZY DUWLFOH DFFH

@ $HURWHFK $XWRPDWLRQ )UHTXHQF\BbVIPREVK QRGIR® MX OQE f
MiQK iBQMRf*QMi2Mif:mB/2@a2 ' pQ@hmMBM;fRXe@JQ/mH2@ 6 2[m:
ILFLDO $XWRPDWLRQ VHUYRWXQLQJGRFXPHQWDWLRQ DFFHVVH

@ $HURWHFK $XWRPDWLRQ )HHGIRUZDUViGHLG ¥D DI HX3 D UL P HWKH U
+QKf miQK iBQMRf*QMi2MifS ~ K2i2 bf622/7Q 2ITLFi MG ZXWIRPDWLF
SDUDPHWHU GRFXPHQWDWLRQ DFFHVVHG

@ $SHURWHFK $XWRPDWLRQ )HHGIRUZD 2@ YbOMAIRWHETEKWX § D2 & P H
+QKf mMiQK iBQMRf*QMi2MifS * K2i2 bf622/7Q r * 28 BLHRDAR BiX KR PO
WLRQ SDUDPHWHU GRFXPHQWDWLRQ DFFHVVHG
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@ $HURWHFK $ 6RIWZDUH %DVHG 0DiFKih@H r& R QWUIR OTHD KI G
rT@+QMi2MifmTHQ /bfkykRfy9f jkyy@aQ7ir "2@" b2/@J +?BM2@ *QM
21ILFLDO SURGXFW GRFXPHQW DFFHVVHG

@ $HURWHFK $ 3& %DVHG &RQWUROOHU 6HOHFWL
WLRQ DQG 2SWLPL]DWLRQ QiTh,ff?2HTR852° Qi2+?2X+QKf jkyyf
mb2 @;:mB/2bf jkyy@S*@" b2/@*QMi'QHH2 @a2H2+iBQM@a2imTf*Q
PMHBM2@ mB/2@ miQK iBQMR@ jkyy@S*@" b2/@*QMi'QHH2 @a2H
S*@a2H2+iBOQOM@*QM7B;m  iBQM@ PZIiBKBD OBQMW XK JXLGH DFFH\

@ 7THQ$V\V S$SERXW ,1AWITBHfRMT T&E/Xi2M bvbX+QKfe@kf 2QminPp2"|
ILFLDO YHQGRU GRFXPHQWDWLRQ DFFHVVHG

@ $HURWHFK &$')XVLRQ *UDSKLFDO ORWLRQ 3MRUWDPRXQJ 6RIV
2 Qi2+?2X+QKfT Q/m+if+ /7TmbBQM@; T?B+ H@KQiBQM@IFQDOKKB
SURGXFW SDJH DFFHVVHG

@ $HURWHFK 3RVLWLRQ 6\QFKURQLPHIGR2XWSBKTK 36Qi2 €@ )6+ QKF5
miQK iBQMRf*QMi2MifSQbBIiBQM@ avM+? QM BX2LE@LPOM THX '@ SR B Wi
GRFXPHQWDWLRQ DFFHVVHG

@ $HURWHFK 1GULYH &3 +DUGZDIWHIOM QXD iQ+B X +8FKfrT@ +QMi2 N
MTHQ /bfkykyfyNfL/ Bp2@1tFXD/FI YHQGRU KDUGZDUH PDQXDO DFFFh

@ $HURWHFK $XWRPDWLRQ ;& &RPSDFW3dTh6HMU YR 20Q V2H ?@ G
+QKfT Q/m+if mMiQK iBQMR@t+k@ TrKBIBFRDOG@UBBXFW SDJH DFFF

@ &KXQJ &KLQJ /LX OHQJ 6KLXQ 7VDL ODR 4L +RQJ DQG 3X <DQJ
WXQLQJDSSURDFK RI WKH QRWFK ILOWHRXEBRWRHRY DRI HFHGXE U
ODWHULDOV 3URFHVVL@GRL MPPS

@ $HURWHFK 3RVLWLRQ 6\QFKURQL]JHG 2XWSXW 362
VLWLRQ ZLWK 3URFHVV &RQWURQ®IiTI&rrX 2 QiBBIX+QKf
TQbBIBQM@bVvM+2 ' QMBx2/@QmiTmi@ThQ@+QQ /BM i2@T i@TQbB]
2IILFLDODSSOLFDWLRQ QRWH DFFHVVHG

@ % 1 &KLFKNRY & ORPPD 6 1ROWH ) YRQ $OYHQVOHEHQ DQ¢
SLFRVHFRQG DQG QDQRVHFRQG® >IO/IHHGDBKAVMWEARE) RI VRIRIGV
%) 82/NiTh,ff/IQBXQ ;fRyXRyydf"6yR8edejd

