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IRZ THPSHUDWXUH 6\QWKH
IDQRVWUXFWXUHG 2[LGHV

6HQVLWL]HG 6RODU &H

&KDR =KDR

$ WKHVLY VXEPLWWHG LQ S
RI WKH UHTXLUHPHQWYV
SQLYHUVLW\ RI 1RUWKXPEUI
IRU WKH GHJUHH RI
'RFWRU RI 3KLORVRSK\

SHVHDUFK XQGHUWDNHGC
)DFXOW\ RI (QJLQHHULQJ DC

OD\



'HFODUDWLRQ

, KHUHE\ GHFODUH WKDW WKH WKHVLV LV P\ RZQ ZRUN
DUH FOHDUO\ LQGLFDWHG LQ WKH DFNQRZOHGJHPHQ
SUHVHQWHG LQ WKLV WKHVLV KDV QRW EHHQ VXEPLW
GLSORPD RU SURIHVVLRQDO TXDOLILFDWLRQ $Q\ HWK
LQ WKLV WKHVLV KDV EHHQ DSSURYHG E\ WKH 8QLYHL

ZRUG FRXQW RI WKLV WKHVLV LV DSSUR[LPDWH ZR
1DPH
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$FNQRZOHGJHPHQWYV

, ZRXOG OLNH WR WDNH WKLV RSSRUWXQLW\ WR WKDQ

PH JHW WKURXJK P\ 3K ' VWXG\

J)LUVWO\ DQG IRUHPRVW , H[SUHVV P\ KHDUW\ WKDQNV
)X IRU KLV VXSSRUWYVY DQG JXLGDQFH GXULQJ P\ VWX
PH VR PDQ\ RSSRUWXQLWLHY RI MRLQLQJ LQ PDQ\ UHV
JURXS DQG XQLYHUVLWLHV , VKDOO QHYHU IRUJHW H

IRU PH

, ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WR P\ VHFR(
VXSSRUWLQJ PH KHOS DQG IDFLOLW\ WUDLQLQJ , ZR

$PLUNKDOLOL ZKR SURYLGH KHOS IRU PDJQHWURQ VSX

, ZRXOG OLNH WR H[SUHVV P\ GHHS WKDQNV WR 3U]I
(GLQEXUJK 8. IRU DOORZLQJ PH WR FDUU\ RXW UHVHD
ZHOFRPH , WKRURXJKO\ HQMR\HG DOO WKH GLVFXVVL
DOVR OLNH WR DFNQRZOHGJH P\ IULHQG 'U <XH +X

FRPSDQLRQ

6SHFLDO WKDQNV WR 'U 6KXQ &DL :DQJ 8QLYHUVL

PHDVXUHPHQWYV

, ZRXOG OLNH WR WKDQN 'U -LD =KDQJ DQG 3URI 3
RSSRUWXQLW\ WR FROODERUDWH ZLWK WKHP DQG WK

, QVWLWXWH RI 7THFKQRORJ\

, WKDQN DOO WKH VXSSRUW DQG KHOS IURP 1RUWKXPE

8QLYHUVLW\ RI WKH :HVW 6FRWODQG DQG 6FRWWLVK 8
LL



, DOVR WKDQN DOO RI P\ SDVW DQG SUHVHQW JURXS

WHFKQLFLDQV OU *HUU\ 2 +DUH O0U $QGUHZ %XQ\DQ

ODLHOOR IRU KHOSLQJ RQ IDFLOLWLHY WUDLQLQJ DQG

)LQDOO\ , ZRXOG OLNH WR WKDQN 1RUWKXPEULD 8QLY

DQG DOO P\ IDPLO\ IRU XQZDYHULQJ VXSSRUW DQG OR

LLL



$SEVWUDFW

'\H VHQVLWLVHG VRODU FHOOV '66&V EDVHG RQ PHW
L H/L2 =Q2 RIIHU D SURPLVLQJ URXWH IRU ORZ FRVYV
HVSHFLDOO\ VXLWDEOH IRU LQGRRU RXWGRRU DSSOLF
HOHFWULFLW\ JHQHUDWLRQ $SDUW IURP GHYHORSLQ.
DEVRUSWLRQ DQG VWDEOH IDVW UHJHQHUDWHG HOHEW
KDV DOVR JDLQHG JUHDW UHVHDUFK DWWHQWLRQ ,Q L
SKRWRDQRGHV DVVHPERHBUELFQRY FDQ VXSSRUW OL
VXIILELHQW G\H DEVRUEHU ORDGLQJ WKXV UHVXOW L
+RZHYHU WKH SRRU SRUH ILOOLIQBVRD O® HIMHF W HEOHR
LQHIILFLHQW HOHFWURQ WUDQVSRUW OHDG WR VLJQLI
WKXV ORVV RI SKRWRHYISQWUDWKIE WOMHWRQDEO\ JRRG
DELOLW\ RI WKH FXUUHQWO\ XVHG SDUWLFXODWH EDV
WHPSHUDWXUH SURFHVVHV IRU WKHVH SKRWRDQRGH
PDWHULDO FKRLFHV ,Q WKLV WKHVLV D ORZ WHPSHUI
FU\WWWDOOLVHG PHWDOQPMQBVUWHXEWRGHM ZLWK FRQWU

WR EH XVHG DV SKRWRDQRGHV ZLWK LPSURYHG HOHFW

=Q2 QDQRURGV 15V ZLWK W BILURRZAWKG GLIGIFEWVWL B QF W X 8
VXUIDFH GLVWULEXWLRQ GHQVLW\ ZHUH V\QWKHVLVH
EDVHG DTXHRXV VROXWLRQV DW WH®SRKID W ® USX/H DGR
UHDFWLRQ WHPSHUDWXUH S+ FRQFHQWUDWLRQ Ul
VIVWHPDWLFDOO\ LQYHVWLIJDWHG 7KH GHWDLOHG V
FU\WWWDOOLQLW\ DQG SURSHUWLHV Rl WKH =Q2 15V OF

VIQWKHVLV SURFHVV

LY



$QDWDVRRGRILFDWLRQ OD\HU ZDV DFKLHYHG XVLQJ D
3,$' ZLWKRXW H[WHUQDO KHDWLQJ RU VXEVHTXHQW
SDUDPHWHUV GXUDWLRQ JDV |0RZLOIPWHVRE @ G VBIOHDW P
VWUXFWXUDO DQG FKHPLFDO DFWLYLWLHV KDYH EF
WHPSHUDWXUH SURFHVVHV DTXHRXV VROXWLRQ JURZ
7L2QDQRVWUXFWXUHV QD QRDQRVIMSIWKFWKG HQ Z AUH L
=Q2 15V ZHUH FRYHUHG ZLWKWROR\HU FR UHQ DK/ D Q&
QDQRVWUXFWXUHV 7KHVH QDQRVWUXFWXUHG SKRWHF
WUDQVSRUW DV ZHOO DV VXSSUHVVLRQ RI UHFRPELQTL

E\ WKHVH SKRWRDQRGHYV

$ QRYLKOVPWHKURIOXLGLF FRQWURO XQLW 0&8 ZDV Gt
DTXHRXV VROXWLRQV VIQWKHVLV SURFHVV ZKLFK SU
SKDVH UHDFWLRQ DQG UHDOLVH VHOHFWLYH VI\QWKHVI
D ORZ WHPSHUDWXUH DQG DPELHQW SUHVVXUH HQY
QDQRVWUXFWXUHV ZDV FRQWUROOHG E\ YDU\LQJ WKH
0&8 7KLV DFKLHYHG D IDFLOH IDEULFDWLRQ RI $0 GRS
JURZQ RQ IOH[LEOH SRO\PHU VXEVWUDWHY ZLWK HC
WUDQVSRUWLQJ FDSDELOLWLHYV )OH[LEOH '66&V ZLW
FRPSDUHG WR =Q2 15V EDVHG GHYLFHV LQ WKH SRZHU
XVLQJ WKH $=2 QDQRIODNHVY SKRWRDQRGHV RI —P W
HOHFWURQ WUDQVSRUW FDSDELOLW\ RI WKH SKRWRD

SURFHVYV



&RQWHQWYV

'HFODUDWLRQ
$FNQRZOHGJHPHQWYV
$EVWUDFW
&RQWHQWYV
/ILVW RI JLIXUHYV
/ILVW RI 7TDEOHV
/LVW RI MRXUQDO SXEOLFDWLRQV DQG FRQIHUHQFH SL
&KDSWHU ,QWURGXFWLRQ
5HVHDUFK PRWLYDWLRQ
2XWOLQH RI WKH WKHVLV
&KDSWHU /LWHUDWXUH UHYLHZ
,QWURGXFWLRQ
'\H VHQVLWL]HG VRODU FHOO
%DVLF FRQFHSWV LQ FKDUDFWHULVDWLRQ RI VR«
&RPSRQHQWV RI '66&
7KH QDQRVWUXFWXUHG PHWDO R[LGH SKRWRDQR
7KH DEVRUEHU '\H
(OHFWURO\WH LQ '66&V

&RXQWHU HOHFWURGHYV

YL



=Q2 QDQRVWUXFWXUHV DQG LWV DSSOLFDWLRQ IR
%DVLF SURSHUWLHV RI =Q2
=Q2 QDQRVWUXFWXUHV 6\QWKHVLV
+\EULG =Q2 QDQRVWUXFWXUHV IRU '66& DSSOLFD
6XPPDU\ DQG PRWLYDWLRQ
&KDSWHU OHWKRGRORJ\
ODWHULDOV DQG 5HDJHQWYV
6\QWKHVLY SURFHGXUHYV
*URZWK Rl =Q2 QDQRVWUXFWXUHYV
/IRZ WHPSHUDWXUH V\QWKHVLFVRBQ G FDWLVRDOMD W
ODWHULDO DQG QDQRVWUXFWXUH FKDUDFWHULVDYV
'\H VHQVLWLVHG VRODU FHOO IDEULFDWLRQ
6HQVLWLVHG SKRWRDQRGH
BUHSDUDWLRQ RI 3W FRXQWHU HOHFWURGHV
(OHFWURO\WH
'66& DVVHPEO\
'66& FKDUDFWHULVDWLRQ
3KRWRYROWDLF FKDUDFWHULVDWLRQ
(OHFWURFKHPLFDO LPSHGDQFH VSHFWURVFRS\
7UDQVLHQW PHDVXUHPHQW

&KDSWHU )DEULFDWLRQ RI =Q2 QDQRURGV DUUD\

YLL



L, QWURGXFWLRQ
5HVXOWY DQG GLVFXVVLRQ
*URZWK RI =Q2 15V XVLQJ KH[DPHWK\OHQHWHW U
=Q2 15V JURZWK LQ DQ DONDOLQH VROXWLRQ
6XPPDU\
&KDSWHU /RZ WHPSHUDWXUH VWIURHNIOWPRI FU\WWDO
L, QWURGXFWLRQ
5HVXOWYV DQG GLVFXVVLRQV
BWUXFWXUH DQG PRUSKRORJ\
3K\WLFDO SURSHUWLHV RI DV SUHSDUHG ILOPV
6WDELOLW\ DQG FKHPLFDO SURSHUWLHV RI DV S
6XPPDU\

&KDSWHU 6\QWKHVIKWERLG FRUH2 VKHOO QDQRVWUX

DSSOLFDWLRQV
L QWURGXFWLRQ
=Q2 TRDQRVWUXFWXUH SUHSDUDWLRQ
ORUSKRORJ\ DQG 6WUXFWXUH
6FDWWHULQJ DQG G\H ORDGLQJ FDSDELOLW\ RI SK
'\H 6HQVLWL]HG VRODU FHOO SHUIRUPDQFH
6 XPPDU\

&KDSWHU /RZ WHPSHUDWXUH SURFHVVHG QDQRIODNH

L QWURGXFWLRQ
YLLL



5HVXOWYVY DQG 'LVVFXVVLRQ
1DQRIODNHV RI SKRWRDQRGH
&KDUDFWHULVDWLRQ RI WKH '66&YV
6XPPDU\
&KDSWHU &RQFOXVLRQV DQG IXWXUH ZRUN
&RQFOXVLRQV
6XJIJHVWHG IXWXUH ZRUN

$SSHQGL]

L[



I[LVW RI )LIXUHYV

J)LIXUH 15(/fvV ODWHVW FKDUW RI FODVVLILFDWLRQ DQt
$XJ JURP KWWS ZZZ QUHO JRY SY DVVAWY LPDJHV HIIL

JLIXUH (IDPSOHV Rl '66& EDVHG LQGRRU DQG EXLOGLQJ |
$NDUL ODQWHUQ ZLWK FKDQJHDEOH SDWWHUQ DQG FRORXU
GHPRQVWUDWLRQ F DQG G LPDJHV RI VRPH FRPPHUFLDO
DQG | ODUJH VFDOH EXLOGLQJ LQWHJUDWHG '66& DSSOLF
IDXVDQQH ()3F FI®PSXV

J)LIXUH 6FKHPDWLF LOOXVWUDWLRQ RI D VWDQGDUG '66
D '66& WKH SURFHVVHV OLQH PDUN LQ JUHHQ VWDQGV IRU
LQ UHG WKH SURFHVVHV GHJUDGLQJ WKH '66&VY SHUIRUPD
ZLWK WLPH UHTXLUHPH®QW IRU HDFK VWHS

J)LIXUH 6RODU LUUDGLDQFH VSHFWUXP FKDQJLQJ IURP W
VXUPDFH

J)LIXUH ([DPSOH SHUIRUPDQFH - 9 DQG 3 9 FXUYH IRU '66¢

J)LIXUH D 6LPSOLILHG HTXLYDOHQW FLUFXLW IRU PRGHC
ZLWK E LWV XQLTXH ZRUNLQJ SULQFLSOH DQG HQHUJ\ OH
SURFHVVHVY LQ D FHOO 5HVLVWDQFH DQG GLRGH DIWHU WK
ILIXUH®

J)LIXUH ,PSDFW RI D VHULHV UHVLVWDQFHY DQG E VKX
RI '66&\P
J)LIXUH '\H DEVRUSWLRQ RQ WKH VXUIDFH RI WKH PHWDO

GLVWULEXWLRQ \HOORZ DUHD DIWHU OLJKW DEVRUSWLRQ
H[FLWDWLRQ LPPHGLDWHO\ DQG 6WHS DIWHU HOHFWURC

J)LIXUH 7\SLFDO ' &€ $ VWUXFW&XUH Rl G\H PROHFXODU
J)LIXUH (QHUJ\’GILD QWDPRPIH VHOHFWHG &R SRO\S\ULG\O

J)LIXUH D 6FKHPDWLF RI GXPP\ FHOO XVHG IRU &( PHD'
FLUFXL®



J)LIXUH D WKH HIILFLHQF\ RI D '66& GHFUHDVHV H[SRQ
DUHD LQ D UDQJH EHWEHHIOXVWUDIWLRQ RI HOHFWURQ FRC
SKRWRDQRGH 19Q '66&

JLIXUH &RQGXFWLRQ EDQG &% DQG YDOHQFH EDQG 9%
VHPLFRQGXFWRUV +202 DQG /802 OHYHOV RI UXWKHQLXP EI
RI HOHFWURO\WHV

J)LIXUH 7KH EDOO VWLFN PRGHO RI WKH ZXUW]LWH =Q2
GLUHFWLRQs "HD®WHKH®

J)LIXUH 6FKHPDWLF LOOXVWUDWLRQ RI WKH KRUL]J]RQWD
SURFH®V
J)LIXUH D 6FKHPDWLF YLHZ RI REOLTXH DQJOH GHSRY\

VKDGRZLQJ HIIHFW IRU QDQRVWUXPWXUH JURZWK GXULQJ V

YLIXUH 6FKHPDWLF SURFHVV RI WKH DTXHRXV VROXWL
QDQRURGYV
YLIXUH $ EULHI VXPPDU\ RI UHODWLRQVKLS EHWZHHQ V

FU\WVWDOOLWH JURZWK UDWH DQG FU\WWDO PRUSKRORJ\

JLIXUH $ EULHI LPDJH VXPPDU\ Rl FU\WWDO JURZWK LQ V
GLIIXVLRQ DQG FRQYHFWLRQ D JURZWK LQ D FRQWDLQHU
LPDJH LQ DUHD PDUNHG LQ D ZKLFK VWDQGV IRU D VPDO
HQYLURQPHQW

JLIXUH 1XFOHDWLRQ HQHUJ\ FKDQJH 0* D¥® D IXQFWLRQ

J)LIXUH D 6FKHPDWLF LOOXVWUDWLRQ RI WKH QXFOHDV
FRQWDFW DQJOH EHWZHHQ VXEVWUDWH DQG QXFOHDWLQJ
IXQFWLRQ RI UDGLXV IRU KRPRIJHQHRXV DQG KHWHURJHQF
EDUULHU IRU KRPRIJHQRXV QXFOHDWLRQ SURFHVV LV KLJKH
WKH LQWHUIDFLDO FRUUHODWLRQ IDFWRU® VKDSH RI WKH K

JLIXUH D 3KDVH FKDQJLQJ DV D IXQFWLRQ RI UHDFWDC
WKH =Q2 UHOHYDQW FRPSOH[HV V\VWHP DW f& E WKH )
QXFOHDWLRQ RI GRPDLOV L® WKH ZXUW]LWH =Q2

JLIXUH =Q2 QDQRSDUWLFOH EDVHG '66&V D - 9 FXUYH
=Q2 QDQRSDUWLFOH SKRWRDQRGH E WR H UHSUHVHQV

[L



FRUUHVSRQGLQJ VDPSOH =Q2 =Q2 =Q2 DQG =Q2 7KH
WKH FRUUHVSRQGLQJ WRS YLH2Z6(0 LPDJH RI WKH VDPSOH

JLIXUH 6(0 LPDJHV Rl QDQRVWUXFWXUHG =Q2 EXLOG
DVVHPEOHG E\ GLVSHUVHG QDQRVKHHWY LQ QDQRSDUWLF
QDQRVKHHW DVVHPEOHG VSKHUHV F QDQRSRURXV SKRYV
WHWUDSRGYV 7KH LQVHW LV KLJK UHVROXWLRQ LPDJHV
DVVHPEOHG E\ LQWHUFRQQHFWHG =Q2 WHWUDSRGYV

J)LIXUH D WKH UHSUHVHQWDWLYH 6(0 LPDJH RI WKH =Q
'66& E 6XPPDU\ DQG FRPSDUDWLYH SHUIRUPDQFH®RI 15V |

JLIXUH &KDUDFWHULVDWLRQ ORQ GV KFH WR WGF REDI2 =KD
15V D F WKH 7(0 LPDJHV DQG E G WKH UHODWLYH
=Q2 YODQG =Q21B5L27KH LQVHFW LQ D DQG F LV WKH FRU
H[DPLQDWLRQ

J)LIXUH 'LDJUDP RI WKH H[SHULPHQWDO IORZ

J)LIXUH 6ROXELOLW\ SORWOZV WKISRNVWLRQHRUBBFEFN ERQV |

J)LIXUH 6FKHPDWLF SURFHVV RI WKH K\GURWKHUPDO JUR

J)LIXUH D 6%$7,6 06 /$% ( EHDP HYDSRUDWLRQ V\VWHP
VLGH YLHZ RI WKH GHSRVLWLRQ FKDPEHU F 30DQ YLHZ RI
HYDSRUDWLRQ ZRUNLQJ SULQFLSOH

J)LIXUH 6HW XS RI DEVRUSWLRQ VSHFWURVFRS\ H[SHULP}

J)LIXUH $Q H[DPSOH RI D %YHHU /DPEHUW SORW ZLWK OLC
DEVRUSWLRQ FRHIILFLHQW

J)LIXUH &RQILIXUDWLRQ RI VDQGZLFK VWUXFWXUHG G\H
GLJLWDO LPDJH RI '66& VDPSOH OLVW LQ WKH LQVHW

J)LIXUH 7\SLFDO - 9 FXUYHV XQGHU OLJKW DQG GDUN FRQ

J)LIXUH D 7\SLFDO HTXLYDOHQW FLUFXLW RI WKH '66&V
WKH '66%

[LL



J)LIXUH 7\SLFDO D 1\TXLVW SORW ZLWK HTXLYDOHQW E
(,6 PHDVXUHPHQW XQGHU 9RF

J)LIXUH ,GHDOLVHG VFKHPDWL R BOIRMW RN KW KH[ FS.0WRO WA
LOOXPLQDWLRQ VWURQJO\YDEVRUEHG IURP &( VLGH

J)LIXUH ,GHDOLVHG VFKHPDWLF LPDJHV RI WKH H[FHVV H
W DQG SRVLWLRQ [ DIWHU RQH OLJKW SXOVH 7KH LQVHU
RI GLVWULEXWLRQ SURILOHV (T RI HIFHYV HOHFWURQ

