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SUHIDFH

7KH IROORZLQJUHSRUW KDV EHHQ DXWKRUHG E\ D WHDP RI $HURVSDFF
%DFKHORUYY SURMHFWDW '"HOIW 8QLYHUVLW\RI7HFKQRORJ\ ,Q WKLV ILQELC
FROODERUDWLQJDVDJURXSWRLPSURYHRXUVNLOOVLQ SURMHFW PDQD.

7KLVUHSRUWKDV DWDUJHWDXGLHQFHRIHQJLQHHUV PDQDJHUVDQGDEFDC
RIDHURVSDFHHQJLQHHULQJ +HUHLQ LW VKDOO EHDVVXPHG WKDW WK
NQRZOHGJHLQ DHURVSDFH V\VWHPY DV ZHOODVLQUHOHYDQW HQJLQHH

‘HZRXOG OLNHWRH[WHQG RXUJUDWLWXGHWR VWDII PHPEHUV'U ,U +DQ'
2XUDQLD $OWLSDUPDNLO6F DQG-HVVH5HXVHQO6F DV ZHOODV RXU WHI
WKHLU FRQWLQXHG VXSSRUWDQG JXLGDQFHGXULQJWKLY GHVLJQ VIQWK
OHONHUW IRU FRRUGLQDWLQJWKH SURMHFW DQG -XUULHQ 9RV %6F IRUF

JXUWKHUPRUH ZHDOVR ZLVKWR WKDQN 'U ODUWLMQ 6PLW 6521 'U $QGL
*HULQL 712 IRUSURYLGLQIJNQRZOHGIJHDQGLQVLIKWYV VXSSRUWLQJ WK

*URXS
'"HOIW -XQH



6 XPPDU\

7KLV UHSRUW SUHVHQWYV WKHILQDO UHSRUW IRUWKH &RQVWHOODWLRQ
PLVVLRQDV ZULWWHQ E\*URXS DVSDUWRIWKH'HVLIQ 6\QWKHVLV ([HL
(QJLQHHULQJ $( RI'HOIWB8QLYHUVLW\RI7HFKQRORJ\ 7KHWHDP KDV EH'
DHURVRO GHWHFWLRQ VIVWHP RYHUD SHULRG RIWHQ ZHHNV 7KHDLP RI W
VXVWDLQDEOHDQG PRUHFRVWHIIHFWLYH VROXWLRQIRUDHURVRO GHWHF
7KLY ZDVGRQHE\DQDO\]LQIJWKHDOWHUQDWLYHV IRUWKHVSHFWUR SRO

7TKLVUHSRUWLV ZULWWHQ WR RXWOLQH WKHILQDO GHVLIJQ VWDJH RI WKH &
FRQFOXGHG ZLWKDILQDO GHVLIQ FRQFHSWDQG SUHOLPLQDU\VXEV\VWHI
IXUWKHU GHWDLO VL]ILQJWKHLQGLYLGXDO FRPSRQHQWYV WKDW WKH VDWH
EXGIJHWHVWLPDWLRQ WREH SHUIRUPHG UHVXOWLQJLQ WKH &$6( VSDFH|I
RSWLFDO PHWDVXUIDFHV EDVHG VSHFWUR SRODULPHWHU ZLOO EH KRV W
RUELW (DFKVSDFHFUDIW ZLOOKDYHD 8 &XEH6DW VWUXFWXUHZLWK D WH
7TKHFRQWULEXWLRQV RIHDFKVXEV\VWHP WR WKHVHILQDO FKDUDFWHULVYV
WRWDO FRVW RIWKHPLVVLRQLQFOXGLQJVXSSRUWLQJJURXQG VWDWLR
0¥Ys )XUWKHUPRUH HDFKVSDFHFUDIWKDVDQHVWLPDWHG UHOLDELOLW\ R
R

&GRQWULEXWLQJIDFWRUV WR WKHILQDO GHVLJQ VXFKDV ULVN VXVWDLC
SURYLGHD KROLVWLFDVVHVVPHQW RI WKH &%$6( PLVVLRQ 6XVWDLQDELOL\
KDVEHHQHPSOR\HG DQG WKDW WKH VXVWDLQDELOLW\UHTXLUHPHQWYV DU
EHHQ FRQILUPHG LQ D FRPSOLDQFHDQG IHDVLELOLW\DQDO\VLV

7KHPDUNHWDELOLW\DQG SURILWDELOLW\KDYHDOVREHHQLQYHVWLJDWH
DRQGLOWHUHVWWRLQYHVWRUYV DFROOHFWLRQRIUHQGHUVY KDYHEHHQ S
WKHGHVLIJQ KDVDFFXUDWHO\FRQYHUJHGWRLWVILQDO YHUVLRQ D VHQVL
RIYDULHG LQSXWYV $OVR WR FRQILUP WKDW WKH FDOFXODWLRQV DQG |
VLIQLILFDQW VWUHVV KDV EHHQ SODFHG RQWKH YHULILFDWLRQDQGYDO

'"HOYLQJLQWR WKHLQGLYLGXDO VXEV\VWHPV HDFKKDV EHHQ VLIHG GRZQ
DOORZLQJIRUDQDFFXUDWH VL]LQJRIWKHILQDO GHVLJQ 7KHWHOHPHWU
FRQWURO VXEV\VWHPV FRXOG EH VLIHGIURP WKHGDWD UDWH )RU WKH I
FRPPXQLFDWLRQV V\VWHP ZDV VHOHFWHG ZLWK D PLUURU EDVHG FRDUVH S
WKHJIJXLGDQFH QDYLJDWLRQ FRQWURO VXEV\VWHP DJOREDOQDYLJDWLF
,6,6SDFH ZHUH FKRVHQ 7KH UHPDLQLQJVXEV\VWHPV ZHUH DOVR VL]HG VLP
VI\IVWHP ZDV GHVLIJQHG ZLWK D 7THWKHUV 8QOLPLWHG +<'526 &HQJLQH IDY
XVDJH 7KHFRPPDQG GDWDKDQGOLQJVXEV\VWHP ZDVHTXLSSHG ZLWK D
XQLW 7KH SDVVLYHWKHUPDO FRQWURO YDULHY SHUVXEV\VWHP EXW FR
DYDULHW\RIPDWHULDOV GHSHQGLQJRQ WKHVXEV\VWHP LQ TXHVWLRC
WRIDFLOLWDWH QHFHVVDU\ KHDW GLVWULEXWLRQDFURVV WKHFRPSRQF
ODWWHU DUH SURYLGHG E\7THFKQRORJ\$SSOLFDWLRQV ,QF 7KH VSDFH
3bobGLQ WRHQVXUHWKHGHVLUHGLQWHUQDO WHPSHUDWXUHUDQJH
FRQVLVWV RIDQDVVHPEO\RIPDIJQHWRUTXHUV VWDUWUDFNHUV DQG VXQ
RIWKHVSDFHFUDIWDQG DUHDFTXLUHG IURP +\SHULRQ ZKLOH WKH WZR
2&( 7THFKQRORJLHVDQG 1(('521,; UHVSHFWLYHO\ 7TKHHOHFWULFDO SRZH
EDWWHU\ DQG SRZHU FRQGLWLRQLQJ GLVWULEXWLRQ XQLW 7KHVROD
$]XU6SDFH WKH 237,086 EDWWHU\VIURP $$& &O0\GH 6SDFH ZDV VHOHFWHG
ZDVVHOHFWHG WR EH WKH67%$5%8&. 1$12 3/86 DOVRIURP $$& &0\GH 6SDF
S5RFNHW ZDV FKRVHQ DV WKH ODXQFKHU
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&ERQWHQWYV

3UHIDFH
6XPPDU\
$EEUHYLDWLRQV
/LVW RI)LIXUHV
/LVW RI 7TDEOHV
,QWURGXFWLRQ

SURMHFW 2EMHFWLYHV

)LQDO &RQFHSW

$VWURG\QDPLF &KDUDFWHULVWLFV
2UELW &KD U D PONADUG NN F V
SRLQWV RI ,QWHUHVW
SHVXOWYV
SLVN
6XVWDLQDELOLW\

3D\ORDG 6 XEV\VWHP
2SWLFDO OHWDVXUIDFHV
L SRODULPHWHU
&RQILIXUDWLRQ 7UDGH 211
,OQVWUXPHQW &KDUDFWHULVWLEV
O9HULILFDWLRQ DQG 9DOLGDWLRQ
Y 5LVN
6XVWDLQDELOLW\

%DVHG

LL

3URSXOVLRQ 6XEV\VWHP
L 6XEV\VWHP 6HOHFWLRQ
6LILQJ
9HULILFDWLRQ DQG 9DOLGDWLRQ
5LVN
6XVWDLQDELOLW\

S8VHUS5HTXLUHPHQWY &RQVWUDLQWYV

BWDNHKROGHU5HTXLUHPHQwV &RPPDQG

OLVVLRQ5HTXLUHPHQWYV
6\VWHP 5HTXLUHPHQWYV
6XEV\VWHP 5HTXLUHPHQWYV

ODUNHW $QDO\VLYV

'DWD +DQGOLQJ6XEV\VWHI
'DWD +DQGOLQJ %ORFN 'LDJUDP
3URFHVVLQJS5HTXLUHPHQWYV
&RPSRQHQW 6HOHFWLRQ
6SDFHFUDIW 'DWD %XV
9HULILFDWLRQ DQG 9DOLGDWLRQ

(DUWK 2EVHUYDWLRQDQG $HURVRO SHWNMFWLRQ

7TDUJHW /RFDWLRQV
ODUNHW 3RVLWLRQLQJ

7THFKQLFDO5LVN $VVHVVPHQW

6XVWDLQDELOLW\

7TKHUPDO 6 XEV\VWHP
THPSHUDWXUHS5HTXLUHPHQWYV

6\VWHP OHYHO 7THFKQLFDO 5LVN $QDFrWELVH &RQWURO
5LVNODSV OLWLJDWLRQ 6WUDWHJLBRVVLYH &RQWURO
6 XEV\VWHP OHYHO 7THFKQLFDO 5LVN$OWAILFDWLRQ DQG 9DOLGDWLRQ

SLVN

6XVWDLQDEOH '"HYHORSPHQW 6WUDWHJBXVWDLQDELOLW\
6XVWDLQDELOLW\ 'HILQLWLRQ

OLVVLRQ /LIH &\ FOH $VVHVVPHQWUDFNLQJ 7HOHPHWU\

&RPPDQG 6XE

6 XEV\VWHP /LIH & FOH $VVHVVPHQW DWD *HQHUDWLRQDQG 7UDQVPLV

5$06 &KDUDFWHULVWLEYV
5HOLDELOLW\
$YDLODELOLW\
ODLQWDLQDELOLW\
6DIHW\
&RQFOXVLRQ

O9HULILFDWLRQ 9DOLGDWLRQ
6\VWHP OHYHO 9 9
6 XEVI\VWHP OHYHO 9 9

SUHOLPLQDU\'HVLJQ 2YHUYLHZ

2EVHUYDWLRQ SODWIRUP

6HOHFWLRQRID/DVHU &RPPXQLFD)
&RDUVH3RLQWLQJ$VVHPEO\
9HULILFDWLRQDQG 9DOLGDWLRQ
SLVN

6XVWDLQDELOLW\

$SWWLWXGH 'HWHUPLQDWLRQ &RQWU
6HQVRUYV
$FWXDWRUYV
$'&6 2YHUYLHZ
9HULILFDWLRQ DQG 9DOLGDWLRQ
5LVN
6XVWDLQDELOLW\

SUHOLPLQDU\'HVLIJQ &RQFHSWV*XLGDQFH 1DYLJDWLRQ &RQWURO 67

7TUDGH RII 6 XPPDU\

*166 SHFHLYHU
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*166 SQWHQQD 5LVN
9HULILFDWLRQ DQG 9DOLGDWLRQ 6XVWDLQDELOLW\

5LVN
6XVWDLQDELOLW\ &RQILIXUDWLRQ /D\RXW
2XWHU (QYHORSH
(OHFWULFDO 3RZHU 6 XEV\VWHP &RPSRQHQW &RQILIJXUDWLRQ
6XEV\WWHP 6HOHFWLRQ &DEOLQJ +DUQHVYV
9HULILFDWLRQ DQG 9DOLGDWLRQ
5LVN J)LQDO 'HVLJQ 2YHUYLHZ
6XVWDLQDELOLW\ 6XEV\WWHP '"HVLJQ

+DUGZDUH (OHFWULFDO %ORFN 'L
6WUXFWXUDO ODWHULDO &€KDUDFWHULVRMMFADUH 'LDJUDP
BULPDU\B6WUXFWXUHG6HOHFWLRQ 2SHUDWLRQV /RJLVWLF &RQFHSW
3D\ORDG 3ODWIRUP

IDXQFKHU ,QWHJUDWLRQ &RPSOLDQFHODWUL[ )HDVLELOLW\ $
9HULILFDWLRQ DQG 9DOLGDWLRQ
5LVN HQVLWLYLW\$QDO\VLV
6XVWDLQDELOLW\ &KDQJHLQ'UNODVY

&KDQJHLQ 9ROXPH

IDXQFK 9HKLFOH 6HOHFWLRQ &KDQJHLQ3RZHU &RQVXPSWLRQ

/IDXQFK 9HKLFOH 'DWD -XVWLILFDWLRO
'"HGLFDWHG /DXQFK -XVWLILFDWISYW »UHDNGRZQ 6WUXFWXUH  3URI
/IDXQFKHU 7UDGH RI| &RVW %UHDNGRZQ 6WUXFWXUH
6HOVLWLYLW\ $QDO\VLYV 3URILWDELOLW\ $QDO\VLV

'"HSOR\HU 6HOHFWLRQ
O9HULILFDWLRQDQG 9DOLGDWLR

SLVN 3HUVRQDO &RPPXQLFDWLRQ
6XVWDLQDELOLW\

§RQFOXVLRQ

%LEOLRJUDSK\
*URXQG 6HJPHQW

*URXQG 6WDWLRQ 1HWZRUN ¢ 2UJDQL]DWLRQDO BWUXFWXUH )XQI
$YDLODELOLW)\ (VWLPDWLRQ 3RVW '6('LDJUDPV
IRFDWLRQV

9HULILFDWLRQDQG 9DOLGDWLRQ6HFRQG ORPHQW RI $UHD
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$WWLWXGH 'HWHUPLQDWLRQ &RQWURQ®,6\VWHP 0XOWL /D\HU ,QVXODWLRQ

$HURVSDFH (QJLQHHULQJ 002,
$QDO\WLF +LHUDUFK\3URFHVYV 016

$HURVRO 2SWLFDO '"HSWK 02&(7
$FFHSWDQFH 7THVWLQJ 0337
%DWWHU\9ROWDJH 06
%LW (UURU 5DWH 1$6%
%DWWHU\ & KDUJH 5HIXODWRU 1*2
%HJILQ 21 /LIH 2% &
&RPSXWHU $LGHG 'HVLJQ 26

ODVV ORPHQW 21 ,QHUWLD
OLVVLRQ 1HHG 6WDWHPHQW
OLVVLRQ 2SHUDWLRQV &RVW (VWLPI
OD[LPXP 3RZHU 3RLQW 7UDFNLQJ
ODUJLQ RIBDIHW\

1DWLRQDO $HURQDXWLFV DQG 6SDF
1RQ *RYHUQPHQWDO 2UJDQL]DWLRQ
2Q %RDUG &RPSXWLQJ

2SHUDWLQJ 6\WWHP

&RQVWHOODWLRQ IRU$HURVRO 6XUYRIIODQFH DBRXQWHWK&ELTFKPWRWRDUG

&RPPDQG 'DWD +DQGOLQJ 3&8
&RQVLVWHQF\ ,QGH] 3&'8
&LYLO (QJLQHHULQJDQG *HRVFLHQFH3S8

&RPPHUFLDO 21l 7KH 6KHOI 3/
&RDUVH 3RLQWLQJ $VVHPEO\ 32,
&RQVLVWHQF\5DWLR 326
'"HDG 2Q $UULYDO 3523
'"HSWK 21 'LVFKDUJH 37
'"HVLIQ 6\QWKHVLV ([HUFLVH 47

3RZHU &RQGLWLRQLQJ8QLW
3RZHU &RQGLWLRQLQJDQG 'LVWULE
3RZHU 'LVWULEXWLRQ 8QLW
3D\ORDG

3RLQW Rl ,QWHUHVW

3URMHFW 2EMHFWLYH 6WDWHPHQW
3URSXOVLRQ

3DWKILQGHU 7THFKQRORJ\ '"HPRQVW
4XDOLILFDWLRQ 7HVWLQJ

$OXPLQL]JHG 3BRO\HVWHUDQG &KHPLFDOH$EHU 6SDHBHHWLDELOLW\ $YDLODELOLW\ 0DLQC

$OXPLQLXP)RLODQG &KHPLFDO )LEHU &SDFHU

(QGRI/LIH 5)

(OHFWULFDO 3RZHU 6\VWHP 52,
(XURSHDQ 6SDFH $JHQF\ 56.
JLHOG 21 9LHZ 6 ((
)XOO :LGWK DW +DOI OD[LPXP 615
*HRVWDWLRQDU\ 2UELW 6R+

*UDSKLWH )LEUH 7KHUPDO 6WUDSV 63,

5HVHDUFKDQG 'HYHORSPHQW
5DGLR )UHTXHQF\
5HWXUQ RQ ,QYHVWPHQW
5LVN
6LQJOH (YHQW (IIHFWV
6LJQDO WR 1RLVH5DWLR
6WDWH RI +HDOWK
6HULDO SHULSKHUDO ,QWHUIDFH

*/2EDOQDMD 1$YLIJDWVLRQQDMD 6SRHMWQ@LNRY DMOLOQAMMWMHEFAD WWHULQJI $OEHGR

*XLGDQFH 1DYLJDWLRQ &RQWURO 662
*OREDO 1DYLIJDWLRQ 6DWHOOLWH 6\VW5ZP1

*OREDO 3RVLWLRQLQJ6\WWHP 67
*URXQG 6WDWLRQ 675
*URXQG 6DPSOLQJ'LVWDQFH 6<6
*HRVWDWLRQDU\7UDQVIHU 2UELW 6:27
,GHQWLILHU 7%’
,QWHU ,QWHJUDWHG &LUFXLW 7&
,QSXW 2XWSXW 712
,QVWUXFWLRQV 3HUG6HFRQG 75/
/LIH &\FOH $VVHVVPHQW 77 &
/IRZ (DUWK 2UELW 78,
IDXQFK 81
IDXQFK 9HKLFOH 9 9
OLVVLRQ i)

6XQ 6\QFKURQRXV 2UELW
1HWKHUODQGYV ,QVWLWXWH IRU 6SD
6WDNHKROGHU

BWUXFWXUHV

6\VWHP

BWUHQJWKY :HDNQHVVHV 2SSRUW)>
7R %H 'HILQHG

7KHUPDO &RQWURO

1HWKHUODQGYV 2UJDQLVDWLRQ IRU
7HFKQRORJLFDO 5HDGLQHVV /HYHO
7HOHPHWU\ 7UDFNLQJ &RPPDQG
7HWKHUV 8QOLPLWHG ,QF

8QLWHG IDWLRQV

9HULILFDWLRQ 9DOLGDWLRQ
‘RUOG :LGH )XQG IRU 1DWXUH




THPSHUDWXUH UDQJH RID/RIIDIHU SDQH
6FKHPDWLF RI*)76 FRQILIXUDWLRQ

&XEH&DW E\ +\SHULRQ 7THFKQRORJLH
OLUURU EDVHG &3%

ILVW RI ) L J X U H\pH suLvPEDVHG &3s

ODJQHWLFILHOGDURXQG WKH HTXD)\
DOWLWXGH

8QLW &XEH6DW VWUXFWXUH IURP ,

ODUNHW VHIPHQWDWLRQ IRU VPDOO)W?\'T\'/l—Ft88}_ﬁ/lF|Q/JUDP RI WKH SDVORDG
1HW RIILFLDO GHYHORSPHQW DLG UHPHYRHE LQWHIUDWLRQLQWR WKH O

5LYN PDS EHIRUH PLWLIDWLRO 84\XDG3DFN E\,6,6SDFH IRU &XEHB6!
5LVN PDS DIWHU PLWLJDWLRQ SOR\PHQW

&XEH6DW IDLOXUH E\ VXEV\VWHP Dl\'%/'ﬁ%q;%lnﬁ#%&@(é”wz”“(?FRQWDFW'

SHOLDELOLW\HVWLPDWLRQ RI &XEH a0 \PrRJV\ﬁLg\QX\ BY

1$6$ UHOLDELOLW\HVWLPDWH $YHUDJHDQQXDODIWHUQRRQ GDWD
HUDJH DFURVV (DUWK EDVHG RQ GDLC

6FKHPDWLF YLVXDOLVDWLRQV RI WKIHPE R QHIOHFEORL®PEL OWW\ FDOFXODWLRC

BUHOLPLQDU\UHQGHU RI WKH VXEV\\WR Wk BS\RLWKLIGYH *6V
WKH VDWHOOLWH 2YHUYLHZ Rl *6 ORFDWLRQV DQG WKFE

9LVXDOLVDWLRQRIWKH ILQDO RUEDWFWRUV FRQWULEXWLQJWR WKH RX
9 EXGJHW DW YDULRXV DOWLWXGHWKH &$6(VSDFHFUDIW
'LITHUHQFHV LQ VZDWK FRYHUDJH GABMbWLRIRG RI VRODU DUUD\V RQ W

WDUJHW VHOHFWLRQ 30DFHPHQW RI WKH SD\ORDG SURS
211 QDGLU SRLQWLQJUHTXLUHG IRU MHBAKRAHPRXQRAEF DWLRQV VXEVI\VWHP)
DW YDU\LQJ ODWLWXGHV SRVLWLRQLQJRIFRPSRQHQWYV ZLWK

6SDWLDO GHQVLW\RI/(2VSDFH GHERRYLWLRQLQJ RI WKH SURFHVVLQJ
XQLWYV DQG PDJQHWRUTXHUV

OHDQ DEVROXWH HUURUV RI DHURV R ®RAWLAD. QB RWX&'8V DQG *166 UHF|
DQG VLQJOH VFDWWHULQJDOEHGR )LQDO FRQILIXUDWLRQ RI WKH VSDF#
5HWULHYDO QRLVH DQG UHJXODUL]DS$MRQPHUE RDRQLQKHEHWZHHQ WZR F
UHWULHYHG RSWLFDO WKLFNQHVV RARASLRMROWR WKH VWUDLJKW OLQH C

6FKHPDWLF '"UHQGHU RI WKH DQJOHG SD\ORDG
VWUXFWXUH +DUGZDUH (OHFWULFDO %ORFN 'LDJ

6RIWZDUH GLDJUDP
:DWHU HOHFWURO\VLV URFNHW S UR S8KQ.WMRLF GLLDIWDHP

+<'526 & HQJLQH GLPHQVLRQV
&RVW %UHDNGRZQ 6WUXFWXUH

'DWD IORZ EORFN GLDJUDP IRU WKH)XQCRBKORBDWLRQ

JURXQG VHIPHQWYV
% &URVV VHFWLRQV RIWKH SULPDU\

THPSHUDWXUHDQ®OJH RYHU % &URVV VHFWLRQV VKDSHV ZLWK GLP

YL



ERQWULEXWLRQV WR WKHUHTXLUHG
SDFLW\

SBURSHUWLHV RI WKHVHOHFWHG SUR
ERQQHFWLRQVEHWZHHQ YDULRXV VX
SRQHQWV DQG WKH &'+ VXEV\VWHP

/ L VW R I 7 D E O I_!S UDWLQJWHPSHUDWXUHYV RI WKH V

SRQHQWYV
O0XOWL OD\HULQVXODWLRQ SURSHU!
3URSHUWLHV *UDSKLWH )LEHU 7KHU

$EEUHYLDWLRQV XVHG LQ WKH UHTXIHORD@WHNMVXUHPHQW WLPH YV GR

UDW H
s\liVUUHHDijxVKB\(Z? '$HDDNOQ\\"/'\L/\\//HV 2SSRIWX RYKVWREWLFDO FRPPXQLFDWLRQ
: Q 3URSHUWLHV RI WKH &XEH&DW

OHULILEDWLRQ YDOLGDWLRQ VWUDWHALRY Y{RARWBBEnHUY Do G wKHL
HDFK VXEV\VWHP SDUDPHWHUYV

7UDGH RIIEHWZHHQ D VWUDWRVSKHULYVEBOYRRYBQERUV DQG WKHLU PR
VDWHOOLWH FRQVWHOODWLRQ SDUDPHWHUYV

'HVLJQ RSWLRQ VSHFLILFDWLRQ IDWLWXGH ORQJLWXGH DQG WKHLU
$VVHVVPHQW RIJUDGLQJ FULWHULD WHH EBRVWDIYREG DQG 6LQIJDSRUH
FHSW IRUWUDGH RII ODJQHWLFGLSROHPRPHQW UHTXLUHC
:HLJKWV DVVLIJQHG WR HDFK WUDGHORIWRUITWHUIRBU SLWFK\DZDQG UROC
7UDGH RIITUHVXOWYV VFRUH SHU FUBWRSHR@LHV RI WKH GLITHUHQW $'&6
2YHUYLHZ Rl FKDQJH LQ UHODWLYH LPSRUWDQFH

IDFWRUV IRUVHQVLWLYLW\DQDO\VIODULRXV *166 UHFHLYHUV

1HZ FRQFHSW VFRUHV DIWHU DGGLQJYPKH RQOHD CHYRQWHQQDV

6XPPDU\RIRUELWDO FKDUDFWHULVMWUDPHWHUY DQG LQWHUPHGLDWH 1
9 EXGJHW RIWKH VSDFHFUDIW VRODU DUUD\VL]LQJ
6SHFLILFDWLRQ RI WKH PLVVLRQ WBURSWMY WIIHVBIMVEKH VHOHFWHG VRO
LQWR WKUHH FDWHJRULHV EDVHG RGDWKHRMWVEHUR DIOG\LQWHUPHGLDWH |
BURSHUWLHV RIWKH PHDVXUHPHQWMVDGWUH QW KIHORUE LW
7LPHEHWZHHQ PHDVXUHPHQWYV DQG WKRISHUIWMLHHY®I WKH VHOHFWHG EDW
SRLQWLQJFKDQJH 3URSHUWLHV RIWKHVHOHFWHG 3&'8

SHTXLUHPHQWYV 2SWLFDO OHWDVXUYIPRHMUWPMYRI WKH VHOHFWHG 8V
6SHFWUR 3RODULPHWHU IURP 712 6 6SDFH

2SWLRQV FRQVLGHUHG IRUWKH SD\OBDR$QYWUXTREWKH $OXPLOXP 7

FRQILJXUDWLRQ JRDGV H[SHULHQFHG E\ WKH VSDFHF
$VVHVVPHQW RIWKH FULWHULD IRU REKRI WK §D\

ORDG FRQILJXUDWLRQ RSWLRQV *HRPHWULFDO SURSHUWLHV RI WKH
‘HLJKWV DVVLIJQHG WR HDFK FULWH

X DQDO\WLV UHVXOWYV RI \
6FRUHV IRUHDFK RI WKH SD\ORDG F% HWPRRR PO v ©
RSWLRQV
3D\ORDGFRQILJXUDWLRQVHQVLWL'; §E§l¥é§/(\)iglVI\DIE|\_|V$L(3/XUPHL\?XX(§WVR7I
SURSHUWLHYV *SL[HO *6(16( %6, &* '}? Q
%DFNLOOXPLQDWHG 86% FDPHUD
3D\ORDG LQVWUXPHQW SURSHUWLH

B3URSHUWLHV RI WKH +<'526 & zDWHUY ¥ R¥KRIHQW RIWKH FULWHULD IRU Ol
VLRQ XQLW "HLIKWV DVVLIQHG WR HDFK FULWH U

+<'526 & 6L]LQJ IRUWKH &$6( PLVVLEGRUHVIRUHDFK ODXQFKHU
IDXQFK YHKLFOH VHQVLWLYLW\DQD¢

&ERQWULEXWLRQV WR WKH UHTXLUHG WKURXJKSXW RI

%HULILFDWLRQ WHVWV RQ VWUXFW X!

WKHSURFHVVLQJ XQLW $YDLODELOLW\IRUGLIITHUHQW QXPE
(VWLPDWLRQRIWKHQXPEHURIZRUGUVHOGHRAWHRAQEORFDWLRQV DURXQG W
m> @ &RQWLQJIJHQF\IDFWRU IRU *6 FRQWDI

YLL



/ILVW RI 7DEOHV *URXS &$6()LQDO 5HS

SBURSHUWLHV RI WKHFDEOLQJKDUQHVVRDWKHQRYLMHYLW\DQDO\VLYV
FUDIW 9ROXPHVHQVLWLYLW\
BRZHU FRQVXPSWLRQ VHQVLWLYLW\

6XPPDU\RIWKHFRPSRQHQWYV VHOH¥RAHAI RBQMXHHF SWLRQ 6HQVLWLY LW\
GHWDLOHG GHVLJQ 6XEV\VWHP

'"HWDLOHG SRZHU EXGJHW &RVW %UHDNGRZQ 6WUXFWXUH

&RVW %UHDNGRZQ 6WUXFWXUH
&RPSOLDQFH PDWUL] &RVW EUHDNGRZQ SHU VXEV\VWHP

YLLL



QWURGXFW

2YHUUHFHQWGHFDGHV WKHFRQFHQWUDWLRQRIDHURVROV LQ WKHDWPRYV
VLIQLILFDQWLQ UHJLRQV VXFKDV 1RUWK $IULFD 6RXWK (DVW $VLD DQG
OHYHOV GXHWRWKHLQFUHDVHG SUHVHQFH RIVXFKDHURVROV 7KLV LVE
KRZHYHU GXH WR ODFNRIGDWD FXUUHQW UHVHDUFKLV LQVXIILFLHQW W
RUFRROLQJRIWK#®HBWRREVSKHUBREDO ZDUPLQJFRQFHUQV WKHUHUHPDL
UHVXOWLQJIURPWKHLQFUHDVHGDHURVRO SUHVHQFH 7KHHIIHFWV RQ HFI
LOQYHVWLIDWLRQ +HQFH WKLVILHOGYVJUHDWDEVHQFHRIUHVHDUFK GUI
VROXWLRQ 7KLV 'HVLIQ 6\QWKHVLV ([HUFLVHDLPVWRLQYHVWLJDWH WEK
DQGDQDOVNLQJWKHDYDLODEOHLQVWUXPHQWY QHHGHG WR SHUIRUP VXF

7KLV UHSRUWDLPV WR SURYLGHDILQDO GHVLIJQ RI WKHVSDFHFUDIW XS
7KLVLVD GHFLVLYHVWDJHRIWKHGHVLIQ SURFHVV ZKHUHDILQDO FRQFF
DQLQ GHSWKDQDO\VLVY UHJDUGLQJLWY VXEVA\VWHPYV FRQILIXUDWLRQ
WRS GRZQDSSURDFK HDFKVXEV\VWHP FDQEHHODERUDWHG XSRQ WR SUR’
SRVVLEOHWRDFFXUDWHO\DVVHVV WKHILQDO GHVLJQTV FRQILIJXUDWLRQ
+HUHDIWHU WKHILQDO EXGJHWV FDQ EH GLVFXVVHG DGGUHVVLQJ PDV
ILQDQFLDO VWDNHKROGHUVY WKHFRVWEXGIJHW LV HODERUDWHG XSRQ ZL
DQDO\VLV 2QDILQDO QRWH WKHUHSRUWGHOLYHUV RQ WKHSURFHVVHV U

7KH UHSRUW ZLOO DVVXPH WKH IROORZLQJ VWUXFWXUH EHJLQQLQJ ZL\
&KDSWHU IROORZHG E\WKH XVHU UHTXLUHPHQWY DV HVWDEOLVKHG L
QHFHVVDU\ 7KHQ D PDUNHW DQDO\VLV LV SHUIRUPHG WR HVWLPDWH Wk
PLVVLRQ &KDSWHU 1H[W D UHFDSLV SURYLGHG RIUHVXOWYV IURP SUI
DVVHVV WKH WHFKQLFDO ULVNV DQG VXVWDLQDELOLW\RIWKH &$6( PL\
PDLQWDLQDELOLW\DQG VDIHW\ FKDUDFWHULVWLFV DUHWKHQ RXWOLQHG I
IRUWKHVXEVHTXHQW VXEV\VWHP GHVLJQV DUHRXWOLQHGLQ &KDSWHU

DQGLVIROORZHGE\WKH SD\ORDG 3/ &KDSWHU SURSXOVLRQ 3523 &KD
&KDSWHU WKHUPDO FRQWURO 7& &KDSWHU WHOHPHWU\ WUDFNI
GHWHUPLQDWLRQ FRQWURO $'&6 &KDSWHU JXLGDQFH QDYLJDWLRQ

VI\VWHP (36 &KDSWHU DQG VWUXFWXUDO VXEV\WWHPV 675 &KDSWHU
DQG JURXQG VWDWLRQ *6 GHVLJQDUHRXWOLQHGLQ &KDSWHUV DQG

GHVLJQDQG LWV OD\RXW DUH GRFXPHQWHG LQ &KDSWHU DILQDO GHVLJC
DUHWKHQ FRUURERUDWHG E\ &KDSWHUV DQG $ILQDOFRVWEUHDNGRZ
LVFRQFOXGHG LQ &KDSWHU 6XSSRUWLQJGLDJUDPV PRPHQW RIDUHD FLC
LQ $SSHQGLFHV $J ¥V DHFAVLYH O\

KWWSVY HDUWKREVHUYDWRU\ QDVD JRY IHDWXUHV $HURVROV >5HWULHYHG RQ 0D



SURMHFW 2EMH

7TKHDLP RI WKLY SURMHFW LV WRGHVLIQDPLVVLRQ WKDWHQDEOHYVY WKH JC
SDUWV RI WKH ZRUOG 7KHVWDNHKROGHUY +HUPDQS5XVVFKHQEHUJDQG +
ILOOLQJLQ WKHVFLHQFHJDS 7KHPLVVLRQDLPVWRKDYHKLIKHUWHPSRL
IRUGHWHFWLQJDHURVROV )XUWKHUPRUH WKH SD\ORDG DOWHUQDWLYF
6R WKLVPLVVLRQDOVRDLPVWREHFRPSHWLWLYHLQ WHUPV RIVSDWLDO L
WKDWHQDEOHYVY KLJK SHUIRUPDQFHDHURVRO GHWHFWLRQ ZLWK ORZ FRV
PHWKRGYV 7KHSURMHFW REMHFWLYHV DUH > @

S3URYLGH D VROXWLRQWRHQKDQFHDWPRVSKHULFDHURVRO GHWHFWLRQ I
VSDWLDO UHVROXWLRQ 3

OLVWVLRQ1HHG 6WDWHPHQW 016

S'HVLJQ DQ DHURVRO (DUWK REVHUYDWLRQ VI\VWHP ZLWK LQGXVWU\ OHDG|
SURMHFW 2EMHFWLYH 6WDWHPHQW 3

7KLVLVDODUJHVFDOHSURMHFWWKDWHQDEOHVWKHPRQLWRULQJRIYDUL
DUHSUHVHQW IURPDOORYHU WKHJOREH $HURVRO GDWD LV YDOXDEOH I
,WFDQ EH FRUUHODWHG WR SXEOLF KHDOWK DQG ZHOO EHLQJ )XUWKHL
EHH[DPLQHG 7KHUHODWLRQVKLS EHWZHHQ VWRUPY KXUULFDQHIRUP
NQRZOHGJH /DVWO\ WKHHIIHFWRIDHURVRO FRQFHQWUDWLRQV RQ DJU
YHU\YDOXDEOH GDWD 7KH GDWD JDWKHUHG E\WKLV PLVVLRQFDQ VHUYH
JDWKHUHG DQG FDQ KHOS SUHGLFWLYHPRGHOV EHFRPHPRUHDFFXUDWEF

7KH 'XWFKJRYHUQPHQW DQG 78 '"HOIW DUH VWDNHKROGHUV LQ WKLV PLVVL]
WKHLUHIIRUWV WREHD SDUWRIWKHJURZLQJVSDFHLQGXVWU\ 7KH\KDYH
OHDGLQJVSHFWUR SRODULPHWHU 7KHLU FRPELQHG HIIRUWV ZLWK WKH
SURYLGHG WKHP ZLWK D FKDQFHWR EH D SDUWRID YHU\ ODUJH VFDOH 11
1$6$ PLVVLRQ 1RZZLWKD QHZHU FKLS EHLQJGHYHORSHG E\WKH 1HWKHU
5HVHDUFK 712 WKH'XWFKJRYHUQPHQW ZLOO PRVW OLNHO\ZDQW WR V
&RQVHTXHQWO\ 712 DQG 6521 DUH DOVR VWDNHKROGHUV VLQFH WKH FK
/IDVWO\ DV WKLV PLVVLRQLY FRYHULQJGLIIHUHQW DUHDV LW ZLOO DOV
VXFK DV .HQ\D 8JDQGD DQG (FXDGRU

L, QFRQFOXVLRQ WKHPLVVLRQDLPVWRSURYLGHLQGXVWU\ OHDGLQJ D}
UHVROXWLRQ ORZFRVWDQGJRRGVXVWDLQDELOLW\ ,WZLOO SURYLGH Y|
LQDGGLWLRQ WR LQFUHDVLQJNQRZOHGJHDERXW DHURVRO HITHFWYV RC
ZRUWKZKLOHWR GHVLIJQ WKLV PLVVLRQDQGJDLQ PRUHLQIRUPDWLRQDE



BVHU SHTXLUHPHQWYV &l

,Q WKLY FKDSWHU WKHUHTXLUHPHQWV DQG FRQVWUDLQWV IRU WKH &%$6(P
RXWE\WKH VWDNHKROGHUVY DUHGHWDLOHG )ROORZLQJWKLV WKH WR:
UHTXLUHPHQWV IRU ERWK WKHVSDFHDQG JURXQG VHIPHQWDUH VSHFLIL
RQWKHVSDFHFUDIWDUHJLYHQ 2QFH WKHGHVLIJQ LWHUDWLRQLV FRPSOH
SURYLGHG ZKLFKFDQEHFRQVXOWHGLQ &KDSWHU

6RPH RI WKH UHTXLUHPHQWY ZHUH DOWHUHG GXULQJ WKH GHVLJQ SURF
FKDQJHVPDGHWRDUHTXLUHPHQW DUH GHSLFWHG XVLQJFRORU UHG WH[V
WKHFXUUHQW VWDWXV $GGLWLRQDOO\ DQDOWHUHGUHTXLUHPHQW LV I
,' ,Q7DEOH WKHDEEUHYLDWLRQV XVHG IRUWKHUHTXLUHPHQWYV FDQ

7TDEOH$EEUHYLDWLRQV XVHG LQ WKHUHTXLUHPHQW ,'V

SEEUHYLDWLRQ OHDQLQJ

$&6 SWWLWXGH HWHUPLQDWLRQ &RQWURO
&'+ &RPPDQG 'DWD +DQGOLQJ

*18& *XLGDQFH 1DYLJDWLRQ &RQWURO
0,6 OLVVLRQ

3/ 3D\ORDG

(36 (OHFWULFDO 3RZHU 6\VWHP

3523 3URSXOVLRQ

67 6WDNHKROGHU

675 BWUXFWXUHV

6<6 6\WWHP

7% 7R %H 'HILQHG

7& 7KHUPDO & RQWURO

77& 7UDFNLQJ 7HOHPHWU\ &RPPDQG

SHTXLUHBH®MUIRUPDQFH EDVHG UHTXLUHPHQW
SHTXLUHPHHQQXWWDLQDELOLWN\EDVHG UHTXLUHPHQW
SHTXLUHBRH&RWW EDVHG UHTXLUHPHQW
SHTXLUHPH®MWHW\EDVHG UHTXLUHPHQW
SHTXLUHPHQRWLVWLFYV RSHUDWLRQVEDVHGUHTXLUHPHQW

6WDNHKROGHU SHTXLUHPHQWYV

7KHVWDNHKROGHUV KDYHGHWHUPLQHG VHYHUDO UHTXLUHPHQWY WKD
OLVWHG DV XVHU UHTXLUHPHQWY LQ WKH SURMHFW SODQ > @ 7KH\VHUY
UHTXLUHPHQWYVY WKDW ZHUH JHQHUDWHG LQ WKHEDVHOLQHUHSRUW > @ 1
WKURXJK ( WKHPHDQLQJRIZKLFKLVJLYHQLQ 7DEOH TKHUHTXLUHPHQ!
RUUHPRYHG LVDOVR VKRZQ DVZHOODVDFROXPQ GHGLFDWHG WR UHTX
FROXPQ RXWOLQHV WKURXJK ZKLFK SURFHVV WKHUHTXLUHPHQWY ZLOO E|
FROXPQ ZKLFKLQGLFDWHV WKHRULJLQ RI WKHUHTXLUHPHQW 7KH SRV
6WDNHKROGHUV 6+ %DVHOLQHS5HSRUW %5 OLGWHUPS5HSRUW 05 )XQF

6WDWXV ,GHQWLILHU '"HVFULSWLRQ
&KDQJH&S$6( 67 $ 7KHPLVVLRQ VKDOO KDYHD VSDWLDO UFFVRUXMWILRQIRI 6+
&$6( 67 $ 7KHPLVVLRQ VKDOOKDYHDQDUHD FRYHUDS®IRO\VLV NE&+

&$6( 67 $ 7TKHPLVVLRQ VKDOO KDYHD YLVLEOH OLIKW/BYBWNNQ@HFW BB



OLVVLRQS5HTXLUHPHQWYV

*URXS &$6()

&KDQJIH&$6 (

&$6(
"HILQHG& $6 (
&$6(
&$6(
&$6(
&$6(

1HZ

"HILQHG&$6(
&$6(
&$6(
&$6(

67

67
67
67
67
67
67

67
67
67
67

L5

B P BB

%

&

7KH PLVVLRQ VKDOO KDYH D WHFSRIKRG WHSDBOXWLRQ R i
3RLQWV RI ,QWHUHVW 32,V

7KHPLVVLRQ VKDOO KDYHD 6LJQDO WR 1R I$\DHD ODWDLXH R 163+
7KH SRODULPHWHU LQVWUXPHQW VKDOO KIODHW IV B®D D U OB
7KHPLVVLRQ VKDOO KDYHD GXUDWLRQ RI DO BDWIW \ HOH
7KHPLVVLRQ VKDOO KDYHD VZDWK ZLGWK 3\ DOIDALW  NoP+
7KH VSDFHFUDIW VKDOO FRQVLVW RI RQO\ QRY SHMRWERPD W
7KHPLVVLRQ VKDOO XVHWKH (QGRI/LIH (2/ ¥QWUD\WHV\ R |6

6+

7KH
7KH
7KH
7KH

PLVVLRQ VKDOO QRW H[FHHG D WRWDO FRWSHR W L R'Q

VSDFHFUDIW VKDOO QRW GDPDJH WKH OBIX@RIQHU  %¢-
VSDFHFUDIW VKDOO QRW GDPDJH RWKHAHYIMO@RD G L %%
PLVVLRQ VKDOO KDYHD UHOLDELOLW\ RIHDW D®.D VW % -

OLVVLRQ SHTXLUHPHQWYV

JURP WKH VWDNHKROGHU UHTXLUHPHQWY VHYHUDO WRS OHYHO UHTXLU
PLVVLRQDV D ZKROHDQG DUH WKXV FDOOHG PLVVLRQ UHTXLUHPHQWYV 7KF
ZLWK XQLTXHLGHQWLILHUV IRUODWHU UHIHUHQFLQJ

6WDW XV ,GHQWLILHU '"HVFULSWLRQ
&$6( 0,6 $ 7KH &$6( PLVVLRQ VKDOO REVHUYH DHURVROBM\Y W\ F O 4%
(DUWK
&$6( 0,6 $ 7KH VSDFHFUDIW VKDOO EH EURXJKW LQWRRUEQW LQ R Q-
&$6( 0,6 $ 7KH VSDFHFUDIW VKDOO DXWRQRPRXVO\ RSQIDHOQ WL VW V BbC
VHSDUDWLRQ IURP WKH ODXQFKHU
&$6( 0,6 $ 7KH VSDFHFUDIW VKDOO FRPSOHWH LQLW L{DQDLY DWL VR Q %L
SHULRG DIWHU ODXQFKHU VHSDUDWLRQ
'"HILQHG&$6( 0,6 $ 7KH RUELW DOWLWXGH VKDOO EH NP $QDO\VLV 05
'"HILQHG&$6( 0,6 $ 7KH RUELW LQFOLQDWLRQ VKDOO EH f $QDO\VLV 05
&$6( 0,6 $ 7KH RUELW HFFHQWULFLW\ VKDOO EH $QDO\VLV %"
&$6( 0,6 $ 7KH VSDFHFUDIW VKDOO EH LQ YLHZ RI *UR XTQHVAWW. W L R QWS
RIRQHRUELW
&$6( 0,6 $ 7KH VSDFHFUDIW VKDOO UH HQWHU WKH DWHPRISWHVH D W:E
'"HILQHG&$6( 0,6 & 7KH GHYHORSPHQW FRVW RI WKH PLVVLRQ V,QNVG & FVRMR Q[ F |
&KDQJH&$6( 0,6 & ,, 7KHSURGXFWLRQ FRVW VK DOOSHRW B PFRHHFG QWS HFW LR Q
&$6( 0,6 & 7KHRSHUDWLRQ FRVW VKDOO QRW H[FHHG ,QVSHFSHWBRHD
VWHOODWLRQ
&$6( 0,6 ' 7KH VSDFHFUDIW VKDOO QRW LQFXU PLVVLR@IDA\VXVH Ut
RQH VXEV\VWHP FRPSRQHQW
&$6( 0,6 ' 7KH VSDFH VHIJPHQW VKDOO UHPDLQ RSHUD WHRWDQ JG X U K4
WLHYV SODQQHG XQSODQQHG JURXQG VHIJPHQW PDLQWHQ
&$6( 0,6 ( 7KHILQDO &$6( PLVVLRQ GHVLJQ VKDOO EH FQ¥ S B FIWIHREQE H
&KDQJH&$6( 0,6 ( 7KH ODXQFK RI WKH &$6( PLVVLRQ VKDOQ® QRFEEBWDRAFF
&KDQJH&$6( 0,6 ( 7KH &$6( PLVVLRQ VKDOO EH FRPSDWLEOH ZIQWKSEBBWQRKR ¢

W ZRVHDUVDIWHUWKH QRPLQDO ODX
ZLQGRZ



6\VWHP 5HTXLUHPHQWYV *URXS &$6()L

&$6( 0,6 (

&$6( 0,6 (

6, XQLWV VKDOO EH XVHG WKURXJKRXW WKGWIHAM RROQN L
DQJXODU XQLWYV UDGLDQYVY GHJUHHV DQG DUFVHFRQGYV DI
7KH &$6( PLVVLRQ VKDOO KDYHD WRWDO PLYQDRQVEXUD W+

6\VWHP S5SHTXLUHPHQWYV

JURP WKHVH PLVVLRQ UHTXLUHPHQWY VHYHUDO PRUH GHWDLOHG UHTXLU
WR WKHHQWLUH VA\VWHP ZKLFKFRQVLVWV RIDFRQVWHOODWLRQ RIVSEL
UHTXLUHPHQWV IRUERWKDUHOLVWHG EHORZ

6SDFH6HJPHQW

6WDW XV ,GHQWLILHU 'HVFULSWLRQ
&KDQJH&$6( 6<6 66 $ 7KHVSDFHFUDIW GU\ PDVV WKDHUQR\D FHFHBB®SHFWLRQ

&$6( 6<6 66 $ 7KHVSDFHFUDIW ZHW PDVV VKDOO QRW H[FHMG HF\NILRHU \

&$6( 6<6 66 $ 7KHVSDFHFUDIW VKDOO EHDEOH WR VWD) L¥QW R MILYW H @G

&$6( 6<6 66 $ 7KHVSDFHFUDIW VWUXFWXUH VKDOO ZLWKWWDQGJIODX®E
ODXQFK YHKLFOH FDWDORJXH

&$6( 6<6 66 $ 7KHVSDFHFUDIWVKDOOEHFRPSDWLEOH ZLWKWKH®D X Q BaE

&$6( 6<6 66 $ 7KHVSDFHFUDIWVKDOO EHDEOHWR ZLWK$QDQ\F LY SD &\
VSDFH GHEULV ZLWK D SUREDELOLW\ RI

&$6( 6<6 66 $ 7KHVSDFHFUDIWOLIHWLPHIRU SUH ODXQ FKQIURXQG D FW:
\HDUV

&$6( 6<6 66 $ 7KHVSDFHFUDIW VKDOO ZLWKVWDQG WK H $XPIBA\NVWY R Q %i-
OLIHWLPH

&$6( 6<6 66 $ 7KHVSDFHFUDIWVKDOODFFRPPRGDWH WKH BBRIRD¥G5D QG I
PDVVDQG YROXPHPDUJLQV RI VWUDWLRQ

&$6( 6<6 66 $ 7KHVSDFHFUDIW VKDOOKDYHDQ RSHUDWLRBPR®RGHE LQ Z
RSHUDWLRQDO DQG WKH SD\ORDG FDQ WDNWWHDWXBBPH Q

&$6( 6<6 66 $ 7KH VSDFHFUDIW VKDOO KDYH D SRZHU VD"HIPRIQP RABH L Q
VXEV\WWHPV DUHDFWLYH ZKLFKLQFOXGHW(BBDW&RQ & L

&$6( 6<6 66 $ 7KHVSDFHFUDIWVKDOOKDYHDVDIHPRGH LIQPZRKQ FR6YSDF}
VDIHW\DUH SULRULWL]HG VWUDWLRQ

&$6( 6<6 66 $ 7KHVSDFHFUDIWVKDOO DXWRQRPRXVO\ GHWNIFO WIS D UMD §
FOH

&$6( 6<6 66 $ 7KHVSDFHFUDIW V\VWHP VKDOO DGKHUH WR BRRQG I4BD W H C
DFFXUDF\RI PV VWUDWLRQ

&$6( 6<6 66 $ 7KHVSDFHFUDIW VKDOO VXSSRUW FKD QJH¥QDDWHKH P L I~
FRPPDQG

&$6( 6<6 66 $ 7KHVSDFHFUDIW VKDOO EHDEOH WR UHE R RM DOVHIWD F QL

&$6( 6<6 66 $ ,QFDVHRIFHVVDWLRQRIFRPPXQLFDWLRQV 'HPWRDHHESIUR X
WKH VSDFHFUDIW VKDOO FRQWLQXH LWV RSHMWIDWLRQV DXW

WLRQ $QDO\
VLV

&$6( 6<6 66 $ 7KHVSDFHFUDIW VKDOO VXSSRUW UHPRWHMRIWEQUH X3$&

&$6( 6<6 66 ' 7KHVSDFHFUDIWVKDOOHQWHU VDIH PRGH ZKH®D\QLR/P D O |
UHFRYHU\

&$6( 6<6 66 ' 7KH VSDFHFUDIW VKDOO QRW HQWHU VD IHS$SRP®NVAKHQ "
FHDVHV WR IXQFWLRQ

&$6( 6<6 66 ( $ ULIJKW KDQGHG FRRUGLQDWH V\VWHP VKRGO 6 HHVLRIDG |

PLVVLRQ GHVLJQ ; D[LVLVWKHERG\D[LV = D[LVLVSRLC
FRPSOHWHV WKH VA\VWHP



6 XEV\VWHP 5HTXLUHPHQWYV *URXS &$6(

&$6( 6<6 66 (

7KHVSDFH VHIPHQW VKDOO XVHRSHUDWLR®PABYR)WZDUH
VWUDWLRQ

*URXQG 6HJPHQW

6 WDW XV ,GHQWLILHU '"HVFULSWLRQ
&$6( 6<6 *6 $ 7KHJURXQG VHIJPHQW VKDOO EHDEOH WR WHPWRQR Wb I XQF
KRXUV DIWHU V\VWHP IDLOXUH VWUDWLRQ
&$6( 6<6 *6 $ T7KHJURXQG VHIJPHQW VKDOO EHDEOH WR P RIIMMWRDS URE®D !
GHEULV ODUJHU WKDQ FPLQ VL]H
&$6( 6<6 *6$ 7KHJIURXQG VHIJPHQW VKDOO EHDEOH WR VHY® HQYD VL ¥H
PLOXWHV LQDGYDQFHRISUREDEOH FROOLVLRQ
&$6( 6<6 *6$ 7KHJIJURXQG VHIJPHQW VKDOO FROOHFW DQG UH\SWRUWIP D L @b\
FUDIW
&$6( 6<6 *6 $ 7KHJIJURXQG VHJPHQW VKDOO PRQLWRU WKRAHXWDQW\ R %\
ZLWK WKH VSDFH VHIJPHQW
&$6( 6<6 *6$ 7KHJIURXQG VHIJPHQW VKDOO VXSSRUW WKHPVW PP XS O
ILH®RIS$B( 6<6 77& $
&$6( 6<6 *6 $ 7KHJIJURXQG VHIJPHQW VKDOO VXSSRUW W KH PWLLPIXP GR!
VSHFLI&RB&(L6X6 77& $
&$6( 6<6 *6 ( 7KHJURXQG VHJIJPHQW VKDOO DUFKLYH DOO'HRRIQL Y45 GD'
VWUDWLRQ
%5
%5
&$6( 6<6 *6 ( 7KHJURXQG VHJPHQW VKDOO XVHRSHUDWLR®@BQ V®BNZD |
VWUDWLRQ
$GGHG &$6( 6<6 *6 ( 7KHJURXQG VHJIJPHQW VKDOO KDYH VXIILFLBEYHBW MRRH