@ .RML6XJLRNDDQG <D &KHQJ 80WUDIDVW ODVHUVUHXMDEOH W
6FLHQFH $SSOWHFDWLRQWRL OVD ?iiTh,8BQOBXQ ;fRyX
Ryj3fHb XkyR9Xjy

@ 5DIDHO5 *DWWDVVDQG (ULFOD]XU )HPWRVHFRQG ODWHURLFUR
3KRWRQLF¥ GRL QSKRWRQ@iiTh,ff/@BXQ ;fRyXRyj3f
MT?2QiQMXKkyy3X9d

@ 0DQJLUGDYV ODOLQDXVNDV $OEHUWDV =XNDXVNDV 6DWRVKL
OL]JHLNLV 5LFDUGDYV %XLYLGDV DQG 6DXOLXV -XRGND]JLV 8O0OWUI
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VFLHQFH WR/ILDGXVBFLHQFH $SHOLFDWLRGRL OVD
85/2iiTb,ff/QBXQ ;fRyXRyj3fHb XkyReXRjj

@ =KHQ\XDQ /LQDQG OLQJKXL +RQJ )HPWRVHFRQG ODVHU SUHFL\
FURQ WR QBQRWMDDWW 6FLHQFH GRL 85/
2iiTh,ff/QBXQ ;fRyXj9RjjfkykRfNd3j8R9

@ +HQJ *XR -LDZDQJ ;LH *XDQJ]KL +H 'H]JKL =KX O0LQJ 4LDR -LC
DTXQ /L <X]KL =KDR OD /XR DQG +DR]JH +DQ $ UHYLHZ RI XOWUL
WLRQ ODWHULDO SURFHVVLQJ VXUIDFH LOQWHUDDRHSHR/GIW URIO O

+ GRL Y, 211 TBSf/QBXQ ;fRyXRyydf
bRkkd9@yk9@ee99@ x

@ .HULP <LOGLULP %DODVXEUDPDQLDQ 1DJDUDMDQ 7HJRHK 7MDK
LQ VLWX SURFHVV PRQLWRULQJ IRU XOW UBRXKRWDW KX 0N & >0 D ¥ MIX
3URFHVVHYV # GRL M MPDSUR 2iiTh,ff/Q8%Q ;fRyX
RyRefDXDK T QXkyk9XRkXyRR

@ 9DVLOLNL ( $OH[RSRXORX DQG $QJHORV 3 ODUNRSRXORV %
WHPSHUDWX$UBFKREHOWRI &RPSXWDWLRQDO OHWKRGV LQGRLILQHF
Vv 8%5iiTh,ff/QBXQ ;fRyXRYyydfbRR3jR@ykj@yNNd9

@ (EHQH]HU 2ZXVX $QVDK DQG &ROLQ 'DOWRQ )HPWRVHFRQG OD\
PLFURQ WKLFN WX EINRP DG RAKHHHWV GRL PL 85/
2iiTh,ff/QBXQ ;fRyXjjNyfKBRORRkydR

@ )/,50HD 86% 7HFKQLFDO 5HIG/@HOEKfrrrX2m 2+ X/2f7BH2bfT/7f
QTiQ2H2+i'QMB+bf7HB f6Gj@|]@h2+?MB$FR@V2RAB 2M+2XT/7

@ 7TKRUODEV $& $ | PP LQFKDFKURPDWLF GRXEOHW
LQJ 85 iTh,ffrrrXi?Q H #bX+QKfi?Q S Q/m+iX+7K\T “iLmK#2 4 *|
$FFHVVHG

@ OLWXWR\R 0 30DQ $SR EULJKWILHOG LQILQLW\ FF
MHFWLYHV 285h,ff/2pXTBKXKBimiQvQX+QKfT Q/m

QTiB+ H@K2 bm 2K2MifBM7BMBiv@+Q "2+i2/@KB+'Qb+QT2@ Q#D2+
K@TH M@ TQ@7Q @# B;?i7B2HNEFQIAD2HE iBQMf

@ 7TKRUODEV $6/ PP XY IXVHG VLOLFD DVSKHULF OHQV
FRDWHG 2i8B0,ffrrrXi?Q H #bX+QKfM2r; " QmTT ;2NX+7K\Q#D2+i
ROjKN T "iMmK#2 4 §BKBNWHG

@ = %RU 'LVWRUWLRQ RI IHPWRVHFRQG ODVRY 5D RY 0 RCHU®N
2SWLFV + GRL 2ii86/ff/QBXQ ;fRyXRy3yf
dRj3kkjks