J)LIXUH ([SHULPHQWDO VHW XS DQG DSSDUDWXV XVHG |
7KH OLJKW SHUWXUEDWLRQ LV VXSSOLHG E\ D ZDYHIRUP VL
LV FROOHFWHG E\ DQ RVFLOORVFRSH $5'8,12 GLJLWDO FDL
WKH UHODWLYH IDFLOLWLHYVY DV ZHOO DV GHOLYHU\ GDWD V

J)LIXUH 7RS YLHZ 6(0 LPDJHV RI =Q2 15V DUUD\V V\QW
WHPSHUDWX& HWE [& F R& G R& DQG& $00 RWKHU SDUDF
=Q 12 PO &4 PO JURZWK GXUDWLRQ RI KUV ZHUH I
WHPSHUDWXUH $00 VFDOH EDUV DUH QP

J)LIXUH THPSHUDWXUH HIITHFWV RQ WKH GLDPHWHU DQG
=Q 12 PO &4 PO JURZWK GXUDWLRQ RI KUV ZHUH I
WHPSHUDWXUH (UURU EDUV UHSUHVHQW VWDQGDUG GHYLLEL

J)LIXUH $ VHULHV RI 6(0 LPDJHV RI =Q2 15V JURZQ ZLWK \

PO E PO F PO G PO H PO DQG | PO $0OOC
JURZWKE&DM U KUV ZHUH IL[HG H[FHSW DQWLDSEYH WK DFWI
PRODU UDWLR FRQFHQWUDWLRQ
J)LIXUH &URVV VHFWLRQ 6(0 LPDJHV VKRZLQJ WKH PRUSES

REWDLQHG ZLWK VHW FRQFHQWUDWLRQ DQG YDULHG UHEL
=Q 12 PO &4 PO R& =Q 12 PO &+ PO R& ZHUH
IL[HG H[FHSW YDULDEOH UHDFWLRQ GXUDWLRQ WLPH D

F PO PLOQXWHYV G PO PLOQXWHYV H PO PLQ>
PLQXWHV $00O VFDOH EDUV DUH QP

JLIXUH 'HSHQGHQFH RI WKH =Q2 15V OHQJWK RQ YDU\
FRQFHQWUDWLRQ RI PO DQG PO UHVSHFWLYRO\ $0O |
&+ 1 PO R& =Q 12 PO &4 PO R& ZHUH IL[HG H[FH:
YDULDEOH JURZWK WLPH

[LLL



J)LIXUH D S+ HIITHFWV RQ =Q2 15V JURZWK PPOOIRWKHU S

PO R& KUv ZHUH IL[HG H[FHSW YDULDEOH S+ RI Wl
FRQFHQWUDWLRQ HIITHFWV RQ =Q2 15V BURZROK& $O® LIRW KHU
S+ ZHUH IL[HG H[FHSW YDULDEOH JLQF VRXUFH FRQFHQ

S+ XQGHU H[SHULPHQW XVLQJ VROXWLRQ FRQGLWLRQ ZLWK
DQG G ]JLQF VRXUFH FRQFHQWUDWLRQ

J)LIXUH @ 2PDHOXHQFH RQ WKH =Q2 15V JURZWK $00 RW
PO S+ R& KUV ZHUH IL[HG H[RHSW MYDBDDE®RBDWHG VR
DV D IXQFWLRQ RI VROXWLRQ S+ YDOXHRZLWK YDULDEOH FR

J)LIXUH 6(0 LPDJHV RI =Q2 15V REWDLQHG ZLWK YDULDEO
PO E PO F PO DQG G PO $00 RWKHW SHIEB PHWHUYV
PO S+ R& KUV ZHUH IL[HG H[FHSW YDULDEOH 3(, FRQ
WKH LPDJHV DUH QP

JLIXUHYV D ,PDJHV RI WKH UHDFWLRQ ERWWOHY DIWHU
DGGHG &URVV VHFWLRQ 6(0 LPDJHV RI =Q2 15V REWDLQH(
VROXWLRQ E PO F PO DQG G PO $OCPRWKU&U SDUDF

PO S+ R& KUV ZHUH IL[HG H[FHSW YDULDEOH 3(, FRQ
6(0 LPDJHV DUH DOO —P

J)LIXUH D =Q2 15V OHQJWK SORW DV D IXQFWLRQ RI J
FRQGLWLRQ ZLWK PO 3(, DGGHG $O0OO0OPOWKH® S DRODFHWHU\
R& ZHUH IL[HG H[FHSW YDULDEOH JURZWK GXUDWLRQ

15V LQ YDULHG OHQJWK E —P F —PDQG G —P 6F
—P

)LIXUH ;5' SDWWHUQV RI =Q2 15V REWDLQHG E\ GLIIHUHC
)LIXUH 5RRP WHPSHUDWXUH 3/ VSHFWUXP RI GLIIHUHC

GLITHUHQW DTXHRXV VROXWLRQ UHDFWLRQ IDFWRUYV

J)LIXUH ;5" SDWWHUQV RI WIKRHSOM\VS WGBSSTRMAGVHG2ZLWK GL
R[\JHQ IORZ UDWHV ZLWKRXW SODVPD HQKDQFHPHQW 7
GHSRVLWHG XQGHORZ YWBHFWP ZLWK GLITHUHQW SODVPD FXUL

P$FP 7 3 P 7 3 P > @

[LY



J)LIXUH S5HSUHVHQWDWLYHL®)®P DVFDDHWY@EAWMLRQ RI GLIIHI
FRQGLWLRQV ZLWK WKHLU FRUUHVSRQGLQJ KHLJKW VFDOH
3 PHDQV 7 3 3 PHDQV 7 3 3 °PHDQV 7 3

J)LIXUH 506 URXJKQHVV YDORKHDWN D IRQFWZRQ RI GLIIHI
FRQGLWLRQV ZLWK WKHLU FRUUHVSRQGLQJ 6(0 LPDJHV E 7
7 DQG J 7 6FDOH EDUV E@®6(0 LPDJHV DUH —P

J)LIXUH SHIUDFWLYH LQGLFHV RI WKLQ ID®REZVU DW BWY IR WK
SODVPD E GHSRVLWHOWRERZUUDWHFPX2V ZLWK GLIITHUHQW
F UHSUHVHQWDWLYH 7 5 VSHFWUD UHVXOWYV IRU WHVWHG
SUHSDUHG ZLWK ZLWKRXW SODVPD Q% HW LV FRUUHODWLY

J)LIXUH 'LDJUDPPDWLF VNHWFK RI WKH HYDSRUDWHG V¢
YDFXXP FRQGLWLRQV FKDPEHU XQGHU b ©@ORZ SUHVVXUH LC

J)LIXUH +DUGQHVYV DQG <RNXM@IFV MR GHERW RW A BDREIGHU C
UDWHV ZLWKRXW SODVPD WUHDWPHQMWR Z BJ DGHES E XMW HAIGN X Q

J)LIXUH D 7LPH FRXUVIRY DVKHD WHRB\RIH& K EO XIHOPRO X W L
SUHSDUHG ZLWK DQG ZLWKRXW SO D\SKIR W R HADWPFEN\YW V6SUDHE
DQG ZLWKRXW SODVPD WUHDWPHQW 3&5 VWHS I[SIKORPWRFDW

J)LIXUH ,OOXVWUDWLRQ RI WKH IRUPDWLRQ BURHHVV R
VWUXFWXUHV R@ ,72 VXEVWUDWH

J)LIXUH 7RS D DQG VLGH E YLHZ H[HPSODU\ 6(0 LPDJH)
VFDOH EDW2LV P

J)LIXUH 6(0 LPDJHV Rl PRUSKRORJ\ HYROXWLR\E WRIGEDU |
VWUXFWXUH 7RS YLHZ RI D = E 7= DQG F 7= z V
DQG F 7= FURVV VHFWLRQDO 6(0 LPDJH RI G 7= DQG F
RI WKH LPDJHV

J)LIXUH 7(0 LPDJH RI D VLQKOII® G XRERWLCHVMPXFWXUH ZLW
WLPH RI D PLOQXWHYV 7= DQG E PLOQXWHY 7= 7K
UHVSHFWLYHO\

J)LIXUH D &URVV VHFWLRQ RI WKH 7= DQ® E WKH FRUL

[y



J)LIXUH OHFKDQLVP RI HOHFWURQ VKDGLQJ SKHQRPHQD
VSHFLHV FRPHV IURPPARYDSRUDWHG 7L

JLIXUH '5' SDWWHUQV RI EDUH =Q2=1D/QG 7=DQR\EQRG7 LD
JURZQ RQ ,72 VXEVWUDWHYV

J)LIXUH D 'LIIXVH UHIOHFWDQFH VSHFWUD RI WKH = DQf
LGHQWLFDO VDPSOHY¥ RQ ,72 VXEVWUDWH

J)LIXUH $EVRUSWLRQ VSHFWUD RI G\H GHVRUEHG IURP =
FPTKH LQVHUWHG WDEOH LV G\H ORDGLQJ RI FRUUHVS
=Q2 7LR\EULG ILOPV >7& WR 7=

J)LIXUH SKRWRFXUUHQW YROWDJH -9 FXUYHV RI '66&V
=Q2 7LKRWRDQRGHV D OLJIKW -9 E GDUN -9

J)LIXUH D ([SHULPHQWDO OLQH DQG ILW GRWV GDWD
= 7= WR 7= SKRWRDQRGH PHDVXUHG DW 9RF DSSOLHG EI
PRGHO XVHG IRU ILWWLQJ E %RGH LPSHGDQFH SORW RI FF

JLIXUH D 5HSUHVHQWDWLYH WUDQVLHQW SKRWR FXUU
Rl = 7= DQG 7= E )LWWHG HOHFWURQUWXWD @ K& R WWF WL PX
IRU DOO WKH®DPSOHYV

J)LIXUH SHUIRUPDQFH SD WEKRAMWRIDWDINR BH EDPXV RAIG2 '66&V D
E 3&( DQG )) ZLWK YDULDEOH =Q2 15V FRUH OHQJWK

J)LIXUH ,/OOXVWUDWLRQ RI WKH VWUDWHJLHYV IRU IDEULF
VWHS IRU SUH VHHG VXEVWUDWHYV E VWHS IRU LQ VXL
FRQWUROODEOH $=2 VIQWKHVLY F D UHIHUHQFH H[SHULP!
VROXWLRQ ¥ \QWKHVLV

J)LIXUH 7RS YLHZ 6(0 LPDJHV RI QDQRVWUXFWXUHV SUHS
PO ZLWKRXW 0&8 E $= * PO ZLWK 0&8 RQ ,72 FRDWHG
$= PO ZLWK 0&38 H DQG | FRUUHVSRQGLQJ ('6 REWDLQI

$= & DQG $-= UHVSHFWLYHO\ ,QVHW 6(0 LPDJH LQ H I
WKH ('6 WHVWLQJ DP®HD UHVSHFWLYHO\

JLIXUH 7RS YLHZ 6(0 LPDJHV RI WKH =Q2 $=2 QDQRVWU}
YDU\LQJ $O UHDFWDQW VXSSO\ FRQFHQWUDWLRQ D WR G
PO DQG G $=@ PO

[YL



J)LIXUH 6(0 LPDJHV RI $=2 1)V ILOPV JURZQ RQ ,72 FRDWH
LOMHFWLRQ VSHHGV D PO KU $= 6 E PO KU $=6 F PC
LV P

YLIXUH 6LGH YLHZ 6(0 LPDJHV Rl UHSUHVHQWHG $=2 QD¢
$= DQG G @$=

J)LIXUH D 7(0 LPDJH RI D VLQJOH 1) IURP $= ,QVHUW L
HOHFWURQ GLIIUDFWLRQ 6%$(' SDWWHUQ RI $= E WR G
VHOHFWHG DUHD KLJK OLJKW E\ GRW OLQH FXEH LQ D RI
RI $= & DQG $= RQ 3(®P VXEVWUDWHYV

J)LIXUH "LIIXVH UHIOHFWDQFH VSHFWUD RITWKH $= & DQC

JLIXUH - 9 FKDUDFWHULVWLFV RI '66&V DVVHPEOHG E\ (
XQGHU GLIIHUHQW $0 UHDFWDQW LQMHFWLRQ FRQFHQWUI
H[WUDFWHG IRUP - 9 PHDVXUHPHQW F WKH UHSUHVHQW
SKRWRDQRGH XQGHU VLPXODMRIO® $LUUDGIPDVFPRQ G - 9 F
PDGH E\ $= DQG $= DIWHU WK DQG WK F\FOH EHQGLQJ I
SKRWRJUDSK\ E\ ZUDSSLQJ WKH '66&V DURXQG D PP GLDP

J)LIXUH 2QH FRPSOHWH EHQGLQJ WHVW F\FGH VWUHWFK

JLIXUH (OHFWULFDO FRQGXFWLYLWLHV RR WR 7 VXEV
EHQGLQJ FOFQDG{V5 FRUUHVSRQG WR WKH VKHHW UHVLVWDQF
DQG DIWHUCEHQGLQJ

J)LIXUH $EVRUSWLRQ VSHFWUD RI G\H GHVRUEHG IURP ¢
DUHD RI 7KFHPLQVHUW WDEOH LV G\H ORDGLQJ RI FRUUHVSF

JLIXUH '"HSHQGHQFH RI WKH '66&V RQ WKH JURZWK GXUD
VHW WR PO D ILOP WKLFNQHVV SORW DV D IXQFWLRQ RI
VHFWLRQ LPDJH RI VDPSOH E $= + KU F $= + KU G $=
9RF RI '66&V EDVHG RQ $=2 QDQRVWUXFWXUH SKRWRDQRG
GXUDVWLRQ

JLIXUH (OHFWURQ WUDQVSRUW DQG UHFRPELQDWLRQ
SKRWRDQRGH $= & $= WR $= D (OHFWURQ OLIHWLPH F
YDU\LQJ SXOVH OLJKW LQWHQVLW\ E (OHFWURQ WUDQVS
GHFD\ REWDLQHG XQGHU GLIIHUHQW SXOVH LQWHQVLW\ ,Q
WUDQVLHQW FXUUHQW WUDQVLHQW Z1L®WK DQ H[SRQHQWLD

[YLL



JLIXUH - 9 FKDUDFWHULVWLFV Rl '66&V EDVHG RQ QDQR
GLIIHUHQW LQMHFWLRQ FRGEPHQWUDWLRQ LQ GDUN FRQGLW

[YLLL



I[LVW RI 7TDEOHYV

7TDEOH

7TDEOH

&RPSDULVRQSKN\*IORPDDQBHURBSHUWLHYV

%ULHI VXPPDU\ RI GLIIHUHQW PHWKRGV DQG U

QDQRVWUXF®XUHYV

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

&KDUDFWHULVWLFV RI’FB\VWDO JURZWK LQ OLTXL
$ EULHI VXPPDU\ RI FRUH VKHOO QIPQRVWUXFWXU
SHDJHQWY VROYHQWY DQG PDWHULDOV XVHG LQ
([SHULPHQW IDFWRUV IRU WKH VROXWLRQ V\QWKF
([SHULPHQWDO VHWWLQJ IRU WKH VROXWLRQ V\Q
'"HSRVLWLRQ DQG SODVPD DQDOFPYLY SDUDPHWHU\

6XPPDU\ RI HISHULPHQWDO SDUDPHWHUV IRU WKl

;5" DQDO\WLYV UHVEPWNWSWHRHSWKHG/ IZAZ WK GLIITHUHDC

GHQVLWLHYV

7TDEOH

VDPSO®#HV

7TDEOH

3VHXGR ILUVW RUGHU NLQHWLFV IRU SKRWRFDW

-9 SDUDPHWHUV Rl '66&V EDVHG R\EDUB #fIQQ@PV5

[LI



ILVW RI MRXUQDO SXEOLFDWLRQV DQG FI

JURP WKLV WKHVLV

X &KDR =KDB® =KDQJ <XH +X 1HLO 5REHUWVRQ 3LC
'HVPRQG *LEVRQ <RQQ MLWX PLFURIOXLGLF FRC
WHPSHUDWXUH K\GURWKHUPDO JURZWK RI QDQRIC
6FLHQWLILF 5HSRUWV?2, VUHS

x &KDR =KDRLG &KLOG <XH +X 1HLO 5REHUWVRQ 'H\
S5LEFKDUGRIXWHPSHUDWXUH JURZW KQ RQ RK VEAXLOGS W R |
IR[WDLO VWUXFWXUHV IRWG&H CHDYEMN.]JHG VRODU
'2, F UD E

x &KDR =KDRLG &KLOG 'HV *LEVRQ )UDUDNIAO®PKLGR
SUHSDUHG XVLQJ SODVPD DBWHUMDLOY/W BHBVGE B SR L

3DJHV '2, M PDWHUUHVEXOO

x 1LVDU $0OL $UVKDG +XVVDLQ 5DVKIKDBKPKIGR 0L
%DNKWLDU 80 +DT <RQJTLQJ )X $GYDQFHV LQ QD
IRU VRODU FHOBHQBEZDEPBIWRRGQV6XVWDLQDEOH (¢

"2, M UVHU

X &RQIHUHQFH SDSHU RQ 3*'\H VHQVLWL]HG 6RODU
=Q2 7L2 FRUH VKH@®BDRVYKBR XGH&KLOG <XH +X
SREHUWVRQ 'HV *LEWRQ, GWHKMWDW)IRQDO &RQIHUF
7HEFKQRORJLHV &KLQD -XO\

x 6RODU (QHUJ\ &RQIHUHQFH KHOG E\ 6FRWWL
5SHVHDUFK $&BUYERVWHU +LJKO\ &RPPHQGHG E\ 6,6

X 683% $QQXDO OHHWLQJ 3RVWHUV *ODVJRZ
FHOO EDVHG RQ =Q2 QDQRVWUXFWXUH" 3RVWHU D¢

X 5SHVHDUFK 6WXGHQW &RQIHUHQFH 3RVWHU (YHQW
6RODU FHOO EDVHG RQ =Q2 15V° 3RVWHU DQG SUH

SHODWHG MRXUQDO SXEOLFDWLRQV GXULQJ 3K" VWXG\

X -LD =K®KDR =KIDR/LX +XDQ[L =KDQJ -LQJMLQJ /LX
*XR =KHQORQJ :DQJ 6KHQJIFEL@DEHALH HAHBYW WXKQLF

[l



RI JUDSKHQH WKURXJK FRQWUROOLQJ ERQGLQJ F
DWRBFWLHQWLILF 5HSRUWV'2, VUHS
<XDQLX@KPR =KDRRVRQJ =KRX <LIDQ /L ;LDRWDR
<RQJTLQS8OWUDYLROHW VHQVLQJ EDVHG RQ QDQR
DFRXVWLF ZD¥PDE&MYOBMMHULDOV DQG 6WUXFWXUH\
>
+DLEDR /X OKDRHEKDRQIJWDR <DR -LKXD *RX 'I
<RQJIJTLQIRXWUROOLQJ $X HOHFWURGH SDWWHUQV
HOHFWULFDO DFWXDWLRQ DQG VKDSH&BRBRYHWHWV
3DUW % (QJLQHHULXJ M FRPSRVLWHVE
6 < :DQJ =KLMLH /L RIRVREDERWBOR =X <RQJTLC
$GYDQFHV LQ 1DQRVWUXFWXUHG $FRXVWLF :DYH
6HQVLDIOQRVFLHQFH DQG 1DQRWHFKQRORJ\ /HWW
"2, QQO
+DLEDR /X OBEKDRHEKBRQ ;X -LQVRQJ /HQJ <RQ.
BWUXFWXUDO GHVLJQ RI IOH[LEOH $X HOHFWURGH
HOHFWULFDO 6PPWWDWDRQMULDOV DQG 6WUXFWX
.
'LDRVRQJ&KORRX =KPRIHU +RX -LD =KDQJ .DWKHUL
+XWVRQ <XDQMXQ *XR 3LQJDQ +X 6KXPLQJ 3HQJ
6SXWWHUHG =Q2 ILOP RQ DOXPLQXP IRLOV IRU |
S8OWUDVRQLFV '2, M XOWUDYV
LD =K®KDR =KODRIDQ +X <RQJITLQJI )X =KHQORQJ :
%LQ <DQJ )UDRBISODIKWE RIQKDOBKE FH2GHYLFH IRL
VHQVLQJ DW URRP 58K P SHUDQXUIN
"2, F UD M
'LDRVRQJ =KRX -LD =KSXDR 5RIMVKHRXQH .LUN 'l
+XWVRQ 3LQJDQ +X 6 0 3HQJ :(DRWWDBRGH ORDX
HITHFW DQG KLJK WHPSHUDWXUH SHUIRUPDQFH
WUDQVG%$BBOVHG 6XUIDFH 6FLHQFH= ‘2,