OHDVW RI'WKHPLVVLRQ

6 XEV\VWHP SHTXLUHPHQWYV

J)Lepboo\ PRUHGHWDLOHG UHTXLUHPHQWY ZHUH JHQHUDWHG VSHFLILF
1LQH VXEV\VWHPVY ZHUH FRQVLGHUHG ZKLFKDUHOLVWHGEHORZ

t3D\ORDG 3/

$(OHFWULFDO 3RZHU 6\VWHP (36

$7UDFNLQJ 7HOHPHWU\ &RPPDQG 77&
$17KHUPDO &RQWURO 7&

I$SWWLWXGH 'HWHUPLQDWLRQ &RQWURO $'&6
$&RPPDQG
$*XLGDQFH 1DYLJDWLRQ &RQWURO *1&
$+3URSXOVLRQ 3523

I6BWUXFWXUH 675

'DWD +DQGOLQJ &'+

TKHUHTXLUHPHQWV IRUHDFKRI WKHVH VXEV\VWHPV DUH OLVWHG VHSDUL
LGHQWLILHUVDOVRLQFOXGHDQDEEUHYLDWLRQIRUWKHUHOHYDQW VXE



6 XEV\VWHP 5HTXLUHPHQWYV *URXS &$6(

SD\ORDG

6WDWXV

,GHQWLILHU '"HVFULSWLRQ

&KDQJIJH&$6( 6<6 3/ $

7JKHILHOGRIYLHZ RIWKH SRODULPHWU\LQ YQMBXPFNLVR QK |
&$6( 67 $

&$6( 6<6 3/ $ 7KHSD\ORDG VXEV\VWHP VKDOO RQO\ PHDV, QW BR®WBR Q
&$6( 6<6 3/ $ 7KHSD\ORDG VXEV\VWHP VKDOO KDYH D YL VLHEDWMLAMLIKW 69
RI QP
&KDQJH&$6( 6<6 3/ $ ,7KH SD\ORDG VXEV\VWHP VKDOO KOYH D VB DMWH\DDLWOHYV R OXS
P2
&$6( 6<6 3/ $ 7KHSD\ORDG VXEV\VWHP VKDOO KDYH BDQ D®&DERANNUD JH
&KDQJH&$6( 6<6 3/ $ ,7KH SD\ORDG VXEV\VWHP VKDOO KDYH D WHPBR\WYDR® U HoA
KRXUV DW 32,V
&$6( 6<6 3/ $ 7KHSD\ORDG VXEV\VWHP VKDOO KDYH D SRG@BVWRIQW U L FOB
'"HILQHG&$6( 6<6 3/ $ 7KH SD\ORDG VXEV\VWHP VKDOO KDYH D 6 L@ WLR 1R)S$
OHDVW
&$6( 6<6 3/ $ 7KHSD\ORDG VXEV\VWWHP VKDOO DOORZ IRU LWVWIUXP HQ %
SUH ODXQFK DFWLYLWLHYV
&$6( 6<6 3/ $ 7KH SD\ORDG VXEV\VWHP VKDOO DOORZ | RIDDQ@VYW.LWX P Hf
GXULQJWKHPLVVLRQ
&$6( 6<6 3/ $ 7KHSD\ORDGVXEV\WVWHP VKDOO VHQG DOO GDHWIWILHXJH U D V8
(36
6WDWXV ,GHQWLILHU '"HVFULSWLRQ
&$6( 6<6 (36 $ 7KH (36 EDWWHU\VKDOO PDQDJH WR FRSH ZTM\KWIRQUN W FIB
&$6( 6<6 (36 $ 7KH (36 VKDOO EHDEOHWR SURYLGH WKH VS®GEBUDLW TV %
RIWKHPLVVLRQ
&$6( 6<6 (36 $ 7KH (36 VKDOO EH VL]HG WR DFFRXQW IRU G B DODGIDW L Rf
GXULQJWKHPLVVLRQ
&$6( 6<6 (36 $ 7KH (36 VKDOO VWRUH H[FHVV JHQHUDWHG ISRWHQJJZZ KH &
EDWWHULHYVY DUH QRW DW PD[LPXP FDSDFLW\
&$6( 6<6 (36 $ 7KH (36 VKDOOEHLQ SRZHUVDYLQJPRGH IURRDDXQIEK X QW
DWWLWXGH KDV EHHQ UHDFKHG
&$6( 6<6 (36 $ 7KH (36 VKDOOEHLQ SRZHUVDYLQJPRGH ZKH® WWHY3D F HF
FRQGLWLRQV
&$6( 6<6 (36 $ 7KH (36 VKDOO EHDEOH WRVHQG SRZHU GDWIDWAMLQYKH &%
&$6( 6<6 (36 $ 7KH (36 VKDOO EH PDGH UHGXQGDQW ZLWK$Q R LWPLS/O H PH

EDWWHU\

7THOHPHWU\ 7UDFNLQJ &RPPDQG

6WDWXV

,GHQWLILHU '"HVFULSWLRQ

&KDQJIH&$6( 6<6 77& $ 7TKH 77 & VXEV\VWHP VKDOO EHDEOH WR UHFHWWL&DWD D¥

NELW V

&KDQJIH&$6( 6<6 77& $ 7TKH 77 & VXEVI\VWHP VKDOO EHDEOHWR'WUPRBVWILWJXGDWDS

DWOHDVW *ELW V
%/5

&$6( 6<6 77& $ 7TKH77& VXEV\VWHP VKDOO KDYH D PD[IOPXP EQWOHVUR U P
&$6( 6<6 77& $ $O0O0 WHOHPHWU\ GDWD VKDOO EH SUHYHQWNGHBWRRY H

GHOLYHU\ RQ (DUWKLV FRQILUPHG



6 XEV\VWHP 5HTXLUHPHQWYV *URXS &$6(

&$6

&$6(

1HZ &$6(

&$6(
&$6(

6<6

6<6

6<6

6<6
6<6

77&

77&

177&

177&
77&

05
05

7TKH77& VXEV\VWHP VKDOO EHDEOH WR GHGIQDHU \GIDAW D %t
WKH &'+ VXEV\VWHP

7TKH77& VXEV\VWHP VKDOO EHDEOH WR UHFHHLYW IGDIW D D&
&'+ VXEV\VWHP

0%

0%
7TKH77 & VXEV\VWHP VKDOO EHDEOHWR UH FBOWEQDWH ¥
&'+ VXEVI\VWHP DQG JURXQG VHIPHQW
TKH77& VXEV\VWHP VKDOO QRWLQWHUIHUHBAVWK QQ® VW >
TKH77& VXEV\VWHP VKDOO QRWLQWHUIHUHAVWK QW KH %

7TKHUPDO &RQWURO

6WDWXV ,GHQWLILHU '"HVFULSWLRQ

&$6( 6<6 7& $ 7TKHWKHUPDO FRQWURO VXEV\VWHP VKD O OHVHMLE)XJH W B
WHPSHUDWXUH OHYHOVDWDOO VWDJHV RI WKHPLVVLRQ

&$6( 6<6 7& $ T7KHVSDFHFUDIWWHPSHUDWXUH GXULQJ WKHRFMWMLRQ V%I
DWXUHUDQJHV DV UHTXLUHG E\WKH YDULRXV VXEV\VWHP

&$6( 6<6 7& $ T7KHWKHUPDO FRQWURO VXEV\VWHP VKDOO BHNRWLQH WH®:
VXEV\VWHP

&$6( 6<6 7& $ 7TKHWHPSHUDWXUH RIDQ\VXUIDFHV GLUHFAMAOWARXIW D BV
QRWH[FHHG WKHPD[LPXP VDIHVWRUDJH WHPSHUDWXUH

&$6( 6<6 7& $ 7TKHWHPSHUDWXUH RIVXUIDFHY GLUHFWOYHRQYWQFW L @QJ

GURSEHORZWKHIUHH]JLQIWHPSHUDWXUH RI WKH SURSHC

SWWLWXGH '"HWHUPLQDWLRQ &RQWURO

6WDWXV

,GHQWLILHU '"HVFULSWLRQ

&$6
&$6
&$6
&$6
&$6
&$6
&$6
&$6
&$6

&$6(

6<6 $'&6 $ 7KH $'&6 VXEV\VWHP VKDOO GDPSHQ UHVLG>Xm®DQVIXW D U%

6<6 $'&6 $

6<6

6<6

6<6

6<6

6<6

6<6

6<6

$'&6

$'&6

$'&6

$'&6

$'&6

$'&6

$'&6

$'&6

$

$

$

$

$

$

$

$

IURP WKH ODXQFK YHKLFOH ZLWKLQ PLQ
7KH $'&6 VXEV\VWHP VKDOO EH DEOH WR G H®/QILE\MRLN L W%
RUWKRJRQDO FRRUGLQDWH V\VWHP

7KH $'&6 VXEV\VWHP VKDOO EH DEOH WR P D L¥QDEDL § DWW W 1oAY
RIFULWLFDO VHQVRU IDLOXUH

7KH $'&6 VXEV\VWHP VKDOO EULQJ WKH VS®FB G WLIW L @bl
DWWLWXGH GXULQJSRZHU VDYLQJPRGH

7KH $'&6 VXEV\VWHP VKDOO SRVVHVV UHGXEGWQBY WR B
RSHUDWLRQ IROORZLQJIDLOXUHRIRQH $'&6 FRPSRQHQW
7KH $'&6 VXEV\VWHP VKDOO EH DEOH WR FRUHRRW WI5 VST
UHVSRQVH WR D GLVWXUEDQFH IRUFH RU WRWIWDHV LR Q
7KH $'&6 VXEV\VWHP VKDOO EH DEOH WR VHQI\PHRW KB ¥ SD F
WKUHH D[HV ZLWK DQ DFFXY®(F6 €£®R B S&P\ 1$Q J ¥ MWD W LR Q
7KHVHQVRUVLQ WKH $'&6 VXEV\VWHP VKDOOTWVUWQEP LW Do
VXEV\VWHP

7KH DFWXDWRUV LQ WKH $'&6 VXEV\VWHP VKHVYOWEB D E O 9\
IURP WKH &'+ VXEV\VWHP

7KH $'&6 VXEV\VWHP VKDOO EH DEOH WR D G KHMMLR F R P B
VXEV\VWHP



&KDQJIH&$6( 6<6 $'&6

6 XEV\VWHP 5HTXLUHPHQWYV *URXS &$6(

$ 1

7KH $'&6 VXEV\VWHP VKDOO KDYH D SRLQWHRBRBRQ@FFXUDF
—UDG VWUDWLRQ

*XLGDQFH 1DYLJDWLRQ &RQWURO

6 WDW XV ,GHQWLILHU '"HVFULSWLRQ
&$6( 6<6 *1& $ 7KH*1& VXEV\VWHP VKDOO EHDEOH WR G HW$QPQQH WK H %
WLRQ ZLWK DQ DEFFXUDF\RI P
&$6( 6<6 *1& $ 7KH*1& VXEV\VWHP VKDOO EHDEOH WR SURYSGBIOWKH\&' + \%A'
RUELWDO SRVLWLRQ GDWD
&$6( 6<6 *1& $ 7KH *1& VXEV\VWHP VKDOO EH DEOH WR GH$QDUPVQW W KH
QRHXYUHV IRUVWDWLRQ NHHSLQJ
&$6( 6<6 *1& $ 7KH*1& VXEV\VWHP VKDOO EHDEOHWR SURYSGBQWKH\&'+ \%'
DWWLWXGHV IRURUELWDO PDQRHXYUHV
&$6( 6<6 *1& $ 7KH *1& VXEV\VWHP VKDOO EH DEOH WR JHQI$QDWWD§ D 0%
SUREDEOH FROOLVLRQV ZLWK VSDFH GHEULV
&$6( 6<6 *1& $ 7KH *1& VXEV\VWHP VKDOO EHDEOH WR GHW®D®LQN W Kt
ORFLW\ZLWK DQ DFFXUDF\ RI PV
&RPPDQG 'DWD +DQGOLQJ
6 WDW XV ,GHQWLILHU '"HVFULSWLRQ
&$6( 6<6 &+ $ 7KH& + VXEV\VWHP VKDOOEHDEOH WR VWRUFWMKH GDWD H
EHIRUH WUDQVPLVVLRQ
&$6( 6<6 &'+ $ 7KH &'+ VXEV\VWHP VKDOO EH DEOH WR VW R UHQ\I B M\KLH/D O Wik
IURP RWKHU VSDFHFUDIW VXEV\VWHPV
&$6( 6<6 &'+ $ 7KH &'+ VXEV\VWHP VKDOO EHDEOH WR VWRUHWW®RK®B NHHS6
FUDIWHYHU\ VHFRQGV
&$6( 6<6 &'+ $ 7KH &'+ VXEV\VWHP VKDOO EH FRPSDWLEOH7ZZHWKL\QK H P B4
WKH SD\ORDG
&$6( 6<6 &'+ $ 7KH &'+ VXEV\VWHP VKDOO EHDEOH WR FRPPBHQD K HW X E %\
RIWKHVSDFHFUDIW
&$6( 6<6 &'+ $ 7KH &'+ VXEV\VWHP VKDOO DGG ORFDWLR @ @G WIPH %
JHQHUDWHG E\WKH SD\ORDG VXEV\VWHP
&$6( 6<6 &'+ $ 7KH &'+ VXEV\VWHP VKDOO EHDEOH WR UHFEY$H FMWLRZD L
JURXQG VHIPHQW
&$6( 6<6 &'+ $ 7KH &'+ VXEV\VWHP VKDOO EHDEOH WR VHQTHWWH QW R U th¢
WKH 77& ZKHQ LQ FRQWDFW
%5
1HZ &$6( 6<6 &'+ $ 7KH &'+ VXEV\VWHP VKDOO EHDEOH WR UH FBIOWLWIWH [5\
JURXQG VHIJPHQW DQG VXEV\VWHPV
&$6( 6<6 &'+ ' T7KH &'+ VXEV\VWHP VKDOO HQFU\SW GDW D EHHINRW HQM U D Q%!
VHIPHQW
&$6( 6<6 &'+ ' T7KH &'+ VXEV\VWHP VKDOO GHFU\SW HQFU\S\MM® EQ P P D QK
VHIPHQW
&$6( 6<6 &'+ ' T7KH &'+ VXEV\VWHP VKDOO H[HEFXWH FRPPDQ@WSHRW MRCH .
&$6( 6<6 &'+ ' 7KH &'+ VXEV\VWHP VKDOO SHUIRUP IDXOW GHWWME®@LRQ B!



6 XEV\VWHP 5HTXLUHPHQWYV *URXS &$6(

3URSXOVLRQ

6WDWXV ,GHQWLILHU '"HVFULSWLRQ

&$6( 6<6 3523
&$6( 6<6 3523
&$6( 6<6 3523
&$6( 6<6 3523
&KDQJH&$6( 6<6 3523

&$6( 6<6 3523

$7KH SURSXOVLRQ VXEV\VWHP VKDOO EH DE O RNWRNG IV D W X!
$7KH SURSXOVLRQ VXEV\WVWHP VKDOO EH DEOMHWW S®U IR UR'
$7KH SURSXOVLRQ VXEV\VWHP VKDOO BHPDUEGIN WIRQIUR Y
XQIRUHVHHQ PDQRHXYUHV

$7KH SURSXOVLRQ VXEV\WVWHP VKDOO EH D EZGIV WRQIS H UB'!
DWWLWXGH

$7KH SURSXOVLRQ VXEV\VWHP VKDOO EH D$EIIHOWR \5 U R\
NP V \HDWIRIU RUELW NHHSLQJ

" 7KH SURSXOVLRQ VXEV\VWHP VKDOO QRW GQP®HAWIQR @ X
FUDIW

6WUXFWXUHYV

6WDWXYV ,GHQWLILHU '"HVFULSWLRQ

&$6( 6<6 675
&$6( 6<6 675
&$6( 6<6 675
&$6( 6<6 675

1HZ &$6( 6<6 675
1HZ &$6( 6<6 675

$

$

7TKHVSDFHFUDIW VWUXFWXUH VKDOO DOORZQRB NKWEVRWQN I
DIWHULQVWDOODWLRQ

7TKHVSDFHFUDIW VWUXFWXUH VKDOO VXS SHQUDWWKM VX%
PLVVLRQ

7TKHVSDFHFUDIW VWUXFWXUH VKDOO ZLWKVWNWQL® WKH @
ODXQFKHU YHKLFOH FDWDORJXH

7TKHVSDFHFUDIW VWUXFWXUH VKDOO DOORARQIMBIWHWMLIRWL F
7TKHVSDFHFUDIW VWUXFWXUH VKDOO SURYBEGB O\WWW EO}$
7KHVSDFHFUDIW VWUXFWXUH VKDOO KDYH$fQDQOQPOLY QD W
LQWKHODXQFKHU YHKLFOH FDWDORJXH

,Q WKLV FKDSWHU WKH UHTXLUHPHQWY IRU WKH &$6( PLVVLRQ ZHUH SU
E\FRQVLGHULQJ QRW RQO\ WKH SHUIRUPDQFH EXW DOVR WKH RSHUDEL
UHTXLUHPHQWYV WKDW ZHUH JHQHUDWHG ZHQW GRZQ WR WKH VXEV\VWHP
SODWIRUP WUDGH RIIl WKDW ZDV PDGHLQ WKHLQLWLDO VWDJHV RI WKH
GHVLJQ SURFHVYVY /DWHU WKH SUHOLPLQDU\GHVLJQ FRQFHSWV IRU WKH ¢



ODUNHW $QDO

,Q WKLY FKDSWHU WKHPDUNHWDQDO\VLVIRUWKH &$6(PLVVLRQLV GLVFX’
WHFKQRORJ\ WKH &$6( PLVVLRQ KDV D KLJK SRWHQWLDO WR IXOILO WKH PI
IRU(DUWK REVHUYDWLRQ VA\VWHPV KDV NHSWLQFUHDVLQJ )XUWKHUPRL
VLIQLILFDQWO\RYHU WKH ODVW IHZ\HDUV LWKWKHHIIHFWV RI FOLPDW!
WKHORQJHYLW\RIWKHKXPDQ UDFHLV XQGHU WKUHDW ,Q WKHODVWIHZ\
EHHQ JHWWLQJVWURQJHULQ RUGHU WR KROG FRXQWULHV DFFRXQWDEOH
VXVWDLQDEOH GHYHORSPHQW JRDOV WKDW KDYHEHHQ VHW E\ WKH 8QLWH (
WKHFKDQFH RIVXVWDLQDEOH JURZWK 7KHUHIRUH EHLQJDEOHWR PHDV X
QRWRQO\VEHEHQHILFLDOLQ WHUPV RIEHLQJDZDUHRIWKHZHOO EHLQJF
WKHVXVWDLQDEOH GHYHORSPHQW JRDOV IRUFRXQWULHV WR EHPRQLWR

7KHSULPDU\WDUJHW IRU WKLV PLVVLRQLVWKHHTXDWRULDO UHJLRQ RI
6LQJDSRUH 1DLURELDQG .DPSDOD 7KHWHUWLDU\WDUJHW LV/LEUHYLOO
FOLPDWHPLWLIDWLRQ VROXWLRQV HVSHFLDOO\IRUDHURVROV 7KH UHJ

(DUWK 2EVHUYDWLRQDQG $HURVRO '"HWHFWLRQ

,Q WKLV VHFWLRQ WKHPDUNHWDQDO\WVLV RIWKH(DUWKREVHUYDWLRQ P/
7TKHEFEXUUHQWDQG SURVSHFWLYH ORRNDWWKHVPDOO VDWHOOLWHPDUNH
WKLV VHFWLRQ

6PDOO6DWHOOLWHODUNHW

/IRRNLQJDW WKHODWHVW VWXGLHY GRQHRQ WKHPDUNHW IRUVPDOO VL
LVH[SHFWHG ,Q WKH PDUNHW FDS IRUVPDOO VDWHOOLWH VI\VWHPYV

SURVSHFWLYHDQDO\WLV GRQHE\GLIITHUHQW SDUWLHVY WKHPDUNHW VL]HL
DFRPSRXQGDQQXDOJURZWK UDWHRIDURXQG > @> @ )RUWKH &$6(

DQG WKHVPDOO VDWHOOLWH PDUNHW IRU (DUWK REVHUYDWLRQ LQWR DF
IRULQ 7KLV UHVXOWY LQDQDFKLHYDEOHPDUNHW VLIHRIDURXQG
VDWHOOLWHLQGXVWU\LY YHU\KLIJIKFRPSDUHG WR WKHRQHIRU WKHJO

7TKHUHDUHIHZ IDFWRUV WKDW ZHUH NH!'

WKHVPDOO VDWHOOLWHPDUNHW :LWK W

VSDFHLQGXVWU\E\FRPSDQLHV VHQGLC

WR RUELW EHFDPHPXFK FKHDSHU DQG DF

QLHVKDYHEHHQ HPHUJLQJLQ WKH PDUN

LQFUHDVLQJ WKH VXSSO\IRUWKHLQFUHI

WKHSULYDWH SDUWLHY SXVKLQJ WKH PI

GHPDQGV ZLWK WKHLU FKHDSHU VXSSOl

DEOH WR SXVK WKH SULFHV GRZQ ,Q DG

IHFWLYHQHVV DQG IHDVLELOLW\RI (DUW

LQFUHDVH HVSHFLDOO\IRUVXEMHFWYV V

YDWLRQDQG *VA\WWWHPV WKHGHPDQG KD

&RQVHTXHQWO\ WKH JURZWK RSSRUW X

WHFK QDWXUH RI WKH PDUNHW KDV EHH (

)LJXUHODUNHWVHJPHQWDWLRQIRUVEQQ@{WWR!QQLM@/W@RNLQJ DWPDUNHW VH.
RIDSSOLFDWLRQIRUWKHVPDOO VDWHO

VWDWHG WKDW WKLV PLVVLRQIDOOV XQGHU WKH (DUWKREVHUYDWLRQ VHJ



7TDUJHW /RFDWLRQV *URXS &$6()LC

VPDOO VDWHOOLWH PDUNHW E\DSSOLFDWLRQLV YLVXDOL]HGLQ )LJIJXUH
DQGLPDIJLQJLVIRLQIWRZLWQHVV WKHJUHDWHVW LQFUHDVHLQ PDUNH
LQFUHDVHG GHPDQG IRUJDLQLQJLQVLIKWRQ PHWHRURORJ\ FOLPDWH FKI

$HURVRO 2EVHUYDWLRQ

,Q WKH ODVW IHZ\HDUV ZLWK WKH WHFKQRORJLFDODGYDQFHPHQWV LQ LPI
DHURVRO OHYHOV ZLWK JUHDWHU DFFXUDF\ ,WLVNQRZQ WKDW  RIWKH
7KH UHPDLQLQJ DUH KXPDQ PDGH DQG BRI W RPVYWL OLRKXD \LRXRUFHHR |
FRQWULEXWRUV WR WKHLQFUHDVHG VXOIDWH OHYHOV LQ WKH DWPRVSKH
RIFURSY UHOHDVH EODFNFDUERQ LQWR WKHDWPRVSKHUH 7KHVH VXEV
FDQ KDYH KDUPIXO HIIHFWV RQ GDLO\OLIH ZKHUH HVSHFLDOO\LQ ELJLQG
ZLWK DHURVROV $0VR GHIRUHVWDWLRQDQG GURXJKW DUHNQRZQ WR FF

7TDUJHW /RFDWLRQV

7KLVVHFWLRQ HODERUDWHV RQDOO WKHWDUJHW ORFDWLRQV WKDW ZLOO

$PDIRQ5DLQ )RUHVW

7KH $PD]JRQ UDLQ IRUHVW LV WKH ZRUOGYV ODUJHVW LQWDFW IRUHVW ,V
RIWKH SODQHWYfV WURSLFDO IRUHVWY ,WLVKRPHWRPRUHWKDQ PLOC
WKRXVDQGV RI ,QGLJHQRXV 3HRSOHV EHORQJLQJWR GLIIHUHQW JURX
DQLPDO DQG SODQW VSHFLHV RQ (DUWK :LWK PRUH WKDQ VSHFLHV RI
GLIITHUHQW NLQGV RIELUGVDQG LQVHFWYV LWLV WKHHSLWRPH RI WK
PLOOLRQ SHRSOH LQFOXGLQJ LQGLJHQRXVDQG HWKQLFJURXSV O
DJULFXOWXUH FORWKLQJ DQG WUDGLWLRQDO PHGLFLQHV ORVW OLYH
$PD]JRQTV QDWXUDO ERXQW\ IRU IRR&H\$RHDORVMHVYS D Q& OALRMHDW KRRG V% UD]L(
(FXDGRU &RORPELD 9HQH]XHOD *X\DQD 6XULQDPH DQG)UHQFK *XLDQD
DQG WKHLU HFRQRPLHV KLJKO\GHSHQG RQ WKH $PDJRQ ,W FRQWULEXW
DJULFXOWXUH OLYHVWRFNDQGPDQXIDFWXULQJ 7KHHTXDWRULDO UHJ
PLVVLRQ ,Q WKHODVW \HDUV WKH $PD]JRQ KDV ORVW RILWVUDLQ IR
FDWWOH UDQFKLQJ )RUHVW DUHDV WKH VL]JHRIHQWLUH FLWLHY DUH FOHI
VHDVRQ ILUHV KDYHUHWXUQHG DW UHFRUG EUHDNLQJOHYHOV SXWWLQ
SODQQHG LQIUDVWUXFWXUH GHVWUR\V WKHLQWHJULW\RIWKHIRUHVW I
HIWHQVLYH FDWWOH UDQFKLQJDQG DJULFXOWXUDO H[SDQVLRQ LV D YLV
RFFXSLHG E\ FDWWOH SDVWXUHV 7KHLU ZDVWH FRQWDPLQDWHYV WKH ZDW
VSUHDGY WR RWKHU DUHDV ,Q DGGLWLRQ PDQ\VFLHQWLVWYV DVVHUW W
ZDWHU F\FOH KHOSLQJSURSDJDWH UDLQIDOODQG RWKHU FOLPDWH SDWYV
WKH OXQJV RI WKH (DUWK ,WKDVDQHVVHQWLDO UROHLQ FRQWUROOLDQ
%DVLQ VWRUHV DSSUR[LPDWHO\ ELOOLRQWRQVRIFDUERQ ZKLFKLVP
IURP IRVMLO IXHO

7KH OHJLVODWLRQ LQ RUGHU WR SURWHFW WKH $PDJRQV ORFDOO\ LV D«
$PD]RQ LV L&OBUBQWO\ WKHUHDUHLQWHUQDWLRQDODQG ORFDO HIIRUW
RUJDQL]DWLRQV 1*2V OHG E\WKH:RUOG :LGH)XQG IRU1DWXUH ::) DQG
LQIUDVWUXFWXUH HGXFDWLRQDQG SXVKLQJOHJLVODWLRQLQ WKH UHJLR
LOQWHUHVW LQ WKH HFRQRP\VXUURXQGLQJWKH $PD]JRQ> @ )XUWKHUPRL
VXVWDLQDELOLW\ UHJXODWLRQV WKH FDUERQ VHTXHVWUDWLRQ PDUN!

KWWSVY HDUWKREVHUYDWRU\ QDVD JRY IHDWXUHV $HURVROV >5HWULHYHG -XQH
KWWSV 7ZZZ ZRUOGZLOGOLIH RUJ SODFHV DPD]J]RQ >5HWULHYHG -XQH @
KWWSV 7ZzZZ JUHHQSHDFH RUJ XVD LVVXHV EUD]JLO DQG WKH DPD]JRQ IRUHVW >5H)
KWWSV UDLQIRUHVWY PRQJDED\ FRP DPD]J]RQ DPD]JRQBGHVWUXFWLRQ KWPO >5HW



7TDUJHW /RFDWLRQV *URXS &$6()LC

GLYLGHG LQWR WZR WKH &RPSOLDQFH PDUNHWY ZKHUH FDUERQ ULJKW
IXQGHG E\JRRGZLOO SD\PHQWV IURPHQYLURQPHQWDOO\UHVSRQVLEOH
KDGDQHVWLPDWHG ZRUWK RI ELOOLRQ GROODUYV OHDQZKLOH WKH9R
ODQ\DUJXHDERXW WKHHWKLFV RIWKH&RPSOLDQFHPDUNHWDV FRPSDQ
DQGLQVWHDG WKH\VKRXOG EHFXWRIIITURP XQVXVWDLQDEOH VRXUFHYV
WKHDWPRVSKHUHDERYH WKH $PD]RQ FDQJLYHYDOXDEOHGDWD RQ WKH U
IRUPDWLRQ 7KHUHIRUH JLYHQ WKHUDWHRIGHIRUHVWDWLRQDQG WKHLP:
LQ WKLV DUHD FDQ EH YHU\ XVHIXO

,Q FRQFOXVLRQ WKH $PDJRQ UDLQ IRUHVW QRW RQO\FRQWDLQV YDVW E
SODQHW EXWDOVRKDVDJUHDWYDOXHIURPDQHFRQRPLFDO SRLQW RI YLH
VWURQJHU LPSOHPHQWDWLRQ WR VDYH QDWXUH DQG HGXFDWH SHRSOH WF
VXVWDLQDELOLW\ 'HWHFWLQJDHURVROV DERYH WKLV UHJLRQ FDQ KHOS

$IULFD

9DULRXV ORFDWLRQVLQ WKHHTXDWRULDO UHJLRQ RI$IULFD ZHUH H[DP
ZHUHVHOHFWHG 7KHGHWDLOV DUHGLVFXVVHG LQ WKLV VHFWLRQ

1IDLUREL .HQ\D

IDLURELLVY WKHFDSLWDO RI . HQ\DDQGRQHRIWKHEXVLHVWFLWLHV LQ
OLYLQJLQFLWLHYV E\ 7TKH SRSXODWLRQRILWY FDSLWDO FLW\1DLURE
YHKLFOHV LVJURZLQJH[SRQHQWLDOO\ JHQHUDWLQJHPLVVLRQV WKDW DU
JURXSVZRUNLQJDORQJVLGHWKHURDGZD\V $LUTXDOLW\LVY GHWHULRUDYV
SROOXWLRQ SROLF\DQG UHJXODWLRQ 7KHHPLVVLRQV FDXVHG E\EXUQLQ
ZHOO DV QDWXUDO PLQHUDO GXVW DOO FRQWULEXWH WR WKLV VLWXDWLR:
GDWD WKDW GRHV H[LVW RIWHQ RPLWV JDVHRXV DLU SROOXWLRQ $OVR
FRQVWUXFWLRQ ERRP VXEVWDQWLDOO\FRQWULEXWHG WR WKHDHURVRO
WKHOHYHO RIILQH SDUWLFXODWH PDIWAV AKL\QLW K H B EW YTH VRV GHRRRIPIP L
PD[LPXP OHYHO )XUWKHUPRUH WKHPRQLWRULQJV\VWHP LV TXLWH UREX\
QXPEHU ZLOO EH KLJKHU > @

7TKHUHLVD VWURQJQHHGIRUGDWD DQG NQRZOHGJH WR LPSURYH WKH DLLU
FRPHLQ WKHFRPLQJIHZGHFDGHYVY LWLV LPSRUWDQW WR WDNH QHFHVVEL
FROQFOXVLRQ 1DLURELLVDYDOXDEOHORFDWLRQWRPRQLWRUGXHWRL
HIWUHPHDLU SROOXWLRQ LQ WKH FLW\

.DPSDOD 8JDQGD

.DPSDOD LV WKH ODUJHVW FLW\DQG WKHFDSLWDO RI8JDQGD ZLWK PL
IDVWHVW JURZLQJFLWLHV LQ $IULFD :LWKZLGHVFDOH XUEDQL]JDWLRQ D
WKHEHVW FLWLHV LQ (DVW $IULFDWROLYHLQ 2Q WKHRWKHU KDQG WKH
.DPSDODTYVDLU TXDOLW\LQGH[PHDVXUHGDW 1VDPE\D D FLW\VXEXUE E

DW $ 0LVVL[WLPHV KLJKHUWKDQ :RUOG +HDOWK?2UJDQL]DWLRQ $LU

W LV WKRXJKW WKDW DLU SROOXWLRQ XVXDOO\UHVXOWV IURP GXVW IURP
RIZDVWH -HQQLIHUOXVLVL DZHOO DFFODLPHG ODZ\HUDQG SXEOLFDGPL
&LW\ $XWKRULW\ .&&$ KDV WKHPDQGDWH WR GHYHORS UHJXODWLRQV DQC
UHTXLUHVY WKH GHYHORSPHQW RIDQ DGHTXDWH DLU TXDOLW\PRQLWRULQ
ODNHUHUH 8QLYHUVLW\BRIWZDUH 'HYHORSPHQW &HQWUH WR GHYHORS W
8QLYHUVLW\WR PRQLWRUDLU TXDOLW\DURXQG WKHFLW\ 7KHVHHIIRUW
SURMHFW VXSSRUWHG E\ WKH (XURSHDQ 8QLRQ "> @ ,Q FRQFOXVLRQ D

KWwWSV zZzZZ UHXWHUV FRP DUWLFOH XV FDUERQWUDGLQJ WXUQRYHU >5HWULHYH



ODUNHW 3RVLWLRQLQJ *URXS &$6()

WDNHLQLWLDWLYHV WR KHOS VXVWDLQDEOH JURZWK 'XHWR LWV FXUUL
PRQLWRULQJ V\VWHP IRUDHURVROV ZLOO EHKLJKO\VXLWDEOH

/ILEUHYLOOH *DERQ

/ILEUHYLOOHLV WKHFDSLWDO RI*DERQDQGLVRQHRIWKHIDVWHVW JUR
IRUWKH &$6( PLVVLRQDQG ZLOO RQO\VEH PHDVXUHG XSRQUHTXHVWDQG L
SROOXWLRQ OHYHOV DUH QRW DV EDG DV LQ .DPSDODDQG .HQ\D EXW WK
FKDQJHLQ WKH XSFRPLQJIHZ\HDUV ,WLVDWHUWLDU\WDUJHW RIWKH PL

6LQJDSRUH

6LQJDSRUH LV DFLW\ VWDWH ORFDWHG NLORPHWUHY QRUWK RI WKH F

VPDOOLVOHWY 6LQJDSRUHDOVR KDV WKHODUJHVW SRUW LQ 6RXWKHD
$VDQLVODQG VWDWH 6LQJDSRUHLVY KLIJKO\SURQHWR FOLPDWH FKDQJH
EHORZ OHYHOV E\ DQG VWDELOLVH ZLWK WKHDLP RISHDNLQJDURX:
ELOOLRQ6LQIJDSRUHGROODUVZLOOEHLQYHVWHG IURP UHVHUYHV PLC
HITRUWYV 6LQJDSRUHYV &DUERQ ,QWHQVLW\ RUFDUERQ GLR[LGHHPLVVL
ORZHVW LQ WKH ZRUOG 6LQJDSRUHUDQNYV UG RXW RI FRXQWULHYV
FRXQWRPQMMHRWKHU KDQG WKHJURZLQJPDQXIDFWXULQJLQGXVWU\LQ
VHFWRU LVDJURZLQJSUREOHP 6LQJDSRUHDLPVWRLPSOHPHQW WKHL
HQHUJ\HIILFLHQF\ZLOO EHYLWDO IRUPLWLIJDWLQJHPLVVLRQVDFURVV W
ZDWHU KDQGOLQJ ,QDGGLWLRQ WKH\DLPWRFUHDWHDZDUHQHVV E\HG
FDSDELOLWLHVLQRUGHU WR UHGXFHFDUERQ HPLVVLRQVDQG ZDVWH ¢
GHYHORSPHQWLVDOVRRQHRIWKHLUVWUDWHILHY /DVWO\ WKH\DLP\
JUHHQ GHYHORSPHQWDQG VXVWDLQDELOLW\ ,QRUGHU WR DFKLHYH WKL
LOQVWLWXWLRQV LQGLYLGXDOVDQG EXVLQHVVHV ORFDOO\DQG LQWHUC
DHURVROVDURXQG6LQJDSRUH EXW WKHGDWD LV RXWGDWHGDQG ORZ U
DFWLRQVWRPLWLIDWHFDUERQ HPLVVLRQVDQG DGDSW WR FOLPDWH FKD(
WKLV SURFHVV WKH\ZLOO EHORRNLQJIRULQWHUQDWLRQDO FROODERUI

ODUNHW SBRVLWLRQLQJ

,Q )LIXUH WKH QHW RIILFLDO Gt
DQG RIILFLDODLG UHFHLYHG LV S
FRUGLQJWR WKH GDWD IURP :RUOQ
QXPEHURILQYHVWPHQWV LQ $IULF
IRUVXVWDLQDEOH GHYHORSPHQ\
ODUJHU FRPSDUHG WR WKH RWKHU
PRQLWRUHG .HQ\D UHFHLYHG WK
RI ELOOLRQ GROODUV IROORZH
ZKLFK UHFHLYHG ELOOLRQ GRC
FRPH6RXWK $PHULFDQ FRXQWUL'
WRWDO UHFHLYHG OHVV WKDQ
ODUV 7KHUHIRUH .DPSDODDQG :
PRUH OLNHO\ WR ORRN IRU SURM€E
LQ WKH VXVWDLQDEOH GHYHORS
)LJXUHlHWRIILFLDOGHYHORSPHQWDVVLVWDQFHlengHIIUHF'C_)”_YHlE3 8JDSSQUH R
CROODUY 88" KDVIRW UEH:LH YHE 6’5?‘6%
LQJ WR ILQDQFH LWV HIIRUWV WR
FKDQJH PRVWO\ ORFDOO\ 7KLV JI

KWWSV 7Z7ZZ QHD JRY VJ RXU VHUYLFHV FOLPDWH FKDQJH HQHUJ\ HIILFLHQF\ FO
V HIIRUWYV LQ DGGUHVVLQJ FOLPDWH FKDQJH >5HWULHYHG -XQH @



ODUNHW 3RVLWLRQLQJ *URXS &$6()

WKH $IULFDQ FRXQWULHYVY 8JDQGDDQG . HQ\DLQDPXFKPRUHYDOXDEOHP
LQIOXHQFHRQ WKHDUHDV WR EHPRQLWRUHGDQG DVVLIQHG .DPSDODDQ

SRWHQWLDO 3IDUWQHUV &RPSHWLWRUV DQG 6WDNHKROG

7KH SRWHQWLDO SDUWQHUV IRUWKH &$6( PLVVLRQFDQ EHFDWHJRUL]HG DV
&$6(LVDQLQWHUQDWLRQDO PLVVLRQ ZKLFKDWWUDFWVY ORFDO DQG H[W
PRQLWRULQJSDWKDQG WKHJRYHUQPHQWYV LQWHUHVWHG LQ WKHVH ORFI
WKLV LQYROYHV %UD]LO &RORPELD DQG (FXDGRU IRUWKHVHFRQGDU\"
WDUJHWV 6LQJDSRUHDQG *DERQ DUHVHOHFWHG IRUWKH &$6(PLVVLRQ ,Q
SDUWQHUV GXH WR WKH 3DULV $JUHHPHQW DQG RWKHU FOLPDWH FKDQJ]
'XWFKJRYHUQPHQW DUH SRWHQWLDO SDUWQHUV DV WKLV PLVVLRQ KDV LQ
DUHSRWHQWLDO SDUWQHUV FRQVLGHULQJWKHDLGIXQGIURP WKH:RUOG ¢
ZLOO PHDVXUH ZLOO EH XQLTXHDQG YDOXDEOH 7KLV ZLOO DWWUDFW UHVF
6SDFH $JHQF\DQG RWKHU LQVWLWXWLRQV WKDW QHHG WKH GDWD ,Q DG
ORFDO LQVWLWXWLRQV DUH SRWHQWLDO SDUWQHUV IRUWKLV PLVVLRQ

ZLWK WKH &$6( PLVVLRQ )RU WKH ZHOO EHLQJRIWKH $PD]JRQ UDLQ IRU}
DFWLRQ VXFKDV::) *UHHQSHDFHDQG $PD]RQ :DWFK 7KHUHDUHDOVR YDL
&RDOLWLRQIRU'HYHORSPHQWDQG (QYLURQPHQW LQ 8JDQGDDQG &OLPDW!
ORFDO HIIRUWV PDQ\LQWHUQDWLRQDO 1*2V DUH ZLOOLQJWR WDNH DFV
/DVWO\ WKHUHDUH FHUWDLQ JURXSV RIEXVLQHVVHV WKDW FDQ EH SDUWQ
WKDW SURYLGH SDUWV DQG RWKHU PDWHULDO IRU WKH &$6( PLVVLRQ FI
PLVVLRQ KDYHD ORZ7HFKQRORJ\5HDGLQHVV /HYHO 75/ WKHUHIRUH WKH
YDOXDEOH WR WKRVH FRPSDQLHV VXFKDV 712DQG 7THWKHUV 8QOLPLWHG ,
ORRNLQJWRLQYHVWLQ WKHVXVWDLQDEOH GHYHORSPHQW RI WKHVH UH.

,QWKHODVWIHZ\HDUV PRUHVDWHOOLWHPLVVLRQVWRREVHUYHDHUR
DQG WKHLQFUHDVLQJ SHUIRUPDQFH RI WKHLPDJLQJWHFKQRORJLHV VI
DHURVRO GHWHFWLRQ 7KHUHDUHVHYHUDO ODUJHFRPSHWLWRUV HPHUJL
PLVVLRQ ZKLFK ZLOO EHODXQFKHGLQ $ORQIZLWK RWKHU REVH
FDUULHVY WKH VSHFWUR SRODULPHWHU 63(;RQHRQ ERDUG 7KH 3$&(PL\
GROODUV> @ 7KHVHFRQG ELJJHVWFRPSHWLWRU LV WKH (DUWK&DUH F
IRUWKLYVY PLVVLRQLVDOVRVFKHGXOHG IRU 7KHREMHFWLYH RI WKH
DHURVROV ZKLOH PHDVXULQJWKHUHIOHFWHG UDGLDWLRQ IURP (DUWKYV V
HXUR FRQWUDFW LQ IRUWKLV PLVVLRQ 7KHFRVWKDV GRXEOHG LQDO
SHUVLVWHQWO\LQPUIKD VDY WWKHWWKHDTWHUD DQG $TXD VDWHOOLWHYV FL
DOVRPHDVXUHDHURVROOHYHOV LQ GLITHUHQW SDUWV RI WKHZRUOGR
VDWHOOLWH RIWKH %UD]LOLDQ 6SDFH $JHQF\PRQLWRUV VHYHUDO DUHD\
WKHPRQLWRULQJORFDWLRQVLQ $IULFD WKHUHLVQRVSHFLILFVDWHOOL!
VROXWLRQLVWRKDYHDLUTXDOLW\PRQLWRUV DURXQG WKHFLW\WR PHEL

7TKHELJIJHVWDGYDQWDJH RIWKH &$6( PLVVLRQ DIDLQVW LWV FRPSHWLW
WKHUHLVY QR RWKHU PLVVLRQ WKDW FDQ PHDVXUH DHURVROV ZLWK D WHP
PLVVLRQVIRUDHURVRO GHWHFWLRQ KDYHWHPSRUDO UHVROXWLRQ RI GD
ORFDWLRQV ZLOO EHPHDVXUHGLQPXFKTXLFNHULQWHUYDOV ZKLFK ZL
HIDPSOH WKHGLIITHUHQFHLQ DHURVROV IRU WKH SHDN KRXUV YHUVXV RW
VSDWLDO UHVROXWLRQ RI WKH &$6( PLVVLRQ FRPSDUHG WR PLVVLRQV OLN
WRPRQLWRUDHURVROVDWDPXFKKLIJKHUDFFXUDF\ /DVWO\ HYHQ WKRX
ZLOOEHHODERUDWHG RQLQ &KDSWHU LWLVVWLOO ORZHU WKDQ WK
GLITHUHQW SDUWV RIWKHZRUOG IURPVSDFH ,QDPRUHJHQHUDO VHQV
VSDFHDUHODUJHU VFDOH PLVVLRQV ZLWK YHU\ KLJK FRVW ORZ UHVRO X\
WKHRWKHU KDQG KDV OHVV DUHDV WR PRQLWRU EXW KDV KLIJKHU WHPSRL
7TKHUHIRUH WKH &$6( PLVVLRQ ZLOO QRW RQO\SURYLGH YDOXDEOHDQG XC
VXVWDLQDEOH FRPSDUHG WR LWV FRPSHWLWRUV

KWWSV ZzZZ EEF FRP QHZV VFLHQFH HQYLURQPHQW >SUHWULHYHG -XQH



ODUNHW 3RVLWLRQLQJ *URXS &$6()

7KHVWDNHKROGHUV IRUWKH &$6( PLVVLRQ DUHDV IROORZV )LUVWO\ RX
WKH '6( PDQDJHPHQW DQG *URXS DUH WKHPDLQ VWDNHKROGHUV )XU\
VWDNHKROGHUV VLQFH WKH GDWD JHQHUDWHG LVLQ WKHLULQWHUHVW 7K
FRXQWULHV WKDW KDYHDQLQWHUHVW ORFDODQGLQWHUQDWLRQDO 1*2V
EXVLQHVVHVY ZKR SURYLGH PDWHULDO IRUWKHPLVVLRQRUZKRDUHLQWHU
PLVVLRQ ZLOO QRW RQO\UHYHDO WKHDHURVRO EHKDYLRXUDURXQG WKH
IRUDHURVRO REVHUYDWLRQLQ /(2 7KLVGDWD FDQEHUHODWHG WR FOLPELC
ZHDWKHU IRUHFDVWLQJ 7KHPLVVLRQ GDWD FDQ EH XVHG WR YDOLGDWH F
LOQGXVWULDOL]DWLRQ HITHFWV RQ FOLPDWH )XUWKHUPRUH WKH GHIRUHV\
VWDNHKROGHU IRUWKHPLVVLRQ )XUWKHUPRUH VLQFH WKH $PD]JRQ KD\
SHRSOHDQG WKHZLOGOLIHFDQDOVREHFRQVLGHUHG DV VWDNHKROGHU

6WUHQJIJWKYV HDNQHVVHV 2SSRUWXQLWLHV 7KUHDWYV
6WUHQJIJWKYV

7KH &$6( PLVVLRQ FRPSDUHG WR WKH RWKHU H[LVWLQJPLVVLRQV RIIH
UHVROXWLRQ (VSHFLDOO\ WKH PLOQXWHY WHPSRUDO UHVROXWLF
PRQLWRUHG GRQRW KDYHDQ\V\VWHP WKDW FDQ GHOLYHU D WHPSRUL
7KH &$6( PLVVLRQ QRW RQO\ZLOO EH EHQHILW VXVWDLQDEOH GHYHOR¢
VXVWDLQDELOLW\LQ WKHPLVVLRQ SURFHVV $VSHFWV VXFK DV WKH XV
WKLV PLVVLRQ ORUHGHWDLOV FDQEHIRXQGLQ &KDSWHU
7TKHHTXDWRULDO UHJLRQ LV KLJIKO\FRQFHQWUDWHG ZLWK DHURVROV
GHPDQGIRUDHURVRO REVHUYDWLRQ WHFKQRORJLHV

7KH &$6( PLVVLRQ ZLOO VSHFLILFDOO\PHDVXUHDHURVROV 7KLV PHDQ
EHVROHO\GHGLFDWHG WRIJDWKHULQJDFFXUDWHDQG YDOXDEOHDE
PLVVLRQLQ FRPSHWLWLYHDGYDQWDJH

$OWKRXIKWKH &$6( PLVVLRQLVVWLOOLQLWY GHVLJIQ SKDVH FRPSD
DOUHDG\VKRZQLQWHUHVW LQ EHLQJSDUWQHUV EHFDXVH WKH\EHOLI

7TDEOH6WUHQJIJWKY :HDNQHVVHV 2SSRUWXQLWLHV 7KUHDWYV 6:27 $QDO\

6WUHQJWKYV HDNQHVVHV
7THPSRUDO DQG VSDWLDO UHV
6XVWDLQDELOLW\ 7236\,5/'?%%
/IRFDWLRQ VHOHFWLRQ /RZ UHVRXUFHV
6SHFLILFWRDHURVROV H HOFH
&ROODERUDWLRQV ZLWK WKF(B&&‘J(%/V\H.J’\

2SSRUWXQLWLHYV 7TKUHDWYV

*URZLQJ SULYDWH LQWHUHV %{? W}W%ﬁi
IURP.RWKHU PLVVLRQV
*
URZLQJQHHGWUFOLPDWH%@@? 2 VQ%R)/ RUV SDUWQHUV EDFNL

&ROODERUDWLRQ ZLWK JRYH

"HDNQHVVHV

7KH &$6( PLVVLRQ UHTXLUHV VWDWH Rl WKH DUW WHFKQRORJ\WR EH R
QHHGHG WR H[HFXWH WKH PLVVLRQ DUH TXLWH H[SHQVLYH 7KHFRVW
$V PHQWLRQHG EHIRUH WKH 75/ RI VRPHRIWKH SDUWV DQG FRPSRQHQ
IRUH[DPSOH 75/ IRUWKH 712 FKLS 7KHUHIRUH WKHUH LV KLJKHU XQ
$VDVWXGHQW JURXS FXUUHQWO\ WKHUH DUH YHU\IHZ UHVRXUFHV W
$ SURMHFW RQ WKLV VFDOH LV VRPHWKLQJWKDW WKH JURXS GRHV QRW
LV VWLOO DQ RQJRLQJOHDUQLQJ SURFHVYV

2SSRUWXQLWLHV



ODUNHW 3RVLWLRQLQJ *URXS &$6()

,Q WKHODVW IHZ\HDUV WKHUH KDV EHHQ VXEVWDQWLDO LQWHUHVW LQ
E\WKH SULYDWHLQGXVWU\ 7KLV PLJKWRSHQ QHZRSSRUWXQLWLHV I
,Q WKH ODVW GHFDGH WKH LPSRUWDQFH RI FOLPDWH FKDQJH DFWL
H[SRQHQWLDOO\ 7KHUHIRUH DPRQLWRULQJV\VWHP WKDW LV DEOH WF
QHHG

7KH FRXQWULHVY WR EH PRQLWRUHG DUHLQ QHHG RID V\VWHP OLNH WK
LQVSLUDWLRQ IRURWKHU FRXQWULHV WRLPSOHPHQW D PRQLWRULQJ

7TKUHDWYV

,WLVH[SHFWHG WKDW E\WKH WLPH WKH &$6( PLVVLRQLV ODXQFKHG W
EHWWHU WHFKQRORJLHYV 7KLV PLIJIKWGHFUHDVHWKHPDUNHW VKDUH
FRPSHWLWLYHHQRXJK

7KH &$6( PLVVLRQ GRHV QRW\LHOG GLUHFW SURILW IRUWKHLQYHVWR
7KLV PLIKWGLVFRXUDJH VRPHLQYHVWRUV WR EDFNLQJRIIITURP JLYLC

,QFRQFOXVLRQ WKH &$6( PLVVLRQLVRIITHULQJDQDHURVRO REVHUYDWL
PDUNHW QHHGV LQ 6RXWK $PHULFD $IULFDDQG $VLD FHUWDLQ KRW VSRYV
JIXUWKHUPRUH WKHUHDUHLQWHUQDWLRQDODQG ORFDOLQLWLDWLYHV \
FKDSWHUV WKHFRVWRIWKHPLVVLRQDUH SUHVHQWHGDQG DUHUHODW



THFKQLFDOS5LVN $V\

7KLY FKDSWHU FRQFHUQV LWVHOI ZLWK WKHULVNV WKDW FRXOG EHIDFHG
VSDQDQ\RSHUDWLRQ WKDW RFFXUV EHWZHHQ WKH ODXQFKDQG GHFRPPL
DZLGHUDQJHRIRSHUDWLRQV LQ ZKLFKPDQV\ULVNV FDQ EHIDFHG )XUW
WKH SURGXFWLRQ PDOQXIDFWXULQJDQG WUDQVSRUWLQJRIWKHVSDFHF
ERWKIDFHWYV RIWKHVSDFHFUDIWOLIHWLPH GXULQJZKLFKULVNV FDQ RFI
ULVNV DULVNPDSLVSURGXFHGWRYLVXDOL]JHWKHGLVWULEXWLRQRIULYV
GHGLFDWHG WR ULVNPLWLIJDWLRQ VWUDWHILHV DORQJVLGHD P PLWLJDW
VHFWLRQ FRPPHQWLQJRQ WKHULVNVDVVRFLDWHG ZLWK HDFK VXEV\VWH

6\VWHP OHYHO 7THFKQLFDO 5LVN $QDO\VLV

TRLGHQWLI\WKHPRVW VIVWHP OHYHO ULVN SURQH SURFHVVHV RQHPXVW
ZLWK SURGXFWLRQDQG PDQXIDFWXULQJ WKHUHDUHVHYHUDO ZD\V LQ ZKL
DUH XQIRUHVHHQ XQDYDLODELOLW\RI UHVRXUFHV XQVXLWDEOH RU LG
PDQXIDFWXULQJRUWUDQVSRUWDWLRQ 7KHUHIRUH D VXIILFLHQWO\UR
DFFRXQW WKHVHDUHDV RIIDLOXUH DQGPLWLIJIDWH WKHP RQFH WKH\ RFFX!
VXEVWLWXWHIRUHDFKPHPEHU FRQWULEXWLQJWR WKH SURGXFWLRQ SUI
DOOHYLDWH GHOD\VIURP UHVRXUFH VKRUWDJHYV ,Q VLPLODU IDVKLRQ L
FRXOG HOLPLQDWHDQ\PDQXIDFWXULQJRUWUDQVSRUWDWLRQ UHODWH(
GHYHORSPHQWLVDQ HI[HUFLVHLQIRUHVLIKWDQG FRPPXQLFDWLRQ HV
PLQLPL]HULVN > @

:LWK UHJDUGVY WR WKH &%$6( PLVVLRQ LWVHOI D JUHDW QXPEHU RI ULVN
VLIQLILFDQW OLNHOLKRRG RIRFFXUULQJ RUZLWK QRWLFHDEOH LPSDF
(DFKULVNZLOOEHJLYHQDQLPSDFW OLNHOLKRRG [\ UDWLQJ ZLWK HDF
LPSDFWRUOLNHOLKRRG 7KLV ZLOOEHDVVHVVHG KROLVWLFDOO\DQG X
SODFHPHQW RIULVNVRQ WKHULVNPDS 7KHUHH[LVW WZR ZD\V LQ ZKLFK |