@ 0 .HPSHDQG: 5XGROSK ,PSDFWRIFKURPDWLFDQGVSKHULFDO
OLJKW SXOVHZFEW ORFMAHRWW H WV GRL 2/ 85/
2iiTh,ff/QBXQ ;fRyXRje9fPGXR3XyyyRjd

@ $SSOH L3KRQH WHFKQLFDO ¥iSHFEILRDWQRRRWTH2X8BKI2M@
RRR3|RFFHVVHG
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@ %LQK :XDQ &DR 3KXRQJ/H +RDQJ 6DQJKRRQ $KQ -HQJ R .LP +
5HDO WLPH ODVHU IRFXVLQJ V\VWHP IRU KLJK SUHFLVLRQ PLFURF
DQG DGYDQFHG LPDNHPVHIYRUDVHUV LQ (®@JLQH H WGELRL) M

RSWODVHQJ 2iiTbh,86/QBXQ ;fRYXRyRefDXQTiH b2M;XkyR3XyjXy

@ 6L -LD :X <DQ =KDR 'XDQ <DQ +DR <X =KHQ 1DQ 7LDQ DQG 4L 'I
KLJK SUHFLVLRQ DQG UREXVW IRFXV GHWHRSWR®@ VR LSIHPWWR V HF R
+ GRL 2 ( 2iBM0,ff/QBXQ ;fRYXRje9fP1X9j38jd

@ ODUFXV 3DXOR 5DHOH /XFDV 5DPRV 'H 3UHWWR :DJQHU GH 5R\
FDUGR (OJXO 6DPDG )RFXV WUDFNLQJ V\VWHP IRU IHPWRVHFRC
HQFH LQWHUBAURGWWILF 5HSRUW\GRL Vv 85/
2iiTh,ff/QBXQ ;fRyXRYj3fbORSN3@YyRN@9ydIN@ e

@ 7LQJ +VXDQ &KHQ 5RPDLQ)DUGHO DQG &UDLJ% $UQROG 80OWL
PLFUR PDHKIRWQSB8FLHQFH $SSOLFDWLR®RL OVD 85/
2iiTh,ff/QBXQ :fRyXRyj3fHb XkyRdXR3R

@ 9LHW +RDQJ 'LQK /H3KXRQJ+RDQJ <HQ 1KL 7KDL 9X DQG %LQK
LQ ODVHU V\VWHPV IRU XVH LQ KLJK SUHFLVZ28WW LFMDMHUG DIDWHSIWR
(QJLQHHULQJ GRL M RSWODVHQ2iiTh,ff/QBR&/:f
RYyXRyRefDXQTiH b2M;XkykjXRydeks8

@/ . 1IRODVFR ) $ &RXWR 0 % $QGUDGH DQG & 5 OHQGRQOL
PDFKLQLQJ VWXG\ ZLWK PXOWLSOH ZDLDHPRKEI VEE & B RDW G IGDPIRW

GRL M GLDPRQG ?iiTh,ff/®@BXQ ;fRyXRyRefDX
/B KQM/XkykkXRyN83N

@ 3 &DVWUR 0DUtQ * &DVWUR 20YHUD - *DUGXXxR OHMtD 0 5RVH
2 * SRGUtIJXH] +HUUHUD $XWRFRUUHODWLRQ] VFDQ WHFKQLTX|
GLVWULEXWLRQVRIITHPWRVHFRQG SXO¥8W DRMN8GHVKH HRFDO UH

GRL 2( 2iBBY,ff/QBXQ ;fRYXRje9fP1Xk8XyR99d]

@ +XX'DW1JX\HQ (QULTXHORUHQR $QWRQ5XGHQNR 1LFRODV)D:
3KLOLSSH&RORPELHU DQG5D]YDQ6WRLDQ 6XSHU HIILFLHQW GU!
ODVHU BHRAQWLILF 5HSRUWVGRL Vv 2ii 86,/
ff/QBXQ :fRYXRYj3fbOR8N3@ykk@y8Ned@ 8

@ &KULVWLDQ 9HWWHU 5HPR*LXVW /XFD)XUIDUR &\ULO %LOOHW
DVSHFW UDWLR VWUXFWXULQJ RI JODWWHZILWIOXOWUDIDGWLEHV VF
PD 881iTh,ff/QBXQ ;fRyXjjNyfK ROkked9N

@ &DQ .HUVH +DPLW .DOD\FLRJOX 3DUYL] (ODKL %DUEDURV &HW
6H\GL <DYDV OHKPHW' $VLN %XOHQW 2NWHP +HLQDU +RRJODQG
,OGD\ $EODWLRQ FRROHG PDWHULDO UHRRWIX@HELWK XOWUDIDV\
GRL QDWXUHiiTh,86QBXQ ;fRYyXRyj3fM im 2R3eRN