M DSVXVF
'DMLDQ&KIDR =KBRQJTLQJ )X -(QXLQWXRLQJ VLO
QDQRVWUXFWXUHV IRU VXUIDFH DFRXVWLF ZDY

[[L



HQKDQFHRNQ®@WDO RI| RHKHA LOMHF \WR RIEH W \E ‘2,

MHV
<RQJTLQJ )X &KDRQ=KMDBQN 30DFLGR $GXKIRGH- :D
DFRXVWLF ZDYH QHEXOL]DWLRQ R&S SDDOIRBF 3K WLLF
IJHWWHUV ‘2,
'HV *LEVRQ 'DYLG &KL O&K DK =MDR\BRBQDMODQ (z
'DGGHEORQWURO RI RUGHUHG PHVRSRURXV WLWDC
IRUPHG XVLQJ SODVPD HQKDQFHG7EKQQ QFR@LIGD QI

'2, M WVI
<XDQLXQ *XR &KDRKEKIIR<L 0D +XDIHQJ 3DQJ 3L
JUDQN 30DFLGR 'HV *LEVRQ ;LDRWDR =X +
&KDUDFWHUL]DWLRQ DQG KXPLGLW\ VHQVLQJ RI =
ZDYH GHYLFHV ZLWRDWE WQDORURBAMDUFK % X0 OHW
"2, M PDWHUUHVEXOO
+DLELQJ /+ B6KL]KHQ :X +DLMX@KD®RJ=KERRGRQJI <X
)X (YROXWLRQ RI 2[\JHQ 'HILFLHQF\ & HQWHU RQ )X\
E\ SOWUDYLROHW /DVHYGHYDG BRWWWERRDGRAYMWG 0
Y
<DQJ /LX <LIDQ /L $KP&ICDR =KDRPIBMHQJ 'X <RQJIT
)X)OH[LEOH DQG EHQGDEOH DFRXVWRIOXLGLFV ED'
IRLOEHQVRUV DQG $FWXDWRUV % &KHPLFDO
‘2, M VQE
5XR]JKRX +RX <RQJTLQJ )RKDRY EGDMNWERQ *LPHQF
DWKHUL®WMHIRINNSXWWHUHG JLQF R[LGH ILOP RQ D
SURGXFH D IOH[LEOH DQG ORZ S&®RMOIH R QWD VR (
‘2, M XOWUDYV

/LX <RQJ -LQEWMDRI=/KKRRQ =KRX B6DPHHU $KPDG +D
/L OLFKDHO &RRNH 4LDQJ :X :DLSDQJ 1J -LDQJIH
DQG <RQJBIQEUHIXOLQJ (IIHFW RQ BWUXFWXUDO )XQ
B3URSHUWLHY Rl )OH[LEOH =Q2 $FRXVWLF :DYH 6HQ
$YDLODEOH(&O7UDIQVDFWLRQV RQ (OHFWURQ 'HYLF

[[LL



&KDSWHWURGXFWLRQ

SHVHDUFK PRWLYDWLRQ

7KH ZRUOGYTV UDSLG HFRQRPLF DQG LQGXVWULDO GHY
GHPDQGV +RZHYHU WKH SDUDGR[ LV WKDW WKH JURZ
WKH OLPLWHG IRVVLO HQHUJ\ UHVHUYHV $GGLWLRQDC
WKH LQGXVWULD O "WHY@RWXWLRKHQXVHE RI IRVVLO HQHL
ORWV Rl QHIJDWLYH HIIHEWYFRG WBHQH ®RYR Q R QEHISNH W
ZDUPLQJ¥KH JHQHUDO FRQVHQVXV RQ KRZ WR VROYH
UHQHZDEOH HQHUJ\ WHFKQRORJLHV ZKLFK PDLQO\ L
ELRPDVV ELRIXHO WLGDO ZDYH HQHUJ\ DQG K\GURSR:
D SURPLVH DV RQH Rl WKH EHVW UHQHZDEOH HQHUJ\ \
UHVHUYHV Rl HQHUJ\ VWRIUD MP IVROE HJ BRWOR G WRH GV K L \
HQHUJ\ FDQ EH FKDQJHG WR XVDEOH HQHUJ\ IRUPV Wk
HDVLO\ WDFNOHG 6RODU HQHUJ\ VXQOLJKW FDQ EH
LQWR HOHFWULFLW\ RU XVLQJ VXQOLJKW WR KHDW RU
IRU DFKLHYLQJ WKH FRQYHUVLRQ RI VXQOLJKW WR HO
FHO®Y®Y WKH SDVW GHFDGHV 39 KDV DWWUDFWHG FRC

XQLTXH IXQFWLRQV

'\H VHQVLWLVHG VRODU FHOO '66& KDV UHFHLYHG H(
ZHOO NQRZQ WLWDQLXPH\GRRRURKY 7TERRWRDQRGH ED
SURSRVHG E\ *UIW]HO®HA DB OYH DGYDQWDJHV RI ORZ
IDEULFDWLRQ SURFHVV RQO\ QHHG a Rl WKH FR
VRODU FHOO DGMXVWDEOH OLJKW DEVRUSWLRQ UD

SRVVLELOLW\ Rl IDEULFDW L /X IRIQU I ® € [LTEX®IHD\GXYEVQWMULDIV



WKH '66&V DV RQH RI WKH PRVW SURPLVLQJ FDQGLGI
LQWHJUDWHG 9% WHULWIEIWR LRHPDGHY RI VWXGLHV WKt
LPSURYHG VORZO\ DQG DFKLHYHG D SRZHU FRQYHUVLR
E\ <HOODBHWHEPN O\ RQH RI WKH PDMRU UHDVRQV IRU S
LQ SHUIRUPDQFH LV WKH LQHIILFLHQW HMVREBRQ XW L
SKRWRDQRGH ZKLFK FDXVHV UHFRPELQDWLRQ EHWZH
R[LGLVHG UHGR[ VSHFLHVY LQ WKH HOHFWURO\WH DQG

SURSHUWLHY DUH FRQVLGHUHG DV D SRVVLEOH EUHDN

=LQF R[LGH =Q2 LV DQ DOWHUQDWLYH ZLGH EDQGJDS
ZKLFK KDV EHHQ ZLGHO\ XVHG VR IDU LQ '66&V GXH W
WR WKRVEXW ZUWK D PXFK KLJKHUQHDGE MWWIRRQP R DR OLLY
FRVW R[LGH VHPLFRQGXFWRU PDWHULDO ZKLFK FDQ E
PRUSKRORJLHV XVLQJ LQH[SHQVLYH VI\QWKHVLV SURF
EHHQ PDGH RQ GHYHORSLQJ =Q2 QDQRVWUXFWXUHG '6
RI =Q2 EDVHG '66&V LV VWLOO UHODWLYHO\ ORZ JHQH
ZLWK WKRVHBRIWAIGH' §62Y 7KH PDLQ GUDZEDFNV RI WK
WKH XQVWDEOH FKHPLFDO SURSHUWLHW RD EIQ®RLEQGDHF L
VROXWLRQ FDXVH GLVVROXWLRQ FRUUGFHWMLRQ RP QD W
ZLOO IRUP DQG LQHIILFLHQW HOHFWURQ L@GMHEFWLR
DJJORPHUDWHY ZLOO FDXVH SKRWREXUUHQW UHGXFV
HOHFWURQ LQMHFWLRQ IURP G\H WR PHWDO R[LGH ,Q
WKH VSDFHV ZKLFK DUH QHHGHG IRU WKH G\H WKXV Ul

QDQRVWUXFWXUH



,Q RUGHU WR RYHUFRPH WKHVH SUREOHPV FRUH VK
SURSRVHG IRU LPSURYLQJ WKH BEKWRWR P CRIGHR \BMHBIEL 6
DV DQ HIILFLHQW zZD\ WR LPSURYH WKH LQWHUIDFL|
UHFRPELQDWLRQ DW WKH VHPLFRQGXFWRU G\H HOHFV
SHUIRUPDQFH RI WKH '66&V %\ PRGLI\LQJ WKH =Q2 ZL
RQ LWV VXUIDFH D ODUJH VXUIDFH DUHD FDQ EH PDL
HOHFWURQ LQMHFWLRQ DQG VXSSUHVVHG HOHFWURQ
DFKLHYHG 7KHUHIRUH FRPELQDWLRQ RI =Q2 ZLWK R
GHYHORSPHQW RI =Q2 EDVHG '66&VL2L6LRYEAQIMQ BDWH
0J2 KDYH EHHQ VWXGLHG DV WKH PRGLILFDWLRQ VKHC
WKRVH RI WKH G\H D@&LHF® HFD\WWUHRW XWHIP VXLWDEOH DV C
IRU LPSURYLQJ HOHFWURQ PRELOLW\ DV ZHOO DV SUH\)
WKH XVH RI WKHVH VHPLFRQGXFWRU VKHOOV FDQ LPS
WKH VKHOO DQG K\EULG PDWHULDO HIITHFWV RQ WKH '6
JXUWKHU LQYHVWLJDWLRQ LV QHHGHG IRU D EHWWHU
KRZ WR DFKLHYH DQ RSWLPDO HQKDQFHPHQW RI RYHU|
LPSURYHG HOHFWIUHHRO B FSWHRIHWUDHW SRUW DQG UHFF
DELOLW\ DQG SRURVLW\ RI WKH SKRWRDQRGH WKH
DFKLHYH W\SLFDO '66& SKRWRDQRGHV OLPLW WKH F
/TKHUHIRUH WKH REMHFWLYH RI WKLV WKHVLV LV WR C
VWUDWHJILHYVY IRU SURGXFLQJ FU\VWDOODWHW K-HQ ¥ KeHDO/

QDQRVWUXFWXUHY ZLWK FRQWUROODEOH PRUSKROR



2XWOLQH RI WKH WKHVLV

JRU WKH VWUXFWXUH RI WKH WKHVLVY D OLWHUDW
QDQRVWUXFWXUH VI\QWKHVLY DQG LWV DSSOLFDWLRQ
&KDSWHU GHWDLOV Rl WKH H[SHULPHQWDO ZRUN
FKDUDFWHULVDWLRQ SURFHVVHV FDUULHG RXW LQ Wt
WHPSHUDWXUH V\QWKHVLV RI FU\WWDOOLVHG =Q2 15\
LOQWURGXFHG LQ GHWDLO (IIHEFWV Rl UHDFWDQWV FKI
RQ WKH =Q2 15V JURZWK DUH GLVEXVVHG 7KH PDMRU
D ORZ WHPSHUDWXUH SURFHVV ROAHW EEDEPK D @ KEH D
DVVHPEOH F®RURALZKHOO VWUXFWXUH 3DUWLFEXODUO\
DQG SODVPD HQHUJ\ RQ VWUXFWXUH DQG SURSHUW
FU\WWDOOILHG DU LQYHVWLIDWHG ,Q &KDSWHU C
VWUDWHJ\ RQPQRVWMUXFWXUH LV GLVFXVVHG ZKLFK
HITHFWLYH SURFHVVHV FRPELQLQJ DTXHRXV VROXWLR
&KDSWHU DQG DQDWDE&H YHO\R SHD® @ Q B KDLS2W H U
SKRWRDQRGHV ZLWK FRQWUROODEOH PRUSKRORJLH\
SKRWRDQRGHVY DUH GLVEXVVHG ,Q &KDSWHU D XQ
DSSURDFK WR SURGXFH YHUWLFDOO\ DOLJQHG $0 GR
GRSHG =Q2 QDQRIODNHV K\EULG VWUXFWXUHV LV GHF
DSSOLFDWLRQ 7KH PDWHULDO V\QWKHVLVY FKDUDF\
SHUIRUPDQFH DUH VXPPDULVHG DQG GLVFXVVHG /DV

VXJIHVWHG IXWXUH ZRUN DUH OLVWHG LQ &KDSWHU



5HIHUHQFH

+RXJKWRQREDO ZDUPLQJ WKH MRP SGHWB EULH&DPEU

&DPEULGJH 8QLYHUVLW\ 3UHVV

($&2 (PLVVLRQV IURP )XHO 2 RSP BBX\EWLRE@LQJ

ORUWRCRODU HQHUJ\ $ QHZ GD\ GDZQLQDWXUBLFRQ 9|
S

.DO\DQDVXQGH VBI®VLWL]HG 6R OSH& SHWEITV

(DUO\+LVWRU\ :RUNVSDFH LPSHULDO DF XN 5HWULHYF

2 5HIJDQ % DQG$O0ORIEBFWRYWO KLJK HIILFLHQF\ VRODU

VHQVLWL]HG FRO@BWXNG® 7L2 S

)DNKDUXGGLQ $ 5 -RVH 70 %URZQ ) )DEUHJIDW

SHUVSHFWLYH RQ WKH SURGXFWLRQ RIQHUB\ VHQVL\

(QYLURQPHQWDO B6FLISQFH

*UHHQ 0 $ . (PHU\ < +LVKLNDZD : 6ROWD HHD®D
HITLFLHQF\ WDEORBVRIHHVYR@ 3KRWRYROWDLFV 5HVH
S

<HOOD $ + : /HH + 1 7VDR & <L $ . &KDQGLUDQ
'LDX & < <HK 6 0 =DNHHUXBRURK\DQG 6HOWIMNHIHG 6

ZLWK &REDOW ,, ,,, +%DVHG 5HGR[ (OHFW BRDNWHAH([FH
S
ODUFKLRUR $ - 7HXVFKHU ' )ULHGULFK 0 .XQVW

*UDW]HO DQG8QUDYRWVIOWQJ WKH PHFKDQLVP RI SKRWR
SURFHVVHV LQ OHDG LRGLITHVSHURWRQL®H VRODU FHO
=KDR & ' &KLOG < +X 1 5REHUWVRQ ' /fREVRQ 6
WHPSHUDWXUH JURZWKOQPIQR\FEX® SWQRUHE IR[WDLO VW
VHQVLWL]HG59RGBGY FAPKW S

$QWD - $ ( *XLOOpPQ =RQEHDVHEQDH-PHQDLWKH G 6RO
-RXUQDO RI 3K\WLFDO &KHPL/WU\ &

*RQJ - - /LDQJ DGEY.LHXRMWE\H VHQVLWL]HG VROL
)XQGDPHQWDO FRQFHSWV SHW®RG] ZDREYOHHO DRIOBN B K Y VOV Q D
SHYLHZV S

=KDQJ = 6 ,WR % 2 5HJDQ ' .XDQJ 6 0 =DNHHUXC
&RPWH 0 . 1DJHHUXGGLQ 3 3pFK\ 5 +XPSKU\ %DNHI

DQG 0 *UTWHHOOHFWURQLF 5RIQH VR 16 MDKWHWHLLL QJ /D\H L
BHQVLWL]HG 8RB\ &&IOHPV S

‘X < DQG 0 $ $ BFHKPEYRQXWH HQHUJ\ SRVLWLRQV RI
EDQGV RI VHOHFWHG VHBPHRQE RDWLLQH B DQRU CBDW



&KDSWHWHUDWXUH UHYLHZ

,QWURGXFWLRQ

SKRWRYROWDLF 39 HIIHFW zZDV GLVFRYHUHG E\ (GPR
6 XEVHTXHQWO\ LW KDV EHHQ LGHQWLILHG DV RQH R
HQHUJ\ UHVRXUFHV 6RODU HQHUJ\ DSSHDUV QRW RQO
D EHWWHU RIIxJULG FKRLFH LQ WKH LQWHJIJUDWHG DS:¢
HOHFWURQLFYV 5HVHDUFK RQ WKH VRODU FHOOV KDV |
WKH ILUVW SUDFWLFDO VRORUUHAKEQWZIBWHADGHVWFDL
LPSURYHPHQWY RI PDWHULDOV KDYH EHHQ PDGH DQG
'LWK WKH FRQVWDQW GHYHORSPHQW RI QHZ PDWHULD!
KLIKHVW VRODU SRZHU FRQYHUVLRQ HIILFLHQF\ 3&(
$XJ WKH KLIJIKHVW 3&( Rl VRODU FHOO LV DFK

6RODUH (QHUJLHV\VWHPH )LJXUH

6RODU FHOOV QRZDGD\V FDQ EH’GLALOH® ILER\REWK U I8
FHOOV E WKLQL IHO®7HRGXUQERBMK DUH QRUPDOO\ PD
OD\HUV Rl VHPLFRQGXFWRU PDWHULDOV ZLWK PXFK Wk
WKH FRQYHQWLRQDO VLOLFRQ RQHV a —P F PR
FHOOV LQ ZKLFK QDQRVWUXFWXUHG PDWHULDOV KDY
RUJDQLF LQRUJDQLF PROHFXOH DEVRUEHUV 7KHVH PR
FHOOV DUH QRUPDOO\ NQRZQ DV =@ KL AIXQ UHG DIRHSICHHAD R
PROHFXODU DEVRUEHU PHVRVFRSLF VRODU FHOOV DU}

VRODU FHOOV DV ZHOO DV UHFHQWO\ HPHUJHG SHURY"



JLIXUHS5(/fV ODWHVW FKDUW RI FODVVLILFDWLRQ DQG G&F
$XJ JURP KWWS ZZZ QUHO JRY SY DVVEAWYV LPDJHV

7KH '66& KDV GUDPDWLFDOO\ DWWUDFWHG UHVHDUFKH
$IWHU QHDUO\ WZR GHFDGHV RI VWXGLHV WKH '66&YV
DGYDQWDJHV RI ORZ FRVW IDEULFDWLRQ D YDULHW\
IDEULFDWLRQ RQ POM[KBOB6%XERDWUHD MHOIHO\ EHHQ UHJ
WKH PRVW SURPLVLQJ FDQGLGDWH 39 GHYLFHV IRU EF
DSSOLFDWLRQV )WHMVLYH UHVHDUFK KDV EHHQ GRQ
IRU LQGRRU DQG EXLOGLQJ LQWHJUDWHG 39 DSSOLFL

LQVWLWXWHYV [IRU H[DPSOH '"\HVRO $XVWUDOLD 6RC

8.~ @



JLIXUH (IDPSOHV Rl '66& EDVHG LQGRRU DQG EXLOGLQ.
+DQD $NDUL ODQWHUQ ZLWK FKDQJHDEOH SDWWHUQ DQG F
ZLQGRZ GHPRQVWUDWLRQ F DQG G LPDJHV RI VRPH FRP
* L H DQG | ODUJH VFDOH EXLOGLQJ LQWHJUDWHG '66

IpGpUDOH GH /DXVDQQH@()3/ FDPSXV

‘\H VHQVLWL]HG VRODU FHOO

7KH ZHOO NQRZQ QDQRPAVRARDRANQHWE6BLZLWK D KLJ
SURSRVHG E\ %ULDQ 2715HJDQ DQG B LWHKDHBADUGVW WHOH L'
KDYH DWWUDFWHG JUHDW DWWHQWLRQ DQG EHHQ FRQ
FRQYHUVLRQ EHFDXVH RI WK HLKH XFR.Q K H QIA \RIXPWD D' 516 &
VDQGZLFK VWUXFWXUH ZLWK WKH IROORZLQJ FRPSRQ

YLIXUH >~ @D



$ WUDQVSDUHQW SKRWRDQRGH PDGH XS RI D IOXRL
WLQ R[LGH ,72 FRDWHG JODVV VXEVWUDWH ZLWK D
WA\SLFDOORULYXSSRUWLQJ D PRQROD\HU RI FKHPLVR
VXUIDFH DV ZHOO DV DFWLQJ DV D PHGLXP IRU HOHFW

, 72 DUH FDOOHG WUDQVSDUHQW FRQGXFWLQJ R[LGHYV

$ OLTXLG HOHFWURO\WH FRQWDLQLQW UHGRILBRX S C

IRU VXIILFLHQW G\H UHJHQHUDWLRQ

$ WUDQVSDUHQW FRXQWHU HOHFWURGH &( LV PDG

FDWDO\VW W\SLFDOO\ SODWLQXP 3W WR UWEBXFH RJL

J)LIXUH 6FKHPDWLF LOOXVWUDWLRQ RI D VWDQGDUG '6
RI D '66& WKH SURFHVVHY OLQH PDUN LQ JUHHQ VWDQGYV

SURFHVYVY LQ UHG WKH SURFHVVHV GHJUDGLQJ WKH '66&VT
'66&V ZLWK WLPH UHTXLUHPHQW IRU HDFK VWH



7KH '66&VY ZRUN OLNH DQ DUWLILFLDO OHDI OHVRSRUR
DV WK\ODNRLG ZKLFK LV PDLQO\ XVHG IRU VXSSRUW
WUDQVSRUWLQJ SKRWR JHQHUDWHG HOHFWURQV '\H F
DEVRUELQJ OLJKW DQG SURGXFLQJ HOHFWURQV 7KH |
DV D EDVH PDWHULDO LQ WKH OHDI WR UHGXFH WKH RJ[
WR WKH VXQOLJKW OLJKW LV DEVRUEHG KDUYHVWH}
FKHPLVRUEHG RQ WKHOQNQRSDAHN RFOMH. 2 /LIKW H[FLWH
HOHFWURQV LQWR WKH FRQGXFWLRQ BDQ®SR®WWRF QWK
SKRWRDQRGH 7KHVH HOHFWURQV DUH QXGRS BVUNMDIQR
PHVRSRURXV ILOPV DQG H[WHUQDO FLUFXLWV 7KH UH
LQMHFWHG HOHFWURQ WR 02 DUH UHJHQHUDW/HG WR
DQG LQ WKH HOHFWD®R®A@\WGR[] FR¥XMSOH ZRUNV LQ WKH |
$IWHW XVHG IRU UHJHQHUDWHG G\H PROWHEXOB ERBRJM
, ZKLFK ZLOO WKHQ EHEUWGKFHGHEDWANR YR 1,0 FPKWKH 3W

GHWDLOHG ZRUNLQJ SULQFLSOH FDQ EH ®®HVFULEHG D

SKRWR H[FLWDWLRQ RI G\H PROHFXOHV :KHQ WKH
DQ HOHFWURQ ZLOO EH SURPRWHG IURP KLJKHVW RFF.