1) DLOXUH WR SURGXFH PLVVLRQ GHOLYHUDEOHYV
) DLOXUHWRDGKHUH WR PLVVLRQ EXGJHW

7KHIROORZLQJULVNV KDYHEHHQLGHQWLILHG WRKDYHD VXEVWDQWLDO F
DOO GHVLJQ FRQFHSWV > @

56. * 8QVXLWDEOHZHDWKHU RWKHU ODXQFRXV KV H D QKR Q YHRQLCGHOWHHR\WQ
ODXQFK VLWHFDQ RIWHQDGYHUVHO\DIIHFW WKH ODXQFKDQG RSHU
FKDQJHV FDQ OHDG WR ODXQFK GHOD\V DV WKH ZHDWKHU FRQGLWLF
RSHUDWLRQV ZHDWKHU FDQ LQWHUIHUH ZLWK FRPPXQLFDWLRQV EHW
EHVXIILFLHQWO\ FDWHUHG IRUVR DV QRW WR KLQGHU WKH VSDFHFUDI

56. * 3RZHUVKRUWDJHV DW WKH JURXGQ/&EMPLFNQRQOFORDEMH- QRIDWLYHO
LI WKHJURXQG VHIPHQWY ORVH SRZHUDQG WKXV GLVFRQQHFW ZL
SUHYLRXVULVNDQG YDULHVY SHUJHRJUDSKLFDO ORFDWLRQDQG FDQ EI
> @

56. * )DLOXUHWRGHSOR\VDWHOOLW HKWHBIRPDOWLRIFKURPKABEROQRFKHU SU
VHYHUHO\DIIHFW WKH PLVVLRQ VXFFHVV LI HIHFXWHG LQFRUUHFWO'
VSDFHFUDIW EXWDOVRWR WKHODXQFK YHKLFOH 7KXV QRWRQO\FF
WKHWHDP FRXOG DOVR EHOLDEOH IRUWKHODXQFKFRPSDQ\TVORVVH
ODXQFKHU > @



SLVNODSV OLWLIJDWLRQ 6WUDWHJILHV *URXS

56. * 6SDFHGHEU&SDFHGHEULVLVDULVNDQ\VSDFHFUDIWIDFHY GXULC
WR WKH KLJK YHORFLW\DW ZKLFKVSDFH GHEULV WUDYHOV HYHQ ORZ F
WKHVSDFHFUDIWYV VXUYLYDELOLW\ 7KXV LWLVDQLPSRUWDQW ULVN
OHDG WR FDWDVWURSKLFPLVVLRQIDLOXUH > @

56. * O6RIWZDUH PDOIXQFWLRQVVREE@WHOUBQVFH RQ VRIWZDUH IRU VSDF
LQFUHDVHG UDSLGO\RYHU UHFHQW GHFDGHV )RU WKLV UHDVRQ PL
GHWULPHQWDO WR WKHPLVVLRQ WLPHOLQH 7KXV VXIILFLHQW WHVW
FULWLFDO HUURUVY SUHVHQW WKHPVHOYHV LQ WKH VRIWZDUH 6HH &K

56. * ,QFUHDVHG UDGLDWLRQ IURRROROD/MWRWMRVMPMVOVR SUHVHQW D QRW
PLVVLRQ VXFFHVVY :KHQ VRODUVWRUPV RFFXULQWKHGLUHFWLRQR
E\WKH (DUWK DWPRVSKHUHFDQ EHWHPSRUDULO\RU SHUPDQHQWO\
LOWHUIHUHQFH EHWZHHQ WKH VSDFHDQG JURXQG VHIJPHQWY )XUWKF
OHYHOVRIHOHFWURPDJQHWLF UDGLDWLRQ ZKLFK FRXOG GLVRULHQW

56. * 6XEV\VWHP PDOIXQARHWMLRIQM FW IDLOXUH RIDQ\VXEV\VWHP ZLOO DC
PLVVLRQIDLOXUH 7KHUHIRUH VXEVA\VWHPV PXVWEHPDGHUHGXQGEL
LV KLIJKO\ XQOLNHO\ $V WKHUH DUH PXOWLSOH VXEV\VWHPV HDFK Z
SURYLGHG ZLWK WKHLURZQ VHFWLRQVWRDGGUHVV WKHLUULVNYV VH

56. * ,QFRUUHFW RUELWRQR/PHUYWIRWDWLRQ IURP WKH ODXQFK YHKLFOH
PXVWEHDFKLHYHG DOWLWXGH HFFHQWULFLWA\DQG LQFOLQDWLRQ ,
DFFXUDF\ WKHRUELWLQVHUWLRQ ZLOO EH XQVXFFHVVIXODQG WKHP

7ZR DGGLWLRQDO DVSHFWV DUH ZRUWK QRWLQJ ZKLFK GR QRW LQKHUHQ W (
FDWHUHG IRUQRQHWKHOHVY 7KLV H[FOXGHVDQ\VWDNHKROGHU UHTXLUH
DUHOHDGLQJ $Q\FRQIOLFW ZLWK VWDNHKROGHU UHTXLUHPHQWYV ZLOO E}
IHYHUWKHOHVYV IDLOXUHV RIVHFRQGDU\JRDOVLQFOXGH> @

) DLOXUHWRDGKHUH WR PLVVLRQ SURGXFWLRQ PDQXIDFWXULQJDQG
) DLOXUHWR PHHW VXVWDLQDELOLW\JRDOV

7TKHIROORZLQJULVNVKDYHEHHQLGHQWLILHGDV WKUHDWYV WR WKH DIRU

56. 6 3URGXFWLRQ PDQXIDFWXULQJ WHVWLQJ WUDQVSKRWWDWQRQ GH
DQ\RIWKHVH FRPSRQHQWY FRXOG OHDG WR GLIILFXOWLHV LQ DGKHUL
WKH ODUJH QXPEHU RIVXSSOLHUV LQYROYHG LQ WKLV SURFHVV GHO
VFKHGXOLQJGLIILFXOWLHY DQG VFDUFLW\ XQDYDLODELOLW\RIUHVR>
ZLOO DOVR OHDG WR WKH ZDVWLQJ RIUHVRXUFHV WKXV YLRODWLQJ W

56. 6 ,QDFFXUDWH SURILWDELOLW\ EXGJHW, I WRHW®BDWNHKWD DI D QD/QWILW
UDWHE\WRR ODUJHRID GHJUHH LW PD\EH WKDW WKHPLVVLRQ ZLOO
RYHUHVWLPDWHG WKHPLVVLRQ PD\VWUXJJOHWR JHQHUDWH WKH UH
XQGHUHVWLPDWHG WKHVSDFHFUDIW PD\EH XQGHU GHVLJQHGDQG D"
6LPLODU FRQFHUQV H[LVW IRUDQ RYHUHVWLPDWLRQ XQGHUHVWLPDW

56. 6 /DFNRIOHDQPDQXIDFWXULQJDQG GHWKBGSIKILOQ DRSKRDIYX D FW X
GXFWLRQ VWDJHV DUH QRW SHUIRUPHG ZLWK D OHDQ SKLORVRSK\ W
GHVLJQHG 7KLV ZRXOG GHOD\WKHWLPHOLQHDQGLQFUHDVHWKHFRVV
YXUWKHUPRUH WKLV ZRXOG QRW DOLJQ ZLWK WKH PLVVLRQYTV VXVWDL

56. 6 :DVWHIXO EXGJHW PDQDJHPHQWS EXENHIN BXUDIVR QV QRW XVHG RS
UHVXOWLQDQLQHIILFLHQWO\GHVLJQHG PLVVLRQ 7KLVFDQ UHVXOW Il

RIWKHPLVVLRQ RUDQLQDSSURSULDWH GLVWULEXWLRQ RI WKH EXGJH
GHVLJQ > @

SLVNODSV OLWLIJDWLRQ 6WUDWHJILHYV

7KLY VHFWLRQ ZLOO GLVFXVV WKH DIRUHPHQWLRQHG ULVNV DQG WKHLU LI
FDQRIWHQ EHFRQVLGHUHG WR FRPSULVH RI WKH SURGXFW RILPSDFW D



SLVNODSV OLWLIJDWLRQ 6WUDWHJILHV *URXS

YDULRXV ULVNVRQLPSDFWDQGOLNHOLKRRGD[HVY DULVNPDS $SUHOL
LOQWR DFFRXQW WKHULVNV DV WKH\VWDQG JOREDODQG VXVWDLQDELOLW

JLIXUH5LVN PDS EHIRUH PLWLJDWLRQ

$VFDQEHVHHQ WKHPRVWLPSDFWIXO BBVNV56Q*DB6EBH® @DLAZB OrNHOLKRRG
7TKXV WKHVHVKDOO EHWKHPRVWLPSRUWDGW.WR BGIGY HODWB @G& A LAX O BW t
WRPLWLIJDWHDV WKH\LQYROYHIDFWRUV VSDFHHQYLURQPHQWDQG ODX
PLVVLRQTV FDSDH6L OL WQIRHY *5 EWNQVKRZHYHU BHPEWNIIDPVRGWDQW WR PLWI
VLQFHDV ZLOO EH GLVFXVVHG LQ &KDSWHU VRIWZDUH LVVXHYVY UHV XO\
7TKLVFDQEHUHGXFHGLQOLNHOLKRRG EXWQRWLPSDFW.ZLWKQ/ XIILFLH
WKHQ EHPLWLIJDWHG ZLWK VXIILFLHQW VXEV\VWHP FRQWLQJHQF\PDQDJH
PLWLIBW.LRGDQDOVREHUHGXFHGLQLPSDFWE\VXIILFLHQWO\HTXLSSLQJ"
RIZLWKVWDQGLQJ KLIKUDGLDWLRQ GRVHV QR PLWLIDWARQ FIPOREH SURY I
EHPDGHOHVYVY OLNHO\ ZLWK VXIILFLHQW WHVWLQJ DQG OHVV LPSDFWIX
HODERUDWHG XSRQLQ &SK€DSWIHBB. * DORQJVLGH

(TXDOO\LPSRUWDQW WR DGGUHVV DUHWKH VXVWDLQDELOLW\ULVNV 6]
DSSURSULDWH FRXQWH U P HIBV X6URFDVQ FRIUGLHOAUMDY FKE WQ WNNHOLKRRG E\ PD]
FDWLRQ FKDQQHOV EHWZHHQ DOO SDUWLHV LQYROYHG LQ SURGXFWLRQ P
IDVKLRG6UE¥R®Q DOVR EH GHFUHDVHG LQ OLNHOLKRRG E\ EROVWHULQJ"
YDOXDEOH YHULILFDWLRQ SURFHGXUHV RQ WKH SURILWDELOLW\FDOFXO
UHVXOWYV 7KLV ZLOO EHIXUWKHU HOSBE BUDBBH 6 XSR Q@ OQ &K O SEWHD J BLWN
E\YLUWXHRIWKH OHDQ PDQXIDFWXULQJ SKLORVRSK\WKDW WKH &$6( PLV\V
PLWLJDWLRQ VWUDWHJILHY WDNHQ LQWR DFFRXQW LV VKRZQ LQ )LJXUH



6 XEVA\VWHP OHYHO 7THFKQLFDO 5LVN $QDO\VLYV *UR’

JLIXUH5LVN PDS DIWHU PLWLJDWLRQ

6 XEV\VWHP OHYHO 7THFKQLFDOS5LVN $QDO\VLV

7KHFULWLFDO IDLOXUH RIDQ\VXEV\VWHP ZLOO OHDG WR HYHQWXDO PLV\
VXFFB&V* +RZHYHU WKH DYHQXHV E\ ZKLFK VXEV\VWHP IDLOXUH FDQ
VXEV\VWHP )XUWKHUPRUH DQDGYDQFHG OHYHO RIGHVLJQ GHWDLO LV
VXEV\VWHP )RU WKLV UHDVRQ WKLV VHFWLRQ LV GHGLFDWHG WR OLVY\
GHVFULSWLRQVDQG PLWLIJDWLRQ VWUDWHILHY FRQVLGHUDWLRQV DUHV

3D\ORDG 6 XEV\VWHP 5LVNV VHHG6HFWLRQ
56. 3/ 'H FDOLEUDWLRQ RISD\ORD GLQVIWXXRHQWQW 75/
56. 3/ 'DWDWUDQVPLVVLRQIDLOXUH WR &'+
BURSXOVLRQ 6 XEV\VWHP5LVNY VHHG6HFWLRQ

56. 3523 /HDNDJH RIIXHO 56. 3523 7R[LF SURSHUWLHV RIIXHO
56. 3523 %UHDNLQJ MDPPLQJRIYDOYHYV
56. 3523 ,JQLWLRQ FRPEXVWLRQADBOXURKRWRUURVLYH SURSHUWLHV RIIX

&'+ 6 XEV\VWHP 5LVNV VHH6HFWLRQ

56. &'+ 'DWD FRUUXSWLRQ 56. &'+ 'DWD VWRUDJHIDLOXUH
56. &'+ 'DWDWUDQVPLVVLRQ IDI&®OXUH 'DWD SUH SURFHVVLQJIDLOXUF
56. &'+ 'DWDUHFHSWLRQIDLOX3BH &'+ 6RIWZDUHIDLOXUH HUURUV

7TKHUPDO 6 XEV\VWHP 5LVNV VHHG6HFWLRQ

56. 7& 3D\ORDG RYHUKHDWLQJ 56. 7& 7HPSHUDWXUH FRUUHFWLRQ IDL
56. 7& 7THPSHUDWXUHPLYVY FDOLEUDWLRQ



6 XEVA\VWHP OHYHO 7THFKQLFDO 5LVN $QDO\VLYV *UR’

77& 6 XEV\VWHP 5LVNV VHHG6HFWLRQ

56. 77& (OHFWURQLFIDLOXUH 56. 77& )DLOXUHRIURWDWLQJPLUURU
56. 77& ,QVXIILFLHQW XSOLQN SFOLQWE&QIUWDFAFXUDRWDWLRQ DOJRULWKP

56. 77& ,QVXIILFLHQW GRZQOLGOR.-SRI1&Q WRQNZHiXIDLOXUH
UDF\ 56. 77& &ORXG FRYHUDJH

$'&6 $2&6 6 XEV\VWHP 5LVNVY VHH6HFWLRQ

56. $'& $WWLWXGHGHWHUPLQDS®6LR&V HQWRRD OOLIEAMOUMLRQ RU GH FDOL
56. $'& SWWLWXGHRULHQWDW I5BQ $D& W XBVWWRWX FEVMLABDQURII YL HZ

*1& 6 XEV\VWHP 5LVNV VHH G6HFWLRQ

56. *1& ([SRVXUH WRVSDFHHQYY6SURDPHBPNFHLYHU PDOIXQFWLRQ
56. *1& 2FFOXVLRQRIDQWHQQDTVOLQHRIVLIKW

(36 6 XEV\VWHP 5LVNV VHHG6HFWLRQ

56. (36 3RZHU VXSSO\IDLOXUH 56. (36 3RZHU &RQGLWLRQLQJDQG 'LV
56. (36 3RZHU VWRUDJHIDLOXUH 8QLW 3&'8 LQFRUUHFW DSSOLFDWLRC
56. (36 )DLOXUH RI WKH VRODU DUIUPXEHWBOROPHQW

PHFKDQLVP 56. (36 3&'8FRQQHFWLRQVDUHGRQHLQ

6WUXFWXUDO 6 XEV\VWHP 5LVNV VHHG6HFWLRQ

56. 675 3ULPDU\VWUXFWXUH IDBG@XB8H5 7KH SD\ORDG SODWIRUP IDLOXU
56. 675 6HFRQGDU\ VWUXFWXUH IDLOXUH

56. 675 6XEV\VWHPV DWWDFKPHERW 6EOXWWHULDO IODZV PDGH GXULQJ
56. 675 '"HIRUPDWLRQ RIWKH VWUXW®X¥XWLUHI SURFHVV

IDXQFKHU ULVNV VHHG6HFWLRQ

56. /1&+ /DXQFK YHKLFOHIDLOXUH'2%

56. /1&+ &$6(GDPDJHG GXULQJ QéDX%FK .
+ OD\RIODXQFK GDWH
56. /1&+ &%$6( RU ODXQFKHU GD Dj % G)ﬂJ Q
LQJVHSDUDWLRQ &$6(DUULBBYV/HOG 2QXAAKIHMDIORPPXQLFDWLRQ OF

*6 5LVNV VHHO6HFWLRQ

56. *6 /RVVRIFRPPXQLFDWLRQZ8WK &B8R(ZHU IDLOXUH RXWDJH
56. *6 'DWD UHWULHYDO LVVXHW%6. *6 /DERXUGLVSXWHV VWULNHYV
56. *6 6 RIWZDUH IDLOXUH 56. *6 +XPDQHUURULQRSHUDWLRQV

7KLY FKDSWHU KDV RXWOLQHG WKH YDULRXV ULVNV WKDW WKH &%$6( PLV
GXULQJLWV GHVLIQDQG OLIHWLPH 6HYHUDO FRXQWHUPHDVXUHV KDYHCLC
ZKHUH WKH\DSSO\WR WKH GHVLJQ 7KHJUHDWHU LPSOLFDWLRQV RQ WKH |
FKDSWHUDV LW UHTXLUHV D KLJKHU OHYHO GHVLJQ $V VXFK WKH\ZLOOE
LWHUDWLRQV RIWKH &$6( VSDFHFUDIW 'HWDLOV VXFKDV WKHUHOLDELC
DUHIXUWKHU GHWDLOHG LQ &KDSWHU



6XVWDLQDEOH "HYHORSF

$WDQHDUO\VWDJH RIWKHGHVLJIQ SURFHVVY WKH/LIH &\FOH $VVHVVPH
VXLWDEOH WRRO WRDVVHVV WKHVXVWDLQDELOLW\RIWKH &$6(PLVVLR
VWDQGDUGL]HG WRRQ6262 WKDW DVVHVVHV WKHHQYLURQPHQWDO L
WKHHQWLUH OLIHF\FOHRIWKHPLVVLRQ WKHSURGXFWDQG LWV FRPSRQ
LQVSDFHPLVVLRQVY DV WKHVHPLVVLRQVDUH XQLTXHLQ WHUPV RIORZ
VSHFLDO PDWHULDOV QHHGY 7KH H[SDQGHG /&% PHWKRGV DUH GHVFULI
DUH XVHG DV D JXLGHOLQHWRDVVHVV WKHVXVWDLQDELOLW\RIWKH SU
GHILQHG ,Q6HFWLRQ WKH/&$ PHWKRG LY XVHG WR GLVFXVV WKHLPSD|
VXVWDLQDELOLWA\DVSHFWYVY HQYLURQPHQWDO VRFLDODQGHFRQRPLF V)
EHHQ SHUIRUPHG IRUHDFK RI WKH VXEV\VWHPV XVLQJWKH /&$ PHWKRG WR
RI'WKHVXEV\VWHP FKDSWHUV IURP &KDSWHU WR &KDSWHU

6XVWDLQDELOLW\'HILQLWLRQ

TKHGHILQLWLRQRIVXVWDLQDELOLW\LVIJLYHQ LQ 9XHWZD GEDE O AHSWAIOR B
LVGHYHORSPHQW WKDW PHHWV WKH QHHGV RI WKH SUHVHQW ZLWKRXW
PHHW WKHLU REQ HWAWDBDLQDELOLW\RI D SURMHFW RU SURGXFW LV DVVl
HOQYLURQPHQWDO VRFLDODQGHFRQRPLFVXVWDLQDELOLW\ ,Q RUGHU WF
RUD SURGXFW WKHQHJDWLYHLPSDFWRQ WKHVH WKUHHDIRUHPHQWLRQH
F\FOHRI WKHPLVVLRQ SURFHVV RRUSURGXFW )RUWKH &$6(PLVVLRQ WKH
DVSHFWV )J)LUVWDUHWKHHPLVVLRQVIURP PDQXIDFWXULQJDQG WUDQV S
DQGGHSOHWLRQ $GGLWLRQDOO\ WKHUHDUHWKHHPLVVLRQV GLUHFWO\
QRQ WR[LFPDWHULDOV )LQDOO\ WKHGLVWXUEDQFHRIZLOGOLIHRQ (DU
UHODWHG WR MRE FUHDWLRQ WKHLPSDFWRIWKHPLVVLRQRQVRFLHW\
SURFHVVHYVY 7KHHFRQRPLFDVSHFWLV PDLQO\UHODWHG WR WKH PDUNF
FROQWULEXWLRQ WR WKHFXUUHQWHFRQRP\ 6LQFH WKHWZR ODWWHU DV S
WRPHUJH WKRVHWZRDVSHFWV LQWR WKHVRFLRHFRQRPLFDVSHFW

OLVVLRQ /LIH &\FOH $VVHVVPHQW

,Q WKLV VHFWLRQ WKH /&$ PHWKRG LV SHUIRUPHG RQ WKH GLIITHUHQW PLV
UHSRUWV > @ 7KLVLVGRQHE\ORRNLQJDWWKHHQYLURQPHQWDO DQ
SKDVHVRQ LWV HQYLURQPHQW )LQDOO\ DQDVVHVVPHQW RQ WKH JHQHU

'"HVLJQ

7KLY SKDVHPDLQO\LQFOXGHV RIILFHZRUN WKDW LV EHLQJGRQHRQ WKH

$(QYLURQPHQWBIQIFHSWKIUW SKDVH RQO\LQFOXGHV WKH GHVLJQ SURFH"
YHU\OLWWOH WR QRLPSDFWRQ WKHHQYLURQPHQW 7KHIDFLOLWLH
VPDOO LPSDFWRQ WKHHQYLURQPHQW FRQVLGHULQJWKDW KHDWLQJ
$6RFLRHFRQRPIZKHPGWVMW Q SURFHVYV ZDV H[HFXWHG E\ D WHDP RI QLG
SXUSRVHV 6WXGHQWYV DUH JXLGHG E\PHQWRUV JHW LQ FRQWDFW Z

KWWSV ZzZZ LVR RUJ RES XL LVR VWG LVR HG Y HQ >5HWULHYHG RQ 0D\
KWWSV ZzZZ LVR RUJ RES XL LVR VWG LVR HG Y HQ >5HWULHYHG RQ 0D\



OLVVLRQ/LIH &\FOH $VVHVVPHQW *URXS &$

GHVLJQ )RUWKLV UHDVRQ QRMREV ZHUH FUHDWHG EXW WKH SURMHFYV
PRQH\ZDV VSHQW GXULQJ WKH GHVLJQ SKDVH

ODQXIDFWXULQJ YHULILFDWLRQ WHVWLQJ

7KLY SKDVH FRQFHUQV DOO WKHPDQXIDFWXULQJ DVVHPEO\ LQWHJUDWI
UHVRXUFHVDQG WKHWUDQVSRUWDWLRQ RIFRPSRQHQWV DUHLQFOXGHG L
XVHRIWR[LF PDWHULDOV VKRXOG EHPLQLPLVHG VLQFH WKLV LV JLYHQ D\

$(QYLURQPHQWDKOLVPSKIDRMA KDV D ODUJHHQYLURQPHQWDO LPSDFW VLQF
QHHG WR EH PDQXIDFWXUHG IURPUDZ PDWHULDOV WR WKH ILQDO SURG
HOHFWULFLW\DQGD ORW RI HPLVVLRQV DUH SURGXFHG GXULQJ WKHVF
VXEV\VWHPV DUH PDGH IURP FRPPHUFLDO RIl WKH VKHOI &276 FRPS
FRPSRQHQWV LV WKDW LW LV KDUG WR WUDFH WKHRULJLQ RIWKHUDZ
WR LGHQWLI\WKH H[DFW PDQXIDFWXULQJ SURFHVVHV XVHG 2Q WKH
FHUWLILHG DQG WHVWHG ZKLFKJUHDWO\GHFUHDVHY WKHFRVWV DQG
5' 7KHDVVHPEO\DQGLQWHJUDWLRQRIDOO WKHFRPSRQHQWYV DUF
WKLV WUDQVSRUWDWLRQRIWKHFRPSRQHQWY WR WKHVH IDFLOLWLHYV
WR KDYHDOO RIWKHDVVHPEO\ LQWHJUDWLRQDQG WHVWLQJIDFLOLWL
IDFLOLWLHY FDQ EH XVHG WR PLQLPLVHWKHHQYLURQPHQWDO LPSDF\
$16RFLRHFRQRPLFWREPBSWDVH DORWRIMREVDUHFUHDWHG GLUHFWO\ D
YHU\ ODERU LQWHQVLYH 7KHVH SURFHVVHV DUHLQGLUHFWO\FUHDWH
EHFDXVH WKH\ZLOO QHHG HQRXJK SHRSOH WR WUDQVIRUP UDZ PDWHUL
WKH DVVHPEO\IDFLOLWLHYV -REVDUH GLUHFWO\FUHDWHG IRUWKH \
WHVW DOO RI WKHGLIIHUHQW FRPSRQHQWV DQG VXEV\VWHPV ,Q WKt
KDYH VDIHW\ UHJXODWLRQV IRUWKHKHDOWKDQG VDIHW\RIWKHHPSOF
SURFHVVHV DUHPLQLPLVHG DV WKH\OHDG WR GHOD\V ZKLFK FDQ DOV
RQ WKH PDUNHW $ ODFN RIOHDQ PDQXIDFWXULQJLV RIWHQ VHHQ DV
LPSURYHG E\HPSOR\LQJD WHDP RI HQJLQHHUV ZKR PDQDJH DOO RI WKH
PDQXIDFWXULQJPHWKRGRORJLHY DUH SHUIRUPHG FRUUHFWO\

SWLOLVDWLRQ

7KLY SKDVHPDLQO\FRQVLVWYVY RI WKHWUDQVSRUWDWLRQ WRWKHODXQFK
LWVHOI PLVVLRQ FRQWURO RSHUDWLRQVDQGILQDOO\DOVR WKH IDFLO|

$(QYLURQPHQWDIOHLPBE®FMW RQ WKH HQYLURQPHQW RI WKH URFNHW OD
E\ULGH VKDULQJ DQ DOUHDG\H[LVWLQJODXQFKHUDQGD SODQQHG O
QHHGVWREHGHYHORSHG IRUWKLV PLVVLRQ 7KLV ZLOO EHIXUWKHU H|
WKHWUDQVSRUWDWLRQ RI WKHVDWHOOLWHY DQG WKHURFNHW WR WKt
ODXQFKLQJSKDVHWKDW KDV WKHPRVW LPSDFW RQ WKHHQYLURQPHC
LQWR WKHDWPRVSKHUH GXULQJWKHEXUQLQJRID SURSHOODQW ,W
*6V XVHG IRUFRQWURO RSHUDWLRQV DQG GDWD KDQGOLQJRIWKHF
JDV EXW WKLV LV QHJOLJLEOH FRPSDUHG WR WKHLPSDFW RI WKH OD X
DVSHFWV LW LVLPSRUWDQW WR WDNH LQWR DFFRX\QWVRW KBSEHRSHO
GHEULV PLWLJDWLRQ )RUWKHRQ ERDUG SURSHOODQW LW ZDV FKR)
WKDW PLQLPLVHVY WKH XVH RI WR[LF PDWHULDOV 7KH VSDFH GHEULYV
YHU\ VPADOWNHSW IRUSRWHQWLDOO\PLWLIJDWLQJVSDFHGHEULV DV VV
OLWLIJDWLRQ *XLGHOLQHV > @

$t6RFLRHFRQRPIZRHPSP¥WRQ FRQWURODQG RSHUDWLRQV ZLOO DOVR FU|
LQWKHILHOG RIUHVHDUFK DQG PLVVLRQ PDLQWHQDQFHDQG FRQWU
IURP WKLV DUH HODERUDWHG XSRQ LQ &KDSWHU



6 XEV\VWHP /LIH &\FOH $VVHVVPHQW *URXS &

'LVSRVDO

7TKLVILQDO PLVVLRQ SKDVHLQFOXGHV WKH (QG RI /LIH (2/ VWUDWHJ\R
REWDLQHG GDWD DQG ILQDOO\DOVR WKHUHXVH SRVVLELOLWLHV IRU WKFH

F(QYLURQPHQWDRULWEBIFGLVSRVDO SKDVH RI WKLV PLVVLRQ WKH (2/\
VDWHOOLWHY XVHG LQ WKHPLVVLRQ ZLOO GR D GH RUELW PDQHXYH!I
DWPRVSKHUH ZLWKLQ \HDUV ZLWKXRXW UMW XKV FURFDRDMW &DW LR DO | W
LVEXUQHG XS EHIRUH WKH EXUQ XS VR LI WKHUH ZRXOG EH OHIWRY|
WKHGH RUELWLQJ SURFHVY 7KHIDFLOLWLHV WKDW DUH XVHG IRU W
HOHFWULFLW\DQGJDV FRQVXPSWLRQ EXW WKHLPSDFW RIWKLV RQ WK
PHOQWLRQHG WKDW WKHIDFLOLWLHYV XVHG WKURXJKRXW WKH ZKROH F
FRQWURODQG GDWD SURFHVVLQJRIRWKHUPLVVLRQV DV WKLV ZRXOG

t6RFLRHFRQRPHFDP@GDWMREY DUH FUHDWHG IRU SRVW SURFHVVLQJ WK
KDYHD KXJHLPSDFWRQ WKHVRFLRHFRQRPLFDVSHFWV VLQFH WKH &XE
IXOOVEXUQ XS GXULQJWKHUH HQWU\VNIRUDOO LQLWLDO FRQGLWLRQV
GHEULV UHDFKLQJ (DUWKTTV VXUIDFH

*HQHUDO PLVVLRQ

J)LQDOO\ WKHHQYLURQPHQWDODQG VRFLRHFRQRPLFDVSHFWYV RI WKH HC

F(QYLURQPHQWD®H MSDFWH PLVVLRQ LV EDVHG DURXQG WKH UHWULI

7TKHUHIRUH WKLV PLVVLRQLVDEOHWRSURYLGHYDOXDEOHLQIRUPD
HITHFW RIDHURVROV RQ WKHHQYLURQPHQW SHRSOHYIV KHDOWK DQGC
SURFHVVHV VXFKDV WKH SURGXFWLRQRIFRPSRQHQWV DQG WKH ODXQF
RIHQYLURQPHQWDO VXVWDLQDELOLW\ EXWWKHLQIRUPDWLRQ REWD
DUH SURPLVLQIJDQG KHOSIXOWR VROYHFHUWDLQ HQYLURQPHQWDO S
ZHDWKHU FKDQJHYV

$+6RFLRHFRQRPIZKHRSDWD DQG LQIRUPDWLRQ REWDLQHG IURP WKLV P
DQG VRPHPHGLD FRYHUDJHRQ WKLV FDQ VSDUNLQWHUHVW LQ WKH U
PRUHJHQHUDOO\LWFDQHYHQ VSDUNDQ LQWHUHVW LQ VFLHQFH DQG
HQJLQHHUV DQG VFLHQWLVWY 2Q WRS RI WKDW WKLV PLVVLRQ KDV
GLIIHUHQW FRXQWULHV DV PHDVXUHPHQWY DUH GRQH DERYH WKH HTX

6 XEV\VWHP /LIH &\FOH $VVHVVPHQW

7TKHVXVWDLQDELOLWA\RIHDFKVXEV\VWHPLVDVVHVVHGE\XVLQJWKH/&$PF
7TKHFRQVLGHUDWLRQV WKDW DUHPDLQO\WDNHQ LQWRDFFRXQW DUH WK
WKDW DUH XVHG WR REWDLQ WKHP WKHWUDQVSRUWDWLRQ QHHGHG WR
FRQVLGHUDWLRQY 7KHVHDVSHFWV DUHDOO GLVFXVVHG LQ WKHUHVSHF



5%$06 &KDUDFWHU I

7KLY FKDSWHU VKDOO RXWOLQH WKH 5%06 FKDUDFWHULVWLFV RI WKH &
DVVHVVPHQW RIWKHS5HOLDELOLW\ $YDLODELOLW\ ODLQWDLQDELOLW\DQ
+RZHYHU ZLWKLQFUHDVHG GHWDLO RIUHOHYDQW VA\VWHPV DQG VXEV\V
$V GRQH SUHYLRXVO\ WKHFKDSWHU LV GLYLGHGLQWRHDFKRIWKHIRXU

SHOLDELOLW\

7KHUHOLDELOLW\DVVHVVPHQWV XVHGLQ DHURVSDFHDSSOLFDWLRQV UDC
WKHVSDFHLQGXVWU\ FRPELQHG ZLWK WKH SULYDF\RIPDQ\DJHQFLHYV |
IDLOXUHV RIPDQ\VSDFHFUDIW> @ )RUWKLV UHDVRQ WKHDSSOLFDELOL
WR DVVHVV WKHUHOLDELOLW\RIDVSDFHFUDIW PLVVLRQ $OWHUQDWLYF
HDFK VXEV\VWHP{IV UHOLDELOLW\ KRZHYHU SULYDF\SROLFLHVY SUHYHQW
$GGLWLRQDOO\ VLPSO\DQDO\][LQJWKH SURGXFWRIDOO RIWKHUHOLDELO
WRDFFXUDWHUHOLDELOLW\HVWLPDWLRQ ORGHUQ FRPSRQHQWYV ERDVW |
DUHODWLYHO\ORZQXPEHURIFRPSRQHQWY ORZOHYHOVRILQWHJUDWL
IOLJKW KHULWDJHLVDOVR XVHG WR HVWLPDWH UHOLDELOLW\ KRZHYHL
IOLJKW QR VXFK KHULWDJH GDWD LVDYDLODEOH )RU WKLV UHDVRQ VYV
SULPDU\ZD\LQ ZKLFKWKHPLVVLRQ UHOLDELOLW\ZLOO EHDVVHVVHG

7KH XQLTXH QDWXUH RI WKH &$6( PLVVLRQ PDNHV LW DQ XQFRQYHQWLRQD
DVVHVV WKH UHOLDELOLW)\ E\ FRPSDULVRQ ZLWK RWKHU &XEHB6DWV KR:
&RQYHUVHO\ RQHFRXOGPDNHDFRPSDULVRQ ZLWK ORZPDVV VDWHOOLW
ERXQG RI WKDW DQG ZRXOG DJDLQ SUHVHQW LWVHOIDV DQ RXWVLGHU

&XEH6DWY GXHWR WKH VLPLODULWLHV LQ GHVLJQ SURFHVVHV 2Q WKH D
GRPLQDWHG E\'2$ FDVHV > @ 7KLV HQWDLOV WKHVSDFHFUDIW EHLQJ C
IURP WKH ODXQFKHU 7KHGLIILFXOW\LQDGGUHVVLQJWKLV LY WKDW RIV
7KLV FDQ EH YLVXDOL]HG LQ )LIXUH

$V )LIXUH VKRZV RI'"2$ FDVHV UHVXOW IURP DQ XQNQRZQ FDXVH 7KH
IRUWKHPRVW IDLOXUHV LQFOXGH (36 RQ ERDUG FRPSXWLQJ 2%& DQG
UHPDLQ WKHPRVW GRPLQDQW FDXVHV IRUIDLOXUH WKURXJKRXW WKH PLV'

JLIXUH&XEH6DW IDLOXUH E\ VXEV\VWHP DIWHULQMHFWLRQ > @



SHOLDELOLW\ *URXS &$6()LQD

RIWKHILIXUH DV WKHOHIWPRVW ILJXUH W GD\V GHSLFWV WKH VWDW
WZR UHPDLQLQJ SLH FKDUWY WKHQ GLVSOD\ DQG GD\VDIWHU %2/ U
FDQQRW EHDFFRXQWHG IRU LWLV ZRUWK QRWLQJWKDW WKHUHPDLQLQJ V
VRIWZDUH 2YHU WKH SDVW \HDUV VRIWZDUH KDV SOD\HGDQ LQFUHDVLQ.
KDV DFFRPSDQLHG ZLWK LW QHZ RSSRUWXQLWLHV IRUIDLOXUH ,Q WKH \H
RIDOO UHSRUWHG VSDFHFUDIW IDLOXUHV UHVXOWHG IURP VRIWZDUH LVVX
WKDW VRIWZDUH HUURUV QHDUO\DOZD\V UHVXOW IURP HUURUV LQ FRGH
UHGXQGDQFLHV SURYLGH )XUWKHUPRUH KXPDQ HUURUV DUHHYHQ PRL
QRW VWDWLVWLFDOO\LQGHSHQGHQW LQ SUDFWLFH> @ $VWKHVDPHPL
LQGHSHQGHQWO\ UHGXQGDQFLHVLQ VRIWZDUHDUHRIWHQ REVROHWH
WLPHVKRXOG EH GHGLFDWHG WR SURDFWLYH WHVWLQJRIVRIWZDUH ZLW
WKH ORJLF RQHFDQ LQWHUSUHW IURP WKH 3DUHWR GLVWULEXWLRQ RI FR(
HUURUV > @

7KHVHQVLWLYLW\WR HUURUVLQ FRGHLVRISDUWLFXODULQWHUHVW WR W
9HUEDO FRPPXQLFDWLRQ GHWHUPLQHG WKDW QRYHO DOJRULWKPV ZRXOG
>%@ 7KHUHIRUH VXFKDOJRULWKPV VKRXOGEHVXIILFLHQWO\WHVWHG
VSDFHFUDIW +RZHYHU WKHWHVWLQJRIWKH (36 2%&DQG &20 VXEV\VWHP
VKRZV WKDW DIWHU GD\VWVRIRSHUDWLRQV PRVW &XEH6DWV IDLO GXH WF
VXEV\VWHPVY FDQ EHWHVWHG ZLOO EH SUHVHQWHG LQ WKH VHFWLRQV WK

,QYHVWLJIJDWLQJEH\RQG WKH '2$ FDVHY RQH GLVFRYHUV WKDW &XEHG6D)
UDWHV $VWXG\DPRQJ &XEH6DWV FRQILUPHG WKHKLJKUDWHV RILQILC
DQGD VWDQGDUG GHYLDWLRQ FRQILGHQFHLQWHUYDO UDQJLQJ EH
WKHVH UHVXOWY FDQ EH YLVXDOL]HG LQ )LIJXUH ZKHUH WKH GDWD ZDV

JLIXUH5HOLDELOLW\HVWLPDWLRQ RI &XEH6DWV RYHURQH\HDU > @

)JXUWKHUPRUH DIWHURQH\HDU WKHUHOLDELOLW\UHDFKHV DORZRI
VXJIHVWYV &XEH6DWV DUH FXUUHQWO\QRWDV SURQH WR ZHDU RXW IDLOXU
WKDW LI WKHVSDFHFUDIW VXUYLYHV LWV ILUVW\HDU LWV OLNHOLKRRG RI
LQFUHDVHG



SHOLDELOLW\ *URXS &$6()LQD

6LPLODUILQGLQJV ZHUH SUHVHQWHG E\1$6$ DOVR HPSOR\LQJ D .DSODQ C
DUWLFOHDFFRPSDQLHVY WKH ILJXUHE\FODLPLQJWKHPHGLDQ OLIH RI
ORZHU WKDQ WKDW RI0 /DQJHUHW DO EXW ZDVDOVR SHUIRUPHG RQD VP
WKH XVH RI D :HLEXOO GLVW U L E 08:25R&ED \SDIMESH VDIDLHN G @ IORKHU UHOLDE
HVWLPDWLRQ ZDV GHWHUPLQHG ZLWK D UHOLDELOLW\ RI DIWHU C
OLIHWLPHRI \HDUV WKLV SURYHV WURXEOHVRPH WKH.DSODQ OHLHU U|
WKDW RI WKH :HLEXOO GLVWULEXWLRQ LV

JLIXUH1$6$ UHOLDELOLW\HVWLPDWH REWDLQHG XVLQJ.DSODQ OHLHU HVWL

,\WVKRXOGEHQRWHG WKDWLQWKHDIRUHPHQWLRQHG VWXGLHV WKH YD
NJ $IHZRXWOLHUV KDG PDVVHVY QHDULQJ NJ KRZHYHU QRQHDSSURD
PDVVLYH &XEH6DWV W\SLFDOO\KDYH D ORZHU UHOLDELOLW\ LWLV OLN
VPDOOHU OLIHVSDQLQPLQG ZKLFKVKRXOG QRWEHQHJOHFWHG

$ SRVVLEOH FRQFOXVLRQ IURP WKHDIRUHPHQWLRQHG GDWD DQG SUHYDO
&XEH6DWVDUHVLPSO\QRW "IOLIJKWUHDG\" E\WKHWLPHWKH\DUHODXQFKHE
WRDQG FRUURERUDWH WKLV WKHRU\ )RULQVWDQFH &XEHG6DWV RIWHQ UL
VXFKPD\DFFHOHUDWHGHVLJQ PDQXIDFWXULQJLQRUGHUWRPHHW SUHVYV
WLPHIRUQHFHVVDU\WHVWLQJ> @ 2WKHUUHDVRQVLQFOXGH WKH ODFN
PLVVLRQV RIWHQ UHVXOW IURP OLPLWHG EXGJHWYV > @

‘XHWR WKHJHQHUDOO\ORZ UHOLDELOLW\RI&XEH6DWY RQHPLIKW TXHVW
ODUJHUDQGPRUHUHOLDEOHVWUXFWXUHY :KLOHWKHORZUHOLDELOLW\
WKDW VPDOOHU VSDFHFUDIWDUHDOVR PRUHUHOLDEOH GXHWR WKH GLPL
WKH\VXIITHUIURP ORZHU UDWHV RI KXPDQ HUURU GXULQJWKHGHVLJQDQG
&XEH6DWV DUH ODXQFKHG DV SLRQHHUV WR WHVW QHZO\GHYHORSHG V\VW
H[SHFWHG WR KDYHD KLJKHUWKDQDYHUDJH IDLOXUH UDWH 7KLV DSSO
SD\ORDG VA\VWHP >'@

%H\RQG WKLY WKHUHDUHVHYHUDO FRXQWHUPHDVXUHV WKDW FDQ EH WL
,WKDVEHHQ HVWDEOLVKHG WKDW RQH RI WKH PRVW HITHFWLYH PHWKRZC
DQG VXEV\VWHP OHYHO WHVWLQJ $VWXG\VXJIJHVWY VHYHUDO V\VWHP
LQVWDQFH VDWHOOLWHWHVWLQJRYHU WKHHQWLUHFKDLQ RI FRPPXQ
DOOLQWHUIDFHVDQG VXEV\VWHPV LW ZRXOG HPSOR\ XQGHU PLVVLRQ FL
DQG VRIWZDUHFDQDOO EHWHVWHG XQGHU YDULRXV HQYLURQPHQWV W
VRIWZDUH LQ WKH ORRSHQYLURQPHQWY FDQDOVR EH XVHG WR PRGHOTL
HODERUDWLRQ ZLOO EH SURYLGHG LQ WKHUHPDLQLQJVHFWLRQV DQG L
ODXQFK YHKLFOHUHOLDELOLW\LVY TXDQWLILHGDQG HODERUDWHG XSRQ |



$YDLODELOLW\ *URXS &$6()LQD

$YDLODELOLW\

7KH &$6( PLVVLRQ LV PHUHO\RQHRIPDQ\DHURVRO REVHUYDWLRQ PLVVLRQ
LV QRW WR VD\ WKDW LW LV QRW XQLTXHLQ LWV JRDOVDQG GHVLJQ 1HYH
FRPSRQHQWV DQG VXE FRPSRQHQWY FDQ EH LQKHULWHG IURP SUHYLRX"
PLVVLRQV 7KLV ERGHV ZHOO ZKHQ SHUIRUPLQJWKHDQDO\VLV FRQFHUQLC
FDQUHO\RQ KLVWRULFDO XVDJH )XUWKHUPRUH DYDLODELOLW\LV DOVF
UHIHUUHG WR DV 7THFKQRORJ\5HDGLQHVV /HYHO 75/ GXHWR WKHLPSR
JRUWXQDWHO\ PRVW FRPSRQHQWYV XVHG RQ ERDUG WKH &$6( VSDFHFUL
WKURXJK WKHLU YHQGRUYV

$IHZ QRWHZRUWK\ H[FHSWLRQV LQFOXGH WKH SRODULPHWHU RQ D FKLS L¢
GRHV QRW EHQHILW IURP EHLQJWHFKQRORJLFDOO\UHDG\ 75/ >'@ DQG
WLPHOLQH 7KHFXWWLQJ HGJH WHFKQRORJ\HPSOR\HG RQ WKH 712 FKL
RZQ WHFKQRORJLFDO UHDGLQHVV FRQVWUDLQWY )RULQVWDQFH GXH W
LQVWUXPHQW QRYHO WHFKQRORJLHV PXVW DOVR EHHPSOR\HG WR REWD
7HFKQRORJLHVY &XEH&DW ODVHUFRP PRGXOH KDV EHHQ VHOHFWHG IRU W
VXIIHUV IURP D OLPLWHG@DB/ARI WKH SURSXOVLRQ VXEV\WWHP DOVR VXIIHL

ODLQWDLQDELOLW\

YHZ /IRZ (DUWK 2UELW /(2 PLVVLRQV EHQHILW IURP EHLQJ IUHH RI PDLQ!
H[FHSWLRQ 7KHVSDFHFUDIW LV H[SHFWHG WR DOORZIRUPDLQWHQDQF
ORQJHYLW\DQG SHUIRUPDQFH 5HTXLUHPHQWYV KDYHEHHQ HVWDEOLVKH (
DFWLYLWLHV ZLWK PLQLPDO KLQGUDQFH WR K FLVELRQY BWUHNRW R D /P
VSDFHFUDIW VKRXOG EH FDSDEOH RI FRQWLQXLQJDOO RSHUDWLRQDO DFW
PDLQWHQDQFH> @ 6HYHUDO PDLQWHQDQFHDFWLYLWLHV KDYHEHHQ IRUF
PXVWEH FDWHUHG WR DV ZHOO DV WKH\SUHVHQW WKH ODUJHVW ULVNV > ¢
DGGUHVVLQJRIIRUHVHHQ DQG XQIRUHVHHQ PDLQWHQDQFH DFWLYLWLHYV

6FKHGXOHG ODLQWHQDQFH $FWLYLWLHYV

30DQQHG PDLQWHQDQFHDFWLYLWLHV LQFOXGHDFWLRQV WKDW DUH QHFH
WR WKH OLPLWHG UHVRXUFHV RI WKLV PLVVLRQ WKHPDLQWHQDQFHLV SH
PLVVLRQ ZRXOG EHWRR FRVWO\LQ DOO UHJDUGY ODLQWHQDQFH WDVNYV RI
WKDW FRXOG GHWHULRUDWH LQ TXDOLW\ RYHU WLPH )RULQVWDQFH [
PDLQWHQDQFHDFWLYLW\ (LWKHU GXHWR WKH GLVFRYHU\RIHUURUV R
OLNHO\WR EH UHTXLUHG DW VRPH SRLQWYV GXULQJWKH PLVVLRQ WKHH[DF

5H FDOLEUDWLRQ HIIRUWY ZLOO DOVR EHDQ H[SHFWHG IRUP RI PDLQWH
7KH SD\ORDG LQVWUXPHQW ZLOO QHHG WR XQGHUJR UH FDOLEUDWLRQ \
YDULDWLRQV ,WPD\DOVRUHTXLUHDGGLWLRQDO UH FDOLEUDWLRQ GF
DOVREH SURQHWRUH FDOLEUDWLRQ UHTXLUHPHQWY 7KLV LQFOXGHYV
ZLOO XQGRXEWHGO\UHTXLUH VHYHUDODFWV RIUH FDOLEUDWLRQ WR PD/|
VXEV\VWHPV ZLOO OLNHO\DOVR UHTXLUH UH FDOLEUDWLRQV LQ WKHLU FI
IURP UHTXM$HBPIBOWT7& $&$6( 6<6 &'+ $UHVSHFWLYHO\ 7KHVHUH FDOL
RFFXUURXWLQHO\DV DIRUP RITXDOLW\FRQWURO RUPD\DOVR EH LPS(¢
UHVSRQVH WR VXB8\V3AWHP IDLOXUH

)XUWKHU WKH *6 ZLWK ZKLFK WKH VSDFHFUDIW FRPPXQLFDWHV PD\ QHHG
EH SK\WLFDO PDLQWHQDQFH KDUGZDUH UHODWHG RUVRIWZDUH UHODWH
FRXOG EHGRZQWLPHLQ WKHFRQQHFWLRQ EHWZHHQ WKHJURXQG DQG V

KWWSV K\SHULRQWHFKQRORJLHVY QO SURGXFWV FXEHFDW "FQ UHORDGHG >5HW
KWWSV zZZZ WHWKHUV FRP ZS FRQWHQW XSORDGYV +<'526 SGI >5HWULHY



6D1HW\ *URXS &$6()LQDO 5H

DIRUHPHQWLRQHG UH FDOLEUDWLRQV PD\EH QHFHVVDU\DJDLQ

$I1LQDO VHW RIVFKHGXOHG PDLQWHQDQFHDFWLYLWLHIHBY LOFEBXGH WKRVH
* D@6. * GHDO ZLWK GDQJHUV WKH VSDFHFUDIW FDQ %$6Q FRERWMHW G XUL
ZLWKVSDFHGHEULY DULVN WKDWLY SUHYHQWDEOH ZLWK VXIILFLHQW
VDPHFDQ EHVDLG IRUWKHUHPDLQLQIJWZR ULVNV ZKLFKGHDO ZLWK VR(
EUHDNGRZQ LV SURYLGHGLQG6HFWLRQ RI&KDSWHU

8QVFKHGXOHG ODLQWHQDQFH $FWLYLWLHYV

8QVFKHGXOHG PDLOQWHQDQFHDFWLYLWLHY ZLOO OLNHO\RULJLQDWH IU
WKLV ZRXOG EH UHVXOWLQJIURP D ULVN WKDW KDV EHHQ SUHYLRXVO\ L
FRXQWHUPHDVXUHV KDYHEHHQ SURYLGHG ,Q VXFKFDVHV WKHIROORZLC
GHYLVHG 6HJXHLQJIURP WKHVFKHGXOHG *6 PDLQWHQDQFHDFWLYLWLH\
DFWLYLWLHV &DXVHVRIWKLVFRXOGLQFOXGHDQ XQH[SHFWHG SRZHU RXW
56. * 56. *6 56. *6 56. *6

$QRWKHU ULVNIURP ZKLFK QRWDEOH PDLQWHQDQFH ZRXOG EHUHTXLUH
56. * , QWKHVHFDVHY PDLOQWHQDQFHZRXOGEHUHTXLUHG WR EULQJ WK
WKLV ZRXOG FRQVLVWRIHQJDJLQIJWKHLUUHGXQGDQFLHY ZKLOH RWKHU V
JROORZLQJIURP WKLV VRIWZDW’BIE PDOARXE W DROY\RDLMHY KOWRIDPVXQVFKHG X
DFWLYLWLHYVY DQG ZRXOG SUREDEO\QHFHVVLWDWHDQLPSURPSWX VRIW?

6DIHW\

)LQDOO\ WKH VDIHW\ FRQFHUQV RlI WKH &$6( PLVVLRQ VKDOO EH DGGUH:
SULPDU\FRQFHUQ EXW WKH VDIHW\RI VWDNHKROGHUV DQG RWKHU VSDFI
FRQVLGHUDWLRQV KDYH DOUHDG\EHHQ DOOXGHG WRDQG HODERUDWHG XS
GLVFHUQ WKRVH GHGLFDWHG WR HQVXULQJWKH VDIHW\RI WKH PLVVLRQ
%H\RQG JHQHUDO VDIHW&BRQ&T G HURBAREN ' WHYHUDO IXQFWLRQDOLWLH
LPSOHPHQWHG WR DOORZRSWLPDO VDIHW\PDQDJHPHQW

)LUVWO\ WKH VSDFHFUDIW KDV EHHQ GHVLJQHG WR VXSSRUW VHYHUDO P}
S5HTXLUHPHQW6 66 ®$6( 6<6 66 $D®B6( 6<6 66 SHWDLO RSHUDWLRQDO
VDYLQJDQG VDIHPRGH UHVSHFWLYHO\ 7KHVH V\VWHP OHYHO GHVLJQ
VLWXDWLRQV $V\VWHP OHYHO VDIHPRGH GRHVY QRW SURYLGH D VXIILFLH
HDFK VXEV\VWHP WR WKH VSDFHFUDIWYV VDIHW\ ZLOO EH HODERUDWHG X

&RQFOXVLRQ

7KLV FKDSWHU KDV GLVFXVVHG WKH YDULRXV HIIRUWV LPSOHPHQWHG WR
PLVVLRQ %HJLQQLQJZLWK WKHUHOLDELOLW\ LWKDVEHHQ GLVFXVVHG W
LVXQIHDVLEOHHLWKHU GXHWR SULYDF\FRQVWUDLQWY RURWKHU ODFN R
WKHILQDO PLVVLRQUHOLDELOLWA\GXHWRDQ XQHYHQ GLVWULEXWLRQRIIL
PRUWDOLW\DQG '2$ FDVHV LQ &XEH6DWY $ VWDWLVWLFDO HVWLPDWLR
LQDFFRUGDQFH ZLWK D PHWD DQDO\VLV RIPDQ\&XEH6DW PLVVLRQV >
GLVFXVVHG ZLWKVHYHUDO FRPSRQHQWV VXIIHULQJIURP ORZ 75/ FRQGL
GXHWR WKH SD\ORDG UHDGLQHVV DOUHDG\GULYLQJWKHPLVVLRQ WLPHO
EHHQ RXWOLQHG ZLWK UHIHUHQFH WR WKHUHTXLUHPHQWY ZKHUH WKH
VFKHGXOHG DQG XQVFKHGXOHG PDLQWHQDQFHDFWLYLWLHV ERWKRI ZK
VLPLODU SURFHGXUH KDV EHHQDSSOLHG WR WKH VDIHW\ RI WKH PLVVLR
UHTXLUHPHQWYV



OHULILFDWLRQ 9D

,QGHVLIQLQIWKHILQDO GHVLJQ RI WKH &%$6( PLVVLRQ LWLV LPSHUDWLYH
WKXV IDUDUHFUHGLEOH UREXVWDQG UHOHYDQW )RU WKLV UHDVRQ DSS
PXVWEHDSSOLHG 7KH9 9ZLOOEHLPSOHPHQWHG LQ WZR IRUPV IRU WK|
VXEMHFWHG WR YHULILFDWLRQ YDOLGDWLRQ 7KLV KDV DOUHDG\EHHQ
VKRZQ KRZLW VKDOO EHYHULILHG YDOLGDWHG ZLWKWKHRSWLRQV UDC
DQGWHVWLQJ )RUWKHVHFRQG DVSHFW RIWKH SURMHFW{V 9 9 DOO PRGH
FRUURERUDWLRQ WKDW WKH\FRPSO\ZLWK WKH IXQFWLRQ WKH\DUH WD
DOVREHFRQILUPHG WKDW WKH\ SHUIRUP WKLV IXQFWLRQ WR WKH GHVLUFE
RI'9 9 VKDOO EHWKHPDLQ IRFXV RI WKLY FKDSWHU GLVFXVVLQJ WKH YD
VXFFHVVIXOO\ YHULILHG YDOLGDWHG 7KH VWUXFWXUH RI WKLV FKDSW
SURFHGXUHY IROORZHG E\ VXEV\VWHP OHYHO 9 9

6\VWHP OHYHO 9 9

%HORZ VHYHUDO PLVFHOODQHRXV PRGHOVDUH GLVFXVVHG WKDW GR QF
9 9DQDO\WLY 2QHVXFKPRGHO WKDW PXVWEH YHULILHGLV WKHFRVWDQ
DQG GHVFULEHGLQ &KDSWHU 7KLV KDVEHHQ SURGXFHG E\WKH WHDPV E
FRXOG EHQHILW IURP YHULILFDWLRQ )RU WKLV UHDVRQ DFFHVV KDV E
2SHUDWLRQV &RVW (VWLPDWLRQ 7RRO 02&(7 WRROIRUFRVWHVWLPDWLR
KDV UHVXOWHG LQDQLQLWLDOO\DFFXUDWHFRVW HVWLPDWLRQ IRU WK
SHUVRQDO FRPPXQLFDWLRQV ZLWK UHSUHVHQWDWLYHV IURP 6521 >'@ +F
WKHILQDO GHVLIQ GXHWR WKH FKRLFHRIDODVHUFRPPXQLFDWLRQV V\
IRU &KDSWHU IHYHUWKHOHVY WKHLQLWLDO YHULILFDWLRQ FRUURI
DFFXUDWHHVWLPDWRU

$GGLWLRQDOO\ WKHWUDGH RIIWKDW ZDV SHUIRUPHG OHDGLQJ XS WR WKL
6LQFH WKH $+3 PHWKRG ZDV VHOHFWHG IRU XVH LW ZDV SRVVLEOH WR YF
PHWKRG LV E\XVHRIWKH &5 7KLV PHWKRG KDV DOVR EHHQ XVHG LQ WKH 0L
DVVHVVPHQW RI WKH UDQGRPQHVV RI WKH FKRVHQ LPSRUWDQFH IDFWRUV
RI PHDQLQJWKH ZHLJKWY DUHPRUHWKDQ UDQGRPO\FKRVHQ WKH U
VLQFH WKH LPSRUWDQFH VFDODUV DUHWRR UDQGRPO\GLVWULEXWHG >
XVLQJ (TXDWLRQ

+HUH.V D ZHLJKWHG SDUDPHWHU EDVHG RQ WKHJUDGLQJFULWHULD DQG W
WKH $+3 SURFHVWIKHGXPEHU RI JUDGLQJ FULWHULD XVHG 7KHQ WKHFRQV
(TXDWLRQ

& ’

& 5= 3

7KLV YDOXHIRU &5 LV WKHQ FDOFXODWHG IRUHYHU\LQVWDQFHLQ ZKLF
QHFHVVDU\LQ VHYHUDO VXEV\VWHPV LQ WKLY UHSRUW QDPHO\ &KDSWH!