@ 5LFN 7JUHELQR .HQQHWK : 'H/RQJ 'DYLG 1 )LWWLQJKRII -RKQ 1

%UXFH $ 5LFKPDQ DQG 'DQLHO - .DQH OHDVXULQJ XOWUDVKRU

GRPDLQ XVLQJIUHTXHQF\ USNRIOWYHRI BSWHEWQILFWQ QW UXPHQW YV
GRL 28iF/b,ff/QBXQ :fRyXRyejfRXRR93k3e
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@ 'DQLHO - .DQHDQG $QGUHL % 9DNKWLQ $ UHYLHZ RI SW\FKRJL
PHDVXURBRRQWHYV LQ 4XDQWXP (OHFWURRLFV M STXDQWHOH
85/?iiTh,ff/IQBXQ ;fRYyXRyRefDXT[m Mi2H2+XkykRXRyyje9

@ 5LFN 7UHELQR 5DQD -DIDUL 6 $ $NWXUN 3DPHOD %RZODQ =K
DQG **QWHU 6WHLQPH\HU +LJKO\UHOLDEOH PRRIVRDWPRHGE RO XK
3K\VLFV GRL ?21i8B/ff/QBXQ ;fRyXRyejf8X
yykk88k

@ 0 5DJKX 5DPDLDK $ . 6KDUPD 3UDVDG 1DLN 3 ' *XSWD DQG
DXWRFRUUHODWRU IRU VLQJOH VKRW PHDV XUHFHZXD @DIHPWRVH
+ GRL %) 2iig®/,ff/QBXQ ;fRyXRyydf"6ykdyj9eR

@ 5DQD -DIDUL B6RURXVK ' .KRVUDYL DQG 5LFN 7UHELQR 5HOLLE
VWDELOLW\ LQ WUDLQV RI XOWUDVKRUW ODVHU $KONEW XN\IEGHI U
SRUWYV GRL Vv 21iBGAT/QBXQ ;fRYXRYj3f
bORSN3@ykk@kS8RN|@j

@ 5LFN 7UHELQR DQG 'DQLHO - .DQH 8VLQJ SKDVH UHWULHYDO W
WUDVKRUW SXOVHV )UHTXH Q-RXWH\DROOR |HWE KRHS 2\ W IDFCD DD GNRLFQLH W\ F

+ GRL -26%9% 2iiTB3T/QBXQ ;fRyXRje9fCPa X
RyXyyRRYR
@' - DQHDQGS5 7UHELQR &KDUDFWHUL]DWLRQRIDUELWUDU\IHI

RSWLFDQIDVRIXQRDO RI 4XDQWXP (OHEWURQLBWRL
85/?iiTh,ff/QBXQ ;fRyXRRYNfjXRNNjRR

@ <XWD 1IDNDQR <XLFKLUR.LGD .D]X\DORWR\RVKL DQG 7RWDUR,
UHVROYHG RSWLFDO JDWLQJ IRU WHVW SXOVH FKDUDFWHUL]DWL
SXO¥$ISOLHG 6FLHQFHV GRL DSS 2iiTB31/QBXQ ;fRyX
jjNyf TTeRRyjR8

@ OLJXHOOLUDQGD &RUG/ $UQROG 7KRPDV)RUGHOO )UDQFLVFF
$QQH /T+XLOOLHU DQG +HOGHU &UHVSR &KDUDFWHUL]DWLRQ RI
G VFDQ WHEKWLFXHKH[SUHVV + GRL 2( 85/
2iiTh,ff/QBXQ ;fRyXRje9fP1XkyXyR3djk

@ %HQMDPLQ $ORQVR ,QLJR - 6ROD DQG +HOGHU &UHVSR 6HOI
ODVHU SXOVHV RQ WDUJHW XVLQJ&FQ DO W LW.UFD5UHSTRAONB FIRP S U H
Vv 85iiTh,ff/QBXQ ;fRyXRyj3fb9R8SN3@yR3@kRdyR

@ 7DSLR 3IXUWRQHQ $QWWL .DOOLRVDDUL DQG $QWWL 6DOPLQH
SURFH3RANYFV 3URFHGH D GRL M SKSUR ?iiTh, 85/
ff/QBXQ ;fRYyXRYyRefDXT?T QXkyR9Xy3Xyj3

@7 | &KDQJ / 7 &KHQ & & &KHQ ' - /HH DQG< ) &KHQ &ORVF
PLOOLQJ SURFHVV XVLQJ OQOWHU QW 1LRQDHG-BRDQYPD RI ODFKLQH
WXUH + GRL M LMPDFKWRRQOIVDb,ff/QBXQ85FRyXRyRef
DXBDK +?2iQQHbXKyRKkXy9Xyyk