HQHUJ\ VWDWH WR ORZHVW XQRFFXSLHG PROHFXODU
([FLWDWLRQ 6 E¢l-5* E IR\ 6 Eg -5Y (

7KH SKRWR JHQHUDWHG HOHFWURQ ZLOO EH LQMHEF?

ZLWK D W\SLFBO YDWH RI

JQMHFWLRQ 6Es -5\ 6Egl-5 E Ao (T



7TKHQ WKH LQMHFWHG HOHFWURQ WUDYHOV WKURXJ
UDQGRP SDWKZD\V XQWLO LW UHDFKHV WKH 7&2 VXEV)
FLUFXLW 7KH UDWH RI WKL VVSURIFAKY VK VLV VQURRIPIDA O3 H S

WKH 02 SURSHHIOWEMMJRQ PRELOLW\
&KDUJH WUDQVSRIEW KQRPREN?QEP (T

$IWHU WKH HOHFWURQ LQMHFWLRQ VWHS VWHS
VWDWH 7KHQ WKH R[LGLVHG G\H LV UHGXFHG E\ UHGH

RULJLQDO VWDWH 7KH W\SLRADOWWBKRZRI LK)\ XSWHR F H"
5HIHQHUDWLRR- t5° E u¥ \ 6Eg- t5*E ¥ (T

(OHFWURQV WUDYHO WKURXJK H[WHUQDG ERQRXLW
GLIIXVH WKURXJK WKH HOHFWURO\WH WR WEHVBKH&( .

HOHFWURQV IURP WKH 3W &(
'HR[LGL]LQJ UHDEWLR® QJRAM?PNK® A (T

7KH HOHFWURQV ZKLFK DUH FROOHFWHG E\ WKH 02 \
VXEVWUDWH ZLOO JR WKURXJK WKH RXWHU FLUEXLW
LQWHJUDWHG FLUFXLW &RPSDUHG ZLWK WKH FRQYHQ
VHPLFRQGXFWRU FRPSRQHQW LQ D W\SLFDO '66& GRH\
OLJKW DEVRUSWLRQ DQG 1UH & KD G X DHDU | WQFVQLVRS@RW W Q
DUH GHFRXSOHG E\ WKH VHSDUDWLQJ FRPSRQHQW)\
VHPLFRQGXFWRU DQG HOHFWUROXWHV | RY DRDW WLKDUN W

'66&V WKH UHTXLUHPHQWY RI KLJK SXULW\ VHPLFRQ



FRQWUROODEOH GRSLQJ DV ZHOO DV SUHYHQWLQJ UH

XQQHFHAVVD U\

1XPHURXVY UHVHDUFK DWWHPSWV KDYH EHHQ PDGH
SHUIRUPDQFH RI WKH '66&V IRU SUDFWLFDO DSSOLF
SHUIRUPDQFH LV VWLOO OLPLWHG WR DURXQG GH\
SDSHUV KDG EHHQ SXEOLVKHG EH2QB RDGHKHPWMRUSD
IRU WKLV SHUIRUPDQFH OLPLWDWLRQ LV WKDW VHYHL
DORQJ ZLWK WKH RSHUDWLRQ UHDFWLRQ 7KHVH UHYH
FHOO DV LOOXVWUDWHG LQ )LIXUH E E\ UHG DUL
UHDFWLRQ ®KIHPHOHFWURQV ZKLFK KDYH EHHQ LQMHFW

WKURXJK 02 EXW DOVR KDYH D YHU\ KLJK FKDQFH WR

PROHFXOHV )LJXUH E (T DQG RU DFFHSWHF
E (T
SHFRPELQDWLRG®EZ-5 EAs 6EAL-5 (T

(OHFWURQ UHFDSWR UMM u+

7KHVH UHYHUVHG UHDFWLRQ WLPH DUH VLPLODU WR W
VKRZQ LQ )LIJXUH F ZKLFK LQGLFDWHYV WKDW WKH
RXWHU FLUFXLW EHFDXVH RI UHFRPELQDWLRQ 7KLV K
GUDZEDFNV RI WKH '66&V WKDW OLPLW WKH IXUWKHU I
FRQWUDVW WR WKH WKHRUHWLFDO SHUIRUPDQFH DQC
GLITHUHQW W\SHV Rl '66&V WKH SUDFWLFDO SHUIRUP
7TKHUHIRUH LW LV EHOLHYHG WKDW WKHUH LV D ODUJI

SHUIRUPDQFH E\ VROYLQJ WKH SUREOHP PHQWLRQHG L



RI WKH XQGHUO\LQJ PHFKDQLVP LQ WKH '66&V DQG DSE¢
VWUXFWXUHY DUH FULWLFDO IRU IXUWKHU LPSURYLC
GHYHORSLQJ PRUH HIILFLHQW DQG VWDEOH DEVRUEHI
PDWHULDO +70 PRGLILFDWLRQ RI WKH SKRWRDQRGH
SUREOHP @ WKLV WKHVLVY ZH ZLOO IRFXV RQ SKRWRDC(

WKH '66& SHUIRUPDQFH
%DVLF FRQFHSWYV LQ FKDUDFWHULVDWLRQ RI VROD
$LU PDVYV

7KH VRODU UDGLDWLRQ UHDFKLQJ WKH VXUIDFH RI HD
%HIRUH WKH VXQOLJKW DUULYHV DW WKH VXUIDFH R
DWPRVSKHUH :KLOH WKH VXQOLJKW JRHV WKURXJK Wk
DEVRUEHG E\ PIR@HR[DJHQ@QB WKH LQIUDUHG UHJLRQ C
UDQJH OLJKW KDV EHHQ DEVRUZEWG D\ WI\E MV B PLERR UL
GLR[LGHD®L PHWKDQW HUIDFWLRQ DQG VFDWWHUHG E\
@$V D UHVXOW WKH VXQOLJKW UHDFKLQJ WKH HDUWK

Sbuw RI DWPRVSKHUH ZLOO KDYH GLIITHUHQW VSHFWUI

J)LIXUH 6RODU LUUDGLDQFH VSHFWUXP FKDQJLQJ IURP W
VXUFIDFH



$LU PDVV $0 FRHIILFLHQW KDV EHHQ HPSOR\HG WR L
WKH GLUHFW RSWLFDO SDWK OHQJWK WKURXJK WKH HI
UHODWLRQVKLS EHWZHHQ OLJKW SDWK GHQ ®QWKV R O DNUK

UDGLDWLRQ LQFLGHQW DQJOH H[SUHVVHG DV
.L.. :?2KQa (T

ZKHUH LV WKH DQJOH EHWZHHQ VHLRDVOHDYEHIQOBL)H G

FRHIILFLHQW

7KXV WKH VRODU UDGLDWLRQ VSHFWUXP RXWVLGH Wt
PHDQV |JHUR DWPRVSKHUH 7KH VRODU UDGLDWLRQ VSt
VHD OHYHO YH&WLFBGOIOLQHG DV 3$0 °~ 7KH ZHOO NQR?Z
WHVWLQJ FRQGLWLRQ JHQHUDOO\ XVHG E\ VRODU FHO!
EHHQ FKRVHQ EHFDXVH LW LV XVHIXO WR UHSUHVHQW

ODWLWXGH DQG VXLWDEOH IRU PRVWRE FRXQWULHV L
&EXUUHQW+YROWDJH FXUYH

&XUUHQW GHQVLWXYRPWMIRQH RI WKH LPSRUWDQW F
DQ\ SKRWRYROWDLF FHOOV LQUHAKHBEX WRHVKXUUBW WR G
RXWSXW IURP WKH WHVWLQJ WRRDVHFHOOXWIR FHOW® KOH
DQG FXUUHQW GHQVLW\ RI D VRODU FHOO FKDQJHV ZL
RSHQ FLUFXLW WR JHUR VKRUW FLUFXLW $GGLWLRC

DUHD FDQ DOVR EH REWDLQHG XVLQJ D VLPSOH HTXDW

3 -9



7TKXV FTURP@GE FXUYH )LIXUH WKH EDVLF VRODU |
FLUFXLWORRDY® ALUFXLW FYXERDHQ Z'HGHAD/GAMWO\ REWDLQ
)) DQG WKH RYHUDOO SRZHU FRQYHUVLRQ HIILFLHQF

GHILQHG DV IROORZLQJ HTXDWLRQ

(( L a0eHB0s 1ab&s (T

J)LIXUH ([DPSOH -SIDUBRVUPOLIHHIRU '66&V ZLWK VRODU FH

7KH VRODU FHOO 3&( LV WKH UDWLR EHWZHHQ WKH VR

3rpf DQG WKH SRZHU R ZKXEEFEHEKD) EHIKWUHVVHG DV

2% 'L 2069254l L& H((:9254 (T

7KRXJK WKH EDVLF RSHUDWLQJ SULQFLSOH RI WKH '66.
EDVHG S Q MXQFWLREKNYBDPWHEUHO®WVYFY FDQ VWLOO E
FODVVLFDO HTXLYDOHQW FLUFXLW GHVLJQHG WR GHYV
MXQFWLRQ EDVHG FHOOV ZLWK PRGLILHG LGHQWLILF]

SUHYLRXV UHVHDUEBKHUVY VWXG\



JLIXUH D 6LPSOLILHG HTXLYDOHQW FLUFXLW IRU PR
FKDUDFWHULVWLFV ZLWK E LWV XQLTXH ZRUNLQJ SULQFL
FKDUJH WUDQVIHU SURFHVVHV LQ D FHOO 5HVLVWDQFH DQ

QRW VKRZQ LQ WKLV ILIXUH

$V VKRZQ LQ )LIXUH D D VLPSOLILHG '66& FDQ EH
VRXUFH Q SDUDOOH-®: ZDWK QR®HOWYHDWYH FXUUHQW C
SDUDOOHO DQG D5VHUR BDVFARXQWWRQHDHFWURGH UHV
FRPSOH[ ZRUNLQJ SULQFLSOH RI WKH '66&V HDFK FRPS
FKDUJH WUDQVIHU SURFHVVHV WKDW RFFXU LQ WKH F
GLIIHUHQW FRORXU FRUUHV SR QIBIHWIV WRR WKKIH FFSIRS/R. @/t
LQ WKH '66& ZKLFK FRQWDLQV OLJKW DEVRUSWLRQ DQ
LQMHFWLRQ DQG WUDQVSRUW WKURKJHELWIKNLOR2 WHRD WK
DV JUHHQ LQ )k PBHJHIHE WR FXUUHQW GHQVLWLHV LQ
SURFHVVHV PDUNHG DV EOXH DQG UHG LQ )LIJXUH |
DFFRUGLQJ WR WKLV VLPSOLILHG PRGHO WKH RXWSXYV

D IXQFWLRQ RI DSSOLHG ELDV YROWDJH

L AF L[RET>AEEOPPE o £ B E #4508 4, (T



ZKHUKY WKH UHYHUVH ¥ DW WKBIWLR\GQR B XSWN- QW PIS'ld 6 W
DFWLYH IDWMWXH HOHFWIR @IKH FIKBHDB LW\ IDFWRU DQG
FRQVWDRMW @ADLQO\ DIIHFW WKH )) Rl WKH FHOO DV
WKH VXP Rl QHW UHVLVWDQFH LQ WKH '66& PRGHO ,W
UHGR[ FRXSOH LQ HOHFWURO\BHL\0 P DIQEO H O MRWMUILES M
UHFRPELQDWLRQ RI FDUULHUV LH LQMHEWHG HOHFV

LQ WKH HOHFWURO®WH LQ WKH FHOO

JLIXUH ,PSDFW RI D VHULHV UHVLVWBPOFHYVY DQG E
FKDUDFWHULVDWLRQ RI '66&V

+RZHYHU LW LV KDUG WR LGHQWLI\ WKLV GLUHFWO\ |
UHFRPELQDWLRQ LVVXH LQ WKH '66&V 7R REWDLQ D
EHKDYLRXU RI WKH '66&V DQG RYHUFRPH WKH OLPLWDYV
PHDVXUHPHQWYVY RI VRODU FHOOV DIWHU RSWLFDO RU H
WR PHHW WKLV UHTXLUHPHQW 7KHVH WHFKQLTXHV V
SHUWXUEDWQRBAQRVLW\ PRGXODWHG SKRWRFXUUHQW

,036 RU ,096 DQG HOHFWURFKHPLFDO LPSHGDQFH V.
UHVSRQVH RI WKH FHOO WRHW UDLVILOHD \8 HYKARWWHEE DWRIC

PHDVXUHPHQW ZKLFK ZLOO EH WKH SULPDU\ IRFXV RI



SHUWXUEDWLRQ WUDQVLHQW PHDVXUHPHQWY GR KDY}t
EH GRQH DW DQ DGMXVWDEOH FRQGLWLRQ PRUH UL
SHUWXUEDWLRQ UHTXLUHPHQW WKH UHVXOWY DQG LC
DUH VLPSOH DQG HD VDG MR KKRVGHRIY WRIP® VSRUW WLF
HDVLO\ REWDLQHG ZLWKRXW?, QQW KHLTVX MY OFDVH.Q/'W LPAL ULRUX
WUDQVLHQW SKRWR YROWDJH FXUUHQW WR LQYHVWLJ

NLQHWLFV RI WKH '66&V

7KH '66& LV RQH FRPSOH[ SKRWRFXUUHQW FRQYHUVL
DFFRPSOLVKHG E\ WKH GLITHUHQW FRPSRQHQWYV ZLWK

IROORZLQJ VHFWLRQV HDFK FRPSRQHQW ZLOO EH GLV
&RPSRQHQWYV RI '66&
7KH QDQRVWUXFWXUHG PHWDO R[LGH SKRWRDQRGH

7L2LV WKH SKRWRDQRGH PDWHULDO LQ WKH TL®&VW '6
7KLV PHRVRSRURXV OD\HU LV QRUPDOO\ —P WKLFN
QDQRSDUWLFOH 7KH PHVRSRURXV OD\HU FDQ VXSSRU!
WR G\H PROHFXOHV UHVXOWLQJ LQ VXIILFLHQW G\H O
KDUYHVWLQJ HIILFLHQF\ UHVXOWLQJ LQ D KLJK RXWS)>
LPSRUWDQW UROH LQ ERWK G\H VXSSRUWLQJ DQG HO
DJUHHG WKDW D GHVLUHG SKRWRDQRGH VKRXOG QRW
IRU WKH G\H ORDGLQJ EXW DOVR DFW DV D SHUIHFW
ZLWK WKH DELOLW\ IRU VXSSRUWLQJ OLJKW KDUYHVWL

UHVHDUFK RI SKRWRDQRGHV IRU LPSURYLQJ RYHUDO



LQFOXGH WR HQKDQFH OLJKW WUDSSLQJ DELOLW
LOQWURGXFLQJ D OLJKW VFDWWHULQJ OD\HU 7KH OD
QDQRSDUWLFOHYVY ! QP DQG SODFHG RQ WKH WRS RI
DVVHPEOHG E\ VPDOO VL]HG SDUWLFOHV ,W FDQ H[WH
OD\HU WKXV HQKDQFLQJ WKHPOLWRNLBEVRY BWLIRID Gi\IH
DELOLW\ DQG VXSSUHVV UHFRPELQDWLRQ E\ VXUIDEF
SURSRVHG WRFXWH LLFOO&ODWK GHSRVLWLRQ WR PRGLI
RUGHU WR DFKLHY H DHOX0RQ BWK K LIQJT BPK BIOX @ B (RR T\ &G
WUHDWPHQW FDQ LQFUHDVH URXJKQHVV DQG WKX)\
VLPXOWDQHRXVO\ VXSSURBNZWHFR P BLR) B\WWRIQ ORWYV |
EHHQ PDGH RGKRMHRDPQRGH EXW WKH UHFRPELQDWLRC
VROYHG EHFDXVH HOHFWURQV LQ WKH SDUWLFOH ED
VXUIDFH Rl 7&2 WKURXJK D UDQGRP DQG RU ]JLJ ]DJ SD
7L20DQRSDUWLFOH EDVHG PHVRSRURXV SKRWRDQRGHV
DQG WKH UHDVR®V DQERXGMHFWURQ PRELOLW)\ ZKLFK
FRPELQDWLRQ DQG OLPLWV HIILELHQF\ LPSURYHPHQW
QDQRVWUXFWXUHV IRU IXUWKHU LPSURYHPHQW RI G\H
URXWH IRU VIQWKHVLYX\RXDWION QBB&ND KHIKLIVHPSHUDW
VXFK DV DQQHDOLQJ ZKLEK LV W\SLFDOO\ XVHG IRU UH

RI WKH SKRWRDQRGH DQG RU FU\VWDOOLVDWLRQ RI W
7KH DEVRUEHU '\H

*HQHUDOO\ WKH G\H PROHFXOHV DUH WKRNXRDDOH BE\

HOHFWURQLFDOO\ IDYRXUDEOH ELQGLQJ L H IRUPLQ



7KH\ GR QRW RQO\ DQFKRU WKH G\H PROHFXOHV W
HOHFWURQLF FRXSOLQJ RI WKH G\H /82 VWZHW K EBWMRU B
WKH SKRWRQV IURP LQFLGHQW OLJKW WKH HOHFWURQ
WR /202 OLJDQGV FRQQHFW VXUIDFH RI 02 IURP ZKH
UDSLGO\ DV VKRZQ LQ )LJXUH BKRWRD LYRXEWE SH (
JHQHUDWLRQ DQG LQMHFWLRQ IRU OLJKW KDUYHVW D
7KLV PHDQV WKH DPRXQW RI G\H PROHFXOHY DYDLOL

GHSHQGV XSRQ G\H ORDGLQJ R® WKH 02 SKRWRDQRGH

YLIXUH '\H DEVRUSWLRQ RQ WKH VXUIDFH RI WKH PHWD
GHQVLW\ GLVWULEXWLRQ \HOORZ DUHD DIWHU OLJKW DEV
DIWHU WKH H[FLWDWLRQ LPPHGLDWHO\ ®QG 6WHS
2UJDQLF LQRUJDQLF FRPSRXQG G\HV KDYH EHHQ G
SKRWRVHQVLWL]HUV VXFK DV UXWKHQLXP 5X EDVHG
PHWDO IUHH RUJDQLFKFRIRLIRXQEX EDVHG FRPSOH[HV |
7L2VLQJOH FU\WWDOV ZDV XVHG E\ $QGHUVRQ DQG FR
WKDW WKH VHRUAMWIDVOAG KILPH SKRWRYROWDLF EHKDYL