)LQDOO\ VA\VWHP OHYHO WHVWLQJ ZLOO DOVR EH SHUIRUPHG LQ DQ H[S



6 XEVI\VWHP OHYHO 9 9 *URXS &$6()LQ

YDOLGDWLRQRILQGLYLGXDO VXEV\VWHPV ZKLFKZLOOEHDGGUHVVHG VK
DVWKHVXPRILWY FRQVWLWXHQWY 7KLV ZLOO PDLQO\WHVW WKHLQWHUL
ZKLFK WKH\DUHFRQQHFWHG )XUWKHUPRUH WHVWVY VKRXOG EH SHUIRUPH
WKH VSDFHFUDIW ZLOO DFWLYDWHDQG UXQ 7KLV ZLOO VHUYH WR VLJQI
$GGLWLRQDOO\ DVLPXODWHG WHVW RIDOO SHUIRUPDQFH FDSDELOLWL
ODUJHIUDFWLRQ RIUHPDLQLQJHUURUYV 7KLV LV RISDUWLFXODULQWHUH
H[SHULHQFHLQIDQW PRUWDOLW\ VHH &KDSWHU

6 XEV\VWHP OHYHO 9 9

'"XHWR WKHGLYHUVLWA\DQG YDU\LQJFRPSOH[LW\RIHDFK VXEV\VWHP WKH
IDWXUDOO\ QRWDOO VXEV\VWHPV ZLOO EHQHILW IURP WKLV GXH WR WK
WKDW WKHLU FDOFXODWLRQV KDYHQRWEHHQ VXEMHFWHG WR 9 9 KRZHY
GHPRQVWUDWLRQ )RUWKLV UHDVRQ RQO\WKHPRUHFRPSOH[VXEV\VW|
ZLOOEHRXWOLQHGLQ GHWDLO 7KHVH GHWDLOHG GHVFULSWLRQV ZLOO IR
7TDEOH LVGLVSOD\HG ZLWK SURSRVHG 9 9 VWUDWHJILHV $PRQJWKHVH Pl
WKH '6( KRZHYHU VWLOO ZDUUDQW PHQWLRQLQJ

7DEOH9HULILFDWLRQ YDOLGDWLRQ VWUDWHJILHYV VKRZQ IRUHDFK VXEV\

6 XEV\VWHP 9HULILFDWLRQ VWUDWHJLHV 9DOLGDWLRQ VWU I
3/ ¥ QWHJUDWLRQ WHVWLQJ t 5SDGLDWLRQ WROHUDQ
F ORGHO WHVWLQJ $ &RPSDULVRQ ZLWK VLPLODLU

$ THPSHUDWXUH WROHUDQFH WHVW
+ /IRDG WROHUDQFH WHVW
675 7& T 6BWUXFWXUDO PRGHO DQDO\VLV $ IRQ GHVWUXFWLY
$6WUXFWXUDO DQDO\VLV ZLAKK &RP S XW & G XFIWLHYG W\ WHV W
'"HVLJQ &$' UHQGHU
$ .LQHPDWLF VLPXODWLRQ ZAXDIO& $I. DB\@ GRIYWHMWLQJ 47 DQG DF|
WDQFH WHVWLQJ $7 SHUIRUPHG E\,86,

SDFH
¥ 7TKHUPDO FRQWURO VLPXODWLRQ
(36 $#6LIJQDO YHULILFDWLRQ Z+tWRIOWD I M RAIXWALHIHN PDIJQLWXGH GXUD!
HJ ORGHOG6LP WHVW
$'&6 ¥ 6RIWZDUH YHULILFDWLRQ ¥ )OLIKWKHULWDJH

f LQHPDWLFVLPXODWLRQ ZLWK &%$" UHQGHU
¥ \QDPLF DWWLWXGH WHVW EHG
¥ 6RIWZDUH VLPXODWLRQ

&'+ 77 & *1& f 6RIWZDUH YHULILFDWLRQ $ 5DGLDWLRQ WROHUDC
$ JOLJKW VLPXODWLRQ $ 7TKHUPDO F\FOLQJ WHVW
3523 T )LOO GUDLQ YDOYHLQVSHFWLRQ T (QJLQHVL]LQJ WH)

T9HULILFDWLRQ ZLWK 3IDWKIHQGBUH/WHAKNQ/ROR J\
'HPRQVWUDWLRQ 37' PLVVLRQ UHVXOWYV

f 6LILQIJFDOFXODWLRQV YHULILFDWLR

$VFDQEHVHHQ QRWDOO VXEV\VWHPVY DUHVXEMHFWHG WR WKHVDPH OHY'
WKHLQKHUHQW GLITHUHQFHVY EHWZHHQ HDFK VXEVA\VWHP $V VWDWHG S
VWUDWHILHY ZLOO EH RXWOLQHGLQ JUHDWHU GHWDLO LQ WKHLU UHVSHFV
VXEV\WVWHPV ZLOO EH SXW IRUWK



SUHOLPLQDU\'HVLJOQ :

7KLV FKDSWHU SURYLGHV D VKRUW GHVFULSWLRQ RI WKH UHVXOWV WKDW :
EHWZHHQ REVHUYDWLRQ SODWIRUPV LV GLVFXVVHG LQ 6HFWLRQ 1H[W
JHQHUDWHG DUH VXPPDUL]JHG LQ 6HFWLRQ 7KH WUDGH RIIEHWZHHQ W
ILQDO FRQFHSW DQG D SUHOLPLQDU\FRQILJXUDWLRQ LV WKHQ JLYHQLQ 6

2EVHUYDWLRQ 3ODWIRUP

7TKHILUVW WUDGH RIIT WKDW ZDV SHUIRUPHG ZDV EHWZHHQ WKH YDULRXV |
IRUWKLV PLVVLRQ 6XFKDWUDGH RIIl ZDV SHUIRUPHG DW DQ HDUO\VWDJ
ILQDO GHVLIJQ ,WZDVGHWHUPLQHG WKDW D VXIILFLHQW OHYHO RI XQGl
MXVWLI\DQ HDUO\WUDGH RIIRIWKHREVHUYDWLRQ SODWIRUP $LUFUDIW I
DOWLWXGHDQGHQGXUDQFHFRQVWUDLQWY 7KLV OHIWIRUDWUDGH RII'W
UHVXOWV IDYRULQJD VSDFHFUDIW FRQFHSWDUH GLVSOD\HGLQ 7DEOH

7TDEOH7UDGH RIEHWZHHQ D VWUDWRVSKHULF EDOORRQDQG VDWHOOLWH F
([FHHGV UHT! _.OHPWRWHMT, .dRPHEWWDEO| BHIDFEHQWIDHEMVOH GHILFLHQFLHYV

6WUDWRVSKHULF EDOORRQ 6DWHOOLWHFRQVWHOODWLRC

6SDWLDO 'XHWR ORZDOWLWXGH RI WKHE 'XHWR WKH SD\ORDG UHVWULFWDRQV WKH V
UHVROXW UHVROXWLRQLVHDVLO\DFKLHY RQO\PHW E\ IO\LQJDW ORZDOWLWXGHYV

$UHD $W WKH PD[LPXP DOWLWXGH RI YRUDQDUHD FRYHUDJHRI [ NPDWDQ D¢

FRYHUDJI fLVQHHGHG WR PHHW WK NPDYLHZLQJDQJOH RI fLVQHHGHG $
PHQW 7KHEDOORRQFDQRQO\P FRQVWHOODWLRQ FRXOG SURYLGH PHDVXUH
IURP D VWDWLF ORFDWLRQ SODFHV LQ WKH ZRUOG

7HPSRUD' & RQWLQXRXV PHDVXUHPHQWY )RUD WHPSRUDO UHVROXWLRQ RI KRXUV PXC

UHVROXW 2UELW /(2 VDWHOOLWHY DUH QHHGHG

5HIJXODW &DQQRWEHQHDUFURZGHGDUHD ORUHSRVVLELOLWLHVRIDUHDV WRPRQLWRU
WLRQVIRUJHRSROLWLFDO UHDVI IRUVDWHOOLWH EOH
IRUPRQLWRULQJ

5LVN /IRZGHYHORSPHQW DQG PLVVLRC +LJKPLVVLRQ ULVN PRGHUDWH GHYHORSPH

FDQEHPLWLIJDWHG

6XVWDLQ 5H XVDEOH PLQLPDO IXHO XVH (QG RIOLIH EXUQ KLJKHU FDUERQ IRRWSUL
EDOORRQV GXHWR URFNHW ODXQFK

OLVVLRQ 'LIILFXOW WRUHDFK \HDUV FX 7\SLFDO PLVVLRQV UHDFK \HDUW
GXUDWLR ZHHNV OXOWLSOHEDOORRQV

ODLQWHQ 6LPSOHPDLQWHQDQFH &DQKDY 9HU\ GLIILFXOW PDLQWHQDQFH 3D\ORDG 7
TXLFNO\ SUREOHPV FDQ EH GHYDVWDWLQJ

5HYHQXH /RZUHYHQXHSRVVLELOLW\ ORZ 9HU\KLJKUHYHQXH SRVVLELOLW\ GULYHQ E\
LQGXVWU\ ODUNHW YDOXH H[SHFWHG WR LQF!
FRPLQJIHZ\HDUV

&RVW /IRZ GHYHORSPHQW DQG RSHUD' +LJKGHYHORSPHQW DQG RSHUDWLRQV FRVW |
EDOORRQIOLIJKWFDQ EHRQHKXC RI &XEH6DWV w
ODXQFKHG VDWHOOLWH PLVVLR!

,QFRQFOXVLRQ ERWK V\VWHPV DUHYLDEOHRSWLRQVWRPHDVXUHDHUR
SURYLGHFRQWLQXRXVPHDVXUHPHQW GDWD HQDEOHV KLIJIKVSDWLDO UHV|
VI\VWHP FRXOG REVHUYH DHURVROV RQ DJOREDO OHYHO KDV D KLJKHU



BUHOLPLQDU\'HVLIJQ &RQFHSWYV *URXS &9

UHJLRQV ZKLFKLV KDUGHU IRUWKHEDOORRQ VIVWHP DV UHJXODWLRQV SL
WKH VDNHRIIXWXUHDSSOLFDWLRQVDQG VFDODELOLW\ DVDWHOOLWH
PRUHLQIRUPDWLRQ UHJDUGLQJ WKHREVHUYDWLRQ SODWIRUP WUDGH RI

3UHOLPLQDU\'HVLJQ &RQFHSWYV

7KLV VHFWLRQ SUHVHQWY WKH SUHOLPLQDU\GHVLJQ FRQFHSWV WKDW Z
RSWLRQV ZHUH VHOHFWHG 7KHVHZHUHZRUNHGRXWLQPRUHGHWDLOLQW
SUHOLPLQDU\VL]LQJDQG EXGJHWV ZHUH PDGH IRUWKH WKUHH FRQFHSWYV |
RIWKHGHVLJQ FKRLFHVRQ WKH PLVVLRQ 7KLV ZDV QHFHVVDU\WR SHUIR
EHWZHHQ WKH GHVLJQ RSWLRQV ZDV WKH SD\ORDG VLQFH LW GURYH WKH L
WKH GHVLJQ FRQFHSWV GLIIHULQ FRYHUDJHDQG QXPEHU RI VDWHOOLW
FDOFXODWLRQVDQG WKHPDLQ FKDUDFWHULVWLFVRIWKHSUHOLPLQDU\Gt
LVIJLYHQLQ 7TDEOH DQG WKHFRQFHSWV DUH YLVXDOL]HGLQ )LIJXUH

7TDEOH'HVLIJQ RSWLRQ VSHFLILFDWLRQ

3D\ORDG &RYHUDJH &RQVWHOODWLRQ
"HVLJQ RSWLRQ 63(;RQH RUDQDOWHUHG YHUVLRQ 6RXWKRI ,QGLD %DQJDO
"HVLJQ RSWLRQ 3RODULPHWHU RQ D FKLS *OREDO &RQVW
"HVLJQ RSWLRQ %RWKG63(;RQHDQG SRODULPHWHU RQ D FKLS (TXDWRULDO

JLIXUH6FKHPDWLF YLVXDOLVDWLRQV RIWKHGHVLIQ FRQFHSWV /HIW FRQFHSW Pl

%HORZ 7DEOH GHSLFWV YDULRXV FULWHULD IRUHDFKGHVLJQ FRQFHS
GHWHUPLQHGLQ D SUHYLRXV UHSRUW > @ 7KHUHODWLYHVFRULQJRIH
FRQFHSW WUDGH RIl ZKLFK LY VXPPDUL]JHGLQ 6HFWLRQ 7TKH MXVWLI
GHWDLOHG LQWKHOLGWHUP 5HSRUW > @

7DEOH$VVHVVPHQW RIJUDGLQJ FULWHULD SHUGHVLJQ FRQFHSWIRUWUDGH RIl 6RPH FUI

*UDGLQJ FULWHULRQ '"HVLIJQ FRQFHSW '"HVLIQ FRQFHSW '"HVL
6SDWLDO UHVROXWLRQ >P@

$UHD FRYHUDJH > @

6ZDWK ZLGWK >NP@

7THPSRUDO UHVROXWLRQ >KUV@
3RODULPHWULFDFFXUDF\> @

HW PDVV >NJ@

9ROXPH@®GP

&RVW > @

5LVN > @

75/ > @

6XVWDLQDELOLW\ > @

BHWXUQRQ ,QYHVWPHQW 52, > @




7TUDGH RII 6 XPPDU\ *URXS &$6()LQD

7TUDGH RII 6 XPPDU\

JRUWKLVWUDGH RITEHWZHHQ GHVLIJQ FRQFHSWYV WKH $QDO\WLF +LHUDUF
DEDODQFHGDQG FRQVLVWHQW ZHLIJKWLQJ VI\VWHP 7KHLQQHU ZRUNLQJV
EHFRQVXOWHGLQ WKHOLGWHUP 5HSRUW > @ 7KHUHVXOWV RIWKH $+3P
FDQEH YLVXDOL]JHG EHORZLQ 7DEOH

7TDEOH:HLJKWV DVVLIQHG WR HDFKFULWHULD GHWHUPLQHG E\ WKH $+3 PH

$UHD 6SDWLDO®ZDWK7HPSRUDIRODULP:HW 9ROXPH &RVW 5LVN 75/ 6XYWDLQDEL
FRYHUDUMVROXIMIARMPKUHV RO XWILRQ PDVV L W\
DFFXUDF\

7KHUHVXOWYV RI WKH $+3 PHWKRG VKRZ WKDW WKH PRVW VLIJQLILFDQW F
LPSRUWDQFH 52, VZDWK ZLGWK DQG WHPSRUDO UHVROXWLRQ +RZHYl
FRQGXFWHGLQD FRQVLVWHQW PDQQHU WKH &RQVLVWHQF\5DWLR &5 ZC
HQWLUHW\ FDQ EH FRQVXOWHG LQ WKH OLGWHUP 5HSRUW > @ D &5 EHOT
PHWKRG WKHWUDGH RII LQ WKLY FKDSWHU\LHOGHG D &5 RI +DYLQJF
WKHILQDO RXWFRPHV FDQ EH GLVFXVVHG

7TKHUHVXOWY RIWKHWUDGH RIIFDQ EHVHHQ EHORZLQ 7DEOH ZLWK HEL
7TKHUHVXOWYV DUH REWDLQHG E\PXOWLSO\LQJHDFKFULWHULRQYV UHVXO
URZWKHQ GLVSOD\VWKHVXP WRWDO RIHDFKFRQFHSW

7TDEOH7UDGH RIITUHVXOWY VFRUHSHUFULWHULRQ

&ULWHULRQ "HVLJQ FRQFHSW "HVLJQ FRQFHSW '"HVLJQ FF
6SDWLDO UHVROXWLRQ
$UHD FRYHUDJH

6ZDWK ZLGWK

7HPSRUDO UHVROXWLRQ
3RODULPHWULF DFFXUDF\
"HW PDVV

9ROXPH

&RVW

5LVN

751

6XVWDLQDELOLW\

52,

7RWDO

$VFDQ EHVHHQ WKHYLFWRULRXV FRQFHSWLVY  FRQFHSW VOLJKWO\EH
UHVXOW LV KHDYLOV\LQIOXHQFHG E\WKH FKRLFHRIZHLIJKWV IRUHDFK JUI
ZDV DOVR SHUIRUPHG 7KH ZD\LQ ZKLFK WKLV ZDV GRQH LV E\ LWHUDW L(
GLIITHUHQFHLQILQDO RXWFRPHLQUHVSRQVHWRDIDFWRULQFUHDVHLQ



J)LQDO &RQFHSW *URXS &$6()LQD

7TDEOH2YHUYLHZRIFKDQJHLQ UHODWLYHLPSRUWDQFHIDFWRUV IRUVHQVLYV

3DUDPHWHU V &KDQJHAW LQ FKDQJHRISHUFHQWDJH SRLQWV SS
LPSRUWDQFH

SHWXUQRQ | 'LQQHU 'HVLJQ RSWLRQ SS

LQYHVWPHQW

SHWXUQ RQ | 'LQQHU 'HVLJQ RSWLRQ SsS

LQYHVWPHQW

6XVWDLQDELOLW\ [ 'LQQHU 'HVLJQ RSWLRQ Ss

6SDWLDO UHVROXWLRQ [ ‘LQQHU 'HVLJQ RSWLRQ Ss

6ZDWK ZLGWK [ ‘LQQHU 'HVLJQRSWLRQ SsS

7HPSRUDO UHVROXWLRQ :LOQQHU 'HVLJQ RSWLRQ 'HVLJQ RSWLRQ SS GHVL

Ss

3RODULPHWUL[F ‘LQQHU 'HVLJQRSWLRQ RQO\ SSKLJKHU WKDQ RSW

DFFXUDF\

3RODULPHWUL[F ‘LQQHU 'HVLJQRSWLRQ 'HVLJQRSWLRQ LV SS VK\

DFFXUDF\ ULVN GHVLJQ RSWLRQ

$00 (TXDOL]HG 'LQQHU 'HVLJQ RSWLRQ SsS

$V WKH WDEOH VKRZV PRVW FULWHULD VWLOO UHVXOW LQ WKHVHFRQG FR
LVZLWKUHJIJDUGY WR WKH WHPSRUDO UHVROXWLRQ ZKHUH GHVLJQ RSWLR
UHVROXWLRQ LWH&FRMIDR/EH G PEVRDGKEDY WDNHQ WR GHPRQVWUDWH WKH
WR LWV VROHYLFWRULRXV FULWHULRQ EHLQJWKH SRODULPHWULF DFFXU
LQRUGHUIRUGHVLIQ FRQFHSW WREHFRPHWKHEHVWFRQFHSW 7KLV DS
DYDOLGRSWLRQ $ILQDOVHQVLWLYLW\WHVW ZDV SHUIRUPHG ZKHUH DOO
UHLIJQV WULXPSKDQW DV ZHOO

)LQDO &RQFHSW

7TKHWUDGH RIIGHWDLOHG LQ 6HFWLRQ VKRZHG GHVLIJQ FRQFHSW WR
WKHWHPSRUDO UHVROXWLRQ EHLQJ VXEVWDQWLDOO\ZRUVHLQ WKH VHF
WKHVHWZR FRQFHSWV ZDV SURSRVHG 7KLV FRPELQHG FRQFHSW KHQFHIF
VSDFHFUDIW FRQFHSW IURP FRQFHSW DQG WKHRUELW GHVLJQ RIFRQFHS)
ZLWK 712V SRODULPHWHU RQ D FKLSLQVWUXPHQWLQDQ HTXDWRULDO R
DQG DQG SURGXFHVDQLPSURYHGILQDO GHVLJQ )XUWKHUUDWLRQDOHYV
EHIRXQGLQ WKHOLGWHUP5HSRUW > @

'"HVSLWH WKH XQDQLPRXV IDYRU IRUWKH ILQDO GHVLJQ RSWLRQ LW ZD\
LQGHHG SHUIRUPHG EHWWHU WKDQ DQ\RI WKHRULJLQDO WKUHH FRQFHS\
UHSHDWHG ZLWK WKHILQDO GHVLIJQLQFOXGHG 7KHVFRULQJRIHDFK FRC
LQ7DEOH $VFDQEHVHHQ WKHILQDO GHVLJQ ZLQV E\D VXIILFLHQWO\

7TDEOH1IHZ FRQFHSW VFRUHV DIWHUDGGLQJWKHILQDO GHVLJQ IRXQG XVLQJ W

&RQFHSW &RQFHSW &RQFHSW )LQDO GHVLJQ
6FRUH

"KLOHDW WKLV VWDJHQRLQWULFDWHVL]LQJRIWKHVXEV\VWHPV ZDV SRV VI
$W WKLV VWDJH WKHILQDO GHVLJQ FRQVLVWHG RI WKH IROORZLQJ VXE)\
FRQVLVWHQW ZLWK WKH UHQGHU VKRZQ LQ )LJXUH



J)LQDO &RQFHSW *URXS &$6()LQD

3D\ORDI2 2SWLFDO OHWDVXUIDFHV
EDVHG 6SHFWUR 3RODULPHWHU

$'&6 ODJQHWRUTXHU VXQ VHQ
VRUV VWDU VHQVRUV

(36 6RODU DUUD\ EDWWHU\
308" XQLW

3URSXOVLRGHO WDQN
+<'526 & WKUXVWHU

TKHUPMY XODWLRQ
6WUXFVWXXHEHGDW

77 & 3DWFK DQWHQQD 6 EDQG

WUDQVFHLYHU

&'+ OLFURSURFHVVRU )LIXUH3UHOLPLQDU\UHQGHU RIWKH VXEV\VWHP OD\RXW L
FRPSRQHQWV LQGLFDWHG E\QXPEHUV IROORZLQJ IURP W

*1& *DOLOHR UHFHLYHU

‘KLOH WKH FRQILJXUDWLRQ LV VWLOOLQ LWV SUHOLPLQDU\VWDJHV GXH \
KDVEHHQ HVWDEOLVKHG 1DWXUDOO\ WKH SD\ORDG VKRXOG DOLJQ LQ V
VKRXOG EHWKHUPDOO\LVRODWHG IURP WKHRWKHU VXEV\VWHPV )RUHIILF
IDFHV WKH VDPH ZD\ 7KH $'&6 VHQVRUV LV ORFDWHG RXWVLGH RI WKH V!
YLFLQLW\RIWKH SURSXOVLRQ VI\VWHP 7KH (36 FRQVLVWV RIDVRODU SDQH
QH[W WR WKHEDWWHU\DQG 30%$' VIVWHP WR PLQLPL]HFDEOH OHQJWK WKH
PLQLPL]HG

7TKHSUHYLRXV FKDSWHUVY KDYHHQGHDYRXUHG WRLQIRUP WKHUHDGHU
UHSRUWYV > @ )RUIXUWKHU GHWDLO WKHUHSRUWY WKHPVHOYHV FDQ
ZKHUH WKH SUHYLRXV UHSRUW > @ FRQFOXGHG EHJLQQLQJZLWK WKH VI
ILUVW VXEV\VWHP WR EH VLIHG GXHWR LWV VLIQLILFDQW FRQWULEXWLR
UHPDLQLQJ VXEV\VWHPV ZLOO IROORZ XVLQJDQ LWHUDWLYH DSSURDFK
5HYLHZ VRPHRIWKHSULPDU\YLWDO FULWHULD ZHUHDOWHUHG 'XH WR WK
&KDSWHU DQG &KDSWHU WKH &$6( PLVVLRQ KDG WR VFDOH GRZQ RQ WK
FRVWH[WUHPHO\KLJK )XUWKHUPRUH PRUHWHFKQLFDO NQRZOHGJH ZIL
VXEV\VWHPY 7KHVH ZLOO DOVR EHGLVFXVVHGLQ WKHFRPLQJFKDSWHUYV



SVWURG\QDPLF &KDUL

J,Q SUHYLRXV UHSRUWV WKHRUELWDO GHVLJQ RIWKHPLVVLRQ ZDV HYDOX
WRZDUGV WKHPLVVLRQ RUELW DQG FUHDWHV WKHIRXQGDWLRQ IRUWKH G|
FKDUDFWHULVWLFV RIWKHILQDO RUELW DUH SUHVHQWHG LQ 6HFWLRQ
ZLWK VWDNHKROGHUV DUH GLVFXVVHG LQ 6HFWLRQ 8VLQJ WKLV LQIRU
VXEV\WWHP GHVLJQ ZHUH H{WUDSRODWHG 7KLV LV SUHVHQWHG LQ 6HFWL
DVWURG\QDPLF GHVLJQ DUH GLVFXVVHG LQ 6HFWLRQ DQG 6HFWLRQ

2UELW &KDUDFWHOXE MWWV

7KH PDLQ GULYLQJ UHTXLUHPHQW EHKLQG &%$6(TV RUELW VHOHFWLRQ ZL
WKHLQLWLDOO\UHTXLUHG PLOQXWHUHVROXWLRQ DWHDFKRIWKHPHD)
VHOHFWHG DV VKRZQLQ 7DEOH 7TKHRUELWLV FODVVLILHG DV DQ (TXI
WKHHTXDWRU 7KLV FKRLFHZDVPDGHLQD SUHYLRXVUHSRUW VLQFHDQL
ZRXOG OHDG WR WKH QXPEHU RI &XEH6DWYV LQFUHDVLQJ WR URXJKO\ 'V
FRPSOH[LW\N\LPPHQVHO\DQG ZDV WKHUHIRUH GHFLGHG DJDLQVW $V WK
(DUWK LV URWDWLQJ WKHWHPSRUDO UHVROXWLRQ EHFRPHYV PLQ ZKlI

7DEOH 6XPPDU\RIRUELWDO FKDUDFWHULVWLFV

3DUDPHWHU 9DOXH

$SOWLWXGH NP

2UELWDO YHORFLW\ NP V
*URXQG YHORFLW\ NP V

2UELWDO SHULRG VHF PLQ
,QFOLQDWLRQ f

(FFHQWULFLW\ FLUFXODU RUELW
&RQVWHOODWLRQ &XEH6DWYV
7HPSRUDO UHVROXWLRQ PLQ

JLIXUH 9LVXDOLVDWLRQ RIWKHILQDO RUELW

YRU WKH ILQDO VHOHFWLRQ RI WKH DOWLWXGH R I VEXHGRERIQN WG ® O B W U R\
PLQLPL]HWKHUHTXLUHG SURSWORMMGVO WK BEHPREOQPLRHG 7R DLG LQ WKL)\
ZDV FUHDWHG VKRXGQHWRMW YDU\LQJ DOWLWXGHYV 7KLV LVVKRZQLQ)LJIX

$QLPSRUWDQW REVHUYDWLR QIDMMWKKH/BCHEHY XQGAWHDVNRQ7KLV LV GXI
UHIJXODWLRQVLQYROYLQJVSDFHGHEULY 7KHVHUHJXODWLRQV DGRSW
ZLWKLQ \HPW®D W\SLFDO VSDFHFUDIW WKLV LV DFKLHYHG SDVVLYHO\G
$ERYHWKLVDOWLWXGH DFWLYHGH RUELWLQJLV QHFHVVDU\ ZKHUH WKH \
7TKHUHIRUH LQ)LIXQHFHVWXH IRUGH RUELWLQJZDV WDNHQ WR EH ]JHUR |
NP WROHQHFHVVDU\WR ORZHU WKH SHULDSVLV WR NPLVWDNHQ ZKLFK Z|

KWWSV REVHUYDEOHKT FRP #MDNH ORZ VDWHOOLWH JURXQG WUDFN YLVXDOL]JHL
KWWS 72zZZ HVD LQW 6DIHW\B6HFXULW\ &OHDQB6SDFH 6FXWWOLQJBVDWHOOLWHVB



3RLQWV RI ,QWHUHVW *URXS &$6()

JLIXUH 9EXGIJHWDW YDULRXVDOWLWXGHY 7KHFRQWULEXWLRQV DV ZHOO DV WK

$VLGH IURP\WRKHEH RUELWLQJ DQRWKHU PBIJ IFRKGVIRRLEXWRW ILRQNKHHS L Q.
DOWLWXGH GUDJIRUFHVPXVWEHFRXQWHUDFWHG HVSHFLDOO\LQ/RZ (DU
LWLV SUHIHUDEOHWR KDYHD KLIJIKDOWLWXGH IRUWKLY FRQWULEXWRU WR
XVHG WR SODFHWKHVSDFHFUDIWLQ WKHFRUUHFW SKDVHRIWKHRUELW $
LQWKHRUELW +RZHYHU WKHUHQHHGV WREHVSDFLQJLQ EHWZHHQ WKHP
PHW 2YHUDOO WKLV FRQWULEXWLRQLVQRWDVLQIOXHQWLDO DV WKH R’

YRUWKH ILQDO VHOHFWLRQ RI WKH DOWLWXGH WZR IDFWRUV ZHUH WDN |
DV SRVVLEOHWRUHGXFHWKHHIIHFWV RIGUDJRQ WKH VSDFHFUDIW 6HF
RWKHUZZRXOG EH QHFHVVDU\IRUGH RUELWLQJ &RPELQLQJWKHVH WZR
ZKLFK ZDVDOVR JLYHQ LQUBER®RHUHPHQXWY IRUWKLYVY DOWLWXGH FDQ EH I
PDUJLQ ZDVDGGHG IRUFRQWLQJHQF\> @

7TDEOH 9 EXGJHWRIWKHVSDFHFUDIW

ODQHXYHU 9>P V@ALWK PDUJLQ
6WDWLRQ NHHSLQJ> @

2UELW SKDVLQJ

'H RUELWLQJ

7TRWDO

JURP WKH VHOHFWHG DOWLWXGH WKH RWKHU SDUDPHWHUV LQ 7DEOH
PHWKRGV > @> @ $ILQDOFRQVLGHUDWLRQ ZDV PDGH IRUWKH JURXQG Y
HLWKHU RUELW LQ WKH VDPH GLUHFWLRQ DV WKH URWDWLRQ RI (DUWK RU F
ZRXOG LQFUHDVH WKH WHPSRUDO UHVROXWLRQ ZLWK URXJKO\ PLQXWFE
GLUHFWLRQ 7KLVDOORZVIRUORQJHUFRQWDFW ZLWK*6VDQGVPDOOHU IU
WKLV PDNHVY WKH ODXQFK WUDMHFWRU\PRUHHDVLO\DFKLHYDEOH 7KXV W
PDS 7KHJURXQG YHORFLW\LV WKHQ FD ORE=XIODWHKIHG (0 WDV KHICEMVRW L R Q Z
RIRQH (DUWK\GRN RPQBLW DOWLWXGH

Re 2R E
V —
JURX‘QMRE_i_h T

SRLQWV RI ,QWHUHVW

,QDSUHYLRXVUHSRUWLWZDV GHWHUPLQHG WKDW LW ZRXOG QRW EH SF
OLPLWLQJIDFWRUEHLQJ GDWD GRZQOLQN 7R VROYH WKLY RQH FRXOG
VSDFHFUDIW RUPHDVXUHDVPDOOHU SRUWLRQ RIWKHRUELW $IWHU FRQ
ODWWHU RSWLRQ ZDV SUHIHUUHG >)@



3RLQWV RI ,QWHUHVW *URXS &$6()

7R FRPSO\ ZLWK WKLY SUHIHUHQFH VHYHUDO WDUJHWYV DORQJ WKH HT.
VFLHQWLILFDOO\YDOXDEOH DJDLQLQFORVHGLVFXVVLRQ ZLWK VWDNH
HTXDWRU ZHUH DQDO\]|HG WR GHWHUPLQH WKHLU QHHG IRU VXFK D PRQL
PHOWLRQHG LQ &KDSWHU &RQVLGHULQJ WKHVHDVSHFWY LW ZDV FRC
$PDIRQUDLQIRUHVWLQ 6RXWK $PHULFD 1DLUREL .DPSDOD DQG 6LQJDSF
&$6( PLVVLRQ WR VHOHFWDQ\ORFDWLRQRQWKHHTXDWRU WR PHDVXUH

EHPHDVXUHG

7TKHOLPLWHG GRZQOLQN FDSDELOLW\ SUHVHQWHG DQ XSSHUOLPLW RQV
GHWHUPLQHG IURP WKLV PD[LPXP PHDVXUHPHQW WLPH WKDW ZLWK D VZ
DORQJ WUDFNJURXQG FRYHUDJH ZDV SRVVLEOH HDFK RUELW +HUH WKHU
H[SODLQHGLQPRUHGHWDLOLQ &KDSWHU I1RWHWKDW WKHVZDWK ZLGW
LQ &KDSWHU

7TKHHVWLPDWHG DORQJ WUDFNJURXQG FRYHUDJH RI NP FDQ EH GLYLG
DFFRXQWWKHSUHIHUHQFHV RI WKHVWDNHKROGHUV DQG WKH PDUNHW (
7TDEOH 1RWH WKDW WKLY GLYLVLRQLVIOH[LEOH $WDQ\SRLQW GXU
DVORQJDV WKHWRWDO PHDVXUHPHQW OHQIJWK GRHV QRW H[FHHG N
FRQVXOWLQJ ZLWK WKH VWDNHKROGHUVY WKDW FLWLHY VKRXOG EHFRYHUL}
WKH PHDVXUHPHQW GDWD >)@

7TDEOH 6SHFLILFDWLRQ RIWKHPLVVLRQ WDUJHWV GLYLGHGLQWR WKUHHFDWHJ

&DWHJIRU\ 7DUJHW OHDVXUHPHQW
OHQJWK
3ULPDU\WDUJBWXWK $PHULFD NP
RUH NP
GHFRQGDU\WD%@%&iEL.DPSDOD NP
7HUWLDU\WDUIHEWMYLOOH NP

7KHWDUJHWV KDYHEHHQ GLYLGHG LQWR WKUHH FDWHJRULHYV 7KH SULF
WKHODUJHVW VFLHQWLILF YDOXHWR WKHVWDNHKROGHUY 7KHQ WKH
SUHIHUDEO\ PHDVXUHG HYHU\RUELW VLQFH WKH\ILWLQWR WKHPHDVXU
WKH OHDVW VFLHQWLILF YDOXH DQG VKRXOG RQO\EHPHDVXUHG ZKHQ W
RIDOORIWKHVHWDUJHWV LV YLVXDOLVHG LQ )LJXUH ZKHUH )LJIJXUH
DQG )LIXUH EDGGLWLRQDOO\VKRZVWKHWHUWLDU\WDUJHWYV 1RWH
$PHULFD LQ 7DEOH LVLQGLFDWHG LQ JUHHQ ZKHUH WKH\HOORZ EDU
PHDVXUHPHQW FRXOG EH WDNHQ



5HVXOWYV *URXS &$6()LQDO 5

D6ZDWK FRYHUDJH ZKHQ PHDVXULQJ SULPDU\DQG VHFRQGDU\WDUJHWV LQ DVLQJC

E6ZDWK FRYHUDJH ZKHQ PHDVXULQJ SULPDU\ VHFRQGDU\DQG WHUWLDU\WDUJHWV L

JLIXUH 'LITHUHQFHV LQ VZDWK FRYHUDJH GHSHQGLQJRQ PHDVXUHPHQWYV DW \
1RWH WKDW WKH VSDFHFUDIW RUELWV IURP :HVW WR (DVW

$QLPSRUWDQW REVHUYDWLRQ IURP WKLV ILIXUHLV WKHIDFW WKDW WKHV
LVLQDQHTXDWRULDO RUELW LW QHHGVWRDQJOH WKH SD\ORDG LQVWUXP
FDOOHG RII QDGLU SRLQWLQJ ZKLFKLQIOXHQFHV WKHGHVLJQ RIVXEV\VW
GLVFXVVHGLQ PRUHGHWDLO LQWKHQH[WVHFWLRQ

SHVXOWYV

:KLOH WKHVSDFHFUDIW LY RUELWLQJDERYH WKHHTXDWRUZLWK D ODWLYV
EHORZ WKLV ODWLWXGH 7KXV WKHVSDFHFUDIWQHHGY WR SRLQW WKH LQ
DQJOHLQ WKHDFURVV WUDFNGLUHFWLRQ 7KLVLVYLVXDOLVHGLQ)LJXU
SRLQWLQJDQJOH ZDV FDOFXODWHG ZKLFKLV VXPPDUL]HGLQ 7DEOH

7DEOH 3URSHUWLHV RI WKHPHDVXUHPHQWY GXULQJ WKHRUELW 1RWH WKDW SRVLWLYHRII C

ZKLOH QHJDWLYH SRLQWLQJLVDPHDVXUHPHQW EHORZ WKHHTXDWRL

HDVXUHPHQW  OHDVXUHP | QDGLU
&DWHJR U\ 7DUJHV%HQJWK WLPH FBWEWREH SRLQWLQJ
B3ULPDU\WDUJBRXWK $PHULFD NP v f f
RUH NP Y f f
BHFRQGDU\WD%%&%EL .DPSDOD NP v f f

7THUWLDU\ WDUJLIHWMYLOOH NP \% f f
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JLIXUH 211 QDGLU SRLQWLQJWRDOORZWKH SD\ORDG WR YLHZWKH WDUJHW DUHD 1RW

&RPELQLQJWKHVHQXPEHUV ZLWK )LIJXUH E DSUREOHP EHFRPHV DSSDU
VSDFHFUDIW QHHGVY WR DQJOH IURP fRIIl QDGLU SRLQWLQJ WR f Lt
LVYLVLEOHLQ WKHILIXUH DV DNLQNLQ WKHVZDWK FRYHUDJH WUDFN
VXEV\VWHP ZKLFKZRXOG QHHG WR EHDEOHWRJHQHUDWH ODUJHU WRUT
FKDQJHVEHWZHHQ PHDVXUHPHQWY 7DEOH GHWDLOV WKHDYHUDJH L
WKDW WKLVLVQRWHQWLUHO\DFFXUDWHVLQFHWKHVSDFHFUDIW QHHGV
LQGLFDWHWKHRUGHU RIPDIJIQLWXGHRIWKHURWDWLRQ

7TDEOH 7LPHEHWZHHQ PHDVXUHPHQWV DQG WKHUHTXLUHG SRLQWLQJ FKEL

(QGLQJ 6WDUWLQJ  QRSHUDWLYH 3RLQWLQJ $YHUDJH I
PHDVXUHPHQW PHDVXUHPHQW WLPH FKDQJH YHORFLW\
IDLUREL 6LQJDSRUH Vv f GHJ V
.DPSDOD 1DLUREL v f GHJ V
/JLEUHYLOOH .DPSDOD v f GHJ V

6RXWK $PHULFD /ILEUHYLOOH v f GHJ V
6LQJDSRUH 6RXWK $PHULFD v f GHJ V

JURP WKHVH YDOXHV LWEHFRPHY FOHDU WKDW WKH SRLQWLQJ FKDQJH
VLIQLILFDQWO\KLIJIKHUWRUTXHWKDQ WKHRWKHUFKDQJHV 'XULQJWKHGH
LWZDVIRXQG WKDW WKHVH WDUJHWYV FDQQRW EH PHDVXUHG LQ WKH VD
WKH\ZLOO EHPHDVXUHG LQ FRQVHFXWLYH RUELWY VHSDUDWHO\ WKXV SU
ZDVFRQILUPHG ZLWK VWDNHKROGHUV >/@ )ROORZLQJWKLY LWZDV GH
SHUIRUPDQFH ZRXOGEH LQHDFKRUELWFRYHULQJ$PDIRQDQG6LQJIJDSRI
OHDG WR PHDVXUHPHQWYV LQ WKH $PDIRQDQG6LQJDSRUH WR KDYH PL
.HQ\D WR KDYH KRXU WHPSRUDO UHVROXWLRQLQ WKHVSDQ RIWKH PLV
ILEUHYLOOHFDQ EHPHDVXUHG XSRQUHTXHVW

)LQDOO\ IURP7DEOH LWIROORZVWKDW WKHVSDFHFUDIWLVWDNLQJPHI
WKHWHUWLDU\WDUJHWV DQG FRQVLGHULQJWKDW .DPSDOD DQG 1DLUREL
SHULRG IRXQGLQG6HFWLRQ WKLV LV URXJKO\ RIWKHRUELW $0OOR
QRZEHWDNHQLQWRDFFRXQWIRUWKHGHWDLOHG VXEV\VWHP GHVLJQ



5LVN *URXS &$6()LQDO 5HS

SLVN

$V ZLWKDQ\VSDFH PLVVLRQ WKHUHDUHD QXPEHU RIULVNV WKDW QHHC
VXFFHVVIXO PLVVLRQ 6RPHRIWKHVHULVNVLQFOXGHKLIKUDGLDWLRQ C

SDGLDWLRQ

$VIRUUDGLDWLRQ DWKLJKHUDOWLWXGHY WKHDWPRVSKKXW RPAVKHHUV Ot
ULVNRIUDGLDWLRQ GDPDJLQJRULQWHUIHULQJ ZLWK WKH VSDFHFUDIW P.
GHSHQGV RQWKHDOWLWXGHVQGWWHVRODUFEOHHZZDY DOUHDG\ FRQVLGH
ZKHUH WKH ZRUVW FDVHVFHQDULR ZDVDVVXPHG VRODUPD[LPXP 7KH VRC
GDPDJHWR HOHFWURQLFVDQG GDWD OLQHV ZKLFKLVFRQVLGHUHG LQ W

$VIRUWKHDOWLWXGH DQLPSRUWDQW VRXUFHRIUDGLDWLRQ DUH WKH 9D
LQQHUDQG DQ RXWHU EHOW WKHLQQHU EHOW XYW UW U QUKIHE B §( PQ W\ M
RUELWLQJDW NP WKLV GRHV QRW SUHVHQW D VHULRXV ULVN

6RODU VWRUPVDQG VRODU ZLQGY KRZHYHU GRKDYHWKHSRWHQWLDO
KLOHWKHRFFXUUHQFH RIVXFKVRODU VWRUPV LV GLIILFXOW WR SUHGLFV
KRZHYHU FRXQWHUPHDVXUHVY PXVWVWLOO EHFRQVLGHUHG 2QH VXFK FR>
WKH &$6( &XEH6DW WR VXIILFLHQWO\ ZLWKVWDQG KLJKUDGLDWLRQ GRVH
ILWWHG ZLWK VXIILFLHQW IXHO WR SHUIRUPDQHPHUJHQF\FKDQJH RI RUE
UHVSHFWLYH FKDSWHUV &KDSWHU DQG &KDSWHU

6SDFH 'HEULV

6SDFHGHEULY DOVR NQRZQ DV VSDFH MXQN DUH SLHFHV RIKXPDQ PDGH R
DO\ XVHIXO IXQFWLRQ 1$6%$ WUDFNV DQG PRQLWRUV PRUH WKDQ SLI
GLDPHWHU LQ /(2 6SDFH GHEULV FDQ EH YHU\ KDUPIXODQG WKUHDWHQL
SRWHQWLDO 158U EROOLVLRQV

$VVKRZQLQ)LIXUH WKH VSDWL
RIVSDFHGHEULV LV KLJKHVW DW D¢
DQG NP FDXVHG E\ WKH FROOL
5XVVLDQ VDWHOOLWH ZLWK D )UH
DQG WKHGHOLEHUDWH GHVWUX
QHVH VDWHOOLWHLQ UHVSHFW
IRUWKH &$6( PLVVLRQ ERWK RI WK
KDYHDKLJKHUDOWLWXGH WKDQ W
RUELW WKDW &$6(ZLOO IO\DW 7KH
VLW\RIVSDFHGHEULV LV VLJQLILF
WKLV RUELW $W WKH DOWLWXGH
NP UHVSHFEWLYHO\ WKH RUELWDC
WKH VSDFH GHEULV LV PHDVXUHG
RIGHFDGBGH@FH &$6(LV SURMHFWH
ODXQFK LQ ZLWK D \HDUPLVVL
JLIXUH GSDWLDOGHQVLW\RI/(ZVSDFHGHEUL\/SEDQOW\LP(VHQFHIKFLE]KHU FRQFHQWUD\
GHEULV VKRXOG\LHOG QR VLJQLIL
LQ FROOLVLRQ ULVN WKURXJKR X\
VLRQ OLIH

KWWSV zZzZ VSDFHIOLJKW QDVD JRY VSDFHQHZV IDFWVKHHWY SGIV UDGLDWLRQ €
KWWSV 7zzZzzZ QDVD JRY DQDORJV QVUO ZK\ VSDFH UDGLDWLRQ PDWWHUV >5HWULL
KWWSV z7ZZ QDVD JRY FRQWHQW JRGGDUG YDQ DOOHQ SUREHV VSRW LPSHQHWUDI
KWWSV Z7Zz7Z QDVD JRY PLVVLRQBSDJHV VWDWLRQ QHZV RUELWDOBGHEULY KWPO
KWWS ZzZZ XQRRVD RUJ SGI SUHV VWVF WHFK SGI >5HWULHYHG RQ -XQH
KWWSV zZzzZ QDVD JRY QHZV GHEULVBIDT KWPO >5HWULHYHG RQ -XQH @



6XVWDLQDELOLW\ *URXS &$6()LC

7TKHUHDUHWZR ZD\VWRPLWLIJDWHWKHULVNRIVSDFHGHEULV IRUD VDW!