@ - ; &KHQ ; =KRX 6 /LQ DQG< 7X $SUHGLFWLRQ FRUUHFWLRQ"
IHPWRVHFRIBGWQBVIBQG /DVHUV LQ (®JLQHHUGRL M RSWODYV
852iiTh,ff/QBXQ ;fRYXRYyRefDXQTiH b2M;XkyReXRRXyRk
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@ .DL/LDR :HQMXQ :DQJ ;XHVRQJOHL :HQZHQ7LDQ +DL<XDQ OLQ
6KDSHUHJXODWLRQRIWDSHUHGPLFURFKDQQHOVLQVLOLFDJOD\
PRGHOLQJDQG PDFKROQHOKWDRIQDWHOOLIHQW HDQXIDFWRLLQJ

\% ] 85iTh,ff/QBXQ ;fRyXRyydfbRy398@ykk@yRNS8Yy

@ 7]YHWD $SRVWRORYD 9DV\O .XU\OR DQG ,DURVODY *QLOLWVN
PDWHULDOV)$RIMWLHEV LQ 3K\VLFV GRL ISK\ 85/
2iiTh,ff/QBXQ ;fRYXjj3Nf7T?vXkykRXe8yk3y

@ =KRXZHL +H ;LDR\DQ 6XQ +DLNXDQ &KHQ -LTDQ 'XDQ DQG <RX
FXWWLQJ WHFKQRDKRH\ QWHHWIIHZLRQDO -RXUQDO RI $GYDQFHG OlI

* GRL Y 211 TBBF/QBXQ ;fRYyXRyydf
byyRdy@yk8@ Rekdj@ 8

@ <DQ /LX OHLURQJ :HL 7DR =KDQJ +RQJFKDR 4LDR DQG +XL /L
DQG FULWLFDO LVVXHV RI ZDWHU MHW 2SWIH& ORQGHD PIBDEB KHE KQJ

GRL M RSWODVWHRIiTb,ff/QBX@J;fRyXRyRefDX
QTiH bi2+XkykyXRye3ky

@ %HUQROGS5LFKHU]JKDJHQ OHWKRGDQGDSSDUDWXV IRUPDFKLQ]
86 3IDWHQW 86 $2iiTh8BT i2MibX;QQ :H2X+QKfT i2Mifla8Nyk9N|

@ *XDQJ\L =KDQJ -LD\X :DQJ =KRQJDQ &KHQ <DRZHQ :X %LQ\LQJ
RSWLFDO ILHOG UHJXODWLRQ PHWKRG IRU ZDWHUMHW JXLGHG ¢
SURFHVVLQJRXYMDLAORWADWHULDOV 3URFHVVLQJ TBIRKQRORJ\

M MPDWSURWHF ?2iiTh,ff/€BXQ ;fRyXRyRefDXDK iT Qi2+Xkyk9XRF

@ -L:DQJ &KXQJIXDQJ&KHQ *XRORQJ:DQJ .DLMLH &KHQJ DQG :HC
GXDO EHDP FRPELQHG ODVHU LQWR P L&BIRHZDMLH URVBH\S RRIWGHH S S L
GRL Vv 2iBBH,ff/QBXQ :fRYXRYj3fb9R8N3@yk8@ 388

@ =KLKH &DR +RQJFKDR 4LDR -LELQ =KDR DQG 'RQJ\X +DQ 1XPF
GRXEOH FRD[LDO JDV DVVLVWHG ZDWHU MHRXIXQ B E ® OCD/QHU P DWW K|
3URFHVVHV# GRL M MPDSUR ?2iiTh,ff/QBXQ ;fRyX
RyRefDXDK T QXkykjXRRXyy9

@ OHQJMLDQ :DQJ -LDQZHL :DQJ :HL]JKH :DQJ -LQKXDQ *XDQ +DR
([SHULPHQWV DQG QXPHULFDO RSWLPL]DWLRQ RI ZDWHU MHW JXL
LPSURYHG QVJD WOUIFDRPREB KWERYV GRL PL 85/
2iiTh,ff/QBXQ ;fRyXjjNyfKBRdykykye

@ 6KLORQJ &KHQ 7LDQ\H-LQ =LKDR/LQ OLQJWDR :X -XQTXDQ +X
(QHUJ\ GHSHQGHQW PDFKLQLQJPHFKDQLVPDQG SURFHVVLQ ZDW|
WDO GLBPRQOIBQGULD (QJLQHHUL®J -R XU QDRL M DHM
85/2iiTh,ff/QBXQ ;fRyXRyRefDX 2DXkyk8XyRXRRS