3&( RI e 2195HIJDQ DQG *UIW]JHO DSSOLHG 5X EI



WR D PHVRSRURKW Q@G2DFKLHYHG D KLJK '@8& BRZRUGYV
D VHULHV RI 5X EDVHG G\HV FLV ; ELV T EL!
UXWKHQLXP ,, KDYH EHHQ GHYHORSHG DQG VWXGLHC
&1 &0 DQG WKLRF®QBWH WKBVH G\HV ; UHSODFHG
VWURQJO\ ERQGH® R@ WVWRKWKIHN VYLD EURDG YLVLEOH O
QP ZLWK D ORQJHU H[FLWHG VWDWH OLIHWLPH RI
WKLV G\H DV 1 ZKLFK FDQ EH XVHG LQ WKHY%B6/& &R D
RQ 1 DFKLHYHPHQW DQG XQGHUVWDQGLQJ D PRGLIL
SURGXFHG ZLWK DQ DEVRUSWLRQ SHDN RSWLPLVHG \
DEVRUSWLRQ PD[LPD DW QP DQG QP ZKHUHDV W
QP UHVSHFWLYHO\ ZLWK D VWURQJ ERQGLQJ DELC
FDUER[\O JURXSV DQG ORQJRB LMD VFDIWV IR GO W R W K
OLJKW UDQJH RQH G\H FDOOHG 1 DOVR NQRZQ DV
UHVXOWHG DEVRUSWLRQ UD®J3R @ DWK H [R\WM QIGH &K DAORG |
SUHYHQW G\H PROHFXOH VHOI DJJUHJDWLRQ *UIW]HO!
FRPSOH[ E\ PRGLI\LQJ WKH & FRQMXJDWLRQ RI WKH
VWUXFWXUH ZDV REWDLQHG DQG QDPHG = ZKLFK S
>  @HQHUDOO\ WKH FXUUHQW G\H VWUXFWXUHV DI

GHPRQVWUDWHG L@ )LIXUH

6RPH G\HV OLNH WKRVH EDVHG RQ SRUSK\ULQ DQG SK
SRWHQWLDO G\H JURXS WR DFKLEHSEHR D XIXID @& IVWKFHWW >
DEVRUSWLRQ EHKDYLRXU ZKLFK KDV WZR VWURQJ DEV

QP UHVSHFWLYHO\ +RZHYHU WKH SHUIRUPDQFH R



QDQRVWUXFWXUHV ZHUH QRW RYHWQWRO D @HD\GRRG
EULGJH DFFHSWRU ZHOO NQRZQ DV 3" & $  )LJXUH

G\H GHVLJQ *RRG SHUIRUPDQFH '66&V ZLWK 3&( ZD
3RUSK\U1L® &K VWUXFWXUH LV WKH NH\ IHDWXUH RI
YLIXUH LQ D SXUH RUJDQLF G\H PROHFXOH &RPSDU
RUJDQLF G\H KDV WKH DGYDQWDJHV RI VWUXFWXUDO
DEVRUSWLRQ FRHIILFLHQW ZKLFK PDNH LW DV DQRWKH}
Rl RUJDQLF G\HV KDYH EHHQ GHYHORS®HGGR®HAK BWVH
G\HV @ULDU\ODPLQH EDOUN®EGXHFWLRQDOL]HR RUJIDC

DURPDWLFDFLGYV EDVHG G\HV

J)LIXUH 7\SLFDO ' E $ VWUXFW&UH RI G\H PROH

ORVW Rl WKHVH G\HV VWLOO IDFH WKH FKDOOHQUJHV RI
KDYH D VKRUW OLIHWLPH &XUUHQWO\ WKH 1 DQG 1

RQHV 7KH LQMHFWLRQ NLQHWLFV RI WKH 1 DQG 1 DL
%RWK RI WKHP KDYH YHU\ IDVW LQMHFWLRQ UDWHV W

VDWLVI\ WKH TXDQWXP \LHOG Rl FKDUJH L@MHBWIRUHH



1 ZLOO EH XVHG DV D VWDQGDUG G\H LQ WKLV WKHV
02 HIITHFWV RQ WKH '66&V UHFRPELQDWLRQ NLQHWL

EHKDYLRXU
(OHFWURO\WH LQ '66&V

(OHEFWURO\WH LV DQ HVVHQWLDO SDUW LQ '66& ,W LV
RI R[LGLVHG G\H EXW DOVR LQ FKDUJH Rl WUDQVSRUW
OLTXLG HOHFWURO\WH IF RIQV DV ®IVWD B 8 8 R UFRXQE.GHV R O
VXUH VROXWHV GLVVROYH SURSHUO\ DOQIG HGR S WRM.HE X W
VWDELOLW\ RU YLVFRVLW\ 7KH UHGR[ FRXSOH LV W
UHJHQHUDWLRQ DQG D VXLWDEOH UHGR[ SRWHQWLDO
SURSHUW\ ®KBYPRG\QDPIRERO WAKMVKe6& LV DGMXVWDEC
UHGR[ SRWHQWLDO ZKLFK LV FRQWUROQ HIGQ EW KMK Il 2H C
XQGHU OLJKW LOOXPLQDWLRQ FRRQGASMLRRH DOIG RKAR
LQ WKH HOHFWURO®KHHYHQEWHUHGR[ FRXSOH KDV EHH
G\H UHJHQHUDWLRQ DV ZHOO DV LPSURYLQJ HOHFWL
DGMXVWLQJ WKH UHGR[ FRXSOH XVH® EQQVKH WX Y6 WG

WR > &

7KRXJK WKH PRVW ’FRPPR®RX\VFRRESOH LQ DQ DFHWRQLW
PL[IWXUH VROYHQW FDQ EHQHILW WKH UHJHQHUDWLRQ
RXWSKMEHORZ DQ® LWV FRUURVLYH QDWXUH VWLOO Q
LPSURY®7KWV HIIRUWY WR ILQG UHGR[ FRXSOHV KDY
FRXSOHV RWKHKDWHDEHHQ VWXGLHG VXFK DV SVHXG

6&16&1 DQG FREDOW ,,, ,, EDVHGOHMHEBRKRXBEOMKH |



UHGR[ FRXSOHV KDYH EHHQ VWXGLHG DQG XVIRF LQ WK
SHUIRUPDG3FH UMIGRR[ FRXSOH LV VWLOO WKH PRVW FRP
RQH GXH WR KDYLQJ FRVW HIILFLHQM) PH) GW. WV BIRVP B

DV D VWDQGDUG HOHFWURO\WH IRU SKRWRDQRGH DQG

JLIXUH (QHUJ\’GILD QWBDPRPIH VHOHFWHG &R SRO\S\UL
,Q DGGLWLRQ WR WKH UHGR[ FRXSOHV PXFK HIIRUW K
RI HOHFWURO\WHV IRU VROYLQJ WKH OHDNDJH DQG VF
GHYHORSHG DQ DGGLWLYH ORZ PROHFXODU ZHLJKW Jt
GHSHQGHQW VROXWLRQ WR JHO H®@KFHWWUR GV WMHSHUD W
UHODWHG PROHFXODU IRUFHV DQG LQWHUDFWLRQV E
FKDLQV WKLV HOHFWURO\WH FDQ EH FKDQJHG LQWR
WXUQHG EDFN WR D JHO DIWHU WKH WHPSHUDWXUH
UHGXFLQJ WKH OHDNDJH DQG HYDSRUDWLRQ RSSRUW X

FRPSDUDEOH 3&( WR WKH FRQYHQWLRQDO OLTXLG FHO

,QVSLUHG E\ WKLV VXFFHVVIXO ZRUN PRUH DGGLWLYH

VROLG VWDWH HOHFWURO\WHV LQFOXGLQJ LRRLF SRC



KH[DIOXRURSURS\OHQH 39') RU SRO\HAKKMVWOIHOQB GR[WGY
FDQQRW LPSURYH WKH SHUIRUPDQFH Rl WKH GHYLFHYV
LQGHHG UHOLHYH OHDNDJH SUREOHP 6R IDU PXFK HII
VWDWH HOHFWURO\WH IRFXVLQJ RQ S W\SH LQRUJD
WUDQVSRUW PDWHULDOV +70V ,Q 295HJDQ HYV
WKLRF\DQDWH &X6&1 FDQ EH XVHG DV WKH +70 DQG
HOHFWUROGNH &R6&12DQG =Q2 G\H &X6&1 '66&YV DQG R
3&( Rl > @KUHH \HDUV ODWHU 7HQQDNRQH JURXS GH®
VROLG '66& DQG IRXQG SUHSDUDWLRQ SURFHVVHV L
$GGLWLRQDOO\ WKH LQWURGXFHG HWK\O PHWK\OLI
LQWR WKH +70 UHGXFHG WKH GHJUDGDWLRQ Rl FXUUH
\LHOGHG D JRRG FRQWDF® RZMYKH G L WH U W QWY SHDRH W K H
D ELJ FKDOOHQJH RQ LPSURYLQJ 3&( 5 IDVHY WD \

+70 DQG 1 DV WKH G\H WR DFKLHYH D VROLG VWDWH
EHFDXVH WKM QR6MQ VWDEOH LQ DWPRVSKHUH DQG GLI
OLPLWHG LQ WKH '66&V &RPSDUHG ZLWK WKH LQRUJL
LQRUJDQLF EDVHG +70V KDYH DWWUDFWHG PRUH DW\
VROXWLRQ SURFHVV EHWWHU SRUH ILOOLQJ DELOLW
SURFHVV ORVW RI WKH FRQYHQWLRQDO FRQGXFWLC
3('27 SRO\S\UUROH 33\ DQG SRO\DQLOLQH VHULHV

SRWHQWLDOV WR EH XVHG DV "WK® VROLG +70V IRU WK



&RXQWHU HOHFWURGHYV

7KH &( LV WKH ODVW SDUW RQ WKH VDQGZLFK '66& VW
WKH HOHFWULFDO FLUFXLW RI '66& 7KH VXUIDFH RI &
KDV DQ LPSRUWDQW IXQFWLRQ IRU UHGHKFEQBENWWR R/K)
QRQ R[LGLMHK IRUPHFHLYLGQJ HOBKRUMHRRYH PRVW VW
WKH &( KDYH EHHQ IREXVHG RQ PDNLQJ WKH &( WI
HOHFWURFDWDO\WLF SURSHUWLHYV LPSURYLQJ FRQ
WUDQVIHU” UHY WHUPYFRI FRQWDFW UHVLVWDQW DQG F
FRDWHG &( LPPHHGHBWMURO\WH FRPPRQO\ KDV EHHQ VV
ZLWK (,6 PHDVXUB®HKWRZQ LQ )LIXUH D WKH GXPP
WZR LGHQWLFDO &(V DQG D WKLQ OD\HU RI128 OMKPKUR C
FRQILJXUDWLRQ WKH SKRWRDQRGH FRQWULEXWLRQ |
PHDVXUHG DQG LQYHVWLJDWHG XQGHU D> VLEXGDWHG
GXPP\ FHOO XVHG IRU &( LQYHVWLJDWLRQ FDQ EH H[S
FLUFXLW )LJXUH E 7KH HTXLYDOHQW FLUFXLW L
GHWHUPLQDWLRQ RI &( SDUDPHWHUV 7KH FKDUJH WUD
&( LQWHIMQFHY RQH RI WKH LPSRUWRB VO BDHUBAD\G M H V/
¢ PHDQV WKH UHGXFWLRQ UDWH RI UK ®RIEERXSOR LV

DIIHFW WKH ))LRHWWKHORHEB0O WKH YDOXH WKH KLJKHU
*HRUJLRX HHBAUWHG WKDW 3W FOXVWHUV ZLWK WKFE
IRUPHG XVLQJ WKHUPDO GHFRPB®E LWL R B\R BY DERRGEDQ

RI Y FALAWK 3W ORDGLQJQRWKLYJFIPVH WKH &( VW

WUDQVSDUHQW DIWHUCHDGGRW I3R\Q ORDGPQWKLFN VS)



RQ WKH 7&2 VXEVWUDWHVKRZPSDUHG ALK W K¥H F7R 2
VXEVWORWHIHGXFLQJ WKH FRVW DV ZHOO DV IRU WKH
HOHFWURO\WH V\VWHP YDULRXV QHZ &(V KDYH EHHQ

EDVHG LQRUJDQLF FRPSRXQG DQG RUJDQLF FRQGXFWL

@

J)LIXUH D 6FKHPDWLF RI GXPP\ FHOO XVHG IRU &( PHD\

FLUEXL®V
=Q2 QDQRVWUXFWXUHV DQG LWV DSSOLFDWLRQ IRU

$V GLVFXVVHG LQ 6HFWLRQ WKH EDVLF ZRUNLQJ S
WKHUH DUH VHYHUDO UHYHUVH UHDFWLRQV ZKLFK SU
WUDQVSRUWHG WR WKH RXWHU FLUFXLW 7KHVH UHYH
JHQHUDWHG WREXRWRIUWQHUDWHG HOHFWURQV UHFRPE
PROHFXOHV DQG RU UHGR[ FRXSOH WKXV FDXVLQJ

LPSURYHPHQW RI '66&V SKHUIRUPDQFH



JLIXUH D WKH HIILFLHQF\ RI D '66& GHFUHDVHYV H[SRQ
DUHD LQ D UDQJH EHWEHHOD XVWUDPWLRQ RI HOHFWURQ FRC
SKRWRDQRGH 1°Q '66&

6 XFK FDUULHU UHFRPELQDWLRQ LV SUHGRPLQDQW GX
FRQYHQWLROPOD&KRSIDABWLFOH EDVHG SKRWRDQRGH GXH
WKH JUDLQ ERXQGDULHYVY DQG WKH UHODWLYHO\ ORQJ
WR WKH 7&2°VXE\DWMURWBY —P WKLFN QDQRSDUWLFOH
DV DQ HI[DPSOH DQ HOHFWUR @ AHRHIDMUWRFIRH W RQR X ¥ &
UHDFKLQJ WKH” 7% K IWXUHARPELQDWLRQ ORVV ZLOO EF
SKRWRDQRGH WKLFNQHVYV LV ODUJHU WKDQ D FULWLEFI
FP JXUWKHUPRUH WKH PHVRSRURXV ILOP DUHD LQ
UHFRPELQDWLRQ ORVV 7KRXJK WKH G\H ORDGLQJ Sl
FRQVWDQW LQ GLIITHUHQW VL]HG VDPSOHV WKH 3&( G
ZDV LQFUHDVHG IURP )LJXWR > F®FFRUGLQJ WR WKH
VWXG\ RI WKH FKDUJH WUDQVSRUW RI WKHVH GHYLF
GHFUHDVHG DQG HOHFWURQ WUDQVSRUW WLPH ZDV L
DUHD@IIXVLYH FKDUJH WUDQVSRUW LV FRPSOLFDWHG

UDSLGO\ LQWHUFHSWHG E\ WKH LRQV LQ WKH HOHFWU



lo SHFHQW VWXGLHV LQGLFDWHG WKDW QRW RQO\ W
FDXVH WKH LQFUHDVHYV RI SDWKV RU OHQJWKYV RI HOH

WKXV OLPLWLQJ WKH SHUIRUFPDQFH RI WKH GHYLFHYV

7KHUHIRUH VXSSUHVVLQJ WKH UHYHUVH UHDFWLRQV
EHHQ FRQVLGHUHG DV DQ HIIHFWL Y3&EDQWR) I PABKIR PID W
DQG PDWHULDO SURSHUWLHV DUH FRQVLGHUHG DV D

OLPLWDWLRQ

JLIXUH &RQGXFWLRQ EDQG &% DQG YDOHQFH EDQG ¢
R[LGH VHPLFRQGXFWRUV +202 DQG /802 OHYHOV RI UXWKk
SRWHQWLDO OHYHO® RI HOHFWURO\WHYV

O9DULRXV 02 VHPLFRQGXFWERUWJIY XEK2RD/QEYEO KDYH EH
H[SORUHG IRU WKHLU SRWHQWLDOV DV WKH SIRRWRDQ
DFKLHYLQJ LPSURYH@PBROIVWKHVH R[LGHV =Q2 LV RC
SURPLVLQJ ZLGH EDQGJDS VHPLFRQGXFWRUV IRU WKH
L HQHUJ\ EDQG VWUXFWXUH DV VKRZQ LEXWIXUWK D

EXON HOHFWURQ PRELOLW\ WKUHH RUGHUWRRPRQ JIQ W



7DEOH> @7KH KLJK HOHFWURQ PRELOLW\ RI WKH =Q2

LOQOMHFWHG HOHFWURQV IURP WKH DGMRLQLQJ R[LGLYV
LPSURYH WKH FDUULHU FROOHFWE®RIQUHHIIR B HH @ BY RIDWKI
SRWHQWLDO WR DFKLHYH D SKRWRDQRGH ZKLFK KD\
VXSSUHVVLQJ UHFRPELQDWLRQ IRU IXUWKHU LPSURYL
+RZHYHU FRPSDVKH FKRIFILRDO VWDELOLW\ Rl =Q2 LV C
DPSKRWHULF R[LGH QDWXUH GLVVROYHV LQ ERWK DFL
G\H ORDGLQJ SURFHVV LV SHUIRUPHG E\ VRDNLQJ 02
DFKLHYLQJ G\H PROHFXODU ERQGLQJ *HQHUDOO\ X\
FDUER[\OLF DQFKRULQJ JURXSV ZKLFK PDNEAKYAMKH G\
WKH G\H ORDGLQJ VROXWLRQ FRQFHQWUDWLRQ DQG G
SUHFLVHO\ FRQWUROOHG ,Q WKH DFLG G\H VROXWLRC
ZKLFK SUHYHQW G\H ERQGLQJ RQQNWHH 2V ROX NGB QWL
=Q2 G\H LQWHUIDFH DOVR UHDFW ZLWK WKH 6\® PROH
7KHVH FRPSOH[HV FDQQRW ZRUN DV OLJKW DEVRUEHL
=Q2 VXUIDFH DQG SUHYHQW WKH QRUPDO G\H ERQGLQ
DFWV DV D UHFRPETZ®BWLRREGHPRWODMNVHG E\ WKH =Q2

QDWXUH FDQ EH RYHUFRPH XVLQJ WKH IROORZLQJ ZD\
GHVLJQHG WR PDWFK =Q2 SKRWRDQRGH FRXOG SURPR\
SUHYHQW FRPSOH[ IRUPDWLRQ WKXV LPSURYLQJ WKH
WKH RWKHU KDQG 02 PRGLILHG OD\HUV FRXOG EH XVH:

DQG JRRG G\H FRPEI®QDWLRQ



7TDEOH &RPSDULVRQSKNIORPDDQIURBSHUWLHV

=Q2 7L2 5HI
%DQG JDS H9 > (
SBHIUDFWLYH LQGH] >
(OHFWURQ PRELOLMWYQJOH QDQRZLUH @
>
FPOV EXON =Q2
T af
k QDQR
(OHFWURQ GLIIXVL (\%/ |$ QR SDUWLFXODWH
SDUWLFXODW ILOP @
FRHIILFLMQW FP ILOP
EXON =Q2
EXON 7L2

7KH HDVH RI FU\WWWDOOLVDWLRQ DQG DQLVRWURSLF
DFKLHYLQJ D GHVLUDEOH SKRWRDQRGH ZKLFK KDV D
VXIILFLHQW G\H ORDGLQJ DELOLW\ 0DQ\ HIIRUWV KDY
YDULHW\ RI =Q2 QDQRVWUXFWXUHV ZLWK YDULRXV S
SURSDJDWLRQ RU HQHUJ\’KDUY R WALIQH [RSBMR EDWIL RW
SURSHUWLHV RI QDQRVWUXFWXUHG =Q2 SDUWLFXOD

UHYLHZHG
%DVLF SURSHUWLHV RI =Q2

=Q2 QRUPDOO\ LV SUHVHQW DV D ZKLWH RU \HOORZLVK

J PRO W LV QRQWR[LF RGRXUOHVYV DQG LQVROX
DONDOL DQG EHORQJV WR WKH GDVV RI DPSKRWHULF
ZXUW]LWH FU\WVWDOOL]HVY VWUXFWXUH DW DPELHQW SU
,Q =Q2 ZXUW]LWH FU\VWD\WO WWWRRVW)XGUHESWHEW RRX B R H U
DWHWUDKHGURQ DV VKRZQ LQ )LIX®HKHVH WHWD®Q & HYX