$QIJOHWKHVSDFHFUDIWLQ IOLJKW VXFK WKDW I WLKDMW KHNWV /&8 FYD/
RIEHLQJKLW E\VSDFHGHEULY VLQFH WKH VSDFHFUDIWYVY WDUJHW DU

6LIH WKEXGIJHW WR LQFOXGH VSDAHGREUK VXOHYCRLVGWDNHQ RQ ERDUG R
LWFDQEHXVHG WR VOLIJKWO\FKDQJHLWYV RUELWORQJEHIRUH WKH SR\
DYRLGDQFHFDQEHIDFLOLWDWHG XVLQJ 1$6%TVDQG (6$TVWUDFNLQJ

%RWKRI WKHVHULVN UHGXFLQJPHDVXUHY ZLOO EHDSSOLHG LQ WKH &9
GHEULV FROOLVLRQ DVZLOOEHVKRZQLQ &KDSWHU DQG &KDSWHU Ul

,QFRUUHFW 2UELW ,QVHUWLRQ

7KHODXQFK YHKLFOHIDLOLQJWREULQJWKHVSDFHFUDIWLQWR WKH SOD
IXOILOO LWV PLVYAL.RQ REMHFWERWYLEOH GHYLDWLRQV ZHUH FRQVLGHUHG
DOGLQFOLODWLRQ ,Q WKHFDVHRIDQLQFRUUHFWDOWLWXGH LW FRXC(
PHDVXUHPHQWV RI (DUWK 7KHVHQVRUVDQG OHQVHV ZHUH GHVLJQHG DQ
VXIITHU SHUIRUPDQFH ORVV RUWRWDO GLVDELOLW\WR WDNH PHDVXUHPH

$OQORWKHU KLQGUDQFH WR WKH SD\ORDG FRXOG EHDQLQFRUUHFWHFFHQV
YDULDWLRQV WKURXJKRXW WKHRUELW ZRXOG EH GLIILFXOW RULPSRVVLE
PLVVLRQ GHOLYHUDEOHY $VSDFHFUDIWLQ WKHVHOHFWHG RUELW ZRX
LPSDFWRI WKLV ULVN $W WKH ORZHVW SRLQW RI WKHRUELW WKH VSDF
DSRDSVLVDQG WKXV GHFUHDVLQJ WKHHFFHQWULFLW\WRZDUGV WKH GH)

J)LQDOO\ LIWKHLQFOLQDWLRQ RIWKHILQDO RUELW LV LQFRUUHFW WKH Ul
PHW $GGLWLRQDOO\ VRPHRIWKHPLVVLRQWDUJHWYVY LGHQWLILHGLQ WK
DOUHDG\ XVHVDFWLYH SRLQWLQJRIWKHVSDFHFUDIW WR WDUJHW DUHDYV
WKHLQFOLQDWLRQ GRHV QRW GLIITHUH[FHVVLYHO\

6XVWDLQDELOLW\

2QH RI WKH PRVW LPSRUWDQW IDFWRUV UHJDUGLQJWKH VXVWDLQDELOL
$VPHQWLRQHGLQ 6HFWLRQ DQDOWLWXGHRI NP ZDVVHOHFWHG Z
7KLV UHGXFHV WKH DPRXQW RIIXHO UHTXLUHG IRUWKHPLVVLRQ UHGXFL
VSDFHFUDIW ZLOO ORVH DOWLWXGH GXH WR GUDJ HYHQWXDOO\EXUQLC
WDNH DW PRVWRQHDUPLQJ WR LQWHUQDWLRQDO UHJXODWLRQV (YHQ WKR
DWPRVSKHUH VHHPV XQVXVWDLQDEOH LWLV WKHPRVW VXVWDLQDEOH ZD
RUELW WKH\ZRXOG SRVHD ODUJHU WKUHDW WR RWKHU VDWHOOLWHV L
GDQJHURXV 7R SRWHQWLDOO\DFFHOHUDWH WKH GH RUELWLQJSURFHVV
ORZHU WKH RUELW SHULDSVLV 7KHVSDFHFUDIW ZRXOG WKHQ H[SHULHQFH

7TROLPLW WKHDPRXQWRISURSHOODQW WKDW LV XVHG IRUVWDWLRQ NH
VSDFHFUDIW H[SHULHQFHY 7KHFRQILIXUDWLRQ GLVFXVVHG LQ &KDSWHL
WKDW LV SURGXFHV WKHVPDOOHVW SRVVLEOHIURQWDO VXUIDFHDUHD V

KWWS 72zZZ HVD LQW 6DIHW\B6HFXULW\ &OHDQB6SDFH 6FXWWOLQJBVDWHOOLWHVB



3SD\ORDG 6 XEV\\

&$6(TV SD\ORDG VI\VWHP LVWKHLQVWUXPHQW WKDW ZLOO SHUIRUP WKH
DWUDGH RII ZDV SHUIRUPHG EHWZHHQ WKH 63(;RQHLQVWUXPHQW IURP ¢
6SHFWUR 3RODULPHWHU IURP 712> @ 7KH712LQVWUXPHQW ZDV VHOHF)
UHTXLUHPHQWYV ZLWK PRUH VXLWDEOH LQVWUXPHQW FKDUDFWHULVWLF
GHWDLOHGDQGDQDO\VHG )LUVW WKHUHTXLUHPHQWV RIWKHLQVWUXPH
FRQILIXUDWLRQ WUDGH RII'LY SHUIRUPHG DQG WKHYLHZLQJDQJOHV DUH
SD\ORDG LQVWUXPHQWDUHGHILQHG )LQDOO\ WKHULVNDQG VXVWDLQD

2SWLFDO OHWDVXUIDFHY %DVHG 6SHFWUR 3RO

7KH2SWLFDOOHWDVXUIDFHVY %DVHG 6SHFWUR 3RODULPHWHULV D SURPLV
LOQWHJUDWLRQ RI WKH VSHFWUR SRODULPHWHU RQ WKH GHWHFWRU FKLS
SURYLGLQJDFFXUDWH VSHFWUR SROMLILE HROA R PHLRVDLWWHPW R MWL Q VW U X F
ZDVWR GHWHUPLQH LI WKH\ FRXOG XVHIXOO\LQFRUSRUDWH WKH PHWD VX
VR UHGXFH WKH VL]HRIWKHLQVWUXPHQW DQG DGG SHUIRUPDQFH EH\RQG
0,>'@

TKHLQVWUXPHQW ZLOO IO\DWDQDOWLWXGH RI NPDQGFRYHU SRODUL
VZDWK ZLGWK R NP WKHSD\ORDG PXVWEH SRLQWHG WRZDUGV WKH WD
UHTXLUHPHQWV IRUHDFK XQLW RIWKHLQVWUXPHQWDVJLYHQ EA\$SQGUHZ

7DEOH 5HTXLUHPHQWYV 2SWLFDO OHWDVXUIDFHVY EDVHG 6SHFWUR 3RODULPHW

3URSHUW\ 9DOXH

6SDWLDO UHVROXWLRQ P

6ZDWK ZLGWK NP

JLHOG RIYLHZ fDFURVV WUDFN[ f DORQJ WUDFN

6SHFWUDO FRYHUDJH QP QP QP QP QP QP )X0O
ZLGWK DW KDOI PD[LPXP ):+0 UDQJLQJIURP> @ QP

3RODULPHWULF DFFXUDF\ IRUFDOLEUDWHG RSWLFV IRUWKH I

SRODUL]HG EDQGV
5DGLRPHWULF 615

3L[HO VL]H P I

SHVROXWLRQ [ SL[HOV
"LILWL]DWLRQ ELW
"LPHQVLRQV ? PP[ PP

7KHSL[HO VLIHQHHGV WRWR PHHW WWKDGFHVVDU\DFFXUDF\IRUPDNLQJW
7TKHLQVWUXPHQW QHHGY SL[HOV WR UHFRQVWUXFW WKH IXOO FKDUDF
VDPSOH

OHDVXUHPHQWY FDQ DOVR EH GRQH DW QLJKW DV WKH LQVWUXPHQWYV P}
VSHFWUXP +RZHYHU DV WKHDHURVROV DUHRQO\PHDVXUHG LQ RQH V¢
7KHPHDVXUHPHQWY RI WKHVPDOOHU ZDYHOHQJIJWKYV GXULQJ QLJKW DERY
LQVWUXPHQW HJ VXEWUDFW GHDG SLI[HOVIURP WKH PHDVXUHPHQWYV

KWWS UHVROYHU WXGHOIW QO XXLG GF G E GFE IE H >5HWULHYHC
KWWS UHVROYHU WXGHOIW QO XXLG GF G E GFE IE H >5HWULHYHC



&RQILIXUDWLRQ 7UDGH 211 *URXS &$6(

&RQILIXUDWLRQ 7UDGH 211

,Q WKLV VHFWLRQ DPRUHGHWDLOHG HIDPLQDWLRQ RIWKH FRQILJXUDYV
SODFHG RQWKHVHOHFWLRQ RIWKHQXPEHURIYLHZLQJDQJOHYV

IXPEHURIYLHZLQJDQJOHYV

OXOWL DQJXODU PHDVXUHPHQWYV DUH SUHIHUUHG IRUWKH UHWULHYDO RI
PDNH LW HDVLHU WR GLVWLQJXLVKEHWZHHQ WKH XQGHUO\LQJ UHIOHFW
DHURVROV > @ 7KHFRPSDULVRQRIO02',6 VLQJOHYLHZLQJDQJOHV DQ
WKH 7(55$ PLVVLRQ ZLWK WKH PHDVXUHPHQW RI $(521(7 D/ RHMEK® WKD &H W
HUURUVRQ WKHUHWULHYHG SDUDPHWHUV DUH VLJQLILFDQWO\GHFUHDV
+RZHYHU WKLV LPSURYHPHQW VWDJQDWHY ZKHQ PRUH WKDQ ILYHYLHZLQ
PHDQ DEVROXWH HUURUV RI DHURVRO RSWLFDO GHSWK $2' DQG VLQJO
PHDVXUHPHQWDQJOHV DUH VKRZQ LQ )LJXUH

JLIXUH 7KHUHVXOWV RIPHDQ DEVROXWH HUURUV RIDHURVRO RSWLFDO GHSWK OHIW VLQJ

YLHZLQJDQJOHV EHWZHHQ UHWULHYHG DQG WUXH YDOXHV IRUIRXUGLIITHUHQW SRODULPH\

WDUJHW DFFXUDF\RQDHURVRO SDUDPHWHUV )RUWKH WDUJHW DFFXUDF\RI $2' R1 WK
IRUPXODWHG EN\OLVKFKHQNRHWDO > @LV XVHG

$VWKHLQVWUXPHQW PHDVXUHV IURP QP QP WKHOLJKW EOXH GRWW
ILJXUH WKHWDUJHW DFFXUDF\RQ DHURVRO SDUDPHWHUV IRUPXODWHG
DQG ZLWK IRUWKH®66$% +RZHYHU ERWK DQJOHV DUH WDNHQ LQWR DFFRXC
UHTXLUHPHQWYV >)@ 7KHRSWLRQRIDVLQJOHDQG GRXEOH YLHZLQJDQJC
DEVROXWHHUURUV DW D VPDOO QXPEHURIYLHZLQJDQJOHYV

7TKXV WKHQXPEHURIYLHZLQJDQJOHV LVDQ LPSRUWDQW YDULDEOH IR/
LGHQWLILHG ZKLFKFRXOG SURYLGHD PXOWL DQJOH VI\VWHP PXOWLSOHLQ
DQJOHV RUDQLQVWUXPHQW FRXOGEHURWDWHG DIWHU PHDVXULQJWR S|
VROXWLRQ HLIKWRSWLRQV ZHUH FRQFHLYHG SURYLGLQJYDULRXV FRPE
LQ 7DEOH

KWwWSV DHURQHW JVIF QDVD JRY >5HWULHYHGRQ -XQH @



&RQILIXUDWLRQ 7UDGH 211 *URXS &$6(

7DEOH 2SWLRQV FRQVLGHUHG IRUWKH SD\ORDG LQVWUXPHQW FRQILJXUI

1XPEHU RI 1XPEH |
2SWLRQ| syvwuxpPHQWYV YCE%W&f%&meWWKRGV

2SWLRQ 6WDWLF

2SWLRQ 6WDWLF

2SWLRQ YXOO VSDFHFUDIW URWDWLRQ

2SWLRQ YXOO VSDFHFUDIW URWDWLRQ

2SWLRQ  QGHSHQGHQW LQVWUXPHQW URWDWLR
2SWLRQ ' QGHSHQGHQW LQVWUXPHQW URWDWLR
2SWLRQ YXOO VSDFHFUDIW URWDWLRQ

2SWLRO VSDFHFUDIW URWDWLRQ

LQGHSHQGHQW LQVWUXPHQW URWDWLRQ

7TKHILUVWWZR RSWLRQVRQO\FRQVLGHU VWDWLFLQVWUXPHQWY ZKHUH F
SURYLGHVILYH 1H[W WZRRSWLRQVFRQVLGHUURWDWLQJWKHIXOOVSDF
ILYHYLHZLQJDQJOHYV 7KHIROORZLQJWZR RSWLRQV FRQVLGHUHG WKH
LQGHSHQGHQWO\IURP WKH VSDFHFUDIW XVLQJD KLQJHRUJLPEDO V\V!
DQGVSDFHFUDIW URWDWLRQ E\XWLOL]JLQIJWKUHHLQVWUXPHQWY WKDW
UHTXLUHPHQWY RQ WKH $'&6 ZKLFKZRXOG QHHG WR TXLFNO\DQG DFFXUD
XVHVWZRLQVWUXPHQWY WR FRYHUILYHYLHZLQJDQJOHV 2QHLQVWUXPH
WKHRWKHULVVLPXOWDQHRXVO\URWDWHG E\DKLQJHRUJLPEDO VA\VWHF

I1RWH WKDW WKH RSWLRQV XVLQJVSDFHFUDIWDQG JLPEDO URWDWLRQ -
PHDVXUHPHQW LV WRR ORQJ WKHVSDFHFUDIW GRHVY QRW KDYH WLPH Wi
DQG ZRXOG WKXV PLVV SDUW RIWKHJURXQG FRYHUDJH 1HYHUWKHOHVYV
PHDVXUHPHQWY FRXOG EHPDGHLQ VPDOOHU LQWHUYDOV UHVXOWLQJ
RSWLRQV

7TRVHOHFWWKHEHVWRSWLRQIURP 7DEOH WKH $+3 PHWKRG ZDV XVH!
UHSRUW WR VHOHFW WKH PRVW VXLWDEOH GHVLIJQ FRQFHSW > @ ZKLFK Z

7KH GLIIHUHQW SD\ORDG FRQILIJXUDWLRQV ZHUH VFRUHG EDVHG RQ GLIIF
DUHD FRYHUDJH FRVW ULVN FRPSOH[LW\ YROXPH DQGPDVV 7KHVHF
ILQDO GHVLJQ DQG WKHLULPSRUWDQFH ,Q 7DEOH WKHVFRUHV JLYHQ
DQ H[SODQDWLRQLVJLYHQ IRUWKHVFRUHYV

JLUVWRIDOO WKHVFLHQWLILFYDOXHLVGLUHFWO\UHODWHG WR WKH QXP
DQJOHV PLQLPL]JHWKHHUURURQWKHUHWULHYHG SDUDPHWHUV > @ WHEK
7TKHYDOXHRI YLHZLQJDQJOHVLVY DV WKHDVVRFLDWHGDFFXUDF\ZDV I

6HFRQGO\ DUHD FRYHUDJH LY GHWHUPLQHG PRVWO\E\WKHGDWD UDWH
YLHZLQJDQJOHV )RUWKH 712 FKLS WKH GDWD UDWH ZDVJLYHQ WR EH DER
LVPXOWLSOLHGE\ DQG UHVSHFWLYHO\ 8MI*GELWO6N PRGHILGRROPDYN Q'
LQ &KDSWHU &KDSWHU FDOFXODWLRQV ZHUH SHUIRUPHG WRILQG!
DFWLYH )RU YLHZLQJDQJOHV WKH SD\ORDG FDQ EHDFWLYHIRU RI'W

JXUWKHUPRUH WKH FRVW LQFUHDVHVY DV PRUH LQVWUXPHQWY DUH QHH

0% $IWHU FRQWDFW ZLWK 712 LW ZDV GHWHUPLQHG WKDW WKH FRVW 2
RILQVWUXPHQWY EXW ZRXOG VOLIJKWO\GHFUHDVH ZLWK PRUH LQVWU X
VI\IVWHPV DQG DOJRULWKPVIRUDQJOLQIJWKHVSDFHFUDIWRULQVWUXPH
FRQVWUXFWLRQ ZLOO EH PRUH FRVWO\ EHFDXVH LW DGGV DQRWKHU FR(
LWRQO\DIIHFWY WKH $'&6 7KH VDPH FDQ EH VDLG IRUWKH YROXPHDQG
ZLWK WKHDPRXQW RILQVWUXPHQWY 7KHUHIRUH WKHFRVW IRU WKH R
VSDFHFUDIW SRLQWHG LQVWUXPHQW KDV D UDWLQJRI DQG WKHFRVWIRU
VI\VWHPV DUH UDWHG 7KH YROXPHRIWKHRIWKHV\WWHP LV UDQNHG ELC
GHWHFWRUDQG RUJLPEDODGGHG WR WKH V\VWHP WKHPDVVLVUDQNHG



&RQILIXUDWLRQ 7UDGH 211 *URXS &$6(

DUHUDQNHG ZLWK SRLQWV DV WKH\DUHFRQVLGHUHG WRKDYHD KLJKHU

7KHULVNLQFUHDVHV ZKHQ IHZHU LQVWUXPHQWY DUH XVHG VLPSO\EHF
LPSDFW 7KHRSWLRQ ZLWK VWDWLFGHWHFWRUV LV UDQNHG WR EH D
ORZHVW ULVN RI $GGLWLRQDOO\ DGGLQJD PRUHFRPSOLFDWHG $'&6 V\
VSDFHFUDIW ZLOO DOVR DGG ULVN ODNLQJD VHSDUDWHPRYLQJVSDFHF
IXUWKHU LQFUHDVH ULVN

/IDVWO\ WKHFRPSOH[LW\LVWKHVDPHORZYDOXHIRU RU VWDWLFYLHZLQ
VSDFHFUDIW 7KHVSDFHFUDIWGRHV QRWQHHG WR URWDWHDORQJWUDFN
G\QDPLF YLHZLQJDQJOHV KRZHYHU URWDWLQJDORQJWUDFNIRU YLH
YLHZLQJDQJOHVY GXHWRWKHDYDLODEOHWLPHEHWZHHQ URWDWLRQV $G
LQFUHDVHV FRPSOH[LW\ 7KH PRVW FRPSOH[RSWLRQLV RSWLRQ EHFDXV!
ZKLFKPHDQV PXOWLSOH $'&6 VIVWHPVDUH QHHGHG WR FRRUGLQDWH WKF

,Q7DEOH WKHFULWHULD ZLWK ZKLFK WKH GLITHUHQW RSWLRQV DUH FR
IRUWKHGLITHUHQW RSWLRQ DUH VKRZQ

7DEOH $VVHVVPHQW RIWKH FULWHULD IRUHDFK RIWKH SD\ORDG FRQILJXUD

*UDGLQJ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ
FULWHULRQ

6FLHQWLILF YDOXH > @
$UHD FRYHUDJH > @
&RVW > @

5LVN > @
&RPSOH[LW\ > @
9ROXPH > @

obvVvv > @

$IWHU WKHLPSRUWDQFH RIHDFK FULWHULRQ UHODWLYH WR WKH RWKHU
OLVWHG LQ 7TDEOH

7DEOH :HLJKWV DVVLIQHG WR HDFKFULWHULD EDVHG RQ WKH $+3 PHWKR

6FLHQWLILF YDOXH $UHD FRYHUDJH &RVW 5LVN &RPSOH[LW\
"HLIKW
$SSO\LQJ WKHVH WR WKH YDOXHYVY OLVWHG LQ 7DEOH \LHOGV WKH VF|
VXPPDUL]JHG LQ 7DEOH ZKLFK VKRZV WKDW RSWLRQ ZDVIRXQG WREHW

VPDOO PDUJLQ

7DEOH 6FRUHVIRUHDFK RI WKH SD\ORDG FRQILIXUDWLRQ RSWLRQV EDVHG RQ

2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ
6FRUH

6HQVLWLYLW\DQDO\VLV

TR HQVXUH WKDW RSWLRQ ZDVLQGHHG WKH PRVW VXLWDEOH RSWLRQ
RSWLRQ VRPHFRPELQDWLRQRIZHLIJKWY ZDVDOWHUHG XQWLO WKH RSW
VXPPDUL]JHGLQ 7DEOH

,WZDVDOUHDG\VWDWHG WKDW RSWLRQ ZDVDFORVHFRQWHQGHU RQO\G
7KLV FORVH PDWFK ZDV DOVR IRXQG LQ WKH VHQVLWLYLW\DQDO\VLY ZKHI



L, QVWUXPHQW &KDUDFWHULVWLFV *URXS

JLIXUH 5HWULHYDO QRLVHDQG UHJXODUL]DWLRQ HUURU RQ WKH UHWULHYHG RSWLFDO WKLF
QP DVDIXQFWLRQRIYLHZLQJ]HQLWKDQJOH> @

UHVXOWHG LQRSWLRQ ZLQQLQJ 7KHQ IRURSWLRQ WRZLQ D ODUJHU FK
VFLHQWLILF YDOXHE\D IDFWRURIILYH 2SWLRQ LVWKHPRVWYROXPH

7KXV LIWKHYROXPHDQGPDVV FULWHULD DUHLQFUHDVHG WKUHHIROG
QRW ZLQ WKH WUDGH RIIl ZLWK DQ\FRPELQDWLRQRIIDFWRUV VLQFHLW FL
WKHQ RWKHU RSWLRQV ZRXOG EHPRUH VXLWDEOH 2SWLRQV DQG ZRXO(
UHTXLUHG IDFWRUV LQ WKHRUGHU RIWKRXVDQGYVY DQG ZDV WKXV GHHP H(

7DEOH 3D\ORDG FRQILIJXUDWLRQ VHQVLWLYLW\DQDO\VLY 9DOXHV DUH WKH ZHLJKW L
1RWH WKDW VRPHRSWLRQV FRXOG QHYHU ZLQ WKH WUDGH RIl RUUHTXLUHG XQ

2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLRQ 2SWLR
6FLHQWLILF YDOXH [ [ [

&RVW 2ULJLQDO | [ L
SROXPH ZLOQHU [ [ LHYHU 1HYHU 8QIHDVLEOH 1HYHU

oDVV [ [ [

$VRSWLRQ DQG ZHUHERWKIRXQG WREHVXLWDEOH WKHVHWZR ZHUH ¢
LQFUHDVHG DUHD FRYHUDJH DFKLHYHG ZLWK YLHZLQJDQJOHV RYHU WKH
YLHZLQJDQJOHV >)@ +HQFH RSWLRQ ZDV FKRVHQ

9LHZLQJ $QJOHV

7KH YLHZLQJDQJOHV FD Qf DI@BIHUVRPHY f DQG QDGLU f DV WKHLU QRPLGC
+RZHYHU WKHVHDQJOHV FRXOG EH VHW WR GLITHUHQW YDOXHV 7KH FK

fDQG QDGLU EHFDXVH WKH HUURU RQ WKH $2' LV UHODWLYHO\VPDOO DW
DQG WKHWZRDQJOHV RI WKH VDPH PDJQLWXGH DOORZIRUHDVLHU FRQILJ

, QVWUXPHQW &KDUDFWHULVWLFV

$IWHU WKH SD\ORDG FRQILIXUDWLRQ ZDV GHWHUPLQHG WKHFKDUDFWHUL
VHFWLRQ WKHGHWHFWRU OHQVDQGILQDO SURSHUWLHV DUH GLVFXVVH(

$VWKHLQVWUXPHQW LVVWLOOLQWKHEUHDGERDUG VWDJH WKHW\SHRIG
&RROHG %DFNLOOXPLQDWHG 86% FDPHUDIURP ;,0($ZDV FKRVHQ WR HVWL



9HULILFDWLRQDQG 9DOLGDWLRQ *URXS

WKHUHTXLUHG SL[HO VLIHIRU WKH DFFXUDF\WR PDNH WKH PHWD VXUID
G\QDPLFUDQJH QHHGHG WR PDNH WKH GLVWLQFWLRQ EHWZHHQ FORXGYV

VSDWLDO UHVROXWLRQ RI PZDV IRXQG WR EH ISV DVLWIROORZV IU]
WLPH KDV EHHQ FDOFXODWHG E\ (TXDWLRQ WR EH VHFRQGYV
* g
'"ZHOO W

XQG YHORFLW\

KHUH *6'LVWKHJURXQG VDPSOLQJGLVWDQFHDQG WKHJURXQG YHORFLYV

+RZHYHU WKHUHTXLUHGIUDPHUDWHRI ISVSURYLGHGE\712>'"@ LV KLJKI
PHDQLQJWKDW WKHIUDPHUDWHRIWKHFDPHUD VKRXOGEHLQFUHDVHG
YHUWLFDO UHVROXWLRQ 7KHJDLQVDUHOLQHDU KHQFHKDOYLQJWKH
>*@ 7KHSURSHUWLHV RI WKHFDPHUD DUHVKRZQLQ 7DEOH

JRUWKHHVWLPDWLRQV RQVXSSO\ YROWDJHDQG RSHUDWLQJ FXUUHQW
' SOXV ZHUH FROKLWGHQWBUIDFH ZDV SURSRVHG E\ $QGUHZ %HOO IURP 71

7DEOH 3URSHUWLHV *SL[HO *6(16( %6, &RROHG %DFN
LOOXPLQDWHG 86% FDPHUD

3URSHUW\ 9DOXH

0DVV J

3RZHU FRQVXPSWLRQ

3L[HO VL]H P

5HVROXWLRQ [ SL[HOV

'LIJILWL]DWLRQ ELW

'\QDPLF UDQJH G%

YUDPH UDWH ISV

/HQV ORXQW 0 JRIXUH 6FKHPDWLF 'UHQGHU RISD\ORDG VWUXFWXUH
zi%aPWLQJWHPSHUDwx;HUDQ f CHWHEWRUV

7KH/0 90 OHQVIURP .RZD ZDV FKRVHQ DVWKLVOHQVLVO RRXOGWDQG KL
WKLV SURYLGHV D JRRGHVWLPDWLRQ RIWKH PDVV J RIWKHWR EH GH’
PP 7KLVIRFDO OHQJWK ZDV FDOFXODWHG XVLQJ (TXDWLRQ

h
F=Px Gsp

+HWHLY WKH IR FEXOMKHHQIIW KO VLIHDQG KWKH DOWLWXGH

7KH SURSHUWLHV RIWKHILQDO LQVWUXPHQW DUH VXPPDUL]J]HG LQ 7DEO
7TDEOH DQG WKHVFKHPDWLF VWUXFWXUHLV YLVXDOL]HGLQ)LJXUH
GHVFULEHG LQ &KDSWHU 7TKHPDVV RIWKHPHWDVXUIDFHY ZDV GLVFD
10 ¥

SHULILFDWLRQDQG 9DOLGDWLRQ

7KHYHULILFDWLRQ RIWKHGHWHFWRU ZLOO EHPRVWO\VGRQHE\712 6XFKV
RIUDGLDWLRQ WHPSHUDWXUHDQG ORDG EHDULQJFDSDELOLWLHYV 7HVWI

KWWSV z7ZZ G SOXV FRP GDWD GRF SURGXFWV UHIHUHQFHV VKRUWIRUPBVSDFHBFI
KWWSV 7ZZZ [LPHD FRP HQ SURGXFWV FDPHUDV ILOWHUHG E\ UHVROXWLRQ DQG
KWWSV ZzZZ NRZD OHQVHV FRP HQ OP YP PS LQGXVWULDO OHQV P PRXQW"F



5LVN *URXS &$6()LQDO 5HS

7DEOH 3D\ORDG LQVWUXPHQW SURSHUWLHYV

3URSHUW\ 9DOXH

0ODVV NJ

3RZHU FRQVXPSWLRQ :

6XSSO\YROWDJH 9

2SHUDWLQJFXUUHQW # 9 $

9ROXPH 8

'DWD UDWH *ELW V

&RVW 0%
LQVWUXPHQW ,Q DUHSUHVHQWDWLYH PHWD VXUIDFHIRU SRODULPHW
WHVWHG ,Q DVFDOHG XS YHUVLRQ FRYHULQJWKH WDUJHWHG VSHFWI

VLIHDQG DUHD RI WKHDUUD\ ZLOO EHEXLOWDQG WHVWHG 7KHQ LQ

WKHODEDQG ILQDOO\ WKHVFLHQFH ZLOO EH YHULILHG LQ E\DQDLUE
FDOLEUDWHG LQVWUXPHQW LV H[SHFWHG LQ > @, WKHLQVWUXPHQW
EHYDOLGDWHG E\FRPSDULQJWKHJDWKHUHG GDWD WR RWKHUDHURVRO C

2QHDVSHFW ZKHUH YHULILFDWLRQ FRXOG EH SHUIRUPHG E\WKH WHDP Z
SD\ORDG WUDGH RIl 7KLVPHWKRG ZKLFKHQWDLOV WKH XVHRIWKH WU
&KDSWHU ZKHUHLWKDVDOVREHHQ XVHGLQ RWKHUWUDGH RIIV (VVHQYV
EHHQ SHUIRUPHG LQ D FRQVLVWHQWDQG XQELDVHG PDQQHU 7KH &5 SDUL
HTXDO (TXDWLRQ 6LOQFH WKLV YDOXHLVY OHVV WKDQ WKH WUD

SLVN

6HYHUDO ULVNV UHJDUGLQJ WKH SD\ORDG ZHUH LGHQWLILHG LQ &KDSW
LQVWUXPHQW LV DULVN WKDW PXVW6EHRSRYRURKH W B HDEBGRIH VWHIPGR \WAHLB R
WKH SD\ORDG PXVW EH WHVWHG EHIRUHFHUWLINLQJLWDV IOLJKW UHDG\
GDWD WUDQVPLVVLRQ WR WKH &'+ %6XE3/\VWHKILPVP2XA\NOND BHHE R OWMVWIUHQG I L F D «
WKHFRQQHFWLRQ EHWZHHQ WKHVH WZR VXEV\VWHPV /DVWO\ WKH 75/ RI VW
WKHULVNRIXVLQIWEBBY SURDXPWHVHKRVKELOLW\RI WKLV SURGXFW IRU WK
+RZHYHU WKH SURPLVLQIJWHFKQLFDO SHUIRUPDQFH RI WKLV LQVWUXP|
PLVVLRQ GHVLIJQ RIJUHDW VFLHQWLILF YDOXH 7KHVWDNHKROGHU UHTXL
WKH XVHLVWKHUHIRUHFRQVLGHUHG D QHFHVVLW\ 7KHDEVHQFH RIPRY
PRUHUREXVWDQG UHOLDEOH> @ 7KHUHIRUH WKHUHOLDELOLW\RI WKF

6XVWDLQDELOLW\

712 VWULYHV WR KDYH D SRVLWLYH LPSDFW RQ VROYLQJPDMRU VRFLHWDO
712 VLIJQHG WKH 8QLWHG 1DWLRQV *OREDO &RPSDFW D ZRUOG ZLGH QH
QRQ EXVLQHVV SDUWLFLSDQWY WKDW ZD QWKW B K260 8 RWR; E($Q.& D V X
EXLOW DFFRUGLQJWR WKH5HVWULFWLRQ RI +D]JDUGRXV 6XEVWDQFHV J
VXVWDLQDELOLW\RIWKHLU OHQVHV LVDYDLODEOH >1@

,QFRQFOXVLRQ WKHDHURVROV ZLOO EHPRQLWRUHGDW GLITHUHQW Y
VSHFWUR SRODULPHWHUVY SURYLGHGE\712 7KH SURSHUWLHVY GHULYHG LQ
RI'WKHVXEV\VWHPV LQ WKHIROORZLQJFKDSWHUV

KWWSV ZZZ WQR QO QO RQJH LPSDFW >5HWULHYHG RQ -XQH @



SURSXOVLRQ 6XE

$IWHU FDOFXODWLQRWKMKHUHTLXYMLR® LQ &KDSWHU WKH VHOHFWLRQ R
GHHPHG QHFHVVDU\ ,Q WKLY FKDSWHU WKH SURSXOVLRQ VXEV\VWHP |
VHOHFWLRQ SURFHGXUHLVVKRUWO\PHQWLRQHG $IWHUZDUGV WKHVL]LC
DUH SXWIRUWK 7KHYHULILFDWLRQDQG YDOLGDWLRQ VWUDWHJILHV VXV
VI\IVWHP WR EH XVHG IRUWKH &$6( PLVVLRQ LV WKH +<'526 & HQJLQH GHYH(
7KLVHQJLQH ZRUNV E\ XVLQJ ZDWHU HOHFWURO\WLV WR FUHDWH LWV RZQ
WKDW FDQ VHSDUDWH ZDWHU EA\PHDQV RIDQ HOHFWULF FXUUHQW LQWR
FRPELQHV KLIJK SHUIRUPDQFHDQG VXVWDLQDELOLW\ZLWK ORZFRVW 7K
DQG KDVQRWEHHQDSSURYHG IRUIOLIJKW 2Q WKHRWKHU KDQG LWLV KL.
HODERUDWHG LQ WKLV FKDSWHU

6 XEV\VWHP 6HOHFWLRQ

,QWKLVVHFWLRQ WKHUHDVRQVIRUVHOHFWLQJ +<'526 &ZLOO EH GLVFXV
GHVLJQ VWDJHV IRU WKH SURSXOVLRQ VXEV\VWHP ZLOO EH EULHIO\ GL\
FKDUDFWHULVWLFV RIWKHHQJLQHZLOO EHSUHVHQWHG

(QJLQH 6HOHFWLRQ

,QWKHSUHYLRXV GHVLIJQ SKDVH DWUDGH RII ZDVPDGH EHWZHHQ GLIIH
SURSHOODQW PRQRSURSHOODQWDQG HOHFWULF SURSXOVLRQ> @> @ ,(
GXHWRWKHLUORZWKUXVW PDVVUDWLRYV '"XHWRWKHLUORZHU 75/ FRP
RSWLRQV HOHFWULF SURSXOVLRQ VIVWHPV DUHVWLOO UDWKHU EXON\
LPSXOVH RYHUDOO WKH\GR QRW PHHW WKH VWDWLRQ NHHSLQJ UHTXLL
EL SURSHOODQWRSWLRQV ZHUH PRUHPDVVLYHFRPSDUHG WR WKH PRQI

1v> @ 7KXV LQ WHUPV RI SHUIRUPDQFH PRQRSURSHOODQW SURS
SURPLVLQJ

'XULQJWKH WUDGH RIl DQRWKHU FULWHULD WR EHFRQVLGHUHG ZDV VX
VXVWDLQBHELOBL W WKH XVH RI WR[LF PDWHULDOV ZDV QRW DOORZHG IRU W
RSWLRQV WKDW XVHG JUHHQ IXHO DOWHUQDWLYHV ZHUH IDYRXUHG KHDYL(
IRUVXVWDLQDELOLW\ EXWDOVR GHFUHDVHVY WKHRYHUDOO PLVVLRQ Ul
VXEV\VWHPV XVHK\GUD]LQH ZKLFKLV KLIJKO\WRJ[LF )XUWKHUPRUH PRVW
DOVR XVHWR[LFIXHOLQRUGHUWRDWWDLQ KLJK SHUIRUPDQFH :LWK W
ZHUH H[DPLQHG )URP WKH GLIITHUHQW RSWLRQV WKH +<'526 & HQJLQH GH
YLDEOH VROXWLRQ +<'526 &LV D SURSXOVLRQ VA\VWHP WKDW XVHV ZDWHL
VXEVHFWLRQ WKHRSHUDWLQJ SULQFLSOHV RIWKH +<'526 & HQJLQH ZLOOE
VXUURXQGLQJWKH +<'526 & HQJLQH ZLOO EH SXW IRUWK

:DWHU (OHFWURO\VLV

(OHFWURO\WLVLVWKHGHFRPSRVLWLRQRIDQHOHFWURO\WHE\DQ HOHFWL
RIVHSDUDWLQJZDWHU LQWR LWV FRQVWLWXHQWY KV\GURJHQ DQG R[VIJHQ
R[\JHQ DV WKHR[LGL]JHUIRUFRPEXVWLRQ 7KHVLPSOHEORFNGLDJUDP R/
> @

,Q WKH SURFHVVRIZDWHUHOHFWURO\VLY WKHUHDUHPXOWLSOH FRPSR



6 XEV\VWHP 6HOHFWLRQ *URXS &$6()

WR FRQGXFWDQ HOHFWULF FXUUHQW WR WKH ZDWHU 7KH HOHFWURO\JH
FDWKRGH )XUWKHUPRUH WKH ZDWHU WDQN DOVR FRQW D IMRGERPSR X Q (
FKORNECE HRU VX OSKMASOF MWFR EHOS LRQL]H WKH ZDWHU 6XOSKXULF DFLG
DSSOLFDWLRQV VLQFH LW LV YHU\ FRUURVL%8. \38 R3Y H U@ O DKLIVHLOHFUM DLV
SRZHU QHHGHG WR JHQHUDWH HQRXJK FXUUHQW IRU ZDWHU HOHFWURO\VL)
'& FXUUHQW ZLOO EH VXSSOLHG E\WKH SKRWRYROWDLF FHOOV $IWHU W
WKH FDWKRGH DQG R[\JHQ ZLOO DSSHDU DW WKH DQRGH 7KH FDWKRGH Ut
UHDFWLRQ LV VKRZQLQ (TXDWLRQ > @

2y t2e 1 Hyg) t2 24,

1
22+(aq) I 2+ 2(|)+ 522(9)4'26

+<'526 &

+<'526 HQJLQHV DUH K\EULG FKHPLFDO HOHFWULF SURSXOVLRQ VA\VWHPV W
R[I\JHQ IRUEL SURSHOODQW FRPEXVWLRQ 7KH\SURYLGHJUHHQ VDIH KLJI
+<'526 &LVWKHHQJLQH WKDW LV VLIHG IRU &XEH6DWV DQG WKH +<'526 0 L\
+<'526 & LVPRUHDSSOLFDEOH VLQFH &$6(LV D &XEH6DW PLVVLRQ $ VLPS(
LVILYHQLQ)LIXUH

KHQLQ RUELW WKH +<'526 & HQJLQH XVHVDQ HOHFWURO\VLV VAIVWHP GHV
DQG SUHVVXUH VAIVWHPV WRHQVXUH SURSHOODQW IORZ RQO\VWDUW ZRUN
FHOOVKDYHDYDLODEOH SRZHU :KHQ SRZHU LV IHG WR WKHHQJLQH XVLQJ
+<'526 & LWWDNHYV VHFRQGV WRILOO WKH K\GURJHQDQG R[\JHQ WDQNYV
"KHQWKHUHLVHQRXJKSURSHOODQW WKHYDOYHVIHHG WKHP LQWR WKH FI
R\ JHQ PROHFXOHV IRUP ZDWHU YDSRXUDQG JHW SURSHOOHG WKURXJK W
IURP WKHVHUHDFWLRQVDUHFROOHFWHG LQ VHSDUDWH WDQNYV

&RPSDUHG WR HOHFWULFDO SURS:

WKH +<'526 & RITHUV D KLJKHU WK

ILFLHQF\ ZKLOH UHTXLULQJ ORZH

SXWWKDQHOHFWULF SURSXOVLR

KLIJKHU VSHFLILFLPSXOVH WKDQ

ODQW SURSXOVLRQ VI\VWHPV 7KH

HQJLQH LV IOLJKW DSSURYHGDQG

> @ 7KHHQJLQH ZLOO EH WHV!

37" PLVVLRQ E\1%$6% ZKHUH WKH

JLQHZLOOEH YDOLGDWHG IRU VS|

W LV HISHFWHG WKDW E\ WKH OL

&$6( PLVVLRQ WKH 75/ 1IRU +<'526

ZLOO FRPH FORVH WR RU 7KHL

LYV SRVVLEOH WKDW LQ WKH IXW X

PLVVLRQ DPRUHUHOLDEOHDQG K

PDQFHYHUVLRQRI+<'526 &ZLOO E'

DEOH 7RSUHYHQW WKH ZDWHU IUR

HFOLSVHFRQGLWLRQV WKHHQJLQ

EHIUHH]H WROHUDQW ,QDGGLWI

& VXSSRUWV VWUDLIJKWIRUZDUG LC

WKHVWUXFWXUH XVLQJ GHFN RU L

YJLIXUH :DWHU HOHFWURO\VLV URFNHW SURSKIDR VRD@GDKDYPEEXI@OW LQ DYLRQLF\
ILHVLQWHIJUDWLRQ WR WKH KRVW

ZDWHU LV XVHG DV IXHO WKHULVN GXULQJ SURGXFWLRQLV TXLWH ORZ
56. 3523 $OVR ZDWHU GRHV QRW SRVHDQ\ULVNWRZDUGY WKH SULPDU\
WKHHQJLQHKDVD OLIHWLPHRI \HDUV LQ /(2 ZKLFKVDWLVILHV WKH &%$6



6LILQJ *URXS &$6()LQDO 5HS

LQIRUPDWLRQ DYDLODEOH RQ WKH FRVW RI WKH HQJLQH DQG 78, ZDV XQ
FRQWLQXH ZLWK WKH FDOFXODWLRQV LWLV HVWLPDWHG WKDW WKH FR
7KLV LV HVWLPDWHG E\ORRNLQJDW RWKHU H[LVWLQJ SURSXOVLRQ VXEV\
DQG KLJK FRPSOH[LW\ /DVWO\ WKH +<'526 & HQJLQH KDV FXVWRPL]DEO
ZDWHU WDQNV DQG WKHHQJLQHFDQ EH VL]HG WR ILW GLIIHUHQW PLVVLRQ
FRQILIJXUDWLRQ ZDV VXIILFLHQW HQRXJK WR IXOILO WKH SURSXOVLRQ VXE
ZLOO EH HODERUDWHG XSRQ LQ WKH FRPLQJVHFWLRQ ,Q FRQFOXVLRQ W
SHUIRUPDQFH VXVWDLQDELOLW\ ORZ FRVW DQG HDVH RI RSHUDWLRQ
VXEV\WVWHP DQG WKH LPSRUWDQW SURSHUWLHV FDQ EH IRXQG

6LILQJ

7R VWDUW VLILQJ WKH SURSXOVLRQ VXEV\VWHP FHUWDLQ V\VWHP SDU|
JDWKHUHG IURP WKH GDWDWKHWRWQD ¥ IWHW BFOWHUHG IURP 6DW6HDUFK L
JROORZLQJ WKLV DQ ([FHO VKHHW ZDV PDGH ZLWK WKH HTXDWLRQV UHO}
7KLV WRRO ZDV XVHG WR LWHUDWH RQ WKHYDOXHV IRUWKHSURSHOODQW F
ZLOOEHSUHVHQWHG ,WVKRXOGEHQRWHG WKDW 78,ZDV QRWDEOH WR YV
PRUHGHWDLOHG GHVLIJIQ GXHWR WKHLU SURSULHWDU\A\NQRZOHGJH 'XH
LQSURSXOVLRQDQG VXVWDLQDELOLW\ SHUIRUPDQFH WKHGHWDLOV R
XQGHU GLVFUHWLRQ 7RDYRLG GLSORPDF\DQG EXUHDXFUDF\ ZKLFK ZRX(
ZDV GRQH ZLWK WKHLQIRUPDWLRQDYDLODEOH ,WLVH[SHFWHG WKDW E\
+<'526 &HQJLQH ZLOO KDYHPRUHUHOLDEOH GDWD DYDLODEOHIRU PRUH

7KHUHDUHWZR GLITHUHQW RSWLRQVIRUWKH WDQN VL]JHVLQ WKH +<'526
8 TKHRQH XVHG LQ WKH &$6( PLVVLRQ ZLOO EHWKH 8 FRQILIXUDWLRQ G
ERDUG )XUWKHUPRUH +<'526 & WKHVL]HRIWKHWDQNV DUHDGMXVWDEC
DUHWZR YHUVLRQV RIWKH 8 FRQILIJIXUDWLRQ WKH NJSURSHOODQWF
"VDGGOHEDJ  IRUPDWLRQ> @ ,WZDVODWHUIRXQG WKDW WKH 8 YHUVL
KLIJKHU SHUIRUPDQFHLQ WHUPV RIVSHFLILFLPSXOVHDQG WKUXVW 7KH YV
VDGGOHEDJIRUPDWLRQLY SUHVHQWHG LQ 7DEOH

7DEOH B3URSHUWLHV RI WKH +<'526 & ZDWHU SURSXOVLRQ XQLW> @> @

3DUDPHWHU 9DOXH 3DUDPHWHU 9DOXH
6SHFLILF ,PSXOVH ! V 7RWDO ,PSXOVH 'HOLYHUHG ! v
7KUXVW ro1 75/

3RZHU : 7RWDO RI7KUXVW (YHQWYV

6L]H [ [ PP ,PSXOVHSHU 7KUXVW (YHQW ! 1V

U\ ODVV NJ 7KUXVW (IILFLHQF\ 01 :

'DWHU &DSDFLW\ NJ 2UELW $YHUDJHG 7KUXVW P1
JLIHWLPH \HDUV LQ /(2 7LPHWRGSHILOO *DV 30HQXPV Vv

3URSXOVLRQ 3HUIRUPDQFH

7KH UHTXLIRWGN KH &$6( PLVVLRQ DW NP DOWLW X% HDLW I RXIQGHQ RVEIE Q I HOKH
IRUERWK VWDWLRQ NHHSLQJDQG RUBLIL BRWBHFWARLEG HE E RWEH\WDRYAK!
EH H[SODLQHG LQ & ODEBHHHGBH G IRKHVWDWLRQ NHHSLQJ ZDV IRXQG WR EH

SKDVLQJ 7KXV9 WHKHGHGAVRO WKH PLVVLRQ LV PV 'XULQJWKHVL]LQ
WKDW H[WUD SURSHOODQW PDVV LV OHIW IURP WKH LQLWLDO NJ 6R WK
DYRLGDQFHDQG XQH[SHFWHG PDQRHXYUHV 7KHVH FDOFXODWLRQV ZLOC

,QWKHVSHFLILFDWLRQV VKHHW WKHVSHFLILFLPSXOVHLV KLJKHU WKD
IURP WKH 78, ZHEVLWH WDNLQJ VIRUWKHVSHFLILFLPSXOVHYDOXH ZI

KWWSV zZzZzZ WHWKHUV FRP >UHWULHYHG -XQH @



6LILQJ *URXS &$6()LQDO 5HS

ZLWK XVLQJ WKH 7VLRONRYVN\URFNHW HTXDWLRQJLYHQLQ (TXDWLRQ

9=1Iv& 0%

,QWKHHTXDWWK® VSHFIlgd LWV WISX OWBY L WD W L RiQUDHOSIJFAHAHCOHAMND WK R Q @ IOV
ILQDO PDVV RI WKH VA\VWHP ,Q WKLV HQJLQH K\GURJHQLV XVHG DV IXHO
WR WKH VWXG\GRQH E\3BRWKDPVHWWL WKHPD[LPXP VSHFLILF LPSXOVF
7KLVYDOXHLVIRXQG EAXVLQIWKHHQWKDOS\YDOXHVIRUWKHFRPEXVW
FROQGHQVDWLRQ RIWKHZDWHU GXHWR WKHH[WUHPHWHPSHUDWXUH FKD(
VSHFLILFLPSXOVHRIDURFNHWRSHUDWLQJDW VWHDG\VWDWH )RUDY
ZLWK SXOVHYV RI V LWFDQEHDURXQG WR $VVXPLQJ WKLV PD[LPX
+<'526 &HQJLQH LWLV SRVVLEOHWRILQG WKH SXOVH GXUDWLRQ IRU WKH
DSXOVHGXUDWLRQRIDURXQG VHFRQGV ZDV GHWHUPLQHG > @ 7KLYV
ODWHU XVHG WR FDOFXODWH WKH WKUXVW YDOXHV

7KH9 EXGJHW IRU GLIIHUHQW PLVVLRQ VWDJHV LV FDOFXODWHG VHSDUI
GHWXPEOLQJDQG WKHVRODU SDQHO GHSOR\PHQW WKH VSDFHFUDIW ZL(
7KHVH PDQRHXYUHV ZLOO EH SHUIRUPHG FRQVHFXWLYHO\LQ RUGHU WR
LQ WKH RUELW :LWK WKH FXUUHQW IRUPDWLRQ RQO\ VDWHOOLWHYV R
EHFDXVHRQHRIWKH VDWHOOLWHY ZLOO EHOHDGLQJ WKHRWKHU ZLOO EH
SRVLWLRQLQJLQ WKH R ELWY XKPH. @B HV&KIH LHUMQW O PDVV Rl NJ WKH WRWLI
WR SHUIRUP WKH RUELWDO SKDVLQJ ZDV IRXQG XVLQJ (TXDWLRQ 7KH S
7KH +<'526 & HQJLQH KDV WKH FDSDELOLW\RI GHOLYHULQJD WRWDO RI \
PLVVLRQ LWLVDVVXPHG WKDW RIWKRVHHYHQWY ZLOO EHUHVHUYHG IF
VLQFH WKH RUELWDO SKDVLQJPXVW LQLWLDWH WKH PLVVLRQ )URP WK
7KHQ WKH QXPEHURIHYHQWY DOORFDWHG WR HDFK SKDVH ZDV DOVR VXE
SUHVHQWHG ODWHU LQ WKLV FKDSWHU $VVXPLQJD SXOVH ZLGWK RI  IUF
XVLQJ (TXDWLRQ

e F
s ——
Y mgo

F UHSUHVHQWVMWKHS BH¥HPWEWKH PDVVIORZ ,Q RUGHU WREHFRPSOLDQ)
EHKLIJKHU WKDQ 1 7TKHILQDOYDOXHDIWHU LWHUDWLRQ ZDV FORVH WR
WKH PD[LPXP WKUXVW UHTXLUHG ZDV WDNHQ WR EH 1ZLWKDFRQWLQJIH(
WR EH VHFRQGY DQG VR IRUWKHRUELW SKDVLQJIRUHYHU\ VHFRQG
ILOOWKHWDQNV 6LQFH WKHRUELW SKDVLQJLVGRQHDWRQFH WKHVHHY
ZDVFDOFXODWHG WR WDNHDURXQG GD\VE\WDNLQJLQWR DFFRXQW D FH
RUELWDO LQVHUWLRQDQG WKHUHILOO WLPH

7KHVDPHPHWKRGRORJ\ZDV XVHG IRUWKH VWDWLRQ NHHSLQJ SKDVH 7KF
PDVV RIWKH SUHYLRXV 7KHILQDO PDVVIRU WKLY SKDVHLV WDNHQ DV WK
WRWDOHYHQWY VRPHRIWKHHYHQWY ZLOO EHVDYHG IRUVSDFHGHEULYV
DVVLIQHG WR VWDWLRQ NHHSLQJHYHQWYVY WLVDVVXPHG WKDW WKH VWD
RIWKUXVWHYHQWV IRUWKHVWDWLRQ NHHSLQJLV WKHVDPHIRUDOO VI
RIHYHQWY E\WKH WRWDO PLVVLRQ GXUDWLRQ OHIW LWLV H[SHFWHG Wi
SHUIRUPD VWDWLRQ NHHSLQJPDQRHXYUH )LUVWO\ WKHWRWDO SURSHOC(
WKH SURSHOODQW PDVV SHUHYHQWDQG WKH WKUXVWJHQHUDWHG SHU HY
IRUHDFK SKDVH\LHOGV WKH WRWDO SUR S H®D T K QW@EDOPEHBXLIMWK &/ ROHPD
ZLWK D FROQWLQJHQF\IDFWRU > @ 6XEWUDFWLQJIURP WKH WRWDO SL
VSDFH GHEULV DYRLGDQFHDQG RWKHU XQH[SHFWHG HYHQWV LV IRXQG :L\
WKHHOMUMDLODEOH IRUXQH[SHFWHG HYHQWYV )XUWKHUPRUH LQ VDWH
VLQFHLWRQO\KDV WR SHUIRUP VWDWLRQ NHHSLQJPDQRHXYUHV 8VLQ
LPSXOVHDQG SXOVHZLGWK LWZDVIRXQG WKDW WKH SURSHOODQW PDVYV



6LILQJ *URXS &$6()LQDO 5HS

LQSURGXFWLRQ DOO VDWHOOLWHY ZLOO EHHTXLSSHG ZLWK WKH VDPH
PDVV /DVWO\ +<'526 & HQJLQH KDV D KLIKWKUXVW HIILFLHQF\ *LYHQ WKH
DFKLHYDEOH WKUXVW LV TXLWHKLJK 7KHHQJLQH XVHV :IRUDFWLYHYV
RSHUDWLRQV> @ 6LQFH WKLV LV WKHFDVH WKHRSHUDWLRQDO SRZHL
RQFHLQDIHZRUELWY 7KLV DOVRVDYHVRQWKHRYHUDOO SRZHU FRQVXHF

'LPHQVLRQV

,Q)LIXUH WKH GLPHQVLRQV RI WKH

VHHQ 7KHWRWDO YROXPHRIWKHHQJL

8 VL]JH 7KH GLPHQVLRQV RI WKH HQJLQ

RI ZDWHU LV  [3 [7TKMPEDVH WKUXVWHU

[ [ PP> @ 7KHK\GURJHQDQG R[\JHQ

DUHVLWXDWHG LQVLGH WKHEDVH WKUXV

WKDW WKH WDQN VL]H IRU WKH K\GURJH

WKH VL]H IRUWKH R[\JHQ GXH WR WKH PRC

FKHPLFDO UHDFWLRQ )RU WKLV FRPEXVYV

PROHFXOHV DUH QHHGHG IRU HYHU\ RJ\.

WKH WDQN VL]JHV DUH GLITHUHQW 7KH J|

WKH R[\JHQ DQG WKH UHG WDQN LQGLFL

WDQN 7KHEXLOW LQDYLRQLFVDQG WKH |

LV ORFDWHG LQVLGH WKH EDVH WKUXVW

JLIXUH +<'526 & HQILQH GLPHQVLRYPQNV DUH RQ WKH VLGH LQ WKH VDGGO

DUH VFDODEOH 7KH WDQNV WKDW DUH

ZDWHULV [3]p RP 'RZQVL]LQJWKH WD«

OLQHDUO\ WKHQHZ GLPHQVLRQV RI WK/ ZIRQN Bl WXOHINVEH WKRHY RO XP IR R |

LQFOXGLQJWKH QHZ WDQNV? EHARPROXPH RI WRH HQJLQH ZLOO EH WKH VD

HDVH SURGXFWLRQ 2Q WKHRWKHU KDQG VORVKLQJRQ WKHWDQN ZLWK O
DV PXFK ZDWHU

7DEOH +<'526 & 6L]JLQJIRU WKH &%$6( PLVVLRQ

SDUDPHWHU +<'526 & IRU &XEHG6DWYV +<'526 & IRU &XEHG6DW
6SHFLILF LPsSXOVWH , \%

PV RUELWSKDVLQJ RUELW SKDVLQJ
9 PV VWDWLRQ NHHSLQ’R V VWDWLRQ NHHSLQJ

PV GHEULVDYRLGDQMPHVH®HEULVY DYRLGDQFH HWF
OD[ WKUXVWUHTXLUHG 1 1

NJ WRWDO NJ WRWDO

3URSHOODQW PDVWJ IRURUELW SKDVLNJJIIRU RUELW SKDVLQJ

NJIRUVWDWLRQ NHHSNQIRU VWDWLRQ NHHSLQJ
NJIRUGHEULVDYRLGDQRHPWGHBVUEY DYRLGDQFHDQG HWF

6L]H [ [ PP [ [ PP
'UN\PDVYV NJ NJ
WRWDO WRWDO

IRURUELW SKDVLQJ
IRURUELW SKDVLQJ
1XPEHURI HYHQVY UVWDWLRQ NHHSLq RUVWDWLRQ NHHSLQJ

IRUGHEULVDYRLGDQF #é;((}_'EM/LFV DYRLGDQFHDQG HWF

XQXVHG
%XUQ WLPH 3XOVH ZLGWK \HDUVLQ NPDOWLWXGH \HDUV LQ NP
"DFWLYH VWDQGE\ "DFWLYH VWDQGE\
3RZHU :RSHUDWLRQDO SRZHURSHUDWLRQDO SRZHU

:VXUYLYDO KHDWHU :VXUYLYDO KHDWHU




9HULILFDWLRQDQG 9DOLGDWLRQ *URXS

9HULILFDWLRQDQG 9DOLGDWLRQ

7KH ([FHO VKHHW WR VL]H WKH +<'526 & HQJLQH ZDV YHULILHG EA\LQVSHFWL
PXOWLSOHWLPHYV ZLWK WKHHTXDWLRQV XVHG GXULQJVL]LQJWR GHFUHD
SURSXOVLRQ VXEV\VWHPV ZHUH XVHG DV LQSXW WR YHULI\WKHHTXDWLRQ\
& DFROODERUDWLYH HIIRUW ZLWK 78, ZLOO EH QHFHVVDU\ WR FRQG XF\
FRPSDULQJWKHVLILQIJPHWKRGRORJLHVDQG WKHHTXDWLRQVLVDOQHFHYV
ZDVDOUHDG\GRQHIRUWKH 37" PLVVLRQ ZKLFKLVIOLIJKWDSSURYHG 7KH
WR YHULI\WKH SURSXOVLRQ VXEV\VWHP KHQ WKH V\VWHP LV YHULILHG
DQG WKH YROXPHRIWKH V\VWHP VKDOO EHPHDVXUHGLQ RUGHUWR YDOLG
QRWWRR KHDY\ :DWHU LV D GLIILFXOW VXEVWDQFHWRKDQGOHLQVSDFH
WR OHDNV 7KHUHIRUH OHDNDJHWHVWY VKDOO EHGRQH )XUWKHUPRUH I
SURSXOVLRQ VIVWHP ZLOOEHDEOH WR FRPSOHWH WKHHOHFWURO\VLV SU
WKHWLPLQJ RIWKHFRPEXVWLRQDQG KRZPXFKWLPHLW WDNHV WR FROO
VKDOO EH YDOLGDWHG 7KLVFDQEHGRQHE\GRLQJVFHQDULR WHVWYV RI (

SLVN

,Q WHUPV RIULVN +<'526 & HQJLQH LV KLJKO\DGYDQWDJHRXV )LUVWO\ Wt
SURGXFWLRQ DQG RSHUD®A.RIFUB N V@ L7IQH. IFIQW RN WKH HPSOR\HHV DQG
WKHHTXLSPHQW ZLOO EH PXFK VDIHU ZLWK WKH XVH Rl ZB6NV BB ERPSDUHG W
> @ 6LQFH WKH HQJLQH RQO\ VWDUWYV VHSDUDWLQJ WKH IXHO LQ RUEL
ORFDWLRQ DQG WKH ODXQFK LWVHOI LV VXEVWDQWLDOO\ OHVV ULVN\
FRUURVLYH S&.R®FHBWEKNVFK LV VWLOO OHVV WKDQ WKH ULVN WKDW RFEXU\
K\GURJHQ R[\JHQDQG VXSHUKHDWHG VWHDP ,Q WKH GHVLJQ RI WKH +<'52¢
LQ WKH VA\VWHP ([FHSW IRU WKH ¥®.0362@5%.R350 8 YWRW OHWINNBNRYHUD O
DVLQJOHVWULQJ 7KLVLVGRQHWRKDYHEHWWHU SHUIRUPDQFH LQ WH
LVWUDGHG RIIIlRUWKH SHUIRUPDQFH RIWKHPHFKDQLVPV ,Q RUGHU WR
WKH PDVV EXGJHW WKH H[WUD PDVV UHVXOWLQJIURP WKH SURSHOODQ'
YDOYLQJ FDEOLQJRURWKHULQWHUQDO VIVWHPV 7KLV ZLOO GHFUHDV
VORVKLQJRIZDWHU LQVLGH WKH WDQNV FDQ DOVR UHVXOW LQ VRPH GLV\
XQXVHG PDQRHXYUHV IURP WKH HQJLQH FDQ EH XVHG LQ FDVH RI ZURQJ R
VWLOO EH RSHUDWAR QDKHUH DUH ULVN PLWLJDWLRQ VWUDWHJILHY DYDLO|
SURSXOVLRQ VXEV\VWHP

6XVWDLQDELOLW\

:DWHULVRQHRIWKHJUHHQHVW IXHOV DYDLODEOHLQ URFNHW SURSXO
QHHG SURGXFWLRQ RUDQ\W\SH RI SURFHVV WR DFTXLUH *LYHQ WKH DF
ZDWHU LW SURYLGHVILQDQFLDODQG RSHUDWLRQDO VXVWDLQDELOLW\
ZDWHU VWHDP 7KLV PHDQV WKDW WKHUHLV QR WR[LFPDWHULDORQ ERDI
FRPEXVWLRQ 6XVWDLQDELOLW\ZDVRQHRIWKHELJIJHVW UHDVRQV ZK\ WKl
DOWHUQDWLYHV %HVLGHV LWV KLJK SHUIRUPDQFH SURSHUWLHYVY LWLV |
DYDLODEOH $V VXVWDLQDELOLW\LVEHFRPLQJPRUHLPSRUWDQW LQ WKH
WKDW XVHVJUHHQ IXHO LV PRUHGHVLUDEOH $W WKH (2/ RI WKHVDWHOOL)
RI'WKHVDWHOOLWH

7TRFRQFOXGH WKH +<'526 & HQJLQH ZLOO EH XVHG DV WKH SURSXOVLRQ
HOHFWURO\VLV LWLV SRVVLEOHWR JHW KLJKVSHFLILFLPSXOVHDQG WK
XVHRIQRQ WR[LFPDWHULDO QRWRQO\GHFUHDVHY WKHPLVVLRQ ULVN I
75/ OHYHO RI LWLVH[SHFWHG WKDW E\ WKH WLPH WKH +<'526 & HQJLQH L
IORZQLQIHZPLVVLRQVDQG ZRXOGEHYDOLGDWHG IRUFRPPHUFLDO XVH |
WKH &XEH6DW VWUXFWXUH ZLOO EH YLVXDOL]HG



&RPPDQG 'DWD +DQC
6XEV\VWH |

'LWK WKH SD\ORDG DQG RWKHU VXEV\VWHPV GHILQHG LQ PRUH GHWDLO D
OHDGLQJWR LWV ILQDO GHVLJQ $JOREDORYHUYLHZ ZDV FUHDWHG WR
VRXUFHV RIGDWD RQ WKH VSDFHFUDIWLQ D GDWD KDQGOLQJEORFNGLDJ
UHTXLUHG SHUIRUPDQFH RI WKH SURFHVVLQJ XQLW LV GHWHUPLQHGLQ 6H
VWRUDJHFRPSRQHQWV DUHVHOHFWHG LQ6HFWLRQ 1H[W WKHVSDFHF
YHULILFDWLRQ YDOLGDWLRQ ULVNDQG VXVWDLQDELOLW\DUH GLVFX)\
UHVSHFWLYHO\

‘DWD +DQGOLQJ %ORFN 'LDJUDP

%HIRUHDQ\GHWDLOHG GHVLJQ ZRUN FRXOG EH SHUIRUPHG DJOREDORY
VSDFHFUDIW ZDV QHFHVVDU\ $ EORFNGLDJUDP ZDV FUHDWHG VKRZLQJDOC
VXEV\VWHP 7KLV GLDJUDP LY SUHVHQWHG LQ )LIJXUH 1RWH WKDW IRU
ZKLOHIRURWKHUV DRQH ZD\FRQQHFWLRQ LV VXIILFLHQW 7KLV LVLQGLI
SURFHVVLQJ XQLWDQG PDVV VWRUDJH )RUHDFKFRQQHFWLRQ WKH W\SH

JURP WKH GLDJUDP LW EHFRPHV DSSDUHQW WKDW WKH SURFHVVLQJ XQLW
RQHFRQQHFWLRQ WR HYHU\ VXEV\VWHP , QD SUHYLRXV UHSRUW LW ZD
VXEV\VWHP LV W\SLFDOO\SDUW RI WKH SURFHVVLQJ XQLW > @ :KLOH WK
LQGLFDWHG VHSDUDWHO\IURP WKH SURFHVVLQJ XQLWLQ WKHGLDJUDP W

7TKHILUVW FRQQHFWLRQRILQWHUHVW LV WKH GDWDIORZEHWZHHQ WKH $'¢
GHOLYHUDWWLWXGHGDWD WR WKH SURFHVVLQJ XQLW 7KLVQHZVHQVRU G
WKH SURFHVVLQJ XQLW WR HVWLPDWHWKHQHZDWWLWXGH 7KLV LV WK
SD\ORDG SRLQWLQJ ZKLFKIJHQHUDWHV D FRPPDQGIRUWKH $'&6 DFWXDWF
NHHSV WUDFN RI WKHVSDFHFUDIW SRVLWLRQ LQGLFDWLQJZKLFKPHDVX!