@ <XDQ /L 6KXLZDQJ :DQJ <H 'LQJ %DL &KHQJ :DQGD ;LH DQG /I
WKH FRD[LDO DQQXOXV DUJRQ DVVLVWHG ZDWHU MHW JXLGHG O
ODWHULDOV GRL PD 21iBBAF/QBXQ ;fRYyXjjNyf

K ReRe88eN
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@ =KLURQJ/LDR 'RQJGRQJ:;X 'UDJRV $[LQWH -HUHPLH'LERLQH D
WLRQ PHFKDQLVP LQ ZDWHUMHW JXLGHG ODSB Y TEWAWM. Q2RI D QL

GRL M FLUS ?2iiTh,f88)JBXQ ;fRYXRyRefDX+B TXKky
yjXyyd

@ -RVKXDO 3HDUFH %XLOGLQJUHVHDUFK HTX»IESMQEW ZLWK IUHH
+ GRL VFLHQFH ?iiTh,ffdRMBXQ ;fRYXRRkefb+B2M+:
RkKk3R3j

@ 7TRP%DGHQ $QGUHODLD &KDJDV *UHJ*DJH 7LPRWK\O0DU]XOOR
(XOHU 2SHQ ODEZDUH 'SULQWL@BIRRBXMLRDERODBE HTXLSPHQW
GRL MRXUQDO SE2RTh,ff/QBERQ ;fRYyXRjdRfDQmM M HXT#BQXR

@ /RWKDU 2SLOLN 7KRPDV 6FKPLG DQG 5HQDWR =HQREL ORGHU
WURVFRS\RQ WKH PLFURPHW#Q @XBOGHYRARAWHYQMFD\OHW DO &KH

GRL DQQXUHY DQFKHP ?iiTb,ff/QB&58J ;fRyXRRO9ef
MMM 2p@ M+?2K@yekyRk@yNke9e

@ 6WHSKDQLH6WHZDUW 5\DQ - 3ULRUH OLFKDHO 3 ISHQOMD® DQG
5HYLHZ RI $QDO\WLFDG&KHPLV@/RI DQQXUHY DQFKHP
85/2iiTh,ff/QBXQ ;fRYXRR9ef MMm 2p@ M+?22K@yekyRR@R9jR8k

@ (ZHQ 6PLWK DQG *BRGHBIQ 'HMAMDQ 6SHFWURVFRS\ $L3HMFWLED(
&KLFKHVWHU HGLWLRQ 6% 12iiTh,ffrrrXrB3bZv@p+2X/2f2Mf
"2 b@BMi2 2bifM im> H@b+B2M+2bfKQ/2°" M@ K M@bT2+i'Qb+QTv@

@ 'HVHDGD 'tD] % DUUHUR *HQULFK =HOOHU 0DJQXV 6FKO|VVHU ¢
SHUVDWLOHFRQIRFDOS5DPDQLPDIJLQJPLFURVFRSHEXLOWIURP R
6HQVRUV GRL Y ?2118BB/ff/QBXQ ;fRYyXjjNyf
bkkk9RYYyR]

@ 1HLO - (YHUDOO &RQIRFDOS5DPDQPLFURY®BOS\VARPPR HUURU
GRL & $1 $?i8BH,ff/QBXQ ;fRYXRyjNf*y LyyjdR

@ 2SHQ5%$0$1 2SHQ5%0%$1 $Q RSHQ VRXUFH 5DPDRQTWSHFWURPHWF
QT2M@ K MZQLAELDO SURMHFW GRFXPHQWDWLRQ DFFHVVHG

@ 6HXQJ -LQ %DHN $DURQ 3DUN <RXQJ -LQ $KQ DQG -DHEXP &KR
PHWULFDOO\ UHZHLJKWHG SHQDO $[pIIOOWW VW ¥ TXDUHV &RRRWK

& $1 % 8BiliTh,ff/QBXQ :fRyXRYjNf*9 LyRyeR"
@ $EUDKDP 6DYLW]N\DQG ODUFHO - ( *ROD\ 6PRRWKLQJDQG GLII
VTXDUHV S BRMHOWUIHRDO & KHP LYW U\ GRL DF D 85/
2iiTh,ff/QBXQ ;fRyXRykRf +eykR9 yod
@ $670 ,QWHUQDWLRQDO $670 ( BWDQGDUG *XLGH IRU 51