FRQVLVW@E® 2DUH VWDFNHG DQG DUUDQJHG DOWHUQD



GLUHFWLRQ RI WKH KH[DJRQDO ODWW®WKEW WHMWMKH
DUUDQJHPHQW OHDGV WR SRODU V\PPHWIQ\ W IOHR @)\ SALIKIE

ZXUW]JLWH =Q2 FU\VWDO WKHUH DUH D SRODU JLQF S

s DQG ORZ LQG#[ IBEBHDO®HO WR F D[LV FRQVLVWL
SRODUSODQMRH ZXUW]LWH VWUXFWXUH DQG WKH SRO
RI =Q2 FKHPLFDO DQG 3KWXFD ®\S SR 8 HRIMOLHHRW UL FLW
SRODUL]DWLRQ DV ZHOO DV FU\WWDO JURZWK HWFK

JHQHUDWLR®

YLIXUH 7KH EDOO VWLFN PRGHO RI WKH ZXUW]JLWH =Q2
GLUHFWLRQs 'BD®HH®A

$V RQH Rl WKH ,, ,9 VHPLFRQGXFWRUV =Q2 KDV PDQ\ S
HOHFWULFDO BIDSIR\VFWWXRWYXUHG =Q2 IXUWKHU LPSUR
RQO\ EHFDXVH WKH QDQRVWUXFWXUH SURYLGLQJ ODU.
RI EHQHILWV LQ WKH YLHZ RI TXDQWXP FRQILQHPHQ)
'XULQJ WKH SDVW GHFDGHV YDULRXV IRUPV RI =Q2 (

LQFOXGLQJ OQDQRSDUMNQAEDHMY  1:V QDQRIPRGYV



ODQRWXFQPIVQREHOVVYDQRY KHHOW/ QDQRWLSWKHVH
QDQRVWUXFWXUHV FDQ EH REWDLQHG WKURXBK HLW
PDJQHWURQ VSXWWHULQJ FKHPLFDO YDSRU GHSRVLW
SXOVH ODVHU GHSRVLWLRQ RU HKREXRM/IRRAUEDOHBQS
WHPSHUDWXUH DTXHRXV QDQRVWUXFWXUH JURZWK

GHSRVLWLRQ PHWKRM®HVH ZLOO EH GLVFXVVHG LQ WKI
=Q2 QDQRVWUXFWXUHV 6\QWKHVLV

JRU WKH QDQRVWUXFWXUHG =Q2 PDWHULDOV WR PHt!
UHTXLUHG WKDW WKHLU PRUSKRORJ\ FU\WWDOOLQH V
DUH FRQWUROODEOH DQG UHSURGXFLEOH WR DFKLHY!
WHEKQLTXHV KDYH EHHQ H[SORUHG WR JURZ =Q2 QDQ
WHEKQLTXHV FDQ EH VHSDUDWHG LQWR WZR PDLQ FD\

VROXWLRQ SKDVH WHFKQRORJLHV
O9DSRXU SKDVH WHFKQLTXHV

9DSRXU SKDVH WHFKQLTXHV DUH ZHOO VWXGLHG EHF
SURGXFLQJ KLJK TXDOLW\ =Q2 FU\WWDOOLQH QDQRVYV
SURFHVV LV KHDYLO\ UHOLHG RQ WKH FDUULHU JDV DQ
QRUPDOO\ UHTXLUH HLWKHU H[SHQVLYH YDFXXP IDF
WHPSHUDWXUHYV W\SLFDOBG& UDRHLKQUIKURPMPSHUDWXU
UHVWULFW WKH XVDJH RI>P D GXER\PKHRUP R X EYV WUWKBIW H WP H
FKDOOHQJHV IRU DFKLHYLQJ JRRG VDPSOH XQLIRUPL

7\SLFDO YDSRXU SKDVH WHFKQLTXHY FDQ EH VHSDUDMW



9DSRU WUDQVSRUW WHFKQLTXH
9DSRU WUDQVSRUW WHFKQLTXH LV D YHU\ SRSXODL
VIQWRKH®LYDULHW\ Rl =Q2 QDQRVWUXFWXUHV KDYH EH
W LV EDVHG RQ WUDQVSRUW RI JURZWK VRXUFH YDSF
WKH\ UHDFW "W €7 KRWPWEHFX QLTXH JHQHUDOO\ UHTXLUH\
ZLWK JDV FRQWURO V\WVWHP WR FDUU\ RXW @NVQRVWL
GHPRQVWUDWHG LQ )LIJXUH WKH VRXUFH PDWHULI
WHPSHUDWXUH DUHD LQ WKH WXEH IXUQDFH IRU PDW
DQG RU UHDFWLRQ JDV LV LQWURGXFHG IURP WKH UL
OHIW HQG 7KH VRXUFH PDWHULDO YDSRU FDQ EH WUD
IRU QDQRVWUXFWXUH JURZWK 7KH JURZWK YDSRU FD(
=Q2 SRZGHU EXW LW UHTXLUHV TXLWH KLJK SURFHVYV
LV DURX®G ©@7R UHGXFH =Q2 GHFRPSRVLWLRQ WHPS
PHWKRG VRXUFH PDWHULDO LV =Q2 PL[HG ZLWK JUDSH
ZLWK JUDSKLWH B& DQGWRURGXFH @& =82 YDSRU IRU
QDQRVWUXEWX98 DORVHMIQDWLYH WR VLJQLILEDQWO\
SURFHVV WHPSHUDWXUH LV XVLQJ =Q ERHWD/O V PXWDRML
PDWHUBDIOHUHIRUH R[\JHQ LV UHTXLUHG IRU =Q2 IRU
SDUWLFXODUO\ FRQWUROOHG WR DYRLEQ Q5 GRWAIRYL F
YDSRU SUHVVXUH UDWLR RI =Q 2 LV FULWLFDO IRU =Q.

PRUSKRORMN EPRQWURO



YLIXUH 6FKHPDWLF LOOXVWUDWLRQ RI WKH KRUL]
WUDQVSRUW SURFHVV

7KH JURZWK Rl =Q2 QDQRVWUXFWXUHV E\ YDSRU WUDQ
NQRZQ PHWDO FDWDO\VW DVVLVWHG L H $X )H YDSI
VROLG DSSURDFK LI ZL®WPORXRXW KH E MDMERWWU X FW X U H
QDQRURGYV QDQRZLUHV QDQRVSULDO FDQ EH SURC
DSSURD%K 2 QDQREHOWYV ZLWK WKH W\SLFDO WKLFNQFL

QP DQG QP FDQ EH REWDLQHG E\ FDWDO\VW |
=Q2 SRZHU DV VRXUFH:@DVOHDWRSURSHOOHU DUUD\V Z
FDWDO\V\W® MXEYVWODWH E\ D WZR VWHS SURFH9V WH
7KRXBRWDO\VW LV QRW HVVHQWLDO IRU IRUPDWLRQ
WUDQVSRUW SURFHVV 7KH YDSRU OLTXLG VROLG 9/6
QDQRVWUXFWXUH JURZWK L H PRUSKRORJ\ ORFD)
QDQRVWUXFWXUH FDQ DOVR EH SDWWHUQHG ®\ DSSO\
SDWWHUQLQJ WKH FDWDO\VW $X WKLQ ILOP RQ WK
QDQRZLUHV JURZWK ZDV DFKLH YRIGHWAQPRE DIQ R Z6 SRR B
RQO\ RQ WKH $X FRDWLQJ SDWWHUQHG FDWDO\VW DL

UDQJH RI > Q%VLQJ VHOI RUJDQL]JHG SRO\WW\UHQH Q



*D1 VXEVWUDWHY GXULQJ FDWDO\VW $X GHSRVLWLR
RULHQWHG ZHUHSREWDKR¥ GAD W O
2EOLTXH DQJOH GHSRVLWLRQ

2EOLTXH DQJOH GHSRVLWLRQ 2%$' LV D JHRPHWULFDC
WHFKQLTXH LV D GHSRVLWLRQ FRQILIXUDWLRQ LQ ZKL
VXUIDFH RI D VXEVWUDWH DW DQ DGMXVWDE®H REOL
QDQRVWUXFWXUHV IRUPHG E\ 2%$' LV EDVH®$WQ WK
GHPRQVWUDWHG LQ )LIJXUH E WKH LQLWLDO DUUL
DQG IRUP VRPH ODUJHU PDWHKHD A BOUWILEFQOQ HRRUPHNGN |
FDXVH D VKDGRZ DUHD EHKLQG WKHPVHOYHV ZKLFK E
PDWHULDOCYRISRARQWLQXRXV DUULYLQJ VRXUFH PDW
IRUPDWLRQ RI VHSDUDWHG DQG WLOWHG QD®RLWROXP
JURZWK EHKDYLRXU FDQ EH FRQWUROOHG E\ DGMXVW
VRPH FRQWUROODEOH SURSH KWW LVWR/XVRKHKP D W FRILIRY LYV
VXSSOLHG E\ YDULRXV WHFKQLTXHV 6XFK DV VSXWWH
HYDSRUDWLRQ WHFKQLTXH DQG SODVPD HQKDQFHG FK
@%\ XVLQJ 2$' WHFKQLFDO ZLWK&KY BHQFREIHDNVD D@ JFOHH
FU\WWDOOLVHG =Q2 QDQRURGV DUUD\V&ZEWKS & W\ B YW
VXEVWUDWH WHPSHUDWXUH 7KH VIQWKHVILWHG =Q2 Q
QP DQG WKH URG GLDFPHWRO HRGDQFf RYYPBOWKDW WKH S
Rl =Q2 QDQRVWUXFWXUHV FDQ EH DGMXVWHG E\ FRQW
EHWZHHQ [ IKH UHIUDFWLYH LQGH[ RI WKH QDQRVW!L
EH WXQHG IURP WR ZLWK WKH GHSRVEMIRRQ KD QJC

QDQRURGY DQG HYHQ PRUH FRPSOH[ QDQRVWUXFWXUF



VSLUDO DUUD\V FDQ EH REWDLQHG E\ 2%'" ZLWK VXE\
WHFKQLTXH LV VWLOO IDFLQJ FKDOOHQJHV VXFK DV W
QDQRVWUXFWXUHYV VLPSOLILFDWLRQ RI IDEULFDWLRC

KLJK FR& W

J)LIXUH D 6FKHPDWLF YLHZ RI REOLTXH DQJOH GHSRYV
VKDGRZLQJ HIIHFW IRU QDQRVWUXPWXUH JURZWK C

6ROXWLRQ SKDVH WHFKQLTXHV

/KH DGYDQWDJH RI VROXWLRQ SKDVH WHFKQLTXHV WR
QDQRVWUXFWXUHV FDQ EH REWDLQHG DW D B&ODWLY'
JXUWKHUPRUH PRVW RI VROXWLRQ SKDVH WHFKQL
HQYLURQPHQWDOO\ IULHQGO\ FRPSDUHG ZLWK PRVW
SKDVH WHFKQLTXHV 6ROXWLRQ SKDVH WHFKQLTXHV
UHDFWLRQ FRQGLWLRQV ZKLFK FDQ EH UHDGLO\ DGMX\

KROG D JUHDW SURPLVH LQ LOQWHJUDWLQJ ZLWK YDUL



SRUWDEOH *HEHEMURQYRVDUH SRVVLEO\ HPHUJLQJ JD
DFKLHYH FRPSOH[ DFEFEXUDWH QDQRVWUXFWXUH FRQWL
DUH LQ WKH GLIILEXOWLHV LQ SUHFLVH FRQWURO RI W
DQG DELOLW\ IRU UHSURGXFLEOH XQLIRUPLW\ RQ D
VROXWLRQ EDVHG WHFKQLTXHV W\SLFDOO\ LQFOXGH
(OHFWURFKHPLFDO GHSRVLWLRQ

(OHFWURFKHPLFDO GHSRVLWLRQ (&' LV EDVHG RQ ED\
ZLWK DQ H[WHUQDO SRZHU VXSSO\ 7KH VRXUFH PDW!
UHGXFHG DW WKH FDWKRGH WR IRUP QDQRVWUXFWXU
ODUJH VXUIDFH GXH WR LWV VWURQJ H[WHUQDO GULY]|
QRW RQO\ FKDQJLQJ JURZWK VROXWLRQ SDUDPHWHU
VXSSOLHG WR WKH HOHFWURGHV 7KH (&' KDV EHHQ VX
=Q2 QDQRVWUHMBWXUHY QDQRWXEHYV RQ D ODUJH VL]H
HYHQ LI WKH VXEVWUMBWBFLV=EXWRWHGODWLQXP 3W F
FRPPRQO\ XVHG LQ =Q2 (&' SURFHVV 3W DQRGH GRHV C
EXW FRPSOHWHV WRH H®@ FWQRGH @ RWURROW FRPSOHW

FLUFXLW EXW DOVR VXEBWUHRIWEE (REV =0Q

o \ o CTERN
7KH =Q2 JURZWK VROXWLRQ QRUPDOO\ FRQWDLQV DC
R[\JHQ QLWUDWH LRQV RU KYG UFR3IHIF SHIOWE GHK ORQE G
RU JLQF QLWUDWH LV FRPPRQO\ XVHG L® WKHKHURZW

UHGXFWLRQ RI WKH R[\JHQ SUHFXUVRU DW WKH VXUID



2+ LQ WKH JURZWK VROXWLRQ GXULQJ WKH (&' SURFF

DV VKRZQ LQ (T WR (T

OROHFXODU R[\JH( Et ¢ EVF\ v 7 (T
cEtg Etf\ 4 4Et 7 (T

ILWUDWH LRQYE ¢ Et?~» S Et ? (T

+\GURJHQ SHUR[LGH ¢Etf\t 7 (T

/KH JHQHUWWMIBD EW ZLWKRWRHP-QQ2 RQ WKH VXUIDFH

(T

6>Et 7\ o E 4 (T
:LWK DQ H[WHUQDO HOHFWULF ILOHG SUHVHQWHG GX
VKRZHG D JRRG DOLJQPHQW RI 15V DQG VWHYRQDVDIG\WH
DO SUHSDUHG =Q2 QDQRURGYV DUUD\V ¥K®KWWDMDHRW K §
PROHFXODU R[\JHQ DV R[\JHQ SUHFXUVRU LQ WKH ]JLQ
PL[HG JURZWK VROXWLRQ 7KH REWDLQHG =Q2 15V KDY
D GLDPHWHU EHWZHH® Q DRGLWLRE® GXH WR WKH H[W
SUHVHQW GXULQJ JURZWK LW FDQ DOVR EH XVHG C
QDQRVWUXFWXUHV E\ DGMXVWLQJ SRZHU VXSSO\ DQGC
UHDFWDQWYV LQ WRH JURPRWKHYROXOWH. RQXREMMD LRQO G
YHUWLFDOIO\ ®GPIHGHEQ2 QDQRZLUHYV RQ WKH VLOLFRC
QLWUDWH DO® KH[DPHWK\O#HQHMHWE HIOIHFRIRO\WH D

THPSODWHG DVVLVWDQW JURZWK



7HPSODWH DVVLVWDQW QDQRVWUXEFWXUH VI\QWKHVLYV
JURZWK $ WHPSODWH FDQ EH XWLOL]JHG WR IRUFH WK
9DULRXV WHPSOHWV ZLWK QDQR FKDQQHOV DQG RU PH
IRU PRUSKRORJ\ FRQWURO Rl WKH QDQRVWUXFWXUH
DYDLODEOH WHPSODWHY DUH DQRGLF DOXPLQLXP RJL
JODVV DQG SRO\FDUERQDWH EDVHG PHPEUDQH WHPSC
WKH PRVW FRPPRQO\ XVHG IRU ' QDQRVWUXFWXUH \
UHTXLUHPHQWYVY RI FRVW HIILFLHQF\ DQG FIXIDESD LW\
WHPSODWH FRPPRQO\ FRXSOHG ZLWK (&' SURFHVV IRU
WHPSODWH LV ILUVWO\ DWW DF KHIGH®W RVKXUZ B R HR IV WW |
DV WKH FDWKRGH LQ WKH (&' JURZWK VROXWLRQ 8QGt
L HLQF LRQV GLIIXVH WRZDUGY WKH WHPSODWHG DW
LQWR WKH JDSV DQG RU SRURMYORIDWHKR XWVIOR S OIBWIR[L G
DUH JHQHUDWHG DW WKH FDWKRGH DQG WKXV WKH =Q
DQG RU SRUHV RI GVKHI I3NDLPEGODQRMWUXFWXUHY FDQ EH F
UHPRYLQJ WK H®NKHRGIOMW DO UHSRUWHG WKDW WKH O]
DUUD\V FDQ EH REWDLQHG E\ RQH @RHB WHP SSOXHWW RD:
DQG23®UH ERWK DPSKRWHULF R[LGHV WKHUH LV VWL
$$2 WHPSODWH ZLWKRXW FDXVLQJ GD®BDJHY ROWE D @D
SRO\FDUERQDWH WHPSODWH KDYH EHHQ VWXGLHG DQ
UHSRUWW®&DW E\ UHOLDEO\ YDU\LQJ WKH QDQR FKDQ
WHPSODWH WKH UHVXOWHG =Q2 15V GLDPHW®QV FDQ
DGGLWLRQ WKLV PHWKRG DOVR FDQ HDVLO\ SURGXF

PRUSKRORJ®%HVLGHV SRURXV PHPEUDQHV ZLWK QDQR



WHPSODWH FRXOG DOVR EH XVHG IRU =Q2 &/MXRRHGIHYV
WKDW =Q2 1:V FDQ EH IDEULFDWHG E\' VR OXWL R/®I BB R D\
&GRQWLQXRXWRIQPERXW —P LQ OHQJWK ZHUH REWDLC
WKDW WKH HOHFWULFDOO\ UHVLVWDQFH RRWRHZREWDI
+\GURWKHUPDO JURZWK LQ DTXHRXV VROXWLRQV
/IRWV Rl UHVHDUFKHUV KDYH UHSRUWHG WKH FRQWUR
XVLQJ WKH K\GURWKHUPDO DTXHRXV VROXWLRQ SURFH
LRQV =DRG D VRXUFH RI K\GUWWR KNGHE LERBIO2BHDFW ZL W
=Q WR IRUP =Q2 6HYHUDO ]LQF VDOWLWN HFID@F HH KXW B @&/
GHK\GUBMBF FKORWRGHRY D®H DK RXRUFFH FRXOG EH JH
XVLQJ DPPRQLD DQG DPPRQLXP FKORULGH 7KH DGYD
PHWKRGYV LQFOXGH ORZ W& PRKHIDSNRKHP IBFHDAR P JHQ W
RSHUDWLRQ LQ DGGLWLRQ WR WKH ORZ FEWWKQE JL
PHWKRG ZLOO EH XVHG LQ RXU SURMHFW LW ZLOO EF

IROORZLQJ VHFWLRQ
$TXHRXV VROXWLRQ JURZWK SURFHVYV

7KH DTXHRXV VROXWLRQ K\GURWKHUPDO JURZWK PH\
VROXWLRQ SKDVH VI QWKHVLV WHFKQRORJLHV ,Q WK|
UHDFWLRQ FRQGLWLRQ LV FRPPRQO\ UHTXLUHG IRU W
GLYDOHQW PHWDO LRQV GR QRW K\GURO\V3R UQWIKMHL G L
FODVVLFDO DTXHRXV VROXWLRQ JURZWK RI =Q2 QD
FRPPRQO\ DSSOLHG RQ WKH GHVLUHG VXEVWUDWH VXL

JURZWK Rl WKH QDQRVWUXFWXUHV DQ®3URRGHBGHKS)



VXEVWUDWHY DUH WKHQ SODFHG LQWR DTXHRXV UHDFE
WR DFKLHYH D SURSHU VXSHUVDWXUDWLRQ IRU QDQH
> KHQ WKH DTXHRXV UHDFWLRQ VROXWLRQ LV V

R& GHSHQGLQJ RQ WKH UHDFWLRQV QDQRVWUXFWXU

WR HSLWD[LDOO\ JURZ IURP WKH VHHG OD\HWE\ D KHW

J)LIXUH 6FKHPDWLF SURFHVV RI WKH DTXHRXV VROXWL
QDQRURGV

0DQ\ JURZWK SDUDPHWHUV EULHIO\ VXPPDULVHG LQ
H[SORUHG WR PDQLSXODWH WKH PRUSKRORJ\ RI DT
QDQRVWUXFWXUHV LQFOXGLQJ S+ HIIHFW WR WKH JUR
FRQFHQWUDWLRQ RI UHDFWDQWY DQG GLIIHUHQW DG!
FRPPRQO\ XVHG FKHPLFDO UHDJHQWY FDQ EH EULHIO\

BROXEOH =Q VRXUFH UHDJHQWYV PDWHULDQVQRFRU F
DFHWDW&RK +=Q PLQF VXOSKDWI®F=FQRUD®IE [LQ&EOIRUPD

=Q &+2



%DVLF UHDJHQWYVY IRU H[DPSOBR¥ NRBR®PDKKGERRLY
1D2+ KH[DPHWK\OHQHWHWUD MWKAO HOH$E DR LQH &
('$ DQG WULHWKDQROIPPLQH 7($ &