JRUWKH SD\ORDG VXEV\VWHP WZR PDLQ FRQQHFWLRQV FDQ EHLGHQWL
SURFHVVLQJ XQLW VXFKDV WKHLQLWLDWLRQ RIDPHDVXUHPHQW 7KHYV
WKHQ VWDUW JHQHUDWLQJGDWD 7KLV GDWD WKHQIORZVLQWRPDVV GDW
DOO VWRUHG GDWD WR WKH 77 & VXEV\VWHP ZKLFK XVHV RSWLFDO FRPP
VXEV\VWHP DOVR UHFHLYHV XSOLQN GDWD ZKLFKLVIHGWR WKH SURFHVVL
6WDWHRI+HDOWK 6R+ GDWD ZKLFKLVFKHFNHG E\WKH  SURFHVVLQJ X
PDVV GDWD VWRUDJHWRDZDLW GRZQOLQN

$IWHU WKH GDWD KDVEHHQ GRZQOLQNHG LWLVVWRUHGLQD FHQWUDO G
WKHUHFHLYHG 6R+ GDWD LV YHULILHGDJDLQ )URP WKLV DV ZHOO DV DQ\
PLVVLRQ VSDFHFUDIWFRPPDQGVDUH JIJHQHUDWHG 7KHVHDUHWUDQVPLV
LVWKHQ SURYLGHG WR HQG XVHUV



SURFHVVLQJS5HTXLUHPHQWYV *URXS &$e

JLIXUH 'LDJUDP VKRZLQJWKHIORZRI GDWD EHWZHHQ VXEV\VWHPV LQ WKHVSDFHDQG JURXQ

SURFHVVLQIJSHTXLUHPHQWYV

$IWHU WKH VXEV\VWHP WUDGH RIILQPLGWHUP UHSRUW LW ZDV GHWHUF
DPRXQWRISUH SURFHVVLQJRIGDWD > @ :LWKDPRUHGHWDLOHG GHVL.
ZDV SRVVLEOHWR GRZQOLQNDOO PLVVLRQ WDUJHW GDWD JHQHUDWHG E\
GLVFXVVHG ZLWK VWDNHKROGHUV ZKLFKLQGLFDWHG WKDW WKH\SUHIHU
PHDVXUHPHQWY ZLWK SUH SURFHVVHG GDWD >)@

'LWKWKLVLQPLQG WKHSURFHVVLQIJXQLWGRHV QRW QHHG H[FHVVLYH SUF
VSDFHFUDIWIXQFWLRQV VXFKDVDWWLWXGHSURFHVVLQJDQG6R+ GDWD Y|



SURFHVVLQJS5HTXLUHPHQWYV *URXS &$e

WKH UHTXLUHG WKURXJKSXW RI WKH SURFHVVLQJ XQLW IROORZLQJ WK
W\SLFDO PHDVXUH XVHG WR GHWHUPLQH WKH UHTXLUHG FRPSXWLQJSRZH
$ VXPPDU\RI WKHDQDO\VLV LVIJLYHQLQ7DEOH ZKLFK GHWDLOV DOC
UHTXLUHPHQW 1RWH WKDW WKHYDOXHV IRUWKHUHTXLUHG WKURXJKS.
EDVHG RQIDFWRUV VXFK DV XSGDWH UDWHVY DQG VSDFHFUDIW FKDUDFW
JHQHUDWLQJ WKH VRIWZDUH IRUWKHVSDFHFUDIW KRZHYHU LQ WKLV GH\
OLPLWDWLRQVLQ WKHIXWXUH

7TDEOH &RQWULEXWLRQV WR WKHUHTXLUHG WKURXJKSXW RIWKHSURFHVVLQJ XQLW
I1RWH WKDW WKURXJKSXW LV PHDVXUHG LQ WKRXVDQG ,QVWUXFWLRQV 3HL

TXLUHG WKURXiIﬁMW

&RPSRQHQW 'DWDVRXU>

,36@
$'&6
6XQ 6HQVRUV [ +] "DWD IORZ IURP 6XQ VHQVR
6WDU 6HQVRUYV [ +] 'DWD IORZ IURP VWDU VH
ODJQHWLF &RQWURO [ +] 'DWD IORZ WR PDJQHWF
.LQHPDWLF ,QWHJUDWLRQ +] ,QWHJUDWH DQJXOD
(UURU'HWHUPLQDWLRQ +] 'LIIHUHQFH ZLWK GHV
(SKHPHULV 3URSDJDWLRQ +] 3UHGLFWLRQ RIIXWX
6XEWRWDO
3D\ORDG
6HQVRU &RQWURDO VHQVRUV &RQWURO WKH SD\C

'DWD ORYHPHQW
OHWDGDWD $SSOLFDWLRQ
6XEWRWDO

OELW VWRWDO
HYHQWY SHU RUELW

'‘DWD IORZ IURP L
$GG ORFI

&RPPXQLFDWLRQV

BURFHVV XSOLQN FRPI
'DWDIORZWR 77 &V

&RPPDQG 3URFHVVLQJ 1> @
7HOHPHWU\ 3URFHVVLQJ +]> @
6XEWRWDO

2WKHU )XQFWLRQV

3RZHU ODQDJHPHQW +]> @
$XWRQRP\ +]> @

YDXOW ORQLWRULQJ +]1> @
YDXOW &RUUHFWLRQ +]1> @

6XEWRWDO

ORQLWRU SRZHU FRPPI
$XWRQRP\ZLWKRXW JURXQUC
ORQLWRU GDWD VXE\
$WWHPSW WR FRUU|

2SHUDWLQJ 6\VWHP 26

([HEXWLYH n=
5XQWLPH .HUQHO &276
, 2+DQGOHUV

7HVW DQG 'LDJQRVWLFV
SWLOLWLHV
6XEWRWDO

MOWHUIDFHV

7TDVN VFKHGXOHUDQG PDQDJHU

+]1> @

6XSSRUW IRU KLJKHU RU

'‘DWD PRYHPHQW WR DQG IURP 2% &

THVWLQJ FRPSXWH!
S5RXWLQH VRIWZDUH IXQFW

0DUJLQV

7TRWDO EHIRUH PDUJLQV

SHTXLUHPHQW XQFHWWQRQWA276 > @

2Q RUELW VSDUH

VSDUH > @

&DSDFLW\IRU SUH ODXQFK DOWHL

&DSDFLW\IRURQ RLUL

7TRWDO DIWHU PDUJLQV

7TKHFRQWULEXWLRQVDUH GLYLGHGLQWRILYHPDLQ VHFWLRQV EHLQJ $'¢
QHRXV IXQFWLRQV )LUVW DVZDVPHQWLRQHG SUHYLRXVO\ WKH &'+ VXE
WKH $'&6 VHQVRUVY DQG XVH WKHP WR GHWHUPLQH WKHFXUUHQW DQG IXWX
WKHGHVLUHG DWWLWXGH OHDGLQJWRDFRPPDQG IRUWKH $'&6 DFWXDW|
UHTXLUHG SURFHVVRU WKURXJKSXW DQG GHSHQG KHDYLO\RQ WKH XSGD

JRU WKH SD\ORDG WKH &'+ VXEV\VWHP VHQGY FRPPDQGY WR WKH LQVW
GDWD 7KH SURFHVVLQJ XQLWDSSHQGY PHWDGDWD VXFKDV ORFDWLRQ
VWRUDJH FRPSRQHQW 2YHUDOO WKH SD\ORDGUHTXLUHY OLWWOHFRPS



SURFHVVLQJS5HTXLUHPHQWYV *URXS &$e

UHTXLUHPHQWY 3HULRGLFDOO\ WKH77 & VXEV\VWHPLVDEOHWRGRZQO
WR RITORDG GDWD IURP PDVV VWRUDJH WR WKH FRPPXQLFDWLRQ XQLW ¢
UHFHLYHV FRPPDQGV WKURXJK XSOLQN ZKLFKQHHG WR EH SURFHVVHG D

$IWHU FRQVLGHULQJWKH IXQFWLRQV UHTXLUHG IRUWKHVH WKUHH VXE\
IRUWKH SURFHVVLQJ XQLW 7KHILUVW LV PDQDJLQJ WKH WKHUPDO FRQ
VSDFHFUDIW XVHV SDVVLYH WKHUPDO FRQWURO 7KXV WKHUHDUH QR DFW
ZLWK RQO\WKHVSDFHFUDIWWHPSHUDWXUHOHYHOV VKRXOG EHPRQLWR
SRZHU EXVRQ WKH VSDFHFUDIW DV ZHOO DV FRPPDQG WKH EDWWHU\ XQLW
VSDFHFUDIW QHHGY VRPHOHYHO RIDXWRQRP\ VLQFHLWFDQQRWEHLQ FI
WKHVSDFHFUDIW QHHGV WR HQVXUH WKDW WKHVSDFHFUDIW LY SRLQWHG
GDWD DQG SUHSDUHV IRUWKHQH[WGRZQOLQNRSSRUWXQLW\ 7KHILQDO
PRQLWRULQIJDQG FRUUHFWLRQ 7KLVHQFRPSDVVHV WKH YHULILFDWLRQR
RWKHU SUREOHPV RQ WKHVSDFHFUDIWRULQ GDWD IORZ

7KHILQDO FRQWULEXWRU WR WKH SURFHVVLQJWKURXJKSXW LV WKH 26
PDQDJHV WKH KDUGZDUH DOORFDWLQJFRPSXWHU UHVRXUFHV WR WKH V
LV WKHH[HFXWLYH ZKLFKVFKHGXOHV DQG PDQDJHV WKH WDVNV RI WKH
GHWHFWLQJPHPRU\IDXOWV )RUWKHHVWLPDWLRQ RI WKH WKURXJKSXW
SHU VHFRZADQYGHVWLPDWHG XVLQJ (TXDWLRQ f, W X @ WVIKSHOML KRS REI\ FADKEHK QX IR E
IXQFWLRQV UXQQLQR DW WKDW IUHTXHQF\

n= fi nj

7TKHQH[WFRPSRQHQWLVWKHUXQWLPHNHUQHO ZKLFKLVW\SLFDOO\D &27
IRUWKH XVH RIKLJKHU RUGHU ODQJXDJHV DQGDOORZVLQWHUDFWLRQ EH'
WKHLQSXW RXWSXW , 2 KDQGOHUV  FRQWURO WKHPRYHPHQWDQG UHIF
(LIKWFRQQHFWLRQVDUH XVHG E\WKH $'&6 VHQVRUV WKHQ WZR PRUH D
WHOHPHWU\> @ 8VLQJ WKLV WKHADWEWWIRRZWHGV SHUFKHFRSQB VH QW H(
LVLPSRUWDQW WR QRWH WKDWD ZRUG LQ WKLV FDVHGRHV QRW UHIHU WR L
VLIH 7KHQXPEHURIELWVLQDZRUGLV D FKDUDFWHULVWLFRIWKHSURFHYV

7DEOH (VWLPDWLRQ RIWKH QXPEMUWBRIZRUGY SHU VHFRQG

&RPSRQHQW &RQQHFWLRQV :RUGV> @ )JUHTXHQF\ :RUGV SHUVHFR

6XQ 6HQVRU [ +]
BWDU 6HQVRU [ +]
7HOHPHWU\ [

&RPPDQG [

7RWDO [

$QRWKHU IXQFWLRQ WKDW ZDV FRQVLGHUHG IRUWKH 26 LVWHVWLQJDQG
IDXOWV LQ WKH &'+ VXEV\VWHP )LQDOO\ WKH26 DOVR FRQWDLQV VHYHUD
VRIWZDUH 6LQFH WKLV VRIWZDUH LV \HWWREHZULWWHQ RUVHOHFWHC(
YDOXHZDV DVVLIQHG DW WKLY SRLOQW LQ WKHGHVLJQ SURFHVYV

$IWHULGHQWLI\LQJDOO RIWKHVHFRQWULEXWLRQVWRWKHSURFHVVRU W/
FRXQWHUDFWYV WKH XQFHUWDLQW\LQ WKHGHWHUPLQDWLRQ RI WKH SUR
SRZHU FRXOGJURZEHIRUH GHSOR\PHQW 7KLVHQVXUHV WKDW DQ\FKDQJ
WKHKDUGZDUH 7KHVHFRQGPDUJLQ SURYLGHV RQ RUELW VSDUH WKURX
WKDW RFFXUGXULQJIOLIJKW RUDUHTXLUHGLQFUHDVHRISHUIRUPDQFH I
WRWDO OHDGV WR D UHTXLUHG WKURXJKSXW RIURXJKO\ 0,36 7KLV LV XYV
XQLWLVVHOHFWHG

KWWSV OHDUQ VD\ORU RUJ PRG SDJH YLHZ SKS"LG >5HWULHYHG RQ -XQH



&RPSRQHQW 6HOHFWLRQ *URXS &$6(

&RPSRQHQW 6HOHFWLRQ

'LWK WKH UHTXLUHG FRPSXWLQJ SRZHU GHWHUPLQHG D FRPPHUFLDOO!
VXEV\VWHP ODQ\RIWKHVHV\VWHPV H[LVW IRU &XEH6DWV VR WKHVHOHFW
LOQFRPSDWLEOHRULQVXIILFLHQW FRQQHFWRUV H[FHVVLYHYROXPH PDV\
VRPHVPDOOHU VI\VWHPV FRXOG QRW KDQGOH WKHUHTXLUHG WKURXJKSX

7KH SD\ORDG GDWD UDWH GLVFXVVHGLQ &KDSWHU ZDV ODUJHU WKDQ S
RIWKHUHTXLUHG VWRUDJH FDSDFLW\IURP D SUHYLRXV UHSRUW > @ 7KHU
+HUH WKHGDWD UDWH RI WKH SD\ORDG ZDV SUHVHQWHG LQ 7TDEOH :
R VHFRQGV HYHU\ RUELW LQ &KDSWHU 7KH GDWD UDWH RI WKH 6R
RIVXEV\VWHPY VHQGLQJ6R+ GDWD ZKLFK BR$6( 66K GHSI$Q HNGELQVUH T X L |
SDFNDJHLVVHQWHYHU\XSGDWH F\FOHE\HDFKRIWKH VL[VXEV\VWHPV ZK
VXEV\VWHPV WKDW SURGXFH QR 6R+ GDWD 7KLV OHDGV WR D GDWD UDWH |
7KLV OHDGV WR D WRWDO UHTXLUHG VWRUDJH FDSDFLW\ RI *% SHU R
&KDSWHU KDV *% RIVWRUDJHEXIIHUDYDLODEOH ZKLFKFRXOG WKXV \
7KLV OHDYHV *% RIFDSDFLW\WR EH SURYLGHG E\WKH &'+ VXEV\VWHP 1F
IXOO\XVHG VLQFHGDWD IURP WKHVWDUWRIDQRUELW ZLOO KDYHEHHQ ¢

7DEOH &RQWULEXWLRQV WR WKH UHTXLUHG GDWD VWRUDJH FDSDFLW\

'‘DWD VRXUFH 'DWD UDWH $FWLYLW\ 'DWD SHU RUELW
3D\ORDG *ELW V RIRUELW *%

6R+ NELW V RIRUELW *%

7TRWDO *%

6WRUHG E\77 & *%

6WRUHG E\ &'+ *%

7KH V\VWHP WKDW ZDV VHOHFWHG LV WKH R Q 6RRPIHURG E RVR/SSAIVWVRFSLHRMHHM G B Q
LQ 7DEOH 7KH XQLW ERDVWY KLIK SHUIRUPDQFH FRPSDUHG WR RWKI|
OLIJIKWZHLJKW DQG FRPSDFW VA\VWHPV $GGLWLRQDOO\ WKLV XQLW ZDV
VWRUDJHFDSDFLW\ 7KHV\VWHPDFFHSWV WZRUHJXODU VL]HG6'FDUGV X
WKHFDSDFLW\UHTXLUHPHQW ORVWRIWKHRWKHURSWLRQV GLG QRW P

*% DWPRVW $QDGGLWLRQDO FRPSRQHQW GHGLFDWHG VROHO\WR GDW
YROXPH PDVV DQG FRVW VLJIQLILFDQWO\ 7KHUHIRUH WKHVHOHFWHG X

7DEOH BURSHUWLHV RI WKHVHOHFWHG SURFHVVLQJ XQLW > @

,6,6SDFHRQ ERDUG FRPSXWHU L2%&

B3URFHVVRU SHUIRUPDQFH 0+] ELOW3%50 SURFHVVRU

0DVV GDWD VWRUDJH [KLJK UHOLDELOLW\6' FDUGV XS WR *%
0DVV J

9ROXPH [0 PP 8

3RZHU FRQVXPSWLRQ P:DYHUDJH

2SHUDWLQJWHPSHUDWXUH f&WR f&

'DWD VWRUDJH FDSDFLW\ * 0%

&RVW Y

7KH SURFHVVLQJ XQLW KDV |0 IDJE® KRHQWWDQW VHYHAHDO PHDVXUHV WR LPS
GLVFXVVHGLQJUHDWHU GHWDLOLQ6HFWLRQ ZKHUHWKHULVNV RI WKH
WKHLQWHUIDFLQJWR RWKHU VXEV\VWHPV LV GLVFXVVHG

KWWSV ZzZZ LVLVSDFH QO SURGXFW RQ ERDUG FRPSXWHU >5HWULHYHG RQ -XQH



6SDFHFUDIW 'DWD % XV *URXS &$6()L

6SDFHFUDIW 'DWD %XV

,QRUGHU IRUWKH SURFHVVLQJ XQLW WR HI[FKDQJH GDWD ZLWK FRPSRQH!
QHFHVVDU\ 7KH SURFHVVLQJ XQLW SURYLGHYV YDULRXV FRQQHFWRUV D
,QWHJIJUDWH& ®IQUFEHWLDO 3BHULSKHUDO ,QWHUIDFH 63, 7KHFRPSRQHQW
LQ 7DEOH GHWDLOLQJWKHW\SHRILQWHUIDFHVSHFLILHG E\WKHLU PLC
UHVSHFWLYHFRQQHFWLRQV 1RWH WKDW WKHVSHFLILHG FDEOLQJFRXOG
DVDYDLODELOLW\ 7KHLQWHUIDFH SURWRFROV ZHUH REWDLQHG IURP W
UHVSHFWLYH VXEV\VWHP FKDSWHUYV

7TKHILQDO ZHLJKW RIWKH FDEOLQJ KDUQHVV LV GHWHUPLQHG LQ &KDSWF
FRPSRQHQWY WKXV DOORZLQJDQ DVVHVVPHQW RI WKH FDEOH OHQJWK
DUHVXSSRUWHG E\WKH SURFHVVLQJ XQLW > @ 7KHXQLWFDQEH VXSS
PDLQ ERDUG ZLWKRXW H[FHHGLQJ WKH RXWHU GLPHQVLRQV RI WKH FRPSR
FRQQHFWLRQVY DQG SURYLGHV IOH[LEOHDQG FXVWRPL]DEOHLQWHUIDFLC
VSHFLILFFRQQHFWRUV WKXV SURYLGLQJ HDF&GRIP\S RRGIDQOOAL W K HD SUHR:
XQLW SURYLGHV 86% DQG -RLQW 7HVW $FWLRQ *URXS SRUWV IRU SURJUDI
SKDVH 2YHUDOO WKHUHTXLUHG FRQQHFWLRQVWRDQGIURP WKH &'+ VXE
DOWHUDWLRQVDUH QHFHVVDU\

7TDEOH &RQQHFWLRQV EHWZHHQ YDULRXV VXEV\VWHP FRPSRQHQWV DQG WKH ¢

 QWHUIDFH &DEOLQJ
EXEVIVWHP &RPSRQHQW SURWRFRO:HLIKW 'LpPHWHU 2sHUDWI®Y wHrsHuDWXUH
3D\ORDG [712LQVWUXPHQW 6SDFH:LUH JP PP f& WR f&
[1;66 9 VXQ VHQVRU &RUG63, JP PP f& WR f& > @
$'&6 [367 2&(VWDU VHQVRU 56 RU &$1 JP PP f& WR fa& >
[PDJQHWRUTXHU & , JP PP f& WR f& > @
(36 [67$5%8&. 1$12 3/86 3&'& JP PP f& WR f& > @
BURSXOVLRQ +<'526 & ZDWHU SURSXOVLRQ VI\VWHP 56 JP PP f& WR
77 & &XEH&DW ODVHUFRP PR GXAHS86 % ., JP PP f& WR f& > @
*1& *166 QDYLJDWLRQ UHFHLYHU 8$57 JP PP f& WR fa& >

9HULILFDWLRQ DQG 9DOLGDWLRQ

,Q &KDSWHU LWZDVIRXQG WKDWD ODUJH SRUWLRQ RIVSDFHPLVVLRQV
WLHV LQ KHDYLO\ZLWK WKH &'+ VXEVI\VWHP LWLV RIKLIKLPSRUWDQFH WR
RI'WKH &'+ VXEV\VWHP HQVXULQJWKDWDUHOLDEOH V\VWHP FDQ EH FUHL

7TKHPDQXIDFWXUHU RIWKH SURFHVVLQJ XQLW SURYLGHV VHYHUDO WHVW
PRGHO ZzZDV WHVWHG IRUYLEUDWLRQ PHFKDQLFDO VKRFN DQG WKHUPDO Y
EHVKLSSHGDQG SODFHG LQ WKH &%$6( VSDFHFUDIW LV WHVWHG IXQFWLRC
$VLGHIURP WKHVH SURFHGXUHV WKH XQLW DOVR KDV IOLJKW KHULWDJH V|

IH[WWRWKHWHVWLQJRIWKHSURFHVVLQJ XQLW WKHVRIWZDUH LQ WK
WKRURXJKO\ 7KLV VKRXOG EH SHUIRUPHG ENMILUVW XVLQJVPDOOHU XQLW V
RI'WKHVRIWZDUH 7KHQ JUDGXDOO\ODUJHU VA\VWHPV VKRXOG EH WHVWH(
+HUH DV PDQ\RIWKHFRQGLWLRQV WKDW ZRXOG DIIHFW WKH &'+ VXEV\VWH
$00 SRVVLEOH VWDWHV DQG RSHUDWLRQV RIWKHVSDFHFUDIW VKRXOG El
DFWV DV H[SHFWHG 7R UHGXFH WKHDPRXQWRIQHZVRIWZDUH WKDW VK
DUHDYDLODEOHGXULQJWKH SXUFKDVHRIWKH SURFHVVLQJ XQLW $Q\\
PDOXIDFWXUHU FDQ EH SURYLGHG ZLWK IOLJKW SURYHQ VRIWZDUH

KWWSV ZzZZ LVLVSDFH QO SURGXFW RQ ERDUG FRPSXWHU >5HWULHYHG RQ -XQH



5LVN *URXS &$6()LQDO 5HS

SLVN

/IRQJGXUDWLRQ /(2 PLVVLRQV UHTXLUH FDUHIXO FRQVLGHUDWLRQ RI WKH L
7KLV UDGLDWLRQ FDQLQWHUIHUH ZLWK RSHUDWLRQV HLWKHU WKURXJK
6LQJOH (YHQW (IIHFWV 6((V 7KLVILUVWIDFWRUFDQFDXVHWKHSHUIRUT
RIUDGLDWLRQLQFUHDVHYV 7KHVHFRQGIDFWRUFDQDIIHFW PHPRU\ [0l
FRUUXSWLQJGDWD 7K6.V&'¥YLSNWSHDOYIHL RWR LGHQWLILHG LQ &KDSWH!
DYRLG PLVVLRQ FULWLFDOIDLOXUH RIWKH &'+ VXEV\VWHP VWUDWHJILHYV
VXFK SUREOHPYV

7KH VHOHFWHG SURFHVVLQJ XQLW FRQWDLQV VHYHUDO PHDVXUHV WR L
XVHRI)HUURHOHFWULF 5DQGRP $FFHVV OHPRU\V\IRU FULWLFDO GDWD ZK
IDFWRUV GHVFULEHG DERYH> @ 7\SLFDOO\ WKLV LV XVHGIRUFULWLFDC
FRPSURPLVHG 7KH XQLWDOVRFRQWDLQVD UHGXQGDQW5HDO 7LPH &ORFN
LIRQHIDLOV $GGLWLRQDOO\ DZDWFKGRJLV XVHG WR GHWHFW PDOIX(
HIWHUQDO FRPSRQHQW FRQWDLQV D WLPHU ZKLFKQHHGV WREHUHVHW SH
ZDWFKGRJJHQHUDWHY DVLIQODOWRLQGLFDWH WKDW D PDOIXQFWLRQ ZD
WKH SURFHVVLQJ XQLW XVHV FKHENVXPPLQJWR GHWHFW HUURUV VSHF
&KHFNYV

$QRWKHU VHW RI ULVNV LGHQBA I RHG LBEE& KDS WAHKH V K Q FHOXGHH WR WKH V
H[HFXWLQJWKH &'+ VXEV\VWHP{V FRPPDQGV DQG WKH HQVXLQJSUH SURFH
&'+ZLOO0O QHHG WREHWKRURXJKO\WHVWHG VLQFH &KDSWHU LGHQWLILHG
IURP VRIWZDUH HUURUV 6XIILFLHO& & HVMWLYDELY QO B G \DRY & Q \DXUHHUWRKFDG
WKH UHPDLQLQJVXEV\VWHPV LV UREXVW 7KLV ZLOO SUHYHQW DQ\IDLOXI

6XVWDLQDELOLW\

2YHUDOO WKH &'+ VXEV\VWHP GRHVY QRW SUHVHQW DQ\LVVXHY UHJDUGLC
DOQ\FRPSRQHQWY DQG WKH VI\VWHP GRHVY QRW UHTXLUH ODUJHDPRXQWYV R
XVHGLQFRPSXWHU SDUWV FRXOG SURYHWREHVFDUFH OHDGLQJWROL
PDGHRIHOHFWURQLFFRPSRQHQWYV ZKLFKUHTXLUH VRPHFKHPLFDO SUF
H[SHFWHG WR DIIHFW WKH &$6( PLVVLRQ KRZHYHU VLQFHRQO\D VLQJOH >

'"XULQIJWKHGHYHORSPHQW SKDVHRIWKHPLVVLRQ ODUJHDPRXQWYV RI \
GHVFULEHGLQ6HFWLRQ 7KLY SURYLGHY QXPHURXV MRE RSSRUWXQLW
'XULQJ WKLY SURFHVVY QRUDZPDWHULDOV DUHEHLQJ SURFHVVHG DOWI
XVDJH

KWwSV zzzZz QDVD JRY VPDOOVDW LQVWLWXWH VVW VRD FRPPDQG DQG GDWD



KHUPDO 6 XEV\\

7KHVDWHOOLWHZLOO H[SHULHQFHWHPSHUDWXUHIOXFWXDWLRQVDV LW R
DVSRVVLEOHDQG HQVXUH HYHU\ VXEV\VWHP VWD\V LQVLGH LWV RSHUD
LVQHHGHG ,Q WKLV FKDSWHU D GHWDLOHG GHVFULSWLRQ RI WKH 7& L\
FRPSRQHQWYV RI WKHVDWHOOLWHDUHDQDO\VHGLQ 6HFWLRQ TKHQ W
DOQGLQG6HFWLRQ WKH SDVVLYHWKHUPDO FRQWURO LV H[SODLQHG ,Q
VXVWDLQDELOLW\RIWKH V\VWHP LVDVVHVVHG LQ 6HFWLRQ

THPSHUDWXUHS5HTXLUHPHQWYV

(YHU\FRPSRQHQW RIWKHVSDFHFUDIW KDV LWVRZQWHPSHUDWXUHUDQUJH
WKHRSHUDWLQJ WHPSHUDWXUH RIWKHFRPSRQHQWYV RI WKHVDWHOOLW

7DEOH 2SHUDWLQJWHPSHUDWXUHV RI WKHVSDFHFUDIW FRPSRQHQWYV

&RPSRQHQW 7HPSHU®@ XUH UDQJH >
3D\ORDG > @

6XQ VHQVRUV WR > @
6WDU VHQVRUYV WR > @
ODJQHWRUTXHUV WR > @
6RODU DUUD\ WR > @
% DWWHU\ WR

3&'8 WR

+<'526 & HQJLQH WR
&XEH&S$7 WR > @

*166 UHFHLYHU WR
3SDWFKDQWHQQD WR
6SDFHFUDIW VWUXFWXUH WR

$VVKRZQLQ WKHWDEOH WKHSD\ORDG LV WKHPRVWWHPSHUDWXUH VHQ
DWURRP WHPSHUDWXUHDQG ZLOO WKHUHIRUH EH WKHUPDOO\LVRODW|
FRPPXQLFDWHG WKHLQVWUXPHQW ZDV QRW VXSHU VHQVLWLYH WR WHP
UHTXLUHPHQW LQ 7DEOH LVOQRWPHW>'@ 7KH &XEH&$7 VHH &KDSWHU
KDUGWRLVRODWHIURP WKHUHVWRIWKHVDWHOOLWH DV WKHPXOWL (
WKHVWUXFWXUH 7KHUHIRUH WKLV WHPSHUDWXUHUDQJHLV PRVW FULYV
EXLOG LQFRROLQJV\VWHP

7TKHWKHUPDO FRQWURO VA\VWHPZLOOHQVXUHWKHLQWHUQDO WHPSHUDWX
FKDQJHRIWKH&XEH&DW $VWKHHIILFLHQF\RIWKHVRODUSDQHOVLPSURY
RIWKHSDQHOV ZLOOEHNHSWDV ORZDV SRVVLEOH ZLWK SDVVLYHFRQWU|
ZLOOEHLVRODWHG IURP WKHUHVW RI WKHVSDFHFUDIW WRHQVXUHPLQL

FXEHVDWVKRS FRP ZS FRQWHQW XSORDGV L2%& %URFKXUH Y SGI >5HWULH)

KWWSV ZZZ DDF FO\GH VSDFH DVVHWYV $$&B'DWDB6KHHWB2SWLPXVBRULJLC

-XQH @

KWWSV K\SHULRQWHFKQRORJLHY QO ZS FRQWHQW XSORDGYV +7B*166 BY
@

KWWSV ZZZ LVLVSDFH QO ZS FRQWHQW XSORDGV 6,6 *$3% '6+ *166B$QW

>5HWULHYHG RQ -XQH @

KWWSV ZzZZ LVLVSDFH QO SURGXFW XQLW FXEHVDW VWUXFWXUH >5HWULHYHG



$FWLYH &RQWURO *URXS &$6()LQ

$FWLYH &RQWURO

TKHWHPSHUDWXUHUHJIJXODWLRQRIWKH 237,086 EDWWHULHV ZLOO EHDQ
$V WKHRSWLPDO WHPSHUDW X UMK BADKMHEHDWLW M ZLIOVO G LA/ LSDWH DUR X Q (

7KH +<'526 & HQJLQH KDVDQDFWLYHWKHUPDO FRQWURO VA\VWHPV ZKLFK HC
7TKHVXUYLYDO KHDWHU RIWKHHQJLQHUHTXLUHYV :RISRZHU +RZHYHU
DURXQG f& WKLV KHDWHU ZLOO EHUDUHO\XVHG

S3DVVLYH &RQWURO

7KH SDVVLYHWKHUPDO FRQWURO VA\VWHP HQVXUHV VPRRWK KHDW WUDQV
ZLWK WKHHQYLURQPHQW 7KH V\VWHP ZLOO NHHS WKH WHPSHUDWXUH RI
WKH XVHRIHOHFWULFDO SRZHU

SDGLDWLQJG6XUIDFHYV

TRNHHSHQRXJK RI WKHKHDW SURGXFHG E\ WKH VXEV\VWHPV LQVLGH WKH
ULJKWUDWLREHWZHHQ WKHHPLVVLYLW\DQG DEVRUSWLYLW\PXVWEHIRX
ILQLVKHV ZKLFK ZLOO EHDSSOLHG WR WKHRXWVLGH VXUIDFHV RI WKH VSI

7TRVWDUW WKH VHOHFWLRQ RI WKH VXUIDFH ILQLVKHY DQ DVVHVVPHQW
UDGLDWLRQ UHFHLYHG E\HDFKRIWKHVLGHVY EDVHG RQ WKH YDOXHV LQ 71
WKHVH YDOXHYVY 7KH W\SHV RIVXUIDFHILQLVKHY DOO WKH ZKLWH SDL
ODFTXHU ZHUH FRQVLGHUHG

J)LUVW WKHPLQLPDO UDGLDWLQJDUHD IRUWKH SD\ORDG VI\VWHP ZDV FDC

Qin = Qout D
Qn = Flux A, +P E
Qout = A¢ T F

"KHAWHLY WKH SURMBEFWHKGE DDBD DWGEQJ DUHD ZKLFKDUHHTXDOLQ FDVHRIV
SRZHU RI WKH L @\KW BX\VHH Q @+ % R O WIWHKHQHP E R § MWKDRHOMEYR® U SWLY LW\ RI WKH
ILQOVWKH HTXLOLEULXP WHPSHUDMUX WH B 1 WKKHH LLQF/RAPUL QB HUDWE DIMVEL R Q R
VXUIDFH

7KHUDGLDWLQJDUHD ZDVRSWLPL]HG ZKHQ WKH ZKLWH SDLQW $= (& Z

DQG ORZWR[LFLW\ DRI@PSHRXOB\OREGHLQVWUXPHQW 7KHVH UDGLDWLC
WKHVLGHV RIWKHVSDFHFUDIW VXQ DQWL VXQ DVWKHVHVLGHV UHFHL
DUHLQ WKHVKDGRZRIWKH GHSOR\DEOH VRODU SDQHOV DIKG 39S QMHLL O C
LQ WKH 1IHWKHUODQGY 7KH SDLQW ZDV HVWLPDWHG WR FR¥YRZHWHWZKLFK L
WKLV SUL]JH PLJKW EH KLJKHU DV $= 7THFKQRORJ\ ,QF LV VSHFLDOL]HG LQTL

%DVHG RQ WKHGLVVLSDWHG SRZHUDQG WKHWHPSHUDWXUH WROHUDQF
UDP DQG ERWWRP QDGLU RIWKHVSDFHFUDIW QHHGWR\NEHRRYKUBQI L

ZLWKDQDEVRUSWLYLW\RI DRGOREFURVLY WHPRBIHUDW XUH UDQJH RI
KWWSV ZZZ DDF FO\GH VSDFH DVVHWYV $$&B'DWD6KHHWB2SWLPXVBRULJLQI
KWWS ZZZ DIWHFKQRORJ\ FRP SURGXFWV SDLQWYV D] LHFZ KWPO >5HWULHYH(

KWWSV zZzZZ EHUJHUSDLQWY FRP UHVRXUFHV SGI JVW PUS GHF SGI >5HWULHYHC
KWWS SDODGLQFKHPLFDOV FRP PDUNHWYV FRDWLQJY LQGXVWULDO WUDQVSRUWD
KWWS ZHE DUFKLYH RUJ ZHE KWWS ITULGJH DUFK XZD HGX DX PDWHULD
RQ -XQH @



3DVVLYH &RQWURO *URXS &$6()LC

JLIXUH 7THPSHUDWXUH DRQOM RYHU

VDWHOOLWHLVY RQVWDQGE\DQG ZKHQ WKH LQFRPLQJKHDW IOX[LV ORZI
WKHUPDOO\LVRODWHG SD\ORDG DUHUXQQLQJDQG WKHLQFRPLQJKHDW |
KHDWHU RIWKHHQJLQHLVRQDQG GXULQJWKH TKRWTFDVHWKHEDWWHU!
WKHODFTXHU SURSHUWLHV LV QHHGHG DV WKHYDOXHYVY XVHG LQ WKH FXU
DQDO\WVLVY VKRZHG WKDW LI HLWKHU WKHDEVRUSWLYLW\RIWKHODFTXHU (
WKHWHPSHUDWXUH UHTXLUHPHQW RI WKH &XEH&$7 VIVWHP ZRXOG VWLOO
EH Y DV WKLV LVWKHSULFHRVBKUHDBGGERBHWBWLHWMBOO EH SURYLG
QH[WPLVVLRQ SKDVH

7TKHLQWHUQDO WHPSHUDWXUH RI WKH \
DQJOHV UDQILRR URN WKH VDWHOOLYV
IOLHV LQ D FLUFXODU RUELW DURXQG W
LQ)LIXUH 7TKHUHG OLQHLQGLFDWH\
GXULQJWKH YKRWY FDVH DQG WKH EOXI
SHUDWXUH GXULQJWKH fFROGYTFDVH 71
WKHWHPSHUDWXUH GXULQJ WKH DYHUL
WLRQ RI WKHVSDFHFUDIW 7KH OLJKW E
RSHUDWLQJWHPSHUDWXUHRIWKH SD\OR
WKHRSHUDWLQJWHPSHUDWXUH RI WKH -

HEDENRIWKHVRODU SDQHOV ZLOO E

JLIXUH 7HPSHUDWXUHUDQJHRID/@MU?@EW?_'V§5E6W$_ (&: 7TKHEDFN RI WK}

DEOH VRODU SDQHOVZLOO EHXVHG WR U

IURP DOO RIWKH VRODU SDQHOV 8VL(

,(&: SDLQW WKHDYHUDJH WHPSHUDWXUH RI WKH& RRED B kS ID@HONZA MWDK R

RSHUDWLQJWHPSHUDWXUH RI WKHVRODU FHOOV )LJXUH VKRZV WKH V

DQJOH 7KHUHDO WHPSHUDWXUH RIWKHVRODU SDQHOV ZLOO EH KLJKI
EORFNHG E\WKH LQVXODWLRQ

OXOWwWL /D\HU ,QVXODWLRQ

7RLVRODWH WKHVRODU SDQHOVDQG WKH SD\ORDG VA\VWHP I[URP WKH UHV
XVHG 7KHVRODU SDQHOV ZLOOEHLVRODWHG E\D O/, PDGHRIDOXPLQXP IR
0/, ZzDV FKRVHQ EHFDXVH RI WKH ORZWKLFNQHVV RIWKHDOXPLQXP VKHH)
UHVXOWLQJLQ DORZHU PDVV 7KHVRODU SDQHO LQVXODWLRQ ZLOO FRQV

KWwWSV zzZ WKHSULFHU RUJ FRVW WR SDLQW D FDU >5HWULHYHG RQ -XQH @



3DVVLYH &RQWURO *URXS &$6()LC

JLIXUH 6FKHPDWLF RI *)76 FRQILIJIXUDWLRQ 7KHEODFNOLQHV VKRZ WKH ORFDW

ZLOOUHVXOWLQVXIILFLHQW EORFNRUH RVKDIOH VS RBRFKHD W/l WIOUDLGWDMRICRZR X
WR H[FHHG WKH PD[LPDO RSHUDWLRQDO WHPSHUDWXUH RIWKHSDQHOV \

7KH SD\ORDG ZLOO EHLVRODWHG ZLWK D 0/, PDGHRIDOXPLQL]JHG SRO\HV'
WKLV 0/, ZDV FKRVHQ EHFDXVH WKLV KLIKO\IOH[LEOHDQG WHQVLOHLQVX!
ZKLFKLVQHHGHG WR ZUDS LW DURXQG WKH SD\ORDG LQVWUXPHQW 7KH SD
LVXVXDOO\VXIILFLHQW WR REWDLQ D PLQLPXP RYHUDOO FRQGXFWDQFH
ORZHU SHUIRUPDQFH GXH WR WKH ORZHU OD\HU FRXQW LV H[SHFWHG W
VSDFHFUDIW LV . ZKLFKLVFORVHWRWKHRSHUDWLQJWHPSHUDWXU
EHWZHHQ WKH VSDFHFUDIWDQG WKHLQVWUXPHQW ZLOO EHVORZE\GHID

%RWKRI WKHVKHHWY ZLOO EH SURYLGHG E\ )UDNR 7HUP ZKLFK HQVXUH
SURSHUWLHV RIERWKLQVXODWLRQ W\SHVDUHJLYHQLQ 7DEOH 7KH
Yo EXWWKHUHDO SULFHQHHGVY WREHSURYLGHG E\)UDNR 7HUP LQ WK

7DEOH BURSHUWLHV *UDSKLWH )LEHU 7KHUPDO 6

7DEOH 0OXOWL OD\HU LQVXODWLRQSURWﬂ\SWHQW 9D O XH

0DVV J
&RPSRQHQW (/. (/ (/. ('
. oHQW (L. (0_C7. ( 7KHUPDO FRQGXFWLYLW\ SR
HQVLW\ NJ PNJZP
/D\HUV "LGWK PP

7KLENQHVYV PP
7KLENQHVV PP PP ROXP —

&RVW Ya

*UDSKLWH )LEHU 7KHUPDO 6WUDSYV

7KHHQVXUH SURSHU KHDW GLVWULEXWLRQ JUDSKLWHILEHU WKHUPDO
DWKHUPDO FRQGXFWLYLW\ RI P .DQG ZLOO WKHUHIRUH HQDEOF
WR WKH UDGLDWLQJDUHDV RIWKHVSDFHFUDIW 7KH *)76 KDYH D ORZHU
FRPSDUDEOH WKHUPDO VWUDSV H J 3\URO\WLF DUWBESKD WHH D LODRPZ RIW FAUDBWK K
WKH +L3H5 VWUD S V(DFRPID\DROG XQLW ZLOO QHHG D VWUDS ZKLFK FRQQHF
DUHDV DV WKH VLGHV RI WKH VSDFHFUDIW 7KH &XEH&$7 ZLOO QHHG WKHUP|
PLVVLRRH VRODU SDQHOV ZLOO QHHG WKHUPDO VWUDSV DV VKRZQ LQ )LJX
WR WKH UDGLDWLQJEDFNV RI WKH GHSOR\DEOH VRODU SDQHOV 7KH *)7¢€
,QF DQG LWV SURSHUWLHV DUHVKRZQLQ 7DEOH

KWWSV IUDNRWHUP FRP FU\RJHQLFV PXOWL OD\HU LQVXODWLRQ POL >5HWULHY
KWWSV ZZZ WHFKDSSV FRP KXEIV GRFXPHQWY 7KHUPDOB6WUDSVB B3HUIRUPDQFH
WULHYHG RQ -XQH @

KWWSV ZZZ WHFKDSSV FRP JUDSKLWH ILEHU WKHUPDO VWUDSYV >5HWULHYHG RQ
KWWSV ZZZ DLUEXVGHIHQFHDQGVSDFHQHWKHUODQGY QO SURGXFWYV KLSHU IOH[(
KWWSV ZZZ WHFKDSSV FRP EORJ WQR XVHV JUDSKLWH ILEHU WKHUPDO VWUDSYV



9HULILFDWLRQDQG 9DOLGDWLRQ *URXS

9HULILFDWLRQDQG 9DOLGDWLRQ

7KH YHULILFDWLRQDQG YDOLGDWLRQ RIWKHWKHUPDO FRQWURO V\VWH
VIVWHP FRXOG OHDG WR PLVVLRQ IDLOXUH %RWKWKHVRIWZDUH DQG WK

7KHFRGH ZULWWHQ WR SHUIRUP WKH VXUIDFH ILQLVKLQJWUDGH RIIDQGF
XQLW WHVWV DSSOLHG WR DOO IXQFWLRQVLQ WKH SURJUDP 7KHDFWLYHF
WKHPDQXIDFWXUHUDQG WKH *)76 KDYHEHHQ HITWHQVLYHO\WHVWHG E\L
ZLOO ILUVWEH YHULILHG EA\VLPXODWLRQ EHIRUHD WKHUPDO EDODQFH"
GRQHLQ WKH/DUJHG6SDFH G6LPXODWRURI (67(&LQ1RRUGZLMN

SLVN
$V WKH WKHUPDO FRQWURO VA\VWHP ZLOO EH PRVWO\SDVVLYH WKHULVN F
YDOLGDWLRQ 7KHULVNRIWKHDEVRUSWLYLW\RIWKH $= ,(&: SDLQW 1L

SDLQW KDV EHHQ WKRURXJKO\WHVWHG LQVSDFH KDYLQJEHHQIORZQ RQ
326% , H{[SHULPHQWDQG WKHODWHULDOV ,QWHXYXQWWHRQROHSWRKH & DBW
SD\ORDG WHPSHUDWXUH ZRXOG SUREDEO\QRW UHVXOWLQPLVVLRQIDLO.
WR WHPSHUT6W X&H 2K@ ULVN RI WKH *)76 LV ORZDV LWKDV DQ H[WHQVLY|
TXDOLILHG EA7IBB®ODUJHVW ULVNV SUHVHQW WKHPVHOYHV LQ WKH DFWL
RQH XVHG LQ WKH SURSXOVLRQ VXEV\VWHP ,Q WKLV FDVH LQVWUXPHQW
FRUUHFWLRQ SRVHWDB .VXK&E VYD QNVELDBDVWIWANWLYHO\ 7KHVH ZLOO EHPLWLJELC
WHVWLQJ VFKHPHV

6XVWDLQDELOLW\

TRHQVXUH WKH VXVWDLQDELOLW\RIWKH WKHUPDO FRQWURO VA\VWHP WKH
JRUWKHVXVWDLQDELOLW\DQDO\WLV RIWKHEODFNODFTXHU WKH SURSHI
ZHUH DVVXRHGSDLQW LV WR[LFWRKXPDQVDQG WKHUHIRUH SURWHF\
SUHYHQW LOQKDODWLRQDQG VNLQ FRQWDFW ZLWK WKH ODFTXHU 3DODC
LOGXVWULDO GHYHORSPHQWDQG HFRORJLFDO ZHOO EHLQJ

7KH $= SDLQW ZRXOG UHVXOW LQ D VPDOOHU SD\ORDG UDGLDWRU DQG
KDV D KD]DUG FODVVLILFDWLRQ RI + DQG + DQGIWNMKHHSRUEW HBX\UE
HQWHU WKHHQYLURQPHQW DIWHU WKH HQG RIOLIHEXUQ WKH $= (&
FODVVLILFDWLRQRI+ DQG + ZKLFK PHDQV LW FDXVHV KHDOWK GDPI
FRQWDFW ZEWEBPRHNIGXULQJ WKH KDQGOLQJRIWKH SDLQW SURWHFWLRQ P

I1RGDWD RQWKHVXVWDLQDELOLW\RIWKH*)76 RUO/, FRXOGEHIRXQGRQW
DQG)UDNWR WHUP )RUWKH O/, WKHWR[LFLW\LYDVVXPHG WREHZLWKLQ
VKHHWYV ZKLFKLV RQO\WR[LFLQKLIJKDPRXQWV DQG ZLOO QRW VLJIQLILFD
EXUQ $VWKH*)76 PRVWO\FRQVLVWV RIFDUERQ WKLV QRQ WR[LFSURGXFW
ZKHQ EXUQHG LQ WKHDWPRVSKHUH DV WKHDPRXQWRI &2 LVWRRVPDOC
HITHFW

,QFRQFOXVLRQ WKHWKHUPDO FRQWURO RI WKHVDWHOOLWHZLOOEHPDL(
RIWKHEDWWHULHVDQG WKHHQJLQH ,Q &KDSWHU WKHDOORZDEOHLQF
EHGHULYHG IRUZKLFKWKLV 7& PDLQWDLQV WKH GHVLUHG WHPSHUDWXU

KWWS Z7ZZZ FKHPFDV FRP PVGYV FDV B B B B DVS >5HW
@

KWWS SDODGLQFKHPLFDOV FRP UHVHDUFK DQG GHYHORSPHQW KWPO JUHHQ >5H

KWWS ZZZ DJWHFKQRORJ\ FRP ZS FRQWHQW XSORDGV 6'6 6'6 $= SGI >5HWULHY

KWWS ZZZ DJWHFKQRORJ\ FRP ZS FRQWHQW XSORDGV 6'6 6'6 $= ,(&: SGI >5HW



fUDFNLQJ 7THOHPHWU\
6 XEV\VWH

,Q WKLV FKDSWHU WKHGHVLIJIQ RIWKH 77 & VXEV\VWHP LV H[SODLQHG ,Q
/(2 WR *URXQG FRPPXQLFDWLRQLVFRQVLGHUHG 7KHQ 6HFWLRQ SUHV
FRPPXQLFDWLRQ V\VWHPV $IWHU WKDW WKHPHFKDQLVPV ZKLFKFDQ EH X

BHFWLRQ ,Q 6HFWLRQ WKHO9HULILFDWLRQDQG 9DOLGDWLRQ SUR
7KH WHFKQLFDO ULVNVLQYROYHG DUH GHVFULEHG LQ 6HFWLRQ )LQD
6HFWLRQ

'DWD *HQHUDWLRQ DQG 7UDQVPLVVLRQ

,Q WKH SUHYLRXV GHVLJQ SKDVH DWUDGH RII ZDVPDGHEHWZHHQ GLIIHUF
LQWKH6 EDQG ZDV GHWHUPLQHG WR EHWKH RSWLPDO FKRLFH SURYLGLQJ
DVWKHUDWHDW ZKLFK WKH SD\ORDG JHQHUDWHY GDWD ZDV GHWHUPLQH
DQHYHQKLJKHU GRZQOLQN GDWD UDWH LV UHTXLUHG DQG WKH®6 EDQG GR
+LJKHU GRZQOLQN GDWD UDWHV HQDEOH PRUH GDWD WR EH VHQW GXULC
WLPH WR SHUIRUP PHDVXUHPHQWY 2QH ZD\WR VLJQLILFDQWO\LQFUHDV
VIVWHP 8QGHU WKH ULJKW FLUFXPVWDQFHVY ODVHUFRP V\VWHPV FDQ SUR
VHFRQG ZKLFKFDQ QRW EHDFKLHYHG ZLWK UDBGERHUHTEBH®R\Q %W B R WM
LQFUHDVHLQ WKHDPRXQW RI FROOHFWHG GDWD PHDVXUHPHQW WLPH DQ
GRZQOLQNLV XVHG FRPSDUHG WR OELW V5)GRZQOLQN 7KHYDOXHV SU
VHFRQGV VHH6HFWLRQ

7DEOH 3D\ORDG PHDVXUHPHQW WLPH YV GRZQOLQN GDWD UDWH

BURSHUW\ OELW V *ELW V

OD[ GDWD WKDW FDQ EHVHQW WR (DUWK *% *%
OD[ PHDVXUHPHQW GXUDWLRQ \Y \Y

OD[ PHDVXUHG GLVWDQFHRQ ODQG NP NP

,WFDQEHVHHQ WKDWD OELW VFRQQHFWLRQRQO\DOORZV PHDVXULQ
NP ZKLFKLVLQVXIILFLHQWWRPHHWWKHDUHD FRYHUDJHUHTXLUHPHQW

6HOHFWLRQ RID/DVHU &RPPXQLFDWLRQ 6\VWH

7KH KLJK GDWD UDWHV RI &$6(TVLQVWUXPHQWY GR QRW DOORZ IRUFRQYHQ
7RHQVXUH WKDW DOO WKH GDWD WKDW LV JDWKHUHG SHURUELW FDQ VW|
VHOHFWHG IRULWYV KLIJK GRZQOLQN GDWD UDWH FDSDELOLWLHV 7KH H[L\
KDYHPRUHPDVV WKDQ 5)DQWHQQDV $OVR RQO\DIHZ H[LVWLQJWHUPL
FRQQHFWLRQ B6HOHFWLRQRIRQO\GRZQOLQN ODVHU FRPPXQLFDWLRQ P
DQWHQQD DQG D UHFHLYHURQ ERDUG DV ZHOO DV DGGLWLRQDO *6V WK
RYHUYLHZ RIIRXU H[LVWLQJODVHUFRP VIVWHPV LV SUHVHQWHG

KWWSV EORJ VDWVHDUFK FR RSWLFDO FRPPXQLFDWLRQV IRU VPDOO VL
>5HWULHYHG RQ 0D\ @



&RDUVH 3RLQWLQJ $VVHPEO\ *URXS &$6

7DEOH 9DULRXV RSWLFDO FRPPXQLFDWLRQ VI\VWHPYV

&RPSRQHQW ODQXIDFWXUHU ODVV >NJ@ 6LIH>PP@ ‘DWD 5DWH &R
&XEH&DW +\SHULRQ 7THFKQRORJLHV [ [ *ELW V 1(2 WR JURXC
6PDUW/&7 7THVDW 6SDFHFRP [ I *ELW V /(2 WR *(2VDW
/DVHU'RZQ§L§E\J .