WURPHWHU &DOLEWDIWhRR{PIiQ 2XHIKXQ ;f2R39y@Ne kkX?iKH

@ ODU\DP $O6KHKDE 6DED 6LDGDW ORXVDYL ODXGH $P\RW %RX
20LYLHUL %HKQRRG *KDPVDUL DQG 3LHUUH %HULQL 'HVLJQ DQ
DQG FKDUDFWHUL]DWLRQ RI SODVPRQ HQKD-@®KH® B D PRDI QMKFD 2\SW\
FDO 6RFLHW\ RI $PHULH#F)D % GRL -26%% ?2¥iTb85/
ff/IQBXQ ;fRyXRje9fCPa "XjeXyyy69N
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@ &KULVWLDQ ORKU &ODLUH/ 6SHQFHU DQG OLFKDHO +LSSOHU
GHUJUDGXDWH DQG JUDGXDWHRK[$S®DQRH @ WNFLF® O & ¥PDW KR Q
GRL HG MiT®57f/QBXQ ;fRyXRYkRf2/3yyy3Ri

@ 2SHQ5%0%1 2SHQ5%$0%$1 VWDUWHU DQG SHUIRUFDQFHr KGLWLR
QT2M@ K MXQ ;2AmBH/DHO SURMHFW GRFXPHQWDWLRQ DFFHVVHG

@ +DUGHHS 6KDUPD O0ODULVD . %LUG 6LHUUD %UXLQVPD ODULFI
*RRGZLQ ODUJDUHW .LP /HRQDUGR 6DQ (PHWHULR DQG -DFTXt}
$Q DXWRPDWHG RSHQ VRXUFH 5DPD QiVBH FAMWYBRPHWIRY X8d39985/
"+ /B @dp#/@M3HQ UHVHDUFK UHVRXUFH

@ 5HQLVKDZ LQ9LD FRQIRFDO 5DPDQi PLEURWXFREBbL? rX+QKf2Mf
BMpB @+QM7Q+ H@ K M@KB2lQFLtQD2SAYREKEW SDIJH DFFHVVHG

@ +25,%% B6FLHQWLILF /IDE5$0 2G\VVH\ UDPDQ PLAWBRVFRSH
ffrrrX?Q B# X+QKfBMifb+B2MiB7B+fT Q/m+ibf/2i BHf +iBQMfb?QrfS"
H# K@Q/vbb2v@ K M@KB+ DIbtEPIR@KRBBREXFW SDIJH DFFHVVHG

@ 2[IRUG ,QVWUXPHQWYV ZLWHF UDPDQ?LIPFDJLIQ XKPM K Q RBNFIRI X H
+QKIT Q/m+ibfrBi2Hjéy¥fLDO SURGXFW SDJH DFFHVVHG

@ 7TKHUPR )LVKHU 6FLHQWLILF ;5 [L UDPDQ LRDIbLbQIIrPIFURVFR
1?72 " KQ7Bb?2 X+QKfQ /2 f+ i HQ;fT Q/m+ifAZG2IILF1IED®. FURGXFW SI
DFFHVVHG

@ %UXNHU 6(17(55% ,, UDPDQ PLFURINFIRSHrrX# mF25X+QKf2Mf
T Q/m+ib@ M/@bQHmMIBQMbfBM7™ "2/@ M/@ K Mf° K M@bT2+i QK2i
?iIKH2IILFLDO SURGXFW SDJH DFFHVVHG

@ %UXNHU 5$0$1WRXFK UDPDQ PLRUIRYHRSHX# mF2 85QKf2Mf
T°Q/m+ib@ M/@bQHMIBQMbfBM7" ‘2/@ M/@ K Mf> K M@KB+ Qb+QT
2IILFLDO SURGXFW SDJH DFFHVVHG

@ OHWURKP 0,5$% :75 '6 UDPDQ VSHFWURMBHMKHWXK?2i Q ?2&5/+ QK f
2MIT Q/m+ibf K M@bT2+i'Qb+QTvi? M/?2H/@ " K MAKBL DB S @RIEXH |
SDJH DFFHVVHG

@ OHWURKP ,%(; VLWH DVVHV?PRRQWURERMW Q?KXSR/KI2MFfT Q/m+i
K M@bT2+i'Qb+QTVIBH2tRRIKHHSURGXFW SDJH DFFHVVHG

@ -DVRQ 6SDUDSDQL IDVHUV  URERWVY DFWLRQ 0,7
PDQ VSHFWURVFRS\ ODUFK 2iiTh,fIM2FbXKBiX2/mfkykef
Hb2'b@ Q#Qib@ +iBOQM@KBi@rQ Fb?QT@2tTHQ 2b@  KOM@bT2+i
1HZV SXEOLVKHG ODUFK DFFHVVHG