$GGLWLYHV IRU H[DPSOHYV &®D P PRQALDD AKIO RIRG\H W:
3(, SRO\ HWK\OHQH JO\FRO 3(* SRO\YLQ\OS\UURC
VXOSKDWH 6'6 DQG SRO\YLQ\O DOFRKRO 39%$

7DEOH %ULHI VXPPDU\ Rl GLIIHUHQW PHWKRGV DQG Ul
QDQRVWUXF®XUHYV

SHDPWDQW s+ PRUSKBHEI|\vwpo FrowuUR

15V DQG SHDFWLRQ GXUDWLRQ W

=Q 12 142+ WR FWLRQ VROXWLRQ S
QDQRSDUWLH&?NHHPSHUDW@XUH

0 12 15V QODQRWXEBEHBFWLRQ WLPH DV ZHC
£07$ & 1 WR 1:V DQG LQIOXHQFH RI VHHG OD\F
QDQRSODWHV VXEVWUDWHYV

=Q 12 &LWUDWHY DQ@5V ZLWK JRREOXHQFH RI DGGLWLYH
&+ 1 RUGHU HIITHFW RQ WKH PRUSKROT

=Q Z&+ QLOXHQFH RI DGGLWLYH
-0 12 6rRGLxp WR 15VR5'('3VQ|’E IRV H UHDFWLRQ VROXWL
K\GUR[LGH FRQFHQWUDWLRQ
JORZHU OLNHIDHBNV R1 UHDFWLRQ VR
=Q&MQG 2+ W R URWRU OLNSi+ DQG XVDJH RI GLIIHUI

QDQRVWUXFWXUKEVWUDWH

=Q&OWKLRXUHD }(SVRZV;’)JE;L(N)';'N FWLRQ GXUDWLRQ D
6& 1+ 1++2 ! HUDWXUH VXEVWUL

W
WRZHU OLN
DQG &® QDQRVWUXFMI—’_'DWPI-FQW AITHFWYV

!15V QDQRIORZHWDOXHQFH RI UHDFWLRC

=Q 12 DQG 1D2+ DQOG QDQRGL/BMXVWHG E\ @D2+

"LITHUHQW UHDFWLRQ FRQ
15V DQG VWDEBHHONWWXGLHG LQIOXHC
XGMWXHWHH QW UHDFWDQWYV S
VXEVWUDWHY DG LRQLF \

&RPSDULVRQ RI
YDULRXV JURZANWRK
UHDFWLRQ VROXWLRQ}DQRVWLJ

&ERQFHQWUDWLRQ RI GLII
QREHOWWBDBWD/QWY LQ WKH UHDF

D
= | =
Q PHWDO IRLO! =Q62 DQG 15V DQG UHDFWLRQ WHPSHU

LQI10OXHQFH
=Q &2 [+2

DQG RUJDQLMR 15V |0Rzﬁgo7§t'/|@§g(\5’> Rlg XUIDFWD
VXUIDFWDQWYV 0




6R IDU YDULHG GLPHQVLRQDO ' WR ' =Q2 QDQRVWL
XVLQJ WKH DTXHRXVY VROXWLRQ SURFHVV E\ DGMXVWL(
PRVW LPSRUWDQW HIIHFWV RQ QDQRVWUXFWXUH JURZ
HITHFWV RQ FU\WVWDO JURZWK UDWH DV ZHOO DV QDQR
WKH VXSHUVWDWLRQ OHYHOV DQG WKHLU HIIHFWV RQ
JURZWK EHKDYLRXU 8QGHU GLIIHUHQW VXSHUVDWX

EHKDYLRXUV FDQ GRPLQDWH JURZWK

)LIXUH $ EULHI VXPPDU\ Rl UHODWLRQVKLS EHWZHHQ V]
FU\WWWDOOLWH JURZWK UDWH DQG FU\WWDO PRL

,Q UHODWLYHO\ ORZ GHJUHHV Rl VXSHUVDWXUDWLRGC
KHWHURJHQHRXV QXFOHDWLRQ GRPLQDWHY =Q2 FU\VV
WKH RXWZDUG GLVSODFHPHQW RI D JURZWK ¥3QUDO J
WKH RWKHU KDQG LQ WKH YHU\ KLJK GHJUHH RI VXSH!
KRPRJHQHRXV QXFOHDWEK® [FW\¥RMLM DMWY JURZ

FRQWLQXRXVY OLQHDU JURZWK RFFXUV =Q2 PRUSKRC



VSKHUXOLWLF ZKLFK KDV EHHQ DIIHFWHG E\ GLIIXVLRC
YLVERVLW®%HWZHHQ ORZ DQG KLJK GHJUHH VXSHUVDW:
=RQH ,, LQ )LIXUH JURZWK REFFXUV WKURXJK D PL
JURZWK PHFKDQLVP LV GRPLQDWHG LQ WKLV FRQGLWL
7KH UHDFWLRQ FRQGLWLRQV VWURQJO\ LQIOXHQFH WK
LQ FKDQJHV LQ PRUSKRORJ\ Rl =Q2 QDQRVWUXFWXUHYV
DQRWKHU NH\ IDFWRU WKDW GHWHUPLQHV WKH JURZW
WKH QDQRVWUXFWXUH $Q LQVLJKW XQGHUVWDQGLQ.
QDQRVWUXFWXUH IRUPDWLRQ LV FULWLFDO WR RSWLP
DQG PRUSKRORJLFDO HYROXWLRQV LQFOXGLQJ PLFUR
VLIH DQG LWV GLVWULEXWLRQ RI QDQRVWUXEWXUHYV

WKH QDQRVWUXFWXUH FU\WWDOOLVDWLRQ SURSHUWLE
IXQFWLRQ RI GHYLFHV KHQFH LW LV UHTXLUHG IRU

RSWLPDO GHYLFH SHUIRUPDQFH 7KHUHIRUH D GHHS X
DQG D SRVVLEOH UHDFWLRQ PRGHO DUH QHHGHG WR F
KHOSIXO IRU WKH GHYLFH DSSOLFDWLRQ %HWWHU

PHFKDQLVP ZLOO EH WKH ILUVW VWHS IRU DFKLHYLQJ
*URZWK PHFKDQLVPV LQ WKH VROXWLRQ SKDVHG S

*HQHUDOO\ VSHDNLQJ LQ WKH DTXHRXV VROXWLRQ JU|
LV D UHVXOW RI JURZWK VRXUFH DFFXPXODWLRQ DQG
QXFOHDWLRQ SURFHVVHYVY DQG FKHPLFDO UHDFWLRQ S
QDQRVWUXFWIUMHKH JURZWK VROXWLRQ RQFH WKH GU

WR GHSDUW IURP LWV HTXLOLEULXP FRQGLWLRQ JHC



IRUPHG DQG WKH JURZWEKURHWIQWBWURFHVYVY FDQ WDNH SC
SKDVIHMVROLG DQG OLTXLG SKDVH 7KH HVVHQWLDO ¢
VXPPDULVHG LCQ@DEOH

7TDEOH &KDUDFWHULVWLFV RI’FB\VWDO JURZWK

OHOW SKDVH 6ROXWLRQ SKDVH

+LJK

s S o R B oY
6ROXWLRQ

6WDWH &RQGHQVHG {(FFFFFFFFFFFFFFFFFFFFFy
'ULYLQJ IRUFH +HDW WUDQVIHU {FFFFFFFFFFFFFFFFFFFF
*URZWK
WHPSHU D WX +LJK PHGLXP  OHGLXP ORZ IRZ
6RO XWH
VROYHQWIRQH 6WURQJ 6WURQJHU 6W U

LOWHUDFWLROQ

*URZWK $GKHVLYH

PHFKDQLVPV\SH ' QXFOHDWLRQ JURZWK RU VSLUDO

,Q WKH VROXWLRQ EDVHG SURFHVV DV VKRZQ LQ )LJX
KHDW DQG PDVV WUDQVIHU FRXSOHG HQYLURQPHQW ¢
DQG RU WHPSHUDWXUH GLIIHUHQFHY DOO DIIHFW WKH
WKLV SURFHVV FDQ EH FRQVLGHUHG DV FKDQJHV RI

SUHFLSLWDWLRQ RI DQ LQRUJDQLF VROLG IURP WKH VI

,Q GHWDLO WKH IUHH HQHUJ\ FKDQJH 0* LV WKH VXP
E\ FRDJXODWLQWJ DQRPWVKHIHQHUJ\ REWDLQHG E\ IRUF

0* ZKLFK FDQ EH H[SUHVVH& DV IROORZ

(¢ LF¢LE¢gq (T



JLIXUH $ EULHI LPDJH VXPPDU\ Rl FU\WWDO JURZWK L
DVVRFLDWHG GLIIXVLRQ DQG FRQYHFWLRQ D JURZWK LQ |
HQODUJHG LPDJH LQ DUHD PDUNHG LQ D ZKLFK VWDQGYV

VXUURXQGLQJH®YLURQPHQW
$V VKRZQ LQ )LJIJXUH IRU QRUPDO VSKHUH VKDUSH
0* UHTXLUHG IRU QXFOHDWLRQ LV LQFUHDVHG DV U LQ
DWDQG WKHQ GHFUHDVHVTIDIWIHU MKKIVF B RILY WYV ZKKIHU K |
HQHUJ\ G* LV FDOOHG WKH FULWLFDO QXFOHXV )UHH
WKLV LQLWLDO FOXVWHU X @®MAWX W KH BOBH XWK H HDOKH
LV ODUJHU WKDQ WKH UHODWLYH FULWLFDO UDGLXV \
QHZ PROHFXOHYV FDQ EH HDVLO\ D G/MGKH WX $FO@\X R WRHRIO/H

IRU FRQWLQXLQJ JURZWK 7KH IROORZLQJ VWHS RI FR(

WKHUPDOO\ DFWLYDWHG SURFHVV DVVRE@LDWHG ZLWK



J)LIXUH 1XFOHDWLRQ HQHUJ\ FKDQJH 0UDVW D IXQFWLI

,Q VROXWLRQ WKH QXFOHDWLRQ FDQ WDNH SODFH H
QXFOHDWLRQ RU RQ WKH GHVLUHG VXUIDFHV VXFK DV
GHSHQGLQJ RQ WKH VIQWKHVLY FRQGLWLRQ 1RUPDOC

LQ WKH YROXWLRQ

J)LIXUH D 6FKHPDWLF LOOXVWUDWLRQ RI WKH QXFOH|
YLUWXDO FRQWDFW DQJOH EHWZHHQ VXEVWUDWH DQG QX
FKDQJHV DV D IXQFWLRQ RI UDGLXV IRU KRPRJHQHRXYV DQCG
$FWLYDWLRQ EDUULHU IRU KRPRIJHQRXV QXFOHDWLRQ SURF
SURFHVV E\ WKH LQWHUIDFLDO FRUUHODWLRQ IBFWRU V!



,Q WKH EXON VROXWLRQ D KRPRIJHQHRXV QXFOHDWL
VXSHUVDWXUDWHG PHGLXP 7KH QXFOHDWLRQ DQG JU
FDOOHG IRUHLJQ ERG\ LV DOVR DIIHFWHG E\ WKH ZH
JHRJUDSK\ IHDWXUH RI WKH VXUIDFH DV VKRZQ LQ )LJ

ZLWK DQ LQWHUIDFLDO FRUUHODWLRQ IDFWRU FDQ EH

Doogcok & HJuaaa (T

ZKHUR gcgdaV WKH FKDQJLQJ RI KHWHURJHQH RXW WQKIFOH
FKDQJLQJ RI KRPRJHQHRXV QXFOHDWLRQ )RU D QRUP

FRUUHODWPRBDIQ PMR&HVFUI®EHG DV

& ;L:tFU EIT"; v (T
ZKHPHY JLYHQ E\ WKH IROORZLQJ HTXDWLRQ

| L2¥PTN2KOA

N

ZKHGHMLY WKH VXUIDFH IUHH HQHUJ\ EHWZHHQ WZR SKD

YLIXUH D 3KDVH FKDQJLQJ DV D IX®FMWQAL® @ AR X\WAIDFEQV B €
WKH =Q2 UHOHYDQW FRPSOH[HV VI\VWHP DW f& E WKH V
QXFOHDWLRQ RI GRPDLQV L® WKH ZXUW]LWH =



&RQVLGHULQJ WKH FKHPLFDO UHDFWLRQV LQ WKH DT’

VIQWKHVLYVY SURFHVVHY DUH W\SLFDOO\ EDVHG RQ WKHE

6*Et 7 A L (T
6 E  ?2A 4. . (-
o gEt A >er 0B (T

>e: gP? A o BSTEG (T

« TE g0 o« Et 7 (T

,Q WKLY UHDFWLRQ VHULHY MXH =Q FRERXO[H E 4 Q QG
IRUPV GHSHQGLQJ RQ WKH UHDFWLRQ FRQGLWLRQV
FRQFHQWUDWLRQ ZKLFK LV JHQHUDOO\ DFFHSWHG W]
WR GULYH WKH VROLG =Q2 IRUPDWLRQ@RXWWREHQZK®R Q
=Q2 FU\WWDO JURZWK FDQ EH EULNIRN GHREWIKE 8 GRIFH V
IURP JLQF LRQG=KQGUR[LGHZKREX ERRUGLQDWH ZLWK H
OHDGVY WR RFWDKHGUDO JHRPHWU\ DJJORPHUDWLRQ
FRQWLQXLQJ WKH DJJORPHUDWHY EHFRPH PXFK ODUJ
FULWLFDO VL]H ZKLFK WKH QXFOHDWLRQ RI WKH ZXUYV

E> @KH DJJUHJDWH FRQWDLQV VWDEOH FRUH L
VXUIDFH DUHD 8QOLNH WKH VWDEOH FRUH DUHD WKH
DQG ZKLFK ZLOO PDLQWDLQ WKH DJJUHJDWHV DQG N
FULWLFBOEVIARQWLQXLQJ JURZWK DQG UHDFWLRQ Wt

QDQRPHWUH VL]HG ZXUW]JLWH VWUXFWXUH =Q2 FOXYV



VWDEOHZKHVH FOXVWHUV WKXV ZLOO IRUP SUHFLSLWI

EXON VROXWLRQ DV D EDVLV 1RU PRQWLQXLQJ FU\VWD
=Q2 QDQRVWUXFWXUHYV IRU '66&V DSSOLFDWLRQ

$ ODUJH UHDFKDEOH LQWHUQDO VXUIDFH DUHD LV G
SKRWRDQRGHV ZKLFK FDQ OHDG WR VXIILFLHQWO\ G\H
YDULRXV PRUSKRORJLHV RI =Q2 QDQRVWUXFWXUHYV DF
SURFHVVHV VXSSRUW PRUH RSSRUWXQLWLHV WR REW

ZKLFK FDQ FRQWULEXWH WR G\H ORDGLQJ DQG H[WHQ

=Q2 QDQRSDUWLFOHV IRU WKH '66& DSSOLFDWLRQV K
LQVSLUDWLRDORISDIUWAWLFOH EDVHG '66& SKRWRDQRGHYV
DUH DOVR NQRZQ DV *UDW]JHO W\SH FHOOV RU FRQYHL
WKH =Q2 QDQRSDUWLFOH DV WKH SKRWRDQRGH LV DOF
/TL2SDUWIKKFOERYYHUVLRQDO '66&V ,Q WKLV NLQG RI WKH
SDUWLFOHYVY DUH GLVSODFHG E\ =Q2 QDQRSDUWLFOH)\
+RZHYHU LQ WKH HDUO\ UHVHDUFK VWDJH PRVW RI
VKRZHG ORZ SHUIRUPDQFH ZLWKX WKAKBEKVLMJRRFK QR
WKDQ WKRVH@OQRISHD UW2FOH EDVHG '66&V 7KH ORZ S
WKDW RI WKH HDIDUWWDIHHEDMRG '66&V ZKLFK PHDQ\
'66& LV YHU\ VHQVLWLYH WRHSBBW RDMHR GH]HD BWR URF
SRURVLW\ RI WKH 02 SKRWRDQRRE@I 8 R/VIVOWINHOGNHIKEQ W
RI =Q2 QDQRSDUWIL FORIUSBKRORUWERVRVLW\ RQ WKH S
'66&Y BV VKRZQ LQ )LIXUH WKHUH LV D FRPSOHJ[ Ul

SHUIRUPDQFH DQG QDQRSDUWLFOH PRUSKRORJ\ GHI!



DFKLHYH D JRRG '66& LW LV QHFHVVDU\ WR ILQG DQ
VXSSRUW JRRG HOHFWURQ WUDQVSRUW JRRG PDWF
LQMHFWLRQ VXSSUHVVHG UHFRPELQDWLRQ H[WHQGF
G\H ORDEBLQJ
$PRQJ YDULRXV W\SHV RI QDQRSDUWLFOH ILOPV VRPH
Rl XVLQJ QDQRSRURXV ILOPV IRUPHG E\ HPEHGGLQJ S
JURZQ RQ WKHKXWVIMREH RI QDQRVWUXFWXUH ZRXOG |
WUDQVSRUW DQG FRXOG SURYLGH UHDVRQDEOH VSDFF
EHWZHHQ HDFK $KNHHWSRD®E G E\ + RURIMFPFRBRURXYV =Q2
DSSOLHG WR WKH '66&V DQG DQ RYHUDOO 3&( RI ZD
=Q2 ILOP ZKLFK ZDV VHQV IPWENKHGQID\QRISRURXGAIHOP ZD
XVLQJ D WZR VWHS SURFHVV ILUVWO\ OD\HUHG ]JLQF C
K\GURO\VLV Rl JLQF DFHWDWH G& K\GHHARQE Q\Q [P HSARK/D
WUHDWPHQW& DEARWHDUULHG RXW WR WUDQVIRUP WKH
FU\WWWDOOLVHG =Q2 'XULQJ WKLV SURFHVV WKH SRLU
KHWHURJHQHRXV QXFOHDWLRQ 3&( RI ZDV DOVR U
SKRWRDQRGH E\ +RVRQR HW DO ,Q WKHLU UHVHDUFK
G\H DQ RUJDQLF PHIWRW HOHKWD GRHPHQW LQ WKH R
DWWULEXWHG WR WKH RUJDQLF G\H DQG VKRUWHU LP
Rl D =@\H FRPSOH[ ZKLFK LV QRUPDOO\ FRQVLGHUHG I
EHFDXVH WKH SRLQWYV RI JHUR LRXNDHIG H L 3\=& DRI AWYKIHO Kt
> @LV PXFK ORZHU WKDQ WKDW RI WKH =ZQ%Z KBIUGIDNG

WKH S+ YDOXH IRU WKH G\WHUVURORWH. R€QZISKRWRDQRG



VDPH G\H VROXWLRQ IRU G\H ORDGLQJ SURFHVV KDYH

VXIILFLHQW G®® ORDGLQJ

JLIXUH =Q2 QDQRSDUWLFFX EPNWWHRI'6688&V MVVHPEOHG |
=Q2 QDQRSDUWLFOH SKRWRDQRGH E WR H UHSUHVHQW
FRUUHVSRQGLQJ VDPSOH =Q2 =Q2 =Q2 DQG =Q2 7KH

LV WKH FRUUHVSRQGLQJ WRS YL®Z 6(0 LPDJH RI W
2WKHU PRUSKRORJLHV Rl =Q2 VWUXFWXUHV VXEK DV
FOXVWHU QDQRWHWUDSRGY DQG QDQREHOWYVY KDYH
EHEDXVH WKHVH VWUXFWXUHV PD\ EULQJ VXIILFLHQW
EXW DOVR LW LV EHOLHYHG WKDW WKH VSHFLILFE PRU
WUDQVSRUW DQG RU OLJKW WUDSSLQJ SURSHUWLHV 2
ZLWK VPDOO VL]HV FDQ FDXVH ®DKHD PORR ORXQ\E WKW
VL]HG 1)V ! —P FRXOG VLJQLILFDQWO\ LPSURYH WK
ILOP ©Q2 QDQRSDUWLFOH ZLWK QDQRSODWHYV GLVSH!I
WKH SKRWRDQRGH IRU '66&Y DSSOLFDWLRQV ZKLFK Ut
SRVVLEO\ GXH WR WKH ORVV RI UIBDERWROK® RL®NWHEDRD
PLFUR VSKHUHV VL]H DURXQG P FRQVLVWLQJRI QD