6WDU 7UD h ODLU , QWHUSODQHWDU\ [ [ ELW V /(2 WRJURX
726,5,6 7THVDW 6SDFHFRP [ [ WR *ELW V /(2WRJURXQG 8¢

JURP WKH FRPSDULVRQ DERYH LWFDQEHVHHQ WKDW WKH &XEH&DW OD
7THFKQRORJLHV LV WKHPRVW VXLWDEOHRSWLRQ DVLWLVUHODWLYHO\FF
DQG XSOLQN 2WKHU RSWLRQV DUHHLWKHU WRR PDVVLYHRUGR QRW SU
&XEH&DW ODVHU WHUPLQDO

7KH &XEH&DW FDQ SURYLGH XSWR *ELW VGRZQOLQNDQG OELW V XSOL
ZKHQ WUDQVPLWWLQJDQG :LQVWDQGE\ ,WDOVRKDVDQRQ ERDUG EXII
EHIRUHVHQGLQJLW WR (DUWK 7KHPD[LPXP VODQW UDQJHRIWKH &XEH&

NP KRZHYHU DV 712LV ZRUNLQJRQLQFUHDVLQJWKHHIILFLHQF\DQC
EHDVVXPHG WKDW WKH PD[LPXP VODQW UDQJH ZLOO EHLQFUHDVHG WR
7KH FRVW HVWLPDWLRQ IRUWKH &XEH&DW WKDW LV XVHG LQ WKH WRWDO P
KRZHYHU WKH GHVLJQ WHDP ZDV DVNHG WR OLPLW WKH GLVWULEXWLRQ F
&XEH&DW DUH VXPPDUL]HG LQ 7DEOH

7DEOH 3URSHUWLHV RI WKH &XEH&DW > @

&XEH&DW
"RZQOLQN GDWD UDWH *ELW V
8SOLQN GDWD UDWH OELW V
0D[ VODQW UDQJH NP
2Q ERDUG EXIIHU VL]H * 0/
oDVV NJ
6L]H [ [ PP
3RZHU FRQVXPSWLRQ 7 : DYHUDJH
2SHUDWLQJWHPSHUDWXUH f& WR f&

JLIXUH &XEH&DW E\ +\SHULRQ 7THFKQRORJLH

JLQN %XGJHW

+\SHULRQ 7THFKQRORJLHVY HQVXUHV WKH ODVHU FRPPXQLFDWLRQ WHUP
UHTXLUHPHQWY DW WKH PD[LPXP VODQW UDQJH NP 7KXV LWLV DV’
DOUHDG\DVVHVVHG E\ +\SHULRQ 7THFKQRORJLHY ,W VKRXOG EH QRWHC
DVDWPRVSKHULF FRQGLWLRQV DURXQG WKHHTXDWRU WKDW FDQ KHDY
JRUH[DPSOH WKH SUHVHQFHRIIRJ UDLQ FORXGV DERYHD *6 PD\UHVXOC
> @ $OWKRXIKWKH OLQN EXGIJHW FDOFXODWLRQ KDV SUREDEO\DFFR
PLVVLRQ VSHFLILFOLQN SHUIRUPDQFH VKRXOG EHIXUWKHU YHULILHG ZL

&RDUVH 3RLQWLQJ $VVHPEO\

7KH PD[LPXP VODQW UDQJH RI NP PHDQV WKDW FRPPXQLFDWLRQLV RQO\
PRUH WKDQ NP DSDUW 7KLVLPSRVHV D OLPLWRQWKHFRQWDFW GXUD

KWWSV VDWVHDUFK FR >5HWULHYHG RQ -XQH @



&RDUVH 3RLQWLQJ $VVHPEO\ *URXS &$6

SODFHG DQG EXLOW VHH &KDSWHU JRUWKH NP RUELW WKHPD[LPXP F
VHFRQGV DVVXPLQJWKH *6VDUHDOO ORFDWHG H[DFWO\RQ WKH HTXD
ZLWK (TXDWLRQ

h

PD[

=2 FRV
R

,Q WKH DERY H HV WKW KRHQ J KW R WIKWHWRKEPW[DREP VODQW UDQJH ,Q WKLV Z
WR URWDWH WKHEHDP LV f 7TKLVFDQ EHDFKLHYHG E\HLWKHU URWDW.L
EHDP LWVHOIZLWK D VR FDOOHG &RDUVH 3RLQWLQJ $VVHPEO\ &3% 7KHI
GHVLIQHG LWFDQLQYROYHPLUURURUSULVPDVVHPEOLHYV

OLUURU 6\VWHP &3%

, WLV SRVVLEOHWRDFKLHYH D[LVFRQWURORIWKHODVHUEHDP ZLWK WK|
DWD fDQJOHDERYHWKHODVHUEHDP FRPLQJRXWRIWKHODVHU WHUPL
f $QRWKHU PLUURU LY SODFHG ZLWKDQ RIIVHW SDUDOOHO WR WKH ILUV)
GLUHFWLRQE\ f 7KHZRUNLQJSULQFLSOHRIDPLUURU EDVHG &3%$LV VK

$ PLUURU EDVHG &3%$IRU &XEH6DW /(2 WR *URXQG FRPPXQLFDWLRQLV F.
&3$ZLOO EH KLIJIKO\LQWHJUDWDEOH ZLWK WKH &XEH&DW VWUXFWXUH ZKL
75/ RIWKH &3%$LVDOUHDG\KLIJKHU WKDQ WKDW RI WKH SD\ORDG ZKLFK PH
PLVVLRQIOLHV > @

5LVOH\3ULVPV &3%

$QDOWHUQDWLYH &3$ GHVLIQLQYROYHVWZRRUWKUHHURWDWLQJ5LVO
FDQURWDWHDURXQG WKH VDPHD[LV %\URWDWLQJWKH SULVPV FRQW
ZD\ WKH ODVHU EHDP FDQ EH VWHHUHG $Q H[DPSOH RI WKH 5LVOH\ SULV
GLVDGYDQWDJH RIWKH5LVOH\FRQILIXUDWLRQLVY WKDW WKHUHIUDFWHG
HITHFWLYHO\HTXLYDOHQW WR KDYLQJD VPDOOHUDSHUWXUH VL]H 7KLV U}F
WKDW WKHS5LVOH\SULVP FRQILIJIXUDWLRQ KDV D OLPLWHG )LHOG 2I5HJDU
RSWLRQ ZKLFKLV WKHUHIRUH VHOHFWHG DV WKH &3$IRU WKH &%$6( VSDF

JLIXUH OLUURU EDVHG &3% J)LIXUH 5LVOH\ SULVP &3%



9HULILFDWLRQDQG 9DOLGDWLRQ *URXS

9HULILFDWLRQDQG 9DOLGDWLRQ

7KH9 9 VWUDWHILHV HPSOR\HG IRUWKH 77 & VXEV\VWHP ZLOO UXQ LQ SDL
*1& VXEVA\VWHPYV 7KHLQGLYLGXDO FRPSRQHQWYV WKH &XEH&DWDQG &3$% X
DUHDVVXPHG WR EHWHVWHG E\WKHLUUHVSHFWLYHPDQXIDFWXUHUV +RZ
LQWKHHQYLURQPHQWRIWKHHQWLUHVSDFHFUDIW )XUWKHUPRUH WKHLL
EHVXIILFLHQWO\WHVWHG 7KLVLQFOXGHV FRPPXQLFDWLRQ VWUHDPV ZL
ZLWK WKH *6V 7KH ODWWHU ZLOO EH GLIILFXOW WR WHVW DQG ZLOO OLN
VLPXODWLRQ ZLOO EH SHUIRUPHG LQ ZKLFK WKH FDSDELOLWLHV RI WKH 77

6LPXODWLRQ ZLOO EHRQHRIWKHPRVW HITHFWLYH ZD\V IRUWHVWLQJ WKH .
SURQH WR HUURUV LQ IOLJKW +RZHYHU LW ZRXOGEH SUXGHQW WR DOVF
XQLW WHVWV WRILQG DQ\KXPDQ HUURUV LQ FRGH GHVLJQ 2QFHDJDLQ LQ
$FKLOOHVY KHHO RI PDQ\ &XEH6DWV DQG VR WKHDPRXQW RI YHULILFDWLR
ELDVHG 7KHUDWLRQDOHIRUWKLV LYV SURYLGHGLQ &KDSWHU

7KH EHQHILW RI ODVHU FRPPXQLFDWLRQ LY WKH ODFN RIDQ\DQWHQQD"
VXEV\VWHP ZLOOEH LQWHJUDWHG ZLWK WKHLQWHULRU RI WKH VSDFHF!
ZLOO VXIIHU H[SRVXUH WR WKH KDUVKHQYLURQPHQW RIVSDFH $V VXFK \
WKHFRPSRQHQWYV FDQ IXQFWLRQ DGHTXDWHO\ 7KH SRLQWLQJPHFKDQL"
WHVWLQIJWRHQVXUHLWGRHV QRW IDLO XQGHU WKHWRUTXHV DQG URWD'

SLVN

&KDSWHU KDV VKRZQ WKDW WKH FRPPXQLFDWLRQV VXEV\VWHPV DUH RIW
LQFUHDVLQJO\WUXHDV PLVVLRQ WLPHLQFUHDVHY DQG WKHUHIRUH SUF
ULVNV RIWKH 77 & VXEV\VWHP 7KHILUVW ULVN WKDW KDV EHHQ LGHQWLIL
LV QRW XQLTXH WR LW LV WKH IDI56 X @ AR | }MRUGNDUGDD WHIOH OW K MMURIDH VN Q W
DQG FDQEHPLWLIJDWHG ZLWK VXIILFLHQW WHVWLQJ

7KHQH[WULVN FRQFHUQV WKH SRLQWLQJDFFXUDF\UHTEGUHBGEAWR IDFLOLW
56. 77& 7KLV ZLOOEHDFKLHYHG E\WKH &3% KRZHYHU WKHVRIWZDUH ZLC
SRLQWLQJDQJOHV $VRQHFDQ VXUPLVH WKHUHDUHVHYHUDO DYHQXH
VRIWZDUH EDVHG HUURU RUDOJRULWKPLF HUYR U7 78R UMIKH WHDTXHH HGE V
SRLOWLQJ ZLOO QR ORQJHU EH FRQWUROODEOHDQG FRPPXQLFDWLRQ Z
DOJRULWKP ZKLFK FRQWUROV WKH PLUURUYV PRELOLWGZHAU& WRIDLO W
56. 77& )XUWKHUPRUH WKHUHTXLUHG VRIWZDUH XSGDWHV WRIL[VXFK D
WKHFRPPXQLFDWLRQV EHLQJLQKLELWHG

J)LQDOO\ FORXG FRYHULVDQLVVXH WEGOW $&D 86XV MWEB VWVH ULRRPE\KQ WH
FDQQRW SHQHWUDWH FORXG IRUPDWLRQV FRXQWHUPHDVXUHYV PXVW EI
VHYHUDO *6VDV UHGXQGDQFLHVIRUZKHQRQHRUVHYHUDODUHRFFXOWHG
FORXG FRYHU ZHUH WR RFFXU WKH 77 & VXEV\VWHP ZLOO QRW EH DEOH WR
HILVWYV DQG WKLV ZLOO EHD SRVVLEOH FRXQWHUPHDVXUH XQWLO WKH
GDWD PHDVXULQJZLOO QHHG WR EH KDOWHG RU SUHYLRXVO\REWDLQHC
XQGHVLUDEOH EXWDQHFHVVDU\FRQVHTXHQFH RIFKRRVLQJODVHU RYH

6XVWDLQDELOLW\

7TKH77 & VXEV\VWHP FRQVLVWV RI WKH &XEH&DW ODVHU FRPPXQLFDWLRQ
WKHVHFRPSRQHQWV DUHPDGHRIQRQ WR[LFPDWHULDOV 6LQFH WKHVH O
SUHFLVH WKHLUPDQXIDFWXULQJ SURFHVV  DOVR UHTXLUHY D ORW RI SL
DVIRUWKH &3$DOVR UHTXLUH KLIJK SUHFLVLRQ DQG DUHPDGH IURP DOX
DUHHOHFWURQLFV WKDW UHTXLUH FHUWDLQ FKHPLFDO SURFHVVHV DQG |



6XVWDLQDELOLW\ *URXS &$6()LC

FRPSRQHQWV IURP 712 DQG +\SHULRQ 7THFKQRORJLHV ZKLFK PDNHV WKDW \
XVHG LQ WKH &276 RSWLRQV JLYH OLWWOH LQVLIJKW RQ WKHLU VXVWDLQD
LQ WKH XVHRIUHVRXUFHV IURP HDFK RI WKH &276 FRPSRQHQWYV 2Q WKH
HOLPLQDWHY WKH QHHG IRUDQ5 'SKDVHDQG UHGXFHV WKH DPRXQW RI FR
LQIOXHQFHRQ WKH VXVWDLQDELOLW\RIWKHFRPSRQHQWV

,QFRQFOXVLRQ LQ WKLV FKDSWHU WKHGHVLIQ RIWKHODVHU FRPPXQLF
GDWDUDWH DQRSWLFDO FRPPXQLFDWLRQ VAIVWHP LVWKHRQO\VRSWLRQ ZL
7KH &XEH&DW ODVHU WHUPLQDO DQG D PLUURU EDVHG &RDUVH 3RLQWLQJ
RIWKH 77 & VXEV\VWHP



SWWLWXGH "HWHUPLQDW
6 XEV\VWH

7KH $'&6 VXEV\VWHP LV YLWDO IRUWKH &$6( PLVVLRQ DV LW PDNHV VXUH W]
DFFXUDWHO\ $GGLWLRQDOO\ WKH $'&6 LV QHHGHG WR VWRS WKH VDWHOO
WKH $'&6 VKRXOG FRXQWHUDFW DQ\ XQZDQWHG HIWHUQDO DQG LQWHUQT
WKH $'&6 VIVWHP LQFOXGHV VWDU VHQVRUV VXQ VHQVRUVDQG PDJQHWR!
JLYHQRIWKH $'&6 )LUVWO\ WKHVHQVRUV DUHGHVFULEHG LQ 6HFWLRQ
$Q RYHUYLHZ RI WKH VHOHFWHG $'&6 FRPSRQHQWY FDQ EH IRXQG LQ 6H
YDOLGDWLRQ WKHULVNDQG WKHVXVWDLQDELOLW\RIWKH $'&6 DUH GLVFX
UHVSHFWLYHO\

6HQVRUYV
7KHILUVW SDUW RI DWWLWXGH GHWHUPLQDWLRQ LV GRQH E\ PDNLQJ XV

FDOFXODWLRQV ZHUH PDGH WR ILQG WKHDFFXUDF\QHHGHG RI WKH VHQ
IXUWKHU GHWDLO

$'&6 6HQVRUS5HTXLUHPHQWYV

7TKHDFFXUDF\RI WKHVHQVRU KDV WREHJUHDW HQRXJKWR VHQVHVPDOO
7KHSRLQWLQJVWDELOLW\FDQ EHFDOFXODWHG XVLQJ (TXDWLRQ > @

*6'
K

3%= N

*6'KDVEHHQ GHILQHG LQ &KDSWHU DQGK ZDV GHILQHGLQ &KDSWHU N
WKH SL[HO WKDW FDQ KDYH RYHUODS ,W ZDV GLIILFXOW WR GHWHUPLQF
VWDJH /RRNLQJDW RWKHUPLVVLRQ DOVR\LHOGHG YDU\LQJUHVXOWV E
VDIHVLGH WKHORZHVW YDOXHRI ZDVWDNHQIRURXUPLVVLRQ 7KLV L
DUFVHFRQGV )XUWKHUPRUH WKH SRLQWLQJDFFXUDF\RIWKHVDWHOOLW
$'&6 QHHGVY WR GHWHFW D PLQLPXP WXUQ UDWH 7KLV LV GHWHUPLQHG E\
WLPHRIWKH VSDFHFUDIW 7KH GZHOO WLPH ZDV FD:(2B X 8 PRIGIGVL J BEKD SV
UHVXOWV LQDPLQLPXPDQJXODU YHORFLW\GHWHUPLQDWLRQ DFEXUDF\ |

6WDU 7UDFNHU

,QWKHODVWUHSRUWLWZDV IRXQG WKDW VWDU WUDFNHUV DUH WKH RQUC
7TKHSURSHUWLHV RIPXOWLSOHRIl WKH VKHOIVWDU VHQVRUV ZHUH DVVHYV
WKDW ZDV HLWKHU WRRRYHU GHVLJQHG RUQRW FRPSDWLEOH ZLWK WKH F



6HQVRUV *URXS &$6()LQDO 51

7TDEOH /LVWRIVWDU WUDFNHUVDQG WKHLUPRVWLPSRUWDQW SDUDPHW

&RPSDQ\ 3URGXFW 3RLQWIDQV5 RAOXBMRF 3RZHUSSGDWH
FXUDBWUFVHF®@J@ >P:@ UDWH®@

+\SHULRQ 67 > @ [

+\SHULRQ 67 > @ [ [

DUFVHF 6DJLWWD 6WDU 7UDFNHU > @ [ 1

%OXH &DQ\RQ 167 VWDU WUDFNHU > @ [0
7HFKQRORJLHV

IDQRDYLRQLFV 67 > @ [0
2&( WHFKQRORJLHV 167 > @ i

2&( WHFKQRORJLHV 367 > @ [
DLURVSDFH VWDU WUDFNHU > @ [

367 IURP2&( WHFKQRORJLHV LVWKHEHVW VWDUWUDFNHU IRU WKH &$6(
SRZHU FRQVXPSWLRQRIDOO VWDU WUDFNHUV ZKLOH PHHWLQJ WKH DFF.:
WKURXJKRXW WKHPLVVLRQLQ SLWFK \DZDQGUROODPLQLPXP RI VWD
EHSODFHGLQ SRVLWLYH]GLUHFWLRQ VLQFH WKH (DUWK ZLOO EHWKHUH
SRLOQWLQ QHIJDWLYHRU SRVLWLYH\ GLUHFWLRQ VLQFH WKH (DUWK DQG V>
RUWKRIJRQDO WR WKHILUVWRQH $WKLUG VWDU WUDFNHU LV QHFHVVDU\
VLQFHWKHVXQ ZLOOEHLQLWV )29 IRUSDUW RIWKHRUELW 7KLV RQH VI
WUDFNHU 7KHRQO\SUREOHP VWDU WUDFNHUV KDYHLV GHWHFWLQJDQ (
VWDUV FDQ EHFRPH WRR ODUJHIRUWKH VWDU WUDFNHU WRMWUDRKNWKHP 7
GRHV QRW D SUREOHP GXULQJ QRUPDO RSHUDWLRQV EXWPLJKW EH D SURI
ZLOOEHPRUHHODERUDWHG

6XQ 6HQVRUYV

JRUGHWXPEOLQJWKHVSDFHFUDIW LWLVEHQHILFLDO WRKDYHDVXQ VI
IRUTXLFNLQLWLDO DWWLWXGH GHWHUPLQDWLRQ DIWHU ZKLFK FRUUHT
QHHGHG EXWVLQFHRQHRIWKRVHZRXOGFRQVWDQWO\IDFHWKH (DUWK
6XQ VHQVRUV FDQ EHIRUHLWKHURQHRU D[LV 7KH\DUHJHQHUDOO\ YHL
OHVV DFFXUDWHFRPSDUHG WR VWDU VHQVRUVfODRB\IKPNGLXRIWR K19 KRYE
UDWH 7KLV DOORZVWKHP WRZRUNGXULQJDQG GHWHFW KLIJKVOHZ UDWHY\
RUGXULQJSRZHUVDYLQJPRGHDQG VDIHPRGH

6XQ VHQVRUV FRPHLQ GLIIHUHQW VW\OHV FRRDOVUMWQRPOQRHQVAH D OPORO
DQJOH WKH VSDFHFUDIW PDNHV ZLWK WKH VXQ 6R VHQVRUV DUH QHHGH(
VXQ VHQVRUV FDQ JLYH D[LVDWWLWXGHLQIRUPDWLRQ E\FUHDWLQJD VX
JLYH D[LVVSDFHFUDIWDWWLWXGHLQIRUPDWLRQ EXW DUHDOVRDEOH W
&RDUVH VXQ VHQVRUV DUH QRW DVVHVVHG VLQFH WKH\UHTXLUH PRUH VHQ
VHQVRUV DUH QRW FRPPRQO\ XVHG 7KHUHIRUH PXOWLSOHILQHDQDORJV
7KHVH VXQ VHQVRUV DQG WKHLU SHUIRUPDQFH SDUDPHWHUV FDQ EH IRXQ

KWWSV VDWVHDUFK FR >5HWULHYHG RQ -XQH @
KWWSV EORJ VDWVHDUFK FR VXQ VHQVRUV DQ RYHUYLHZ RI VIVWHPV DYDI
>5HWULHYHG RQ -XQH @



$FWXDWRUYV *URXS &$6()LQDO

7DEOH /JLVWRIVXQ VHQVRUVDQG WKHLUPRVWLPSRUWDQW SDUDPHWHU

&RPSDQ\ 3URGXFW $FBFXVDFR O X PFRD 3RZHU B8SGDWH&RVW
>f@ >J@ >P:@ UDWH@>%@

6RODUO(06 1DQR 662& > @ [ 1

6RODUO(06 6628& > @ [0

1HZ6SDFH 1)66> @ [ [

VA\VWHPV

%UDGIRUG 6SDFH  0OLQL)66 > @ [

+\SHULRQ 66 > @ [ [

1(('521,; 1,66 Y > @ [ [

1(('521,; 166 Y > @ [

6LQFHWKHVSDFHFUDIW XVHV WKHVWDU WUDFNHUIRUDFFXUDWH SRLQWLQ
7KXVWKHVXQVHQVRU ZDV FKRVHQ IRULWV ORZPDVV YROXPHDQG SRZHU X
RI'1(('521,; LV FKRVHQ 7KHFRPSDQ\DOVR H[SUHVVHG LQWHUHVW LQ HQ
VDWHOOLWH ZRXOG EH FRQVWUXFWHG IXUWKHU GHFUHDVLQJ WKH SULT
SDUWLHV

$FWXDWRUV

7KHVHFRQG SDUW RIWKH $'&6 $WWLWXGH &RQWURO LVGRQHZLWKDFWX
7TKLVFDQEHGRQHLQDFRXSOHGLIIHUHQW zD\V UHDFWLRQ ZKHHOV WKUX
IRXQG WKDW WKHPDIJQHWRUTXHUV ZRXOG EHWKHEHVW RSWLRQ IRU WKH
UHTXLUHPHQWV IRUWKHDFWXDWRUVDUH GHWHUPLQHG 7KLVLVIROOR.
ZHOO DV LWV DFFXUDF\LQ 6HFWLRQ

$'&6 $SFWXDWRUS5HTXLUHPHQWYV

7KHUHTXLUHPHQWYV RQ WKH $'&6 DFWXDWRU GHSHQG RQ D FRXSOH IDFWRU
EHVXIILFLHQWO\KLJK WR PHHW WKH SRLQWLQJVWDELOLW\DV FDOFXODV
UHTXLUHG EHWZHHQ PHDVXUHPHQWY WR DQJOH WKH VSDFHFUDIW WR WKH
GLVWXUEDQFHWRUTXHV LQWHUQDODQG H[WHUQDO DFWLQJRQ WKH VSE

60HZ5DWHS5HTXLUHPHQW

7KH VOHZ UDWHYV WKDW QHHG WR EH PHW GHSHQG RQ WKH DUHDV ZKHUH PHD
&KDSWHU 7KHELJJHVW GLIIHUHQFHLQ PHDVXUHPHQW ODWLWXGH LV E
GLVWDQFHEHWZHHQ WKHVH SODFHV LVDOVR WKH VKRUWHVW ,W VKRXOCG
IRUJURXQG VWDWLRQ FRQWDFW WKLV ZLOO EH WDNHQ LQWR DFFRXQW |
SRLQWLQJDQJOH ORQJLWXGHDQG WKH GLIIHUHQFH EHWZHHQ WKH ODV
VSDFHFUDIW QHHGV WR KDYH DFURVV WUDFN ZLWK QDGLU WR HQVXUH WK

7TDEOH /IDWLWXGH ORQJLWXGHDQG WKHLU GLITHUHQFH EHWZHHQ 1DLUREL D

&LW\ IDWAANEBRIQWL Q3 @ RQHL WX @H
IDLUREL

6LQJDSRUH

"LIITHUHQFH

KWWSV VDWVHDUFK FR >5HWULHYHG RQ -XQH @
KWWSV Z7ZzZZ ODWORQJ QHW >5HWULHYHG RQ -XQH
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$VFDQEHVHHQLQ7DEOH WKHVSDFHFUDIW QHHGV WR URWDWHDURXQG
I1DLURELDQG 6LQJDSRUH 7KHGLVWDQFHEHWZHHQ PHDVXUHPHQWY RQ W
LVWKHGLITHUHQFH L RDVORIQF IGAX WD OB ZKHUH PHDVXUHPHQWY DUH VW

=2 Suey e

7TKLVUHVXOWV LQD GLVWDQ FR1ENR ZZHKHHOQAMLHPIHWX B i RRMVDOWWHREIHW ZHH Q P HD
WKHQ EH WKLV GLVWDQFH GLYLGHG E\ WK82VRKRGG\H OKENVW\HD QWKW R/HD WS-
QHHGV WR URWDWH GHJUHHV LQ VHFRQGY 7KH DQJXODUDFFHOHUI
(TXDWLRQ > @ .HHSLQPLQG WKDW IRUKDOIWKHWLPHWKHDQJXODUD
DQJXODUDFFHOHUDWLRQLY QHIJDWLYH VXFKWKDW WKHILQDODQJXODU
KDOIWKH WYRHKH FKDQJHLQDQJOH WKHVSDFHFUDIWQHHGV DQG W WKH W

m\r»‘

S5HVXOWLQJLQDUHTXLUHGID @} OVXKW DVFRFHTOHHIJDMIDAR Q@ RG IRU WKLV DQJX
IRXQG EA\PXOWLSO\LQJ LW ZLWK WKHPDVVPRPHQWRILQHUWLD 002, DURX
LVH[SODLQHG LQPRUHGHWDLO LQ &KQBWHBPDURQQG G DWKG H VD LW LSTHGOMPD
UHTXLUHGOMRUWPXH RI

'LVWXUEDQFH 7RUTXHYV

7KH SRLQWLQJ VWDELOLW\RI WKHVSDFHFUDIW LY WKUHDWHQHG E\GLII
SKHQRPHQD WKDW JHQHUDWH GLVWXUEDQFH WRUTXHV DUH GLVWLQJXLVKI
JUDYLW\ JUDGLHQW LQWHUQDO WRUTXHV $HURG\QDPLF GUDJLV DOZD\V L
WKHZRUVW FDVH VFHQDULR IRUWKH WRWDO GLVWXUEDQFH WRUTXH DC
DHURG\QDPLF GUDJWRUTXH 7KHILUVWRQH VRODUUDGLDWLRQ LV DFWL)Y
 WFDQEHFDOFXODWHG XVLQJ (TXDWLRQ > @

Ts = EAs(l"' g(cps cm) FRV

,Q WKLV HTXADWKR® RODU FREY W @QW Z RIUFKKV YK H VS HH GLR IVOK H KAX USD F H

DUHD ZKLFKUIRU WRHIURQW TWKHUHIOHFWDQFH IDFWRW \& KHFKHI@W KWK |
RIVRODU SUHVVXUH FP WKH AHQWHHWI@ DY VIIDBAHRRG BWDWOOH ZKLFK LQ ZR
JRUQRZWKHFHQWHU RI PDVV LV DVVXPHGWREHLQWKHDEVROXWHFHQ
LVDVVXPHG WR EHDW ZRUVW RIWKHFHQWHU RIPDVV WR WKH IXUWKH
UHVXOWY LQ D VRODWMYDGR DWRRQ & WKHXHRKRI] D[LV 6LQFH VOHZ PDQHX
SUHYLRXV SDUW LV D UROOLQJPDQHXYHU WKHVRODUUDGLDWLRQ WRU"
TDQGFP UHPDLQ WKMH @BPBPHDXKE/@#WH WRPGHSOR\HG VRIGITAUSDQHY WRQG F
PVLQFHWKHFHQWHURISUHVVXUHFRXOG VKLIW G72OHWR BMKRHX\QREOW KIHs [P H'D

7TKHWRUTXHLQGXFHG E\WKHDHURG\QDPLF GUDJLV FDQ EH FDIOFXODWHC
WKH GHQVLWYERY W/KH BUD XFRHIILFLHQW RI WKH VSDIRHWHKDBIW R § WX\PHGE DR
WKH VDWH O@M \PPHDZX G WEK HWHQWHU RI DHURG\QDPLF SUHVVXUH ZKLFK LV D)
3O0XJIJLQIJWKHVHDOO LQWR WKHHTXDWL®4 URVXOWY LQDQDHURG\QDPLI

1
Ta = > C4A/V3(cpa cm)
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7KHPDJQHWLF ILHOG LQGXFHG WRUTXHFDQEH FDOFXODWHG XVLQJ (TXI
PRPHQW RIWKH VSDFHFUDIW ZKLEK Z @V Y%PL/GWKR P JRSRVLF ILHOG VWU
LQ )LIXUH

JLIXUH ODJQHWLFILHOG DURXQG WKHHTXDWRU DW NP DOWLWXGHLQ -XQH

7KHPRGHOV IRUWKH PDJQHWLFILHOG RQO\JR XSWR \HDUV DIWHU WKH

WKHPDJQHWLFILHOG GHYLDWHV VOLJKWO\ ,Q)LJXUH WKHPDJQHWL
VKRZQ IRU DQG WKH OLQHWKLFNQHVV LV GHSHQGHQW RQ WKH XQFH!L
LVRQO\D YHU\PLQRU GLIITHUHQFH LQ WKH PDJQHWLF ILHOG VWUHQJWK EH'
LQWKHORQJIJLWXGH WKRXJK )RUWKHGLVWXUEDQFH WRUTXH WKH ZRUV
RUWKRJRQDO WR WKH 333 FHBDWDDW RRQUWW KB ARYH f 5HVXOWLQJLQDPD
WRUTOGE RIP

7KH ODVW GLVWXUEDQFH WRUTXHV QRW FRPLQJ IURP WKH VDWHOOLWH
GLVWXUEDQFH WRUTXH LV FDOFXODW HG XWKIDJYDXDWLRRQ VWD @V RK MUK
GLVWDQFH EHWZHHQ V D W HGQEGEWKH D Q 5, (DURNKIQ BGHWKHLW UM K B HDFQW D¥H D [|
EHWZHHQ WKH ORFDO YHUWLFDO DQG = SULQFLSDO D[LV 7KHOA®@®, LV FDOF X
DURXQG WK H:150 PLWRX@GE WKH ] D[LV 7KHDQJOHLQD ZRUVW FDVH VFHQDUL|
VWDELOL]HG VFHQDULR LW ZRXOG EH VPDOO S5H\WX®WLRJLQ D JUDYLW\J

Ty lyj VI2Q

3
_ﬁ“z

7TKHLQWHUQDO WRUTXHJHQHUDWHG E\WKHVSDFHFUDIWFDQEHJHQHUDW!|
RIWKHVRODU SDQHOV 6LQFH WKH VRODU SDQHOV DUH GHSOR\HG VI\PPHW!
PHFKDQLVPV VKRXOGEHHTXDODQGLQRSSRVLWHGLUHFWLRQ DV ORQJECL
WKHVRODU SDQHOVDUHHTXDO 7KHGHYLDWLRQVLQ WKHVHZLOO EH VR
VHFRQG LQWHUQDO WRUTXHFRXOG FRPHIURP WKH SURSXOVLRQ VXEV\VWH
FHQWHU RIPDVV LW ZLOO SURGXFH D WRUTXH 7KHUHIRUH WKH OD\RXW ZD)\
EHDV FORVHDV SRVVLEOH WR WKH [ D[LV

KWWSV zZzZzZ QJGF QRDD JRY JHRPDJ FDOFXODWRUYV PDJFDOF VKWPO LJUIZPP >5H
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$FWXDWRUV

7KH WRUTXHV FDOFXODWHG LQ WKH SUHYLRXV VXEVHFWLRQ KDYH WR EI
ZDV IRXQG WKDW PDIJQHWRUTXHUV ZRXOG EH WKHEHVW RSWLRQ LI WKH\
WKHDWWLWXGH E\FUHDWLQJD PDJQHWLF GLSROHPRPHQW 7KLV PDJQH
SURSHUWLHV RIWKHPDIJQHWRUTXHUDV ZHOO DVRQ WKH FXUUHQW JRLQJ W
LVQHHGHG IRUWKHPDIJQHWRUTXHULV FDOFXODWHG XVLQJ (TXDWLRQ

BVLQ

+HUMV WKH UHTXLUHG WRUTXH IRUWKH ZRUVW FDVH VFHQDULR WRUTXH L
WKH VDPH GLUHFWLRQ FUHDWLQJD SLWFKLQJRU\DZLQARPRRAQM 5HVXOV
LVWKHVWUHQJIJWK RI WKH (DUWK PDJQHWLF ILHOG VKRZQLQ)LJXUH +F
LV WKH ORZHVW DV SRVVLEOH WKHUH I R3:87 WK B (P& .DQ/HDNELGH G HADRG DLV/FIRWK\QX¥
WKHDQJOHEHWZHHQ WKH PDJQHWRUTXHU DQG WKHPDJQHWLF ILHOG LW
DGLSROH PRIPHBW/RILYV LV SXUHO\IRUWKH GLVWXUEDQFH WRUTXH DURX
PDQHXYHU DURXQG WKH [D[LVWKH GUDJ GRHV QRW SOD\D UROH EXW WKHU
GLVWXUEDQFH WRUTXHV DUHDVVXPHG WR EH VLPLODU $GGLQJWKHVH WRIL
WRUTOSE BP 8VLQJ (TXDWLRQ DPLQLPXP UBIXER HG IRIXSROH PRPHQW R

7TKHDERYHFDOFXODWLRQV KDYHPXOWLSOHDVVXPSWLRQVLQ WKHP WKHL
7TKLVUHVXOWY LQ WKHILQDO PDIJQHWLF GLSROHUHTXLUHG IRU SLWFK \D

7TDEOH ODJQHWLF GLSROH PRPHQW UHTXLUHG IRUWKHPDIJQHWRUTXHU IRU SLWFK

SRWDWLRQ 0DJQH®RRL\SROGBSIE

3LWFK 011 013
<DZz 0:11 013
5RO0O 007 008

$V WKH WDEOH VKRZV WKH PLQLPXP PDJQHWLF GLSROH®IRBRQW WRU WKH PD
WKLV LQIRUPDWLRQ VRPHPDJQHWRUTXHUV ZHUHDVVHVVHG LQFOXGLQJ
IURP &XEH6BQGEMWKH 1&75 0 IURP FREBWIMWADKRIRXQG WKDW WKH 074 F
ILWV WKH H[DFW UHTXLUHPHQWYV ,W KDV ORZ SRZHU FRQVXPSWLRQ ORZPLC
GLSROH PRRPBBW)RUWKHUPRUH LW DOVR KDV D ERRVW PRGH LQ ZKLFK WKH
WIRSP $ PRUH GHWDLOHG OLVW RI WKH SURSHUWLHV RIWKHPDJQHWRUTX
EHXVHG WRDFKLHYHWKUHH D[LVFRQWURODQG WKH\ZLOO EH SODFHG R
PDJQHWRUTXHULV GHSHQGDQW RQ KRZDFFXUDWH WKH PDJQHWLF GLSRO
074 RI +\SHULRQ WKH PDJQHWLF GLSROH FDQEH RKD QRN G G \ULHQPUMHP H
FKDQJHLQ MRQIRHPRHDQLQJWKH WRUTXHDFWLQJRQ WKHVSDFHFUDIW F
240 Q1P $GGLWLRQDOO\ DVPDOO PDJQHWRUTXHU FRQWURO ERDUG LV QHF
VXEV\WVWHP DQG DFFXUDWHO\FRQWURO WKH PDJQHWRUTXHUV 7KHVHDUH
+\SHULRQ

7KLV RQO\OHDYHV RQH SUREOHP 6RIDUWKHDFWXDWRUKDV RQO\EHHQ
LVQRWWKHRQO\PRGH WKHVSDFHFUDIW ZLOO RSHUDWHLQ 'LUHFWO\DI
DQGQHHGV WR EHVWDELOL]J]HG 7KLV LV XVXDOO\GRQHZLWK WKH % GRW
PDIJIQHWRUTXHUV WR UHGXFH WKHDQJXODU YHORFLW\RIWKH VDWHOOLWH
LQFUHDVHWKHVSLQLIWKHVHQVLQJRUDFWXDWLRQ F\FOHLV QRW VPDC
GHWHFW WKHDFWXDODQJXODU YHORFLW\RI WKHVDWHOOLWHLW ZLOO |
VDWHOOLWH> @ 7KLVLVTXLWHGDQJHURXVDVLWFRXOGTXLFNO\UHV
ZHUH FKRVHQ LQ 6HFWLRQ KDYHDQ XSGDWH UDWH RI XS WR +] ZKLF¥

KWWSV K\SHULRQWHFKQRORJLHV QO SURGXFWV >DFFHVVHG RQ -XQH @
KWWSV Z7ZZZ FXEHVDWVKRS FRP SURGXFW FXEHWRUTXHU DQG FXEHFRLO >DFFHV'
KWWSV ZzZZ FXEHVDWVKRS FRP SURGXFW QFWU P PDJQHWRUTXHU URG >DFFH\
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DQIJXODUUDWHY PHDQLQJWKHVHQVLQJZLOO QRW EH WKH SUREOHP 7K
RQWKHFRPSXWHUDQG HOHFWURQLFVLQYROYHG ZLWK WKHDFWXDWLRQ
FDVHWKHDFWXDWLRQ F\FOHLVWRRORQJDQDOWHUHG % GRW DOJRULMW
DOJRULWKPDQG LW ZRUNV IRUIDVWVSLQQLQJVDWHOOLWHY 7KLV DOJRL
ZLWKDQ LQLWLDO D Q ZPROIOfDWULYHRORH GWW\ RAKRIWHWK RZYV WKDW GHWXPEOLQJ
DQJXODU YHORFLWLHV LY SRVVLEOHZLWK PDJQHWRTXHUV > @ $GGLWLI
SDVVLYHGHWXPEOLQJPRGHWKDWFRXOG EHXVHGLQFDVHRIVRIWZDUH |

$'&6 2YHUYLHZ

$V H[SODLQHG LQ 6HFWLRQ WKHVSDFHFUDIW ZLOO KDYH VWDU WUDT
$GGLWLRQDOO\ VXQVHQVRUVZLOOEHSODFHGWREHDFWLYHGXULQJGHW
PRGH 7KHVHZLOO EH XVHG WRGHWHUPLQHWKHDWWLWXGHRIWKHVSDF
6HFWLRQ WKHUHTXLUHPHQWY IRUWKHPDIJQHWRUTXHUV ZHUH GHWHUP
DUHQHHGHG WR KDYHWKUHH D[LVDWWLWXGHFRQWURO 7KH SURSHUWI
FRVWV IRUWKHVXQ VHQVRUVDUHWKHDFWXDO FRVWV >-@ EXWIRU WKH |
E\ORRNLQJDW WKH SULFHV RIFRPSDUDEOH VWDU WUDFNHUVDQG PDJQH\

7DEOH 3URSHUWLHV RI WKH GLITHUHQW $'&6 SDUWV DOO SURSHUWLHV DUH JLYH

3URSHUW\ 6WDU WUDFNHU 6XQ VHQVRU ODIQHWRUTXI
&RPSDQ\ 2&( WHFKQRORJLHV> @ 1(('521,;> @ +\SHULRQ> @
,OVWUXPHQW 367 1:66 Y 074

$PRXQW XVHG

S$FFXUDF\ ’ f 2 pP$P

JLHOG RIQLHZ >GHJ@ [

oODVV >J@

'LPHQVLRQV >PP@ [ [ [ [

3RZHU >P: @

7THPSHUDWXUH UDQJH >f&@ WR WR WR
8SGDWH UDWH >+]@

&RVW >¥ @

9HULILFDWLRQDQG 9DOLGDWLRQ

,Q WKLV VHFWLRQ WKHPHWKRGYV ZLWK ZKLFK WKH $'&6 FDQ EH YHULILHG I
VRPH $'&6 YHULILFDWLRQ DQG YDOLGDWLRQ PHWKRGV ZHUH DOUHDG\ PHQ\
GHWDLO 6LQFHDOO FRPSRQHQWV RIWKH $'&6 DUH YHULILHG DQG YDOLGTE
KHULWDJH WKH FRPSRQHQWY GR QHHG WR EH YHULILHG DQG YDOLGDWH ¢
IRUWKH $'&6 DUHDOO IURP WKH QHZ 6SDFHOLVVLRQ (QJLQHHULQJ 'HVL.
FKHFNHG IRUPLVWDNHY 7KLV RQO\OHDYHV WKHVRIWZDUHDQG WKH V\VV

JLUVW RIDOO VRIWZDUH YHULILFDWLRQ WKLV LV GRQHE\VLPXODWLQJ WK
LQLWLDO FRQGLWLRQ 7KLVUHTXLUHVDQH[WHQVLYHFRGHEXWZLOO SUI
DVZHOODV SURYLGLQJLQIRUPDWLRQ RQWKHOLPLWV RI WKHV\VWHP DQ!
DOJRULWKPV XVHG VXFKDV WKHZHLIKWHG % GRWDOJRULWKP KDYHDOUH
KHULWDJH> @ 6HFRQGO\ DNLQHPDWLFVLPXODWLRQ ZLWK D &$' UHQGHI
REVWUXFWHG $GGLWLRQDOO\URWDWLRQDURXQG WKHD[HV FDQ EH GHI
G\QDPLF DWWLWXGH WHVWEHG 7KHVHWHVWEHGY FDQ VLPXODWH WKH C
KRZWKH $'&6 UHDFWV WR WKRVH GLVWXUEDQFH WRUTXHV > @ 6XFKWH
J)DFLOLW\RI +DZDLL6SDFH )OLJKW /DERUDWRU\ RULQ WKH $'&6 WHVW ID
FORVHU 7KHVHIDFLOLWLHVY UHQWHG WR YDOLGDWH WKHHQWLUH $'&6 V\\

KWWSV zZzZZ FXEHVDWVKRS FRP SURGXFWV >UHWULHYHG -XQH @
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SLVN

'XH WR WKH ODUJH TXDQWLW\DQG FRPSOH[LW\RIPRYLQJSDUWV LQ WKF
LQYROYHG 6HQVRUV DQG DFWXDWRUV HDFK FRQVLVW RIPRYLQJFRPSRQF
WKDQ QRQ PRELOH FRPSRQHQWYV )RU WKLVIBHDVRQ 5WZB'&LXKIVFKDYH EHF
ZDUQ RIVHQVRUDQG DFWXDWRU IDLOXUH UHVSHFWLYHO\ :KLOHWKHVH G
RFFXUULQJWKDQ VWDWLF FRPSRQHQWY &KDSWHU GLVFXVVHG WKH XQ
WKH $'&6 )RU WKLV UHDVRQ DQLQGXVWU\ ZLGH UHGXQGDQF\SKLORVRE
DFWXDWRU VXEV\VWHPVY DUHDFFRPSDQLHG E\D FRQWLQJHQW FRPSRQH!
ZKHQ WKH VXQ EOLQGY WKH RWKHU WKLV RQHDOVR RSHUDWHV DV D EDFN

$QRWKHUDYHQXHE\ZKLFKWKH$'&86 FDQEHKLQGHUHGLVE\PLVY FDOLEUDW
56. $'& 7KLVFDQUHVXOWLQ WKHSRLQWLQJDFFXUDF\EHLQJGLPLQLVKHC
IRU 7KLV FDQ EH HQVXUHG E\ WKH VFKHGXOHG PDLQWHQDQFH DFWLYLYV
HVWDEOLVKHG VHQVRUV ZLOO EHURXWLQHO\UH FDOLEUDWHG GXULQJ WK
DOVRDULVN WKDW PXVWEHFRQVLGHUHG 7KLV ZLOOIHHG LQWR WKH FRQ
ZLOOEHJIJXDUDQWHHG WKDW $'&6 VHQVRUV FRQVWDQWO\KDYH XQREVWU>

6XVWDLQDELOLW\

JURP D VXVWDLQDELOLW\SHUVSHFWLYH WKH $'&6 SHUIRUPV YHU\ZHOO
XVHG $GGLWLRQDOO\ WKHVWDUWUDFNHUV VXQVHQVRUVDQG PDJQHW
PDGHIURP HOHFWURQLF FRPSRQHQWY ZKLFK UHTXLUH VRPH FKHPLFDO
DOO &276 FRPSRQHQWV DQG WKHUHIRUHLW LY KDUG WR WUDFH EDFN WKI
PDOQXIDFWXUH WKHVHFRPSRQHQWYV %HFDXVHRIWKDW WKHS5 'DQG WHVW
7TKHUHIRUH WKH $'&6 KDV D QHJOLJLEOHLPSDFWRQ VXVWDLQDELOLW\



*XLGDQFH 1DYLJDWLRAC
6 XEV\VWH

,Q WKLY FKDSWHU WKH GHVLJQ RI WKH *1& VXEV\VWHP LV GLVFXVVHG $\
I1DYLIDWLRQ 6DWHOOLWH 6\VWHP *166 ZDV FKRVHQ IRU WKH &$6( PLVVL
DEOHUHFHLYHDQG SURFHVV VLJQDOV IURP *166 VDWHOOLWHY VXFK DV
1$YLIDWVLRQQD\D 6SXWQLNRYD\D 6LVWHPD */21%$66 RU*DOLOHR VDWHC
PXVWEHHTXLSSHG ZLWK WKHWZR FRPSRQHQWYV D *166 UHFHLYHUDQGD *
RIWKHQDYLJDWLRQ UHFHLYHULV H[SODLQHG 7KHQ LQG6HFWLRQ WKH

*166 SHFHLYHU

*166 UHFHLYHUV IRU &XEH6DWV DUH XVXDOO\TXLWH FRPSDFW ORZFRVW D
VI\VWHPV GLIITHUHQW IUHTXHQF\EDQGY 7KHPDLQ FULWHULD EDVHG RQ ZK
FRQVXPSWLRQ DFFXUDF\RIWKH SRVLWLRQ GHWHUPLQDWLRQ DQG WKH R
YDULRXV *166 UHFHLYHUV LV VKRZQLQ 7DEOH

7DEOH 9DULRXV *166 UHFHLYHUV

&RPSRQHQW oODVV>J@ 6L]H>PP@ 3RZHUFRQVXPSWLRQ>@ $FFXUDF\
:izﬁHULRQ7HFKQRORJLHV[ [ P O0XOWL FRQVWHOODWLRQ

6SDFHPDQLF
60 *166 063 6.754
/5 3KRHQL[ 6 [ P *36
1IHZ6SDFH B6\WWHPV
*36 5HFHLYHU

[ P *36 */21$66 %HLGRX

JURP WKHDERYHFRPSDULVRQLWLVY FRQFOXGHG WKDW WKHRSWLPDO Fk
+\SHULRQ 7THFKQRORJLHVY ,W KDV WKHORZHVW SRZHU FRQVXPSWLRQ PD\
WKHVROXWLRQ IRUWKHVDWHOOLWH SRVLWLRQ ZLWK PDFFXUDF\ *166
UHFHLYH VLJQDOVIURP *36 */21%$66 %HLGRXDQG *DOLOHR VDWHOOLWHYV

*166 SQWHQQD

)RU &XEH6DWVY SDWFKDQWHQQDV DUH QRUPDOO\VHOHFWHG DV WKH PDL
VLPSOH DQG UHOLDEOH 7KH *166 DQWHQQD LV VHOHFWHG EDVHG RQ PC
FRQVXPHG E\ WKH UHFHLYHU VLJQDO SRZHU JDLQ DQG IUHTXHQF\ UDQ.
FRPSDULVRQ EHWZHHQ YDULRXV *166 DQWHQQDV LV SUHVHQWHG

KWWSV VDWVHDUFK FR >5HWULHYHG RQ -XQH @



9HULILFDWLRQDQG 9DOLGDWLRQ *URXS

7DEOH 9DULRXV *166 DQWHQQDV

&RPSRQHQW 0DVV >J@ 6L]JH>PP@ 3RZHUFRQVXPSWLRQ>:@ *DLQ>G%L@
,6,6 - -

166 3DWFK $QWHQQD | | 36 /1 *$/,/(2 (

$1<:$9(6 - -

*166/ ( SQWHQQD [0 36 1 *$/,/(2 (

6N\)R[/DEV o R

PLQL3$7&+ / b 36/
6N\)R[/DEV o . .
SL3$7&+ / ( (I 36 / $/,1(2 (

7KH FRPSDULVRQ DERYH VKRZV WKH *166 3ADWFK $QWHQQD E\ ,6,6SDFH LV V
PDVV 7KH *166 3DWFK $QWHQQD RSHUDWHV LQ/ DQ( IUHTXHQF\EDQGYV :
*36 DQG *DOLOHR VIVWHPV 7KLV DQWHQQD FDQEHFRQQHFWHG GLUHFWO\ \
UDGLR VLJQDODQG VXSSO\SRZHU

O9HULILFDWLRQDQG 9DOLGDWLRQ

7KH9 9 SURFHGXUHV IRUWKH *1& VXEV\VWHP PDLQO\UHODWH WR LWV FF
FRQVLVWV RIWZR ORZ FRPSOH[LW\FRPSRQHQWY WKLV ZLOO UHVXOWLQ D
7KHPDLQ SURFHGXUH ZLOO EH WHVWLQJ $VWKHFRPSRQHQWYV DUH REWD|
YDOLGDWHG 7KLV OHDYHVIRUWKHVXEV\VWHP LQWHJUDWLRQ WR EH WKH F
DQXQREVWUXFWHGOLQHRIFRPPXQLFDWLRQ ZLWK WKHUHFHLYHULV RISU
EHREVHUYHG LQ WKHUHFHLYHUYV FRQQHFWLRQ WR WKH &'+ VXEV\VWHP
ZLOOQHHG WR EH SHUIRUPHG DQDO\LQIJWKHHQWLUH *1& VXEV\VWHPITV F