@ +XDQ\X 5HQ -LDMXQ =KDQJ /LTL 3HQJ +XLKXL /L DQG =KL 6X
VSHFWURPHWHU IRU YDULRXV WHDFKLQJ VSHFWUDGXJQBOLRHQW
&KHPLFDO (GXFDWLR® GRL DFV MFKHPHGTbE 85/
ff/IOQBXQ ;fRYyXRykRf +bXD+?2K2/Xj+yy9ye
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@ 2FHDQ ,QVLJKW 4(3UR VSHFWH,RRHWEY2 MBMIBB;?2iX+QKFT Q/m+
bT2+i"QK2i2 bf?B;?@b2MbBiBpBiv@bT2+2 QKRLDOHP®GXFW SDIH D

@ $YDQWHV $YDBSHF +(52 VSHPWUORRARHWMN W Mi2bX8EQKIT Q/m+ibf
bT2+i"QK2i2 bfb2MbHBM2f p BMR2F@PQ SFRGXFW SDJH DFFHVVHG

@ ,EVHQ 3KRWRQLFV )5(('20 VSHFWUWIRBHYBHUYZMX+QKfE5Q/m+ibf
7°22/QK@bT2+i QR2IRFhDO SURGXFW SDJH DFFHVVHG

@ +DPDPDWVX 3KRWRQLFV & 0$ PHPV PLFURIVISHFWMRPHWH
2 K KibmX+QKfmbf2MfT Q/m+ifQTiB+ H@b2MbQ bfbT2+i QK2i2 bfKE
*Rk33yJ X?PHKH.FLDO SURGXFW SDJH DFFHVVHG

@ :DVDWFK SKRWRQLFV &REUD 6 RFIWIYSHFWIUHRFRAQIQW B+bX8GKTf
T Q/m+if+Q# @b@Q+i@bT2HILRKRO2ZSURGXFW SDJH DFFHVVHG

@ 6KHO\DN ,QVWUXPHQWYV 6ROT([ DQG &W D, T{{rv:8 bTFAAWY RFXUHDBKIV
T Q/MBifbQH2t@2M;HBb2I\HFMPIQBURGXFW SDJH DFFHVVHG

@ 6KHO\DN ,QVWUXPHQWYV H6KHO ,, KLIK UHVROIXWLRQHEKFKHOOF
b?2Hv FX+QKfT Q/mBif2b? 2HIWHIMO®2WRGXFW SDJH DFFHVVHG

@ 3K\VLFV2SHQ/DE :HEFDP',< VSHAARWHL RAIRAWHBUbQT28BH #XQ ;fkyR!
yNfjyfr2#+ K@/Bv@bT2+3QR®IRFW GRFXPHQWDWLRQ DFFHVVHG

@ +\HMHRQJ -HRQJ 6X\HRQ 6KLQ -LKXQ +ZDQJ <RRQ -LQ .LP DQC
IOXRUHVFHQFH VSHFWURPHWHU IRU QRQFRQRXFQDWOFRH & WVH.PILF D
(GXFDWLRQ * GRL DFV MFKHPHIGbHRf/QBBQ/;f
RyXRykRf +bXD+?2K2/XR+yy8ey

@ 3DYHO 9 .ROHVQLFKHQNR $[O (ULNVVRQ /LQQHD /LQGK 'RQDW

VSHFWURSKRWRPHWHU $KRPH EXLOW VLPSOH DQGFRVW HIILFL

WRPHWHU IRU HGXFD\RXRQDQ RKERHPWEDO (GXEDWLRQ GRL
DFV MFKHPHG FiiTbh,f86Q@BXQ :fRYXRYKkRf +bXD+?22K2/Xk+yyec

@ 5\DQ %RJXFNL ODU\*UHJJLOD 3DXO ODOORU\ -LDQVKHQJ)HQJ
+XQWHU .LQJ DQG $GDP: 6PLWK $ ' SULQWDEOH GXDO EHDP VSH
VPDUWSKR QHRXGMIMORRI & KHPLFDO (GXEDWLRQ GRL DFV
MFKHPHG E ?iiBB/ff/QBXQ ;fRYXRYKkRf +bXD+?2K2/X3#yy3dy

@ (OLVH. *UDVVH ORUJDQ + 7RUFDVLR DQG $GDP : 6PLWK 7HDF
" SULQWDEOH VPDUWS KR QRXWSHFWRIRRSKFRPULRP B WEHXFDWLRQ
GRL DFV MFKHPHGQGIIiED,ff/BBXQ ;fRYXRYkRf +bXD+?2K2/X8#y

@ :LOOLDP .DLUDRUHRWHK5RERWLB K RQWNWWULXFWDRLRWYD FKXVHWWYV ,QV
QRORJ\ &DPEULGJH 0% 6HSWHFEHWY# XKBIX2/mf/Q+bfi?2b2bfRNXYy
G M;7Q /XTRFWRUDO WKHVLV DFFHVVHG