ZHUH REWDLQHG E\ XVLQJ DFLG FDSSLQJ DJRQ@WADGXUL



IRXQG WKDW WKH ULJKW RUGHUHG QDQRVKHHW PRUS
UHDFKDEOH VXUIDFH DUHD DQG DFXAlHPYLHD® U6 ¥ &V B & WX
D '=Q2 WHWUDSRG VWUXFWXUHV ZLWK IRXU DGMXVWL
VKDUHG FRUH ZDV XVHG DV WKH EXLOGLQJ EORFN IRL
VKRZQ LQ )LIXGHKH SRURXV SKRWRDQRGH ILOP ZDV RI
WKHVH EORFNV OD\HU E\ OD\HU GHSRVLWLRQ ZKLFK
UHDFKDEOH VXUIDFH DUHDV $GGLWLRQDOO\ WKH WH\
ZKLFK ZDV EHOLHYHG WR EH JRRG IRU HOHFWURQ WUI

3&( RI WR @

JLIXUH 6(0 LPDJHV Rl QDQRVWUXFWXUHG =Q2 EXLOG E
DVVHPEOHG E\ GLVSHUVHG QDQRVKHHWY LQ QDQRSDUWLF
QDQRVKHHW DVVHPEOHG VSKHUHV F QDQRSRURXV SKRV
WHWUDSRGYV 7KH LQVHW LV KLJK UHVROXWLRQ LPDJHV ¢

DVVHPEOHG E\ LQWHUFRQQHFWHG =Q2 WHWUDSR

$ORQJ ZLWK WKH UHVHDUFK ZRUN SHUFRODWLRQ WKH
RI WKH QHWZRUN PRUSKRORJ\ QDQRVWUXFWXUH RQ WK

LQ WKH '66&YV EDVHG RQ 02 QDQR SDUWLFXODWH SKR\



QDQRSDUWLFOH EDVHG SKRWRDQRGH DV DQ H[DPSC
PHVRSRURXV QDQRSDUWLFOHY DVVHPEOHG QHWZRUN
RU WKH FRRUGLQDWLRQ QXPEHUV RI WK @7 ISW~V RFIGH \
GXULQJ HOHFWURQ WUDQVSRUWDWLRQ WKURXJK 02
PHVRSRURXV OD\HU WKHUH FRXOG KDYH QHJDWLYH +
FRQWLJXRXV SDUWLFOHV D VHULHY RWHKBOQVSR BW HDW
VORZHG GRZQ E\ WUDSSLQJ DQGIEHGRP DISE DI $VWXHC

WKH WUDQVSRUW RFFXUV

&XUUHQWO\ =Q2 RQH GLPHQVLRQDO ' QDQRVWUXFW
DV RQH Rl WKH SURPLVLQJ ZD\V WR RYHUFRPH WKH S
DUUD\ RI RULHQWHG VLQJOH FU\WVWDOOLQH =Q2 ' QDQJ
QDQRSDUWLFOH ¢OP FDQ LQFXU WKH IDVW FROOHFWL
WKH '66&V DV WKH QDQRVWUXFWXUHV FDQ SURYLGH D
WKXV VXSSUHVVLQJ WKH G7HDMRP EL Q DOH. FEQ \® R\D\OHOL Q H
H[DPSOH WKHLU H[FHOOHQW FU\VWDOOLQLW\ DQG PR
WUDQVSRUW DELOLW\ Rl WKH =Q2 15V 7KH HOHFWURQ
VHYHUDO RUGHUV RI PDJQLWXGH QDBB®BWW MAKOH |
SKRWRDQR&HKH FDUULHU FROOHFWLRQ FDQ EH HQKDQ
ZLWKLQ HDFK =Q2 15V ZKLFK UHSHOV WKH LQMHFWEF
HOHFWURBW\WRIXOG UHGXFH WKH UHFRPELQDWLRQ RI Wt
VXUIDFH Rl HDFKSSHFRABELQDWLRQ PD\ UHPDLQ @GLIIXV
+RZHYHU WKH UDWH RI HOHFWURQ WUDQVSRUW DW W

VXUIDFH ILHOG UDWKHU WKDQ WKH =Q2 GLIIXVEWRQ FRQ



LV WKHUHIRUH SRVVLEOH WKDW GLIIXVLRQ OHQJWKYV

QDQRSDUWLFOHPEDVHG ILOPV

=Q2 1:V DUUD\V ZHUH HPSOR\HG ILUVWO\ DV SKRWRD
UHSHDWHGO\ UHSODFLQJ VDPSOHV LQWR IUHVK JURZW
R& 7KH OHQJWK RI =Q2 1:V FDQ EH PRGLILHG DQG FRC

FRXOG UHDFK DURXQG —P ZLWK WKH 1: GLDPHWHU
LQ )LJIJXUH WKRXJK WKH UHDFKDEOH LQWHUQDO
FRPSDUHG WR D FRQYHQWLRQDO QDQ¥ KBl URWLHDMHO BD ¥4
ZDV W R ZKLFK LV DURXQG FRPSDUH WR D FF
PHVRSRURXV ILOP 7KH HOHFWURQ FRQFHQRMPZDWKRQ R
D PRELOLW\RNV > ¥RH HOHFWURQ GLIIXVLYLW\ RI D VL
FR ZKLFK LV PXFK KLJKHU W RDQ RSHORMHL RO HV K B VH

XQGHU D OLJKW LOOXVWUDWLR@®@ ZRUNLQJ FRQGLWLRQ

J)LIXUH D WKH UHSUHVHQWDWLYH 6(0 LPDJH RI WKH =Q
'66& E 6XPPDU\ DQG FRPSDUDWLYH SHUIRUPDQPFH®RI 15V I

7R FRQILUP WKDW WKH =Q2 1:V FDQ EULQJ-WHBW BEHQH |

IXQFWLRQ RI QDQRVWUXFWXUH URXJKQHVV IDFWRU U



DUHD ZDV WWXWGKRIGQ LQ )LIXUH E WKH '66&YV ZHUI
1:V =Q2 13V RIBVLRDVHG '66&YV ZHUH FKRVHQ DY WKH
(LWKHUL13V2RU =Q2 13V VKRZV D SURPSW VDWXUDWLRQ
WKHWZLWK FRQWLQXLQJ LQFUHDVHG URXJKQHVV 7KLV |
FHOO GHFUHDVHV DERYH D FHUWDLQ 02 SKRWRDQ
UHFRPELQDWLRQ ORVVHV 2Q WKH RWKHU KDQG WKH

D OLQHDU LQPARDNG WERXKK WKH SKRWRDQRGH DUH [
LQGLFDWHG WKDW WKH =Q2 15V 1:V EDVHG SKRWRDQF
ORVVHV EHFDXVH RI LWV KLJK> HOKH WQR Q 3VUD @ V 6 R&JW
SURGXFHG-DFRKKDIQHWKRVH Rl WKH 13V EDVHG '66&V RYl
URXJKOHYKLY FRQILUPV WKDW WKH 15V 1:V VXSSRUW
DELOLWLHV LQ '66&V ZKHQ FRPSDUHG ZLWK 13V 6LPLO

'66&V ZLWK KLIKHU 2&(V

6LOQFH FKDQJLQJ WKH 15V 1:V PRUSKRORJLHV KDYH EHF
IRU LPSURYLQJ HOHFWURQ WUDQVSRUW LQ WKH SLRQHF
WR H[SORUH WKLV DSSURDFK 2QH DSSURDFK LV XVLQJ
FDQ QRW RQO\ VXSSRUW WKH HOHFWURQ FRQGXFWLY
SRURVLW\ E\ LWV W\SLFDO FDYLW\ VWUXFWXUHYV W FLC
VROXWLRQ PHWKRG ZKLFK FRQWDLQV W\SLFDO 15 JUR
WKH WXEH OLNH PRBEKRBBIWKH SHUIRUPDQFH RI WKH
'66&V RQO\ DFKLHYHG 3&( YDOXH RI GXH WR HWFKL
LQ ZHDN DFLG G\H ORDGLQJ HQYLURQPHQW ZKLFK UH

LQVXIILFLHQW G\H ORDGLQJ 6RPH UHVHDUFKHUV WU



PRGLI\LQJ WKH 15V 1:V VWUXFWXUH ZKLFK FDQ EH DF
15V 1:V VWUXFWXUH ILOOPHQZUWWLSDUWURKGWXUHYV

15V 1:V FRUH ERQH ZLWK EUDQFKHV ZHUH IRUPHG E\ P
1:V 15V UHTXLUSB[WHU HW DO GHYHORSHG D PXOWL:
REWDLQLQJ 1: VWUXFWXUHV ZLWK EUDQFKHV IRU LPSU|
RQO\ 3&( ZDV DFKLHYHG E\>VWRQVWKH R WRKHB6EDQ
15V 1:V DUUD\ QDQRSDUWLFOHV FRPSRVLWH ILOPV KDY
LQFUHDVH WKH RYHUDOO 3&( Rl WKH '66&V IURP :
QDQRSDUWLFOHV FRPSRVLWHV 7KLV KDYH EHHQ DFKL

15V E\ .X>HW DO
+\EULG =Q2 QDQRVWUXFWXUHV IRU '66& DSSOLFDWL

,Q RUGHU WR RYHUFRPH WKH GLVDGYDQWDJH RI =Q2 >
VWUXFWXUHY KDYH EHHQ SURSRVHG OXFK HIITRUW KD\
WKH IRUPDWGRH) RIJORPHUDWHY DQG LPSURYLQJ WKH -
EHHQ FRQVLGHUHG DV DQ HIILFLHQW ZD\ WR LPSURYH
VXSSUHVVY UHFRPELQDWLRQ DW WKH VHPLFRQGXFWRU
WKH EHVW SHUIRUPDQFH RI WKH '66&V ORGLI\LQJ WK
OD\HU RQ LWV VXUIDFH D KLJK UHDFKDEOH VXUIDFH
UHTXLUHPHQWY IRU HOHFWURQ LQMHFWLRQ DQG VX
UHFRPELQDWLRQ FDQ EH DFKLHYHG 7KXV VXFFHVVLY
PDWHULDOV ZRXOG LPSURYH WKH GHYHORSPHIQW RI =Q
7L2 6L2=U2%09 DQG 0J2 KDYH EHHQ VWXGLHG DV WKH

IRU SKRWRDQRGH XVDJH 'LYHUVLILHG PDWHULDOV V



PDWHULDO GHVLJQ ZLWK YDU\LQJ GHJUHHV RI VXFFHV\
DV SUHYHQWLQJ HOHEWURMEEGBFN WXPPDSRWAW VRPF

UHSRUWHG K\EULG DQG RU FRUH VKHOO VWUXFWXUHYV

7TDEOH $ EULHI VXPPDU\ RI FRUH VKHOO QIPQRVWUXF\

ODWHULDO BBEEGO 3DUDPHWHUV Rl '66&V ZLWK ZLWKRXW
JDS H9 FRQFHQWUDWLRQ VKHOO

RU WKLFNQHYV 6XPPDU\
RF -VF ) 3&(
&RUH 6KHO®\H
9 P$ FP
1 > e 7KLEFNHU VKHOO
7L2 $Q@ OLPLWYV
WLPHV FRDWHG HOHFWURQ
1 > @ LQMHFWLRQ
1 > o ,QFUHDVH LQ
7L2 6L2 9RFODUJHU
(RVLQ -VIREWDLQHG
> @ ZLWK 1
1> @
7L2 =U2 ,PSURYH FHOO
1> ® SHUIRUPDQF
/DUJH
7L2 0J2
1> @ LQFUHDVH LQ
-VF
QP
=Q2 7L2 VKHOD @1 ,PSURRHK
QP VKHOO -V QG ))
1 > @
*UHDWO\
=Q2 6L2
1 > e LPSURYHG
-VF
,PSURYH
6Q2 7L2 1
. e 9RMV ZHOO
DV ))
6Q2 $@

1 > e ,PSURYH




6L2KDV EHHQ XVHG IRU WKH VKHOO EHFDXVH LW FKDQJ
LQ WKH LVRHOHFWDQE SRIRWHRWWLEZKH =Q2 VXUIDFH |
HQYLURQPHQW 7KH IRWP DWICRRP RUD\QHY FDE@GSWOVR El
UHVXOW DQWRFUMMRVH LBKBR EHHQ REVHUYHG ZKLFk
LQFUHDVHG 3&( IURP @6MWRODU LPSURYHPHQW KDV D¢
E\ 6KLQ HW DO ZKR GHPR QMR WG GVKQW DVERY HE 2

WKH '66&YV DFKLHYHG DQ’R¥YHUDOO 3(& RI

7L2LV FRQVLGHUHG DV D VXLWDEOH PDWHULDO IRU WK
FRUH QDQRPDWHULDO EHFDXVH LWV FKHPLFDO VWDEL
G\H PROHFXOHV $ W\SLFDO VROXWLRQ SUWRRHVVRIRWR]
=Q2 QDQRVWUXFWXUH FDQ EH UHDOLVHG E\ VLPSO\ LI
UHDFWLRQ VROXWLRQ FRQWDLQLQIRWQRDE XP\ DQNR]
SURFHVVDMU FU\VW FOIOH VIDBDLRQ RQ WKH QDQRVWUX|
DFKLHYHG E\ HOHFW UR F K HFRZFHDYOH G H BIRHIMMLWR B FK QL T X
FDSDELOLW\ IRU DFFXUDWH WKLFNQHVV FRQWURO $W
XVHG WHFKQLTXH IRU WKH VIQWKHVLV RI D KLJK TXDOL
DQG KDV EHHQ HPSOR\HFRGRULFRWWRQ JODLRU RQ =Q2

VXFFHVVIXOO\ DFKLHYHG WRDENQW\RQ AR QK RRS® HRU RL:
VKRZQ LQ )LIXUH WKH FRUH 2V DIQGO="QWIBXEIMKWH V F
HDVLO\ REWDLQHG XVLQJ WKLV PHWKRG ,QZWHWHLU K
VWURQJO\ GHSHQGHQW RQ ILOP VKHOO WKLFNQHVV D
EXW FKDQJHG WHR DQDKVWIFWH U L\2K S00OWKH@WKHU KDQG

DPRUSKRXWK$H®O ZzDV DFKLHYHG LQ WKHLU VWXG\ ZKL



DQG FDXVHG WKWFGHFEUGDY 8DRHELEXIPHU OD\HU FDQ D
VHUYHG DV D SURWHFWLRQ ODLHHS UMR H®WURKH ERI2PY
=Q G\H FRPS®H{H FRUH VKHOO VW URFWXOMR REHGH YHG
DQ HQHUJ\ EDUULHU WKDW VXSSUHVVHG WKH LQMHFW
ZKLFK ZLOO UHFRPELQH ZLWK R[LGH G\H DQG RU UHGR
RYHUDOO 3&( Rl WKH FHOO ZD®RDRBURYHEG DDVHR LG X H
DIWHU WMKKHHDIC2 ZDV FRDWHG RQ =Q2 DQG WKH RYHUDO
KDV EHHQ LPSURYHG VXEWWDQDAID®®\ MR DOVR UHSR
DSSO\LQJ D QP WKIHFONGD ROV WKBR =Q2 15V WKH )) |

VLIQLILFDQWOP®PLQFUHDVHG

JLIXUH &KDUDFWHULVDWLRQDRIGWRHWR WRR@2 YR GO

15V D F WKH 7(0 LPDJHV DQG E G WKH UHODWLYH

=Q2 YODQG =Q21BLZKH LQVHFW LQ D DQG F LV WKH FRU!
H[DPLQDWLRQ

$V H[SODLQHG DERYH KDRREJISHKKR X¥WEGLHG DV D VKHOO
GHVLJQHG IRU SUHYHQWLQJ AIORPRDWRAHEG ZDLMAWMK WRDE@ D

HQHUJ\ EDUULIH WY PIRW HILED IO FIOHOO DV DQ LQVXODWLC



IRXQG WR OHDG WR IRRRO WKW 'l6Q & ¥ HHOMWHMVIHORHEF 8 & O V H
ZLWK LQFUHDVLQJ ¥KHODOW KK WAREFARX-ODG/ EFRD W W U L E X\
$@® VKHOO ZKLFK DFWV DV D WXQQHO EDUUIRIE\ZKHQ |
UHGXFLQJ UHFRPRZEAFWWUR®QY RHVWHKQBNVEKGSUHVVY HOHFW

PRUH WKDQ UHFRPELQDWLRQ ZKLFK GHFUHDVHV WKH '

$OWKRXIK WKH XVH RI D PRGLILAP@ LRQF2 &NRHOROQ/G X
FDQ LPSURYH =Q2 QDQRVWUXFWXUH EDVHG '66&V WI
SHUIRUPDQFH ZLWK YDU\LQJ GHJUHH RI VXFFHVV KDG
ZRUNV )XUWKHU LQYHVWLJDWLRQ LV VWLOO QHHGHG
HITHFWV DV ZHOO bV KRZ WR VHOHFW VXLWDEOH PDWH
SHUIRUPDQFH RI WKH '66&V ,Q JHQHUDO WKH VKHOO |
PDLQ HIIHFWWKH HQKDQFHPHQW HIIHFW LV DIIHFWHG
FKDQJLQJ DQG WKH PHWKRGV XVHG IRU DSSO\LQJ DQG
WDUJHW FRUH GLITHUHQW 02 PDWHULDOV XVHG IR/
ERQGLQJ EHWZHHR H/IKHS G D/WLBQE® 2DQG DIIHFW GLIIF

LOQWHUIDFLDO VWDWHYVY WKXV OHDGLQJ WR GLITHUHQW
6XPPDU\ DQG PRWLYDWLRQ

,Q EULHI IRU IXUWKHU LPSURYLQJ WKH SHUIRUPDQFH
ZKLFK FDQ EH DSSOPHG

,QFUHDVLQJ WKH SRURVLW\ RU UHDFKDEOH VXUI
LQFUHDVLQJ WKH DPRXQWYV RI G\H PROHFXOHV DEVRU

PDWHULDO 02 VHPLFRQGXFWRU I|IRU LPSURYLQJ OLJKYV



,PSURYLQJ WKH HOHFWULFDO SURSHUWLHV RI WKH
HOHFWURQ FROOHHW VRV Bl IHHOHFAWERQ WUDQVSRUW

6XSSUHVVLQJ WKH UHYHUVH UHDFWLRQV LQ '66& DC(
WKXV OHDGLQJ WR DQ LQFUHDVH LQ WKH HIILFLHQF\

6\QWKHVLY KLJK SHULRRGPHDQWR REVRHEWUR/RUH OLJK
'66& SHUIRUPDQFH

ORGLI\LQJ DQG LPSURYLQJ WKH UHGR[ FRXSOHV DV
GHFUHDVH UHFRPELQDWLRQ DQG LPSURYH VWDELOLW\

,PSURYLQJ &( FDWDO\WLF DFWLYLW\ DQG PHHW W

HOHFWURO\WH IRU DFKLHYLQJ IDVW UHJHQHUDWLRQ D

+HUHLQ WKH REMHFWLYH RI WKLV WKHVLV LV WR DFKL
IRU SURGXFLQJ FU\WWDOOLVHG BQ2EKBYABG QBQRWDDX
FRQWUROODEOH PRUSKRORJ\ DQG FRPSRVLWH ZKLFK 2z
'66&V /RZ WHPSHUDWXUH V\QWKHVLV FU\WWWDOOLVHG
SURFHVYVY ZLOO EH LQY HVIQPOMWHG L R IGHWDRWD QW V

IDFWRU DQG DGGLWLYHV HIITHFWV RQ WKH =Q2 15V JUR
PHWKRG LV GHYHORSHG IRU SUBBDHUW @K MFKH FBW\ \VBMD X
DVVHPEOH =QRUHM2ZVKHOO VWUXFWXUH 7TKH =Q2 QD
PRGLILFDWLRQ OD\HU ZLOO WKHQ EH XVHG DV WKH SK
LQIOXHQFH RI WKHVH =Q2 QDQRVWUXFWXUH EDVHG S

SHUIRUPDQFH ZLOO EH VWXGLHG



5HIHUHQFH

)DNKDUXGGLQ $ 5 -RVH 70 %URZQ ) )DEUHJIDW
SHUVSHFWLYH RQ WKH SURGXFWLRQ RIQHUB\ VHQVL\
(QYLURQPHQWDO B6FLISQFH

15(/ 3KRWRYROWDLF 5HVHDUFKWHGFLHQF\$XKRUW@ ¢
IURP KWWS ZZZ QUHO JRY QFSY LPDJHV HIILFLHQF\BF
$OL 1 $ +XVVDLQ 5 $KPHG O . :