SLVN

7KH ULVNV LGHQWLILHG IRUWKH *1& VXEV\VWHP VWHP IURP WKH WZR FRPS
WKH SDWFK DQWHQQD DQG WKH QDYLJDWLRQ UHFHLYHU ,I HLWKHU RIV
IXQFWLRQV WKHPLVVLRQ ZRXOG IDFHVLJQLILFDQW FRPPXQLFDWLRQ HU
WKH SDWFK DQWHQQD KDYHEHHQ LGHQWLILHG 2QH VXFKIDLOXUH ZRXO(
SDWFKDQWHQQD P6VWIRH H[ISRUBGLDWLRQ DQG WHPSHUDWXUH JUDGLH
WR DQ\FRPSRQHQWY H[SRVHG WR WKH H[WHULRU RI WKH VSDFHFUDIW $
VRODU DUUD\V FRXOG REVFXUH WKHDQWHQQD$%.GLU&H F WKEI VGIHJR VWILVI K V
KDYHEHHQ WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ SKDVH DQG ZLOO EH
LWV FROQQHFWLYLW\ZLWK WKH SDWFK DQWHQQDH DQG 38.&YXEV\VWHP P
7KHULVNV RI WKLV FRPSRQHQWYV IDLOXUH ZLOO SULPDULO\EH VRXJKW V
VXEV\WWHP ZLGH WHVWLQJ ZLOO DOVR HQVXUH SURSHU IXQFWLRQDOLW\

6XVWDLQDELOLW\

YRUWKH *1& VXEV\VWHP RQO\WZR PDLQ FRPSRQHQWV DUH FRQVLGHUHG
%RWK FRPSRQHQWY DUHPDGH RI HOHFWURQLF FRPSRQHQWYV ZKLFK UHT
6LQFH WKH\DUH &276 FRPSRQHQWY LWLV KDUG WR WUDFHEDFNWKH VXVW]
XVHG ,WLVNQRZQ WKDW +\SHULRQ 7THFKQRORJLHV DQG ,6,6SDFH WDNH V
WKHUHIRUH LW LV DVVXPHG WKDW WKHVH FRPSRQHQWY KDYH D QHJOLJLEC(
WKH UHFHLYHUDQG WKH DQWHQQD PDNH XVH RI WKHWUDQVPLVVLRQ RI |
HQYLURQPHQW

KWWSV VDWVHDUFK FR >5HWULHYHG RQ -XQH @



(OHFWULFDO 3RZHU ¢

7KH (36 VXEV\VWHP FRQFHUQV WKH SRZHU JHQHUDWLRQ VWRUDJH FRQGL)
W VKRXOG EH DEOH WR VXSSO\DOO WKH VXEV\WVWHPV ZLWK HQRXJK SRz
SRZHU QHHGV WR EH UHJXODWHG WR DYRLG WKH RFFXUUHQFH RIRQH VXE"
VKRXOG DOVRJHQHUDWHDQG VWRUH WKH ULJKW DPRXQW RI SRZHU ZKL
OLGWHUP 5HSRUW > @ D WUDGH RII ZDV SHUIRUPHG IRUWKH GLITHUHQW
SRZHU JHQHUDWLRQ SRZHUVWRUDJHDQG SRZHUFRQGLWLRQLQJDQG G|
FRPSRQHQWV IRUWKH VXEV\VWHP DUH VL]HG DQG VHOHFWHG LQ 6HFWLF
DUH YHULILHG DQG YDOLGDWHG LQ 6HFWLRQ DQGILQDOO\ DQDQDO\V
DQG LWV FRPSRQHQWV LV SHUIRUPHG LQ 6HFWLRQ DQG 6HFWLRQ
FRPSRQHQW VHOHFWLRQ RIWKH (36 VXEV\VWHP DUH VXPPDUL]JHG LQ &KDSV
H[SODLQHG WKHUH

6 XEV\VWHP 6HOHFWLRQ

YRUWKH (36 DWUDGH RII ZDV SHUIRUPHG LQ WKH OLGWHUP 5HYLHZ IRU Z
JHQHUDWLRQ ZDV FKRVHQ WR EH VRODU SRZHU > @ )RUSRZHU VWRUDJH
IRUSRZHU FRQGLWLRQLQJDQG GLVWULEXWLRQ D 3&'8ZRXOG EH XVHG ,Q
FRPSRQHQWY DUH GRQH 7KHVL]LQJRIERWK WKHVRODUDUUD\DQG WKH E
WKDW ZHUH JLYHQ LQ D SDSHUDERXW WKH GHVLJQ RI WKH (36 VIVWHPV IRL

%HIRUHDQ\VL]LQJFDQ EH GRQH WKH VXEV\WWHPVY WRWDO SRZHU UHT
IDFWRULQ WKH VL]LQJRIWKHVRODUDUUD\ 7KH VRODU DWYDQRSRZHU FD
Pe UHSUHVHQW WKH SRZHU FRQVXPHG E\WKH VXEV\VWHPWVGXWEQJ GD\OLJ
UHSUHVHQW WKH GXUDWLRQ R} GR\GCDUG HFIRESWIQ BIHVIUEDOWHG WR WKH G
UHVSHFWLYHO\ 7KLVHTXDWLRQLVD SUHOLPLQDU\HVWLPDWLRQDQG LV
WKH SUHYLRXV HTXDWLRQ ZDV H[SDQGHG WR DFFRXQW IRU WKH DFWLYH
7KLV LV VKRZQLQ (TXDWLRQ

P
PaTd 4 PeTe PVXEV\VWHWH_YH Pvxevilwre DFwLYH

Pes= ¢ e = d e =33:37 >
63 T, Tq @

.QRZLQJIJ WKLV WKHVL]LQJRIWKHVRODUDUUD\DQG WKHEDWWHU\FDQ HEL
DQGWKHLQWHUPHGLDWHUHVXOWY WKDWDUH REWDLQHGLQ WKH VL]JLQJR
DQG 7DEOH UHVSHFWLYHO\

6RODU $UUD\

7KLV VHFWLRQ H[SODLQV WKH SURFHVV IRUREWDLQLQJWKHVRODUDUUD\E
WKHPRVWRSWLPDO VRODUFHOO ,WVKRXOGEHQRWHG WKDW IRU WKH
VWDUWLQJ ZLWKDVVXPSWLRQVIRUFHUWDLQ VRODUFHOO SDUDPHWHUYV
SDUDPHWHUYV



6 XEV\VWHP 6HOHFWLRQ *URXS &$6()

6LILQJ

7KH VRODU SRZHU WKDW QHHGV WR EHJHQHUDWHG E\WKH VRODU DUUD\\
WKH VL]LQJ SURFHVV LV WKDW WKH %HJLQ 21 /LIH %2/ DQG (2/ SRZHU QH
(TXDWLRQ DQG (TXDWLRQ 1RWH WKDW DOO WKH YDOXHV RI WKH XV
JLYHQLQ 7DEOH

Pw2/~=Po rnde FRV

P(2/=Py2/(1 GHJUDGDW)LRGEHU \HDU

7KHVRODWPLQWNQREYWR EHWRRIKOEY WKH HIILFLHQFURLWWHKMRQRBHBHQW®
GHJUDGDWLRQ KHA®FLGHQFH DQJOH WKH FHOOV PDNH ZLWK WKH VXQOL
WDNLQJWKHDYHUDJH LQFLGHQFH HIILFLHQF\RYHU WKH ZKROH RUELW
UHDFKHG WZR WLPHV HYHU\RUELW DQG LQ WKHPLGGOHRIWKRVHDQLQFLG
DQDYHUDJH LQFLGH®RHH IREVRIQFWRNQRZQ WKH VRODU DUUD\DUHD DQ
FDQEHIRXQG XVLQJ (TXDWLRQ

Pes Pes
— M §= —
Py ° p

,Q WKLV ODVWUHSHMDHVIHRXQVY WKH SRZHU GHQVLW\ RI WKH VRODU DUUD\
QHFHVVDU\WR VXSSO\HQRXJK SRZHU WR WKH VDWHOOLWH VKRXOG EH FD(
RIWKHVRODUDUUD\DUHD E\WKHDUHD RIDVLQJOHVRODUFHOODYVY VHHQ

Ass
N = 26849
AFHoo

YJURP WKLV HTXDWLRQ WKH PD[LPXP DPRXQW RI FHOOV LV FKRVHQ 7KH
HVWLPDWHY VLQFH VRPH SDUDPHWHUV VXFKDV WKHLQKHUHQW GHJUDG
\HDU ZHUH EDVHG RQ HVYWLPDWHG YDOXHV REWDLQHG E\RWKHU H[DPSOH\
WKDW UHGXQGDQW VRODU FHOOV ZLOO EH LQFOXGHG LQ WKH GHVLJQ WR I
XSRQLQ &KDSWHU

7KHVRODUDUUD\V ZLOO FRQVLVW RIWZR GHSOR\DEOH SDQHOV RQHRQHD
WZR VWDWLFDUUD\V SODFHG RQ WKHIURQW VLGH 8E\ 8 DQG WKH WRS VI
DUUD\V LVH[SODLQHGLQPRUHGHWDLO LQ &KDSWHU

7TDEOH SDUDPHWHUVDQGLQWHUPHGLDWH UHVXOWY XVHGIRUVRODU DUU

3DUDPHWHU 6\PERO 8QLW 9DOXH 3DUDPHWHU 6\PERO ¢
3RZHU SHU XQLW DPJHD VEP®U FHOO $YHUDJH LQFLGHQW;DQ>0B G%@

6RODU FHOO HIILFLHAQF\ > @ 6RODU FHOO GHJUDGDWL@®Q SHU \HDU

6RODU FRQVWD QWG @ 6DWHOOLWH OLIHWLPH >\HDU@

2UELWDO SHULRGTRW HNPLQ@ /LIHGHJUDGDWLRQ IDF@RU

(FOLSVH WLPH Te >SPLQ@ 3RZHU GHQVLW) @

'‘D\WLPH Ty >PLQ@ %HJLQQLQJRI PdkiH SHBZ@U

3DWK HIILFLHQF\ GD\ > @ (QG RIOLIH SRZHY,, X @

3DWK HIILFLHQF\HFOLSWH®@ 6RODU DUUD\ DUAR m? @

6RODU $UUD\ SRZHY;g L YNG) 6RODU DUUD\ PDW/ss >NJ@

,QKHUHQW GHJUDGDWLR® @ I1XPEHURIFHOOV 1 > @




6 XEV\VWHP 6HOHFWLRQ *URXS &$6()

&RPSRQHQW VHOHFWLRQ

'XULQJWKHGHVLJQ RIWKHVRODUDUUD\VLW ZDV FKRVHQ QRW WR JR IRU D
WKH FRUUHFW GLPHQVLRQV WKHFRUUHFW GHSOR\LQJPHFKDQLVP RUW
VRODU DUUD\ZLOO ZLOO EH FUHDWHG IURP &276 VRODU FHOOV )RU WKH
GHILQLQJ SDUDPHWHU IRUWKH GHVLJQ RI WKH VRODU DUUD\ :KHQ ORRN
EHFDPH FOHDUBWRRDW 8WKMORP $8XU 6SDFH KDG WKH EHVW SHUIRUPDQFH ZLW
R32 PHDQLQJ WKDW WKLV VIROBIUWWKHOW KH QEFRRPYLHQUW RODU HQHUJ\ LQWR F
RWKHU SURSHUWLHV RI WKLY FHOO FDQEH IRXQG LQ 7DEOH

7DEOH 3URSHUWLHV RI WKHVHOHFWHG VRODU FHOO

4-6RODU &HOO * & $]XUG6SDFH

(ITLFLHQF\ 32

%DVHPDWHULDO $0,Q*D3 $0,Q*D$V ,Q*D$V *HRQ *H
'LPHQVLRQV [ PP“ PP

"HLIKW " PJ

9ROWDJH DWW¥P[ 3RZAPHU
&XUUHQW DWIRD[ 3RZRHU
BULFH FHOOV N

+DYLQJGLPHQVLRQVDVILYHQLQ 7DEOH LWLV SRVVLEOH WR PHHW W
DQDUHDRI 8E\ 8HDFKDQG RQHSDQHORI 8E\ 8 ,IDQRWKHU VRODU FHC(
HITLFLHQF\ZRXOG EH XVHG WKH QXPEHU RIFHOOVDQG WKHQXPEHU RISDQ
PDUJLQLVQHHGHGIRUZKHQ WKHVRODUFHOOV VWDUW GHJUDGLQJ 7KH
EDFN X#A-BKRODU &§HQCOV'FKGRVHQ WR EH WKH PRVW RSWLPDO VLQFH LW PHI
RITHULQJ KLJK HIILFLHQF\

%DWWHU\

,QWKLV VHFWLRQ WKHEDWWHU\RIWKH (36 VXEV\VWHP LV ILUVWVL]HGDQG
WREHDEOHWRVWRUHHQRXJK SRZHU WR VXSSO\DOO WKH VXEV\VWHPYV Z|

6LILQJ

7KHVL]LQJRIWKHEDWWHU\LYGRQHWRHVWLPDWHLWY PDVVDQG YROX
DJDLQ REWDLQHG IURP WKH SDSHURQ HOHFWULFDO SRZHU VA\VWHP GHVI
HQHUJ\WKHEDWWHU\ PXVWEHDEOH WR VWRUH FDSDFLWDQFH LV FDOF>
FDOFXODWH WKH (2/DQG WKH %2/ FDSDFLWDQFH RI WKHEDWWHU\ZKLFK F

Cunr Cas
CuiPe T Cay= ——2UHT Copofm — 2L
U e e (21 X EDw % 2/ 1 FIDGNQJ

,Q WKHVH HEOOMURMGWHVHQW WKHHFOLSVH SRZHU D W LEPMG 7KH SDUD
DUHWKH 'HSWKRI'LVFKDUJH WKHEDWWHU\HIILFLHQF\ DIDGLQJIDFWR
7TKHILQDO VWHS LVWRHVWLPDWH WKH PDVV DQG Y RiQuX DH & | WKKHH HE@ RN H U
GHQ¥tMWVRAWKH EDWWHUNLQ (TXDWLRQ

_ Cuoyoy Cooy

MEepww Vepww
Mep SGHQVLW\

KWWS Z7ZzZZ D]XUVSDFH FRP LPDJHV B'%B * &B$GYDQFHG SGI >5HWUHLYH



6 XEV\VWHP 6HOHFWLRQ *URXS &$6()

J)LRQDOO\ WKHHVWLPDWHG YDOXHV IRUWKHPDVVDQG YROXPHDUH IRXC

SDUDPHWHUV XVHG IRUWKH EDWWHU\ VL]LQJ LQFOXGLQJ WKH ILQDO P
7DEOH

7DEOH 3SDUDPHWHUVDQG LQWHUPHGLDWH UHVXOWVY XVHG IRUEDWWHU\"

SDUDPHWHU 6\PERO 8QLW 9DOXH 3DUDPHWHU 6\PERO 8Ql
6WDWH RI FKD 8aBH > @ &DSDFLW\DW ECGJLQQWQ®RI OLIH

'"HSWK RI GLVFBADUJH> @ 6SHFLILF PDVVmg ¥|¥—h@

S5HTXLUHG FD SI)yR+ W DAChHH (QHUJ\GHQVLW?'eghqv ﬂ‘l’_i@
%DWWHU\HIILERRQF®» @ %DWWHU\ PDVWEepw k9@

J)DGLQJ IDFWRHWEipgLgs > @ %DWWHU\ YRO XRbw @

&DSDFLW\DW B8QG RIWLEH

&RPSRQHQW VHOHFWLRQ

7TKHPRVWLPSRUWDQW SDUDPHWHU WR WDNHLQWRDFFRXQW ZKHQ FKRRVL
VHHQ LQ 7DEOH WKDW WKH %2/ FDSDFLWDQFH LV JLYHQ WR EH 'K
EDWWHU\QHHGV WR KDYHD FDSDFLWDQFH WKDW LV KLIKHU WKDQ WKLV S

7KHEDWWHU\DOVR QHHGV WR EH HDVLO\LQWHJUDWDEOH ZLWK WKH RWKH
LwWzDV SUHIHUUHG WR FKRRVH D EDWWHU\ SDFN WKDW LV HDVLO\ FRPSD
ILWWHG WKLY UHTXLUHPHQW ZHUH WKH ,6,6S DB R G RBWWIBSG\ RDW WHHLLL PR G
IURP $$& &O\GH6SDFHURPKVKHVH WZRRISWLRBDYWWKIHJ\ ZDV FKRVHQ WR EH \
RSWLPDORQHEHFDXVHLWLY OLIJIKWHU WKDQ WKH ,6,6SDFH EDWWHU\DQ
K RIFDSDFLWDQFH FRPSDUHG WR :KIRUWKH ,6,6SDFHEDWWHU\ %HFD)
WKHVDWHOOLWH LWZDV FKRVHQ WR XVHWZR ORZHU FDSDFLWDQFH EDW!
JRU WKLV WZXR7,086 EDWWHULHV E\ $$& &0\GH 6SDFHDUH XVHG UHVXOWLC
'K 7KH23¥,086 EDWWHULHY KDYH WKH VI2BHA,\08 B FHD WADMLREXVAVDW RHR D U H V
,PSRUWDQW SURSHU%E EY RRMWWHKH DUHJLYHQ LQ 7DEOH

7DEOH 3URSHUWLHV RI WKH VHOHFWHG EDWWHU\

237,086 $$& &O\GH 6SDFH

&DSDFLW\ K

ODWHULDO /LWKLXP 3RO\PHU
0DVV J

‘'LPHQVLRQV [ [ PP
&KDUJH GLVFKDUJH FXUUHQW $
3RZHU FRQVXPSWLRQ :

3RZHU EXVHV 9DQG 9

BULFH XQLWV N

3RZHU &RQGLWLRQLQJDQG 'LVWULEXWLRQ 8QLW 3&'8

,Q WKLV VHFWLRQ WKH3&'8LVREWDLQHG 7KLV FRPSRQHQW FRQVLVWYV RI
3&8 DQGD3RZHU 'LVWULEXWLRQ 8QLW 3'8 7KHVRODUDUUD\VJHQHUD
VRODU DUUD\V DUH FRQQHFWHG WR WKH 3&8 ZKLFKFRQYHUWYVY WKH VRODU
RI'WKH 3'8 ZLWK VWHS GRZQ EXFN %DWWHU\ &KDUJH 5HIXODWRUV %&5

7UDFNLQJ 0337 EDVHG 7KLVLVWKHPRVWHIILFLHQW DQG WKH UHDVR
FRQYHUWHG WR ORZHU VWDEOH YROWDJHV ZKLOH RSHUDWLQJWKH VROL
UHVSRQVLEOH IRUWKHFRQYHUVLRQ RI WKH 3&8 YROWDJHV WR WKUHH ORZ}
GLIIHUHQW VXEV\VWHPV 7KHVHPRGXOHV RI WKH 3&'8 DUHRIWHQ RITHUHC
WKLY UHDVRQ QR VL]LQJ ZDV QHHGHG > @

KWWSV ZZZ LVLVSDFH QO ZS FRQWHQW XSORDGV ,6,6 LO(36Y '6 L(36B
WULHYHG RQ -XQH @

KWWSV 7ZzZZ DDF FO\GH VSDFH DVVHWYV $$&B'DWD6KHHWB2SWLPXVBRULJLQ



9HULILFDWLRQDQG 9DOLGDWLRQ *URXS

&RPSRQHQW VHOHFWLRQ

YRUWKH VHOHFWLRQ RID3&'8 WKHDPRXQW RI RXWSXWV WKH PRGXOH K
VIVWHP DUH UHJXODWHG EXVHVRI 9 9DQG 9DQGDOVR XQUHJXODW
RIRXWSXWV QHHGHG IRUWKH VDWHOOLWH FRPSRQHQWYV WXUQV RXW WR
DUHGWI$SH%8&. 1$12 BUSFP $$& &O\GH 6SDFH DQG WKH PRGXODU (36 3&'8 IU
WKHVH RSWLRQV ZHUH FRQVLGHUHG EHFDXVH WKH\DUH QLFHO\LQWHJUD'
DOUHDG\LQFOXGH 0337 %DWWHU\&KDUJH5HIJXODWRUV DQG RWKHU SURW
SHUIRUPDQFH EXW WKHUH DUH PRUH6AYSWBR Y S B F2 [3ZF6W RBHRQY IVE R XYW WK
$$& &O\GH @SDF6 EDWWHULHYV ZHUH FKRVHQ WR EH WKH PRVW RSWLPDO
WKHEHVW RSWLRQ IRU PBEEHER X OELR HSMBBHH LW VDWLVILHV DOO WKH UH"
WKDQ WKH ,6,6SDFH 3&'8 DQG LV EHWWHU LQWHJUDWDEOH ZLWK WKH RWKH
3&'8 RQO\KDV SRZHURXWSXWV PHDQLQJWKDW WZRRIWKHVH 3&'89V Z
LPSRUWDQW SDBDPFABRUV R1VEOKE JLYHQ

7TDEOH BURSHUWLHV RI WKH VHOHFWHG 3&'8

67$5%8&. 1$12 3/86 $$& &O\GH 6SDFH

0DVV J
'LPHQVLRQV [ [ PP
5HIXODWHG SRZHU EXVHYV 9 9DQG 9
,QWHUIDFHV &

1XPEHU RIRXWSXWYV
3RZHU FRQVXPSWLRQ
BULFH XQLW\W

9HULILFDWLRQDQG 9DOLGDWLRQ

JRUWKH (36 VXEV\VWHP WKHUHDUHH[WHQVLYH SURFHGXUHV IRU YHULILF
RQO\WKHFDOFXODWLRQVIRUWKHVL]LQJRIWKH (36 PRGXOHV ZHUH YHUI
IXUWKHU GHVLJQ SKDVHV PRUHH[WHQVLYH YHULILFDWLRQDQG YDOLGD
IROORZLQJPHWKRGYV

7KH (36 FRQVLVWV RI GLIITHUHQW PRGXOHV WKDW DUHDOO LQWHUFRQQHFW
DQG 3&'8DOO FRQVLVW RIHOHFWURQLF FRPSRQHQWY ZKLFK PDNH XS VP
PXOWLSOH[HUV SXOVHZLGWKPRGXODWRUV 3:0 UHJLVWHUV LQSXW EXII
GLJLWDO VLIQDOVDWDVSHHGLQ WKHRUGHURIQDQRVHFRQGY 7KHUHI
WLPHV 7KLV FDQEHDQDO\WHG E\XVLQJD 9+'/VRIWZDUH H J ORGHOG6LP
FDQEHDQDO\WHGLQ GHSWK ZLWKLQ WKHPRGXOHV WKHPVHOYHV DQG DO\

7KH (36 VXEV\VWHP FDQEH YDOLGDWHG E\PHDVXULQJWKHYROWDJHV DQ
7KLVFDQEHGRQH XVLQJVSHFLDOL]J]HG VRIWZDUH LQ ZKLFK WKH HOHFW
WKHLU YROWDJHDQG FXUUHQW OHYHOV LQ GLITHUHQW VLWXDWLRQV $
/7VSLFH 2QFH WKH HOHFWURQLFFLUFXLWY DUHPDQXIDFWXUHGDQG YDO
EHSHUIRUPHG RQ WKH KDUGZDUH FRPSRQHQWYVY ZLWK DQ RVFLOORVFRSH"

SLVN

$GGUHVVLQIWKHULVNV UHODWHG WR WKH (36 VXEVA\VWHP LV RIXWPRVW L
VI\VWHP FDQ EHUHVSRQVLEOH IRUPLVVLRQ IDLOXUHLQDQ\ZKHUH IURP

LQFUHGLEO\LPSRUWDQW WR LGHQWLI\DQG PLWLIJDWH WKHULVNV RI WKL
ULVNLQYROYHV WKHIDLOXUH RIWKHSRZHU VXSSO\ ,I|l WKLV ZRXOG RFF

KWWSV zZzZZ DDF FO\GH VSDFH DVVHWYV $$&B'DWD6KHHWBG6WDUEXFN 1DQRE
@



6XVWDLQDELOLW\ *URXS &$6()LC

SKRWR YROWDLF FHOOGY¥.R(IBWKH KIROHD D DHUKDAKO\ ITUDJLOH DQG WKXV VHYH
LOQOFOXGHGLQWKHGHVLIQWRIDFWRULQ WKHLU SRWHQWLDO IDLOXUH

6LPLODUO\ WKHSRZHU VWRUDJH XQLW PXVWDOVREHVXIILFLHQWO\WHVW
VXIIHUIURP GHJUDGDWLRQRYHU WLPH ,QDGGLWLRQ WR WKLV EDWWHU\
WKHPLBELREY )RUWKLVUHDVRQ WKHEDWWHULHY ZLOO EH VXIILFLHQWO'
ROHRIWKHEDWWHULHY ZRXOG IDLO WKHUHLVY VWLOO D FKDQFH WR NHF
VLQFHWKHUHDUHWZR :KEDWWHULHVDYDLODEOHLQ WKHVDWHOOLWH

WKH VRODU DUUD\V5BLOGEHGIPFBIRWEZLOO RQOVEH GHSOR\HG RQFH IDWLJ
EHQHFHVVDU\DV WKHUHVLGXDO WRUTXHRQ WKHKLQJH ZDV FDOFXODW
VWUHVVDQG ORDG WHVWLQJZLOOEHYLWDO WRHQVXUH WKDW WKHWRUT
VWUXFWXUDO IDLOXUH

)LQDOO\ WKHULVNV DFFRPSDQ\LQJWKH 3&'8 PXVWDOVREHDGGUHVVHG ¢
DQGFDQEHGLVFXVVHG ,| WKHVZLWFK FRQILJXUDWLRQLVLQFRUUHFW ZKl
EORZQ ZKLFK UHVXOWYV LE6D (B& O YUHNRK MUFRR(BI6 H[FHHGLQJ PD[LPXP UL
H[FHHGLQJWHPSHUDWXUH UDQJHV YLEUDWLRQDQG UDGLDWLRQ OHYHOV
WKHEDWWHULHY VRODU SDQHOVDQG YDULRXV VXEV\VWHPV PXVW EH WHV\
SUREOHPV 7KHDSSURSULDWHOHYHO RI SRZH56J R36/ W) KH WX 880 RHG WRKH
&'+ EXVPXVW QRW EHRYHUORDGHG LQ SRZHU DV WKLV ULVN JRHV KDQG LQ
FDQEHIRXQGLQ &KDSWHU

6XVWDLQDELOLW\

7KH (36 FRQVLVWY RIPXOWLSOH FRPSRQHQWYV ZKLFKVKRXOGDOO EH FR
WKHUH DUH WKH VRODU DUUD\V ZLWK VRODU FHOOV 7KH VRODU FHOOV >
DUVHQLGH EDVHG 8VLQJWKLVY PDWHULDOJLYHVWZRPDLQ GUDZEDFNYV Z
LVvDPDWHULDO WKDW LV UDUHU WKDQ JROG DQG LV YHU\ FRVWO\ 7KHUI
HQYLURQPHQWDOO\VXVWDLQDEOH 7KHVHFRQG GUDZEDFN LV WKDW DL
PDQXIDFWXULQJ SURFHVV RI WKHVHVRODU FHOOV 7KLV FDQEHDFFRXQW

7TKHOLWKLXPLQ WKHOLWKLXP EDVHG EDWWHU\XVHGLQ WKHVDWHOOLWH
PXVWEHPDGHLQ WKHPDQXIDFWXULQJ SURFHVYV WZDV VWDWHG LQ WKH
EH EXLOW IRU IRUWKHEDWWHU\ QRW WR H[SORGH > @ 7KH 3&'8 PRGXO
UHJXODWRU VA\VWHPV ZKLFKDFFRXQWV IRU WKLYV VDIHW\DQG LQFOXGH
WKDW EDWWHULHY ZLOO EHIXOO\GLVFKDUJHG DW (2/ ,QJHQHUDO WKH (:
WR EHPDQXIDFWXUHG IURPUDZ PDWHULDOV XVLQJ SODVWLFV PHWDOV
VXEV\VWHP EXW VXVWDLQDELOLW\FRQVLGHUDWLRQV FDQEHWDNHQLQW

7TRFRQFOXGH WKH (36 KDVEHHQ GHVLJQHG VL]IHGDQGD FKRLFH RIWKH
FKDSWHU ,WLVGHVLIQHGLQVXFKD ZD\WKDWLWLVDEOHWRVDWLVI\WK
SRZHU LVIJHQHUBWEOERHOIWRPP$RKU 6SDFH WKDW DUH SODFHG RQ VROD
SDQHOVDUHGHSOR\DEOH 7KH28RZX86 LV VRV EDMNEHUKMWQUWRP $$& &0\GH
ZKLFKDUH YHU\FRPSDWLEOH$BIA8K WIKH 2 3BBIPVES & &O\VGH 6SDFH ZKLFK YV
FDUH RIWKH SRZHU FRQGLWLRQLQJDQG GLVWULEXWLRQ WR WKH GLIIHUH



OWUXFWXUDO ODWHULDO «

,Q WKLV FKDSWHU WKH VWUXFWXUDODQG PDWHULDO FKDUDFWHULVWLFV |
VWUXFWXUH VHOHFWLRQ LY GLVFXVVHG XVLQJD VWUXFWXUDODQDO\VL
SODWIRUP IRUWKH 712 2SWLFDO OHWDVXUIDFHY %DVHG 6SHFWUR 3RODULF
YDOLGDWLRQLYVY SUHVHQWHG )LQDOO\ WKHFKDSWHU LVFRQFOXGHG ZLW
6HFWLRQ UHVSHFWLYHO\

SULPDU\6WUXFWXUH 6HOHFWLRQ

,Q WKLY VHFWLRQ WKH SULPDU\VWUXFWXUHVHOHFWLRQLVH[SODLQHG )l
LQ 7KHQ WKHVWUXFWXUDODQDO\VLVLY SUHVHQWHG 7KHVHFWLRQ HQ

&RPSRQHQW 6HOHFWLRQ

7KH WUDGH RIlIRUWKH VKDSH RI WKH VWUXFWXUH KDV EHHQ SHUIRUPH
ORDG FDUU\LQJ VWUXFWXUHYVY ZHUH FRQVLGHUHG D &XEH6DW FXERLG DC
VSDFH HIILFLHQF\ ODWHUDO DQG D[LDO QDWXUDO IUHTXHQFLHV PDVV
DVVLIQHG D ZHLJKW EDVHG RQ WKHLPSRUWDQFH RIWKLVIDFWRU IRU WK|
UHVXOWHG LQ D &XEH6DW VWUXFWXUHEHLQJFKRVHQ

,QRUGHUWR UHGXFHFRVWVDQG GHYHORSPHQW WLPH D &276 VWUXFW X
UHTXLUHG GLPHQVLRQV RIWKHVSDFHFUDIWKDG WREHNQRZQ ,QLWLDOO'
+RZHYHU DIWHU GHWDLOHG GHVLIJIQ RIHDFK VXEV\VWHP 8 WXUQHG RXW W
WR WKHVLIHLQFUHDVH LY WKH SD\ORDG )LUVWO\ WKHQXPEHURIGHWHF
WR EHIXOO\FRYHUHG E\WKH VWUXFWXUHDQG FDQQRW SURWUXGH RXW R\
WKHFDVH 7KLV UHVXOWHGLQ 8EHLQJWKHQHFHVVDU\RSWLRQ IRU WKH

7KHPDUNHWRI 8 &XEH6DWV LV QRWDV VL]DEO
VDWHOOLWHV OLNH 8 8RU 8 ,WZDVIRXQG WK
&276 VWUXFWXUHYV ,6,6SDFH 13& 6SDFHPLQG D
QRORJLHY '"XHWRWKHIDFW WKDW PRVW FRPSR
LQWKH1IHWKHUODQGY WKH 13& 6SDFHPLQG F
RUGHUWR UHGXFH WUDIQVERVUWRO WILRQ FRRAN, G,
SDFHPHQWLRQV FRPSDWLELOLW\ZLWK *RP6SDF
PRVW RI WKH &XEH6DWKHREHPYVRGIAWNVNRQ RIIF
RQO\FRPSDWLELOLW\ ZLWK WEBLWRRQDI®OSH
WKH ,6, 6SDFH VWUXFWXUHLVY OLJKWHU E\ J

YLIXUH 8QLW &XEH6DW VWUXFWXXE H®RP V ¥WHWEIXFWXUH IURP ,6, 6SDFH ZDV FKR'
YLIXUH

7KH VWUXFWXUH RITHUV GHWDFKDEOH VLGH SDQHOV IRU PD[LPXP DFFHV
ULEVDFWDVDSULPDU\VWUXFWXUHDQG VHFRQGDU\VWUXFWXUDO HOHPH
PRXQWLQJHOHPHQWY 7KHVWUXFWXUDO FKDUDFWHULVWLFV DUH VKRZQ

KWWSV Z7ZZZ QSFVSDFHPLQG FRP VWRUH 60 S FDWHJRU\ >5HWULH
KWWSV ZzZZ LVLVSDFH QO SURGXFW XQLW FXEHVDW VWUXFWXUH >5HWULHYHG
KWWSV K\SHULRQWHFKQRORJLHYVY QO SURGXFWYV VDW X >5HWULHYHG RQ -XQH



SBULPDU\6WUXFWXUHGB6HOHFWLRQ *URXS

7DEOH 3BURSHUWLHV RI WKHVHOHFWHG 8 VWUXFWXUHIURP ,6,6SDFH

8QLW &XEH6DW VWUXFWXUH
BULPDU\VWUXFWXUH PDVV NJ

3ULPDU\ VHFRQGDU\VWUXFWXUHPDVV  NJ
2XWVLGHHQYHORSH O[Z[K 3 [ PP
,QVLGH 8HQYHORSH O[Z[K 3 [ PP
7KHUPDO UDQJH f&WR f&

&RVW Y,

7KH ,6,6SDFHZHEVLWH GRHVY QRW SURYLGHDQ\LQIRUPDWLRQ DERXW WK
1$6%$ PRVW SULPDU\VWUXFWXUHVY DUHPDFKLQHG IURP $0XPR@XMHDOOR\
OLVWHG LQ 7TDEOH

7DEOH 3URSHUWLHV RI WKH $OXPLQXP 7

BURSHUW\ 9DOXH 8QLW
'"HQVLW\ SNJ P
<LHOG VWUHQJWK 03D
(ODVWLF PRGXOXV *3D
SRLVVRQ UDWLR

6WUXFWXUDO $QDO\VLYV

7KH VHOHFWHG 8 VWUXFWXUH IURP ,6,6SDFH QHHGVY WR PHHW WKH VXE
BWDUW IS ZIBWE 675 SWKH VWUXFWXUH DOORZV IRU VXEV\VWHP DOWHULQ.
DVWKHVLGH VKHDU SDQHO FDQ EH GHWDFKHG DQG DO O&SRP SROHQW V DL
675 $ WKHVWUXFWXUHLV GHVLIJQHG WR VXSSRUW DOO WKH VXEV\VWHPV I
G\QDPLF ORDGV GXULQJODXQFK JORDGV DQGPLFUR PHWHRULWHY GHEU
LV RQ UHTX&$IB{PoH@VBY5 B Q&$6( 6<6 675 $ZKLFK VSHFLI\ODXQFK ORDGV D
IUHTXHQFLHV RI WKH &XEH6DW 7KHVHOHFWHG ODXQFKHU ZKLFK ZLOO EF
JXLGH ZKLFK VSHFLILHVY WKH ODXQFK ORDGV +RZHYHU WKHLQIRUPDWLR(
WKHUHIRUH QHHGHG WR EHHVWLPDWHG )RULQVWDQFH WKHS$ULDQH DQG
D[LDO IRUVPDOO VDWHOOLWHYHTX@YH® D:QRMKXHWBROBAQUHTXHQF\ +RZFt
PLVVLRQ SODQQLQJJXLGHIURP 6SDFHIOLJKW WKHPLQLPDOIXQGDPHQW
7KHUHIRUH LW ZDV GHFLGHG WR XVH +]LQERWK GLUHFWLRQV DV DUHT

7KHUH DUH PDQ\G\QDPLF ORDGV WKDW WKH VSDFHFUDIW XQGHUJRHV GX
ORDGV ZKLFKDUH FDXVHG E\GHFUHDVLQJ ODXQFKHU SURSHOODQW PDV
WKHODXQFK 7KHQ WKHVKRFNORDGVDUHFUHDWHG E\VHSDUDWLRQ R
DFRXVWLFORDGVDUHJHQHUDWHG E\WKH ZRUNLQJHQJLQHV DV ZHOODV W
WKHUHDUHUDQGRP ORDGV ZKLFK DUH XVXDOO\FRYHUHG E\DFRXVWLF OF

$GGLWLRQDOO\ WKHWUDQVSRUWDWLRQ ORDGY ZHUHLQFOXGHG LQWR W
VXPPDULJHG LQ 7TDEOH $VFDQEHVHHQ WKHPRVWLQWHQVH ORDGYV D

J +RZHYHU LWLV DSHDNYDOXHDQGLWPDLQO\RFFXUVFORVHWR WKH \
VPDOO LQWKHUDQJHRIPLFURVHFRQGYV WKXV LWLV QRW WKHPRVW FUL\
SDWK> @ 7KHPRVWFULWLFDO ORDGVDUHDFFHOHUDWLRQ ORDGV VR
DSSOLHG ODWHUDOO\

KWWSV ZZZ QDVD JRY VPDOOVDW LQVWLWXWH VVW VRD VWUXFWXUHV PDWH
@

KWWS Z7ZZ PDWZHE FRP VHDUFK 'DWD6KHHW DVS["ODW*8,' | D EH E EEI |

WULHYHG RQ -XQH @

KWWSV ZZZ VSDFH[ FRP YHKLFOHV IDOFRQ >S5HWULHYHG RQ 0D\ @

KWWS VSDFHIOLJKW FRP ZS FRQWHQW XSORDGYV 6SDFHIOLJKW OLVVLRQ 30

-XQH @



SBULPDU\6WUXFWXUHGB6HOHFWLRQ *URXS

7DEOH /RDGV H[SHULHQFHG E\WKH VSDFHFUDIW GXULQJ &%$6(PLVVLRQ

7\SH $[LDO /DWHUDO 8QLW
IDXQFK ORDGV

$FFHOHUDWLRQ ORDGV J

6KRFN ORDGYV J

$FRXVWLF ORDGYV +] G%
7TUDQVSRUWDWLRQ ORDGV

:DWHU J

$LU J

7UXFEN J

,Q RUGHU WR ILQG WKH VWUHVVHYV ZLWKLQ WKH VWUXFWXUH VRPH JHR
FKDUDFWHULVWLFV FDQEHVHHQLQ 7DEOH 7TKHPHWKRGLV SUHVHQW |

7DEOH *HRPHWULFDO SURSHUWLHV RIWKH 8 &XEH6DW

BURSHUW\ 9DOXH 8QLW
$[LDO FURVV VHFWLRQ

6HFRQG PRPHQW RIDUHD ][ * PP

6HFRQG PRPHQW RIDUHD ] * PP
/IDWHUDO FURVV VHFWLRQ

$UHD 2ppP

7TKHVWUXFWXUDO DQDO\WVLVY VWDUWYV ZLWK HVWDEOLVKLQJ WKH VDIHW\ I
XQGHU FULWLFDO FRQGLWLRQV VRD\LHOG VDIHW\IDFWRU RI ZDV VHO'l

7KHODWHUDO ORDGLVIDLUO\HDV\WRFDOFXODWHDV LWLV ODWHUDO DFF
ORDGLVDFRPELQDWLRQ RID[LDODFFHOHUDWLRQDQG WKHEHQGLQJ P/
JUDYLW\RIWKHVDWHOOLWH 7KHODWWHUFDQ EHWUDQVIRUPHG LQWR D

2M

Peq = PD[L'bO?

+HWPH L b/ WKH LQLW MDIOVDJIKIHCEBIRIBE QR PR AMHKGVWVGD QWD QFH EHWZHHQ WKH F
DQG WKH VLGH ZDOO

7TKHQDWXUDOIUHTXHQFLHVFDQEHHVWLPDWHGEDVHGRQWKHDVVXPSWLR
RQO\WKH ILUVW IXQGDPHQWDO IUHTXHQFLHY WKHVWUXFWXUHPLJKW EH L
VIVWHP ,WIROORZV WKDW QDWXUDO IUHTXHQFLHV HTXDO > @

r
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r

AE
f 5825 —
DILD O L

+HWEHLY WKH HODVWLW P RGROXWHFWLRQTV VWHER QYK H PPNV RYDWHD O L'
WKH KHLJKW RAVD/VWOHAURMWWHVIHFG/LRQDO DUHD 7KHILUVW IXQGDPHQWDO
UHTXLUHPHQWV LQ RUGHUWRDYRLGLQWHUDFWLRQ ZLWK ODXQFK YHKLF!

J)LQDOO\ WKHODUJLQ RI6DIHW\ 06 LVFDOFXODWHG ZLWK

DOORZDEOH
06=
GHVLJIQ

KWWSV ZZZ URFNHWODEXVD FRP DVVHWVY 8SORDGYV 3D\ORDG 8VHU *XLGH /$81&+ 9



3D\ORDG 3ODWIRUP *URXS &$6()LQ

ZKHWHEorApEMKH \LHOG VW UH YV VR IMEKADROIFX B D WHEIGYQ @/ K WKH VDIHW\ IDFW
ODUJHU WKDQ 7TKHUHVXOWY RIWKHVWUXFWXUDODQDO\VLVY DUH VKRZC
DUHWKHDFFHOHUDWLRQ ORDGV DV WKH\DUHH[SHULHQFHG IRUWKH ZKROF
KLIKHULQLQWHQVLW\EXW GXHWRVPDOO GXUDWLRQDQG VPDOO SUREDE

7TDEOH 6WUXFWXUDO DQDO\VLVY UHVXOWV RIWKH SULPDU\ VWUXFWXUH

7\SH $[LDO 06 /IDWHUDO 06
/IDXQFK VWUHVVHV
$FFHOHUDWLRQ ORDGV 03D 03D
6KRFN ORDGV 03D 03D

7TUDQVSRUWDWLRQ VWUHVVHYV
:DWHU 03D 03D
$LU 03D 03D
7UXFN 03D 03D
IDWXUDO IUHTXHQFLHYV
+] +]

'"HSUHVVXUL]DWLRQ &RPSDWLELOLW\

$OQRWKHULPSRUWDQW IDFWRU RI WKH &XEH6DW VWUXFWXUHLVY WKH GHSU
ZKHQ WKH ODXQFK YHKLFOHDVFHQGV DW KLJK YHORFLW\WKURXJK WKH D!
LIWKHUDWHRIGHSUHVVXUL]DWLRQ LV WRRKLJK 7KHVWUXFWXUH VKR X
UHTXLUHPHQWYV

/ILWHUDWXUH VWLSXODWHV WZRDYHUDJH GHSUHVVXUL]DWLRQ UDWHYV GX

6XVWDLQHG GHSWRHVVXGBD]IVWERAKXKLOH DVFHQGLQI WKURXJK WKH DWPF
7TUDQVLHQW GHSW®RHVVXKBD]|VWERAKLOH WKH ODXQFK YHKLFOHEUHDNV

&XEH6DW VWUXFWXUHVY DUH GHHPHG VXIILFLHQWO\UHVLVWDQW WR GHSU

9ROXPHWR EH YHQWHG
9HQWLQJ DUF

JRU &$6( WKHYROXPHWREHYHQWHG LV WKHYROXPHRIDOOFRPSRQHQW

ZKLFK LV 8 7TRPHHW WKH PD[LPXP UDWLR UHTXLUHPHQW WKH
FP 6LQFHWKHKROHVLQ WKH &XEH6DW VWUXFWXUHIRUWKH SD\ORDG FI
R FPWKHUDWLRLVPXFKORZHU WKDQ PHDQLQJ WKDW WKH GHSUHYV

3D\ORDG 3ODWIRUP

7TKHUHTXRBS$SHAPBHQBNG6E75 $WDWHY WKDW VWUXFWXUH QHHGY WR SURYLGHL
JRUWKH YHUWLFDO GHWHFWRU WKLY GRHVY QRW LQWURGXFH DQ\SUREOH
VHFRQGDU\VWUXFWXUDO HOHPHQWYV OLNH [ PP 3G ffRAMSHFUDIRU W I
SODWIRUP KDGWREHGHVLIQHG

'XHWR WKHVLIHRIWKHGHWHFWRUY LWFDQQRWEHPRXQWHGLQD 8 &XEHG6
WKHGHFLVLRQ WRLQFUHDVH WKHVL]HWR 8ZDVPDGH 7KHUH ZHUH VHYH
WKH SD\ORDG DQG WKHILQDO FRQFHSW LV VKRZQLQ )LJXUH 7KH FDP
WKH 8VWUXFWXUHZRXOG REVWUXFWWKHYLHZRIWKHGHWHFWRUV 71

KWWSV VWDWLF VTXDUHVSDFH FRP VWDWLF F HE ID HFDF EDFG W | E C
&'6 5(9 '5%$)7 SGI >5HWULHYHG RQ -XQH @



3D\ORDG 3ODWIRUP *URXS &$6()LQ

SODWIRUP ZLWK WKH ZHLJKW DVVXPHG WR EH GLVWULEXWHGHYHQO\ 7KHQ
DWSRLQWV $ $1 DQG % %Y YLD EROWV IDVWHQHUYV

JLIXUH J)UHH ERG\GLDJUDP RI WKH SD\ORDG SODWIRUP

7KH SODWIRUP ZzZDVDQDO\|HG DVD WUXVV OLNHVWUXFWXUH 7KLV PHDQ\
EHIJILQQLQJ WKHYHUWLFDO UHDFWLRQ IRUFHVDW %DQG %Y ZHUHFRQVLGF
VI\IVWHP VR WKH\ ZHUH DVVXPHG WREH 1 7KUHHVWDWLF HTXLOLEULXP HT
IRUFHVY 7KHQ WKHVWUHVVHV LQVLGH RIHDFKWUXVV ZHUH HVWLPDWH(

ZDV $OXPLQXP 7 DVLQGLFDWHG E\DWUDGH RIIPDGHLQ WKHPLGWHL
7TDEOH
7DEOH 3URSHUWLHV RI WKH $OXPLQXP 7
BURSHUW\ 9DOXH 8QLW
"HQVLW\ m3 NJ
<LHOG VWUHQJWK 03D
(ODVWLF PRGXOXV *3D

3RLVVRQ UDWLR

7TKHUHVXOWVY RI WKHWUXVV VWUXFWXUHDQDO\VLY DUH SUHVHQWHG LQ 7
HVWLPDWHG WR EH NJ ZLWK PDUJLQ LQ &KDSWHU JRUWKH PRV
ORDGVDUHFRQVLGHUHGDQG YDOXHV LQ 7TDEOH DUHUHSUHVHQWDWLYF
ORDGV ZRXOG SURSDJDWH WR WKH SD\ORDG VWUXFWXUH LWLV VWLOOD
7KHWRWDO PDVVRIWZR VWDEOH SODWIRUPV WXUQHG RXW WR EHDURXQUC

7TDEOH 6WUXFWXUDODQDO\VLVUHVXOWV RI WKHSD\ORDG SODWIRUP

7TUXVV $[LDO ORDG 7KLFNQHVV B6WUHVYV 06

$% PP
$& 1 PP 03D
&% 1 PP 03D
"% PP
$T1% 1T PP
$9&T 1 PP 03D
&N1% 1 1 PP 03D
% PP
KWWS ZZZ PDWZHE FRP VHDUFK 'DWD6KHHW DVS["0DW*8," DG E F EE DF D |

-XQH @



IDXQFKHU ,QWHJUDWLRQ *URXS &$6(

IDXQFKHU ,QWHJUDWLRQ

2QHRIWKHUHTXLUHPHQ®36Y KD6eN6N VERVEHWPLHENX OV WHY WKDW WKH &XEHG6
EHSURSHUO\LQWHJUDWHG ZLWK WKH ODXQFK YHKLFOH 7KLV PHDQV WKD\
SD\ORDG DGDSWHU 7KHVFKHPDWLFIRU WKH SD\ORDG OD\RXW LQ WKH OD
&$6( FRQVLVWV RI WKUHH 8 &XEH6DWYV 7KH\ZLOO EHFRQQHFWHG ZLWK
OLQNHG WR WKH (OHFWURQ ODXQFKHU YLD D FRQQHFWLRQ ZLWK WKH .LF
JXUWKHU LQIRUPDWLRQ DERXW ODXQFKHU GHSOR\HUV DUH SUHVHQWHG L

JLIJIXUH 3D\ORDGLQWHJUDWLRQLQWR WKHODXQFK YHKLFOH> @

9HULILFDWLRQDQG 9DOLGDWLRQ

JRUWKH VWUXFWXUDO PRGHO VHYHUDO WHVWY ZHUH SHUIRUPHG LQ RUG|
PLVWDNHY 7KH\DUH VKRZQ LQ 7DEOH J)LUVWO\ WKHFHQWURLG FD(
GRXEOLQJDOO WKHOHQJWKV RIWKHFURVV VHFWLRQ JHRPHWULHV ,W UH
WKDW WKHLU SRVLWLRQV UHPDLQ WKHVDPHZ UW WKHODUJHU VKDSHV |
WKHUHVXOW ZDV FRQVLVWHQW DPRQJWKH RWKHUV DV ZHOO 1H[W WKHYV
TKHUHVEHFWLYH OHQJWK YDOXHV ZHUH GRXEOHG WR VHH LI WKH VHFRQ (
IRUPIX©®Dy?dA VXJJHVWV 7KLV FKHFN ZDV SHUIRUPHG IRULQHUWLD DURXC
ODWHUDO DQG D[LDO ORDGY UHVXOWHG LQ VWUHVV LQFUHDVLQJE\D ID
VLIQV RIWKHORDGY ZHUH FKDQJHG $VH[SHFWHG WKHQHJDWLYH ODWH!
EHDP &% DQG QR FKDQJHLQ EHDP $& 7KH QHIJDWLYH D[LDO ORDG FKDQJHG
FRPSUHVVLRQ DQGDOVRLPSDFWHG WKHEHDP &% E\PDJQLWXGHDQG VL.
ODWHUDO ORDG FKDQJH VR WKH YDOXHV IRUD[LDO ORDGY DUH WKH VDPH |
PRGHO ZRUNV DV LW ZDVLQWHQGHG WR GR

7DEOH 9HULILFDWLRQ WHVWV RQ VWUXFWXUDO PRGHO

7HVW QLWLDO YDOXH 2XWFRPH YDOXH &KDQJ
"RXEOLQJDOO OHQJWKV PP PP PP [ PP [
'RXEOLQJ[GLUHFWLRQ OHQJIJWKYV PP [

'RXEOLQJ]GLUHFWLRQ OHQJIWKYV PP [
'RXEOLQJODWHUDODQG D[LDO ORDGV 03D 03D 03D 03D [
&KDQJLQJVLIJQRIODWHUDO ORDG $& 1 &% 1 $& 1 &% 1

&KDQJLQJVLIQRID[LDO ORDG $& 1 &% 1 $& 1 &% 1 [




5LVN *URXS &$6()LQDO 5HS

7KH VHOHFWHG FRPSRQHQW WKH 8 &XEH6DW VWUXFWXUH IURP ,6,6SDF
SHUIRUPHG 7KH47LQYROYHIXQFWLRQDO YLEUDWLRQ PHFKDQLFDO VKI
7KH $7 IREXVHV RQ IXQFWLRQ@DR® SHUIRUPBGRH) WKH GHVLJQ TXDOLILFD
SHUIRUPHG RQ WKH XQLW WR EH VKLSSHG )RUDOO RIWKHVH WHVWV W|
HQYLURQPHQW YHUL$RPDWLRQ VWDQGDUG

SLVN

7KHULVNV RIWKHVWUXFWXUDO VIVWHP KDYHD VLIJQLILFDQWLPSDFWRQW
WKDW OLQNV DOO RWKHU VXEV\VWHPV WRJHWKHU ZKLOHDOVR VXSSRUWLC
1XPEHU WKHVWUXFWXUH V\VWHP VFRUHV WKH KLJKHVW > @ ,WPHDQV'
FDWDVWURSKLFFRQVHTXHQFHV IRUWKH &$6( PLVVLRQ

7TKHILUVW ULSGEN 16@% RBQAYIFDY U\ VWUXFWXUH IDLOXUH ,W KDV WKH KLIJKHVW |
SUREDELOLW\RI WKLV LVYVUHODWLYHO\VPDOO ,QWKHZRUVW FDVH VFHC
WKH &XEHG6DW JDQG J WKHO6LVVWLOO DQG IRUD[LDODQG
WKH PD[LPDOO\DOORZDEOH VWUHVV LV DERXW L FBHY @IRWUAXWYXBQ WK
VHFRQGDU\ VWUXFWXUH IDLOXUH ZKLFK DUH WKH VKHDU SDQHOV FRYHUL
VXEVI\VWHPV WR WKH VWUX5FW X5F13 YEKEY DOWHRPLDW RROFKPHQW IDLOXUH 7KF
E\ SHUIRUPLQJ SURSHU YHULILFDWLRQ WHVWW61H7W PMIOH) & AM R D W DWKLHR
VWUXFWXUH FRXOG GHIRUP SODVWLFDOO\ SHUPDQHQWO\ 7KH GHVLJC
SURSHUO06 ZKLFKPDNHV VXUHWKDW WKH VWUXFWXUHBG RS Q@ RW-YW\HWOHX Q G
WKH SD\ORDG SODWIRUP IDLOXUH 6LPLODUO\WR RWKHUIDLOXUHV LW |
ZKLFKHTXDOV IRU\LHOG VWUHVYV )LQDOO\ WKHUH FRXOG EHPDWHULD(
56. 675 ZKLFK FDQQRWEH SUHYHQWHG EXW FDQ EHPLQLPL]J]HG E\ VHOHF
ZLWK FHUWDLQ PDWHULDOV

6XVWDLQDELOLW\

JRUWKHVWUXFWXUH WZRPDLQ FRPSRQHQWV DUHFRQVLGHUHG 8 VWUX
DOOR\VZHUH XVHG VR QRWR[LFPDWHULDOVDUHSUHVHQW 7KHVGR UHTXLL
SKDVH 7KH 8 VWUXFWXUHFRPHVIURP ,6,6SDFH %X\LQJRII WKH VKHOIF
WKHPLVVLRQ FRPSDUHG WR WKH GHVLIJQHG SDUWV $GGLWLRQDOO\ WKFE
ZKLFKUHGXFHVY WKH WUDQVSRUWDWLRQ QHHGV RIWKH SDUWYV 8VLQJD &27
RQS5 'DQG WHVWLQJ ZKLFK KDV D SRVLWLYHLQIOXHQFHRQ WKH VXVWDLC

KWWSV VWDQGDUGY QDVD JRY VWDQGDUG JVIF JVIF VWG >5HWULHYHG RQ  -)
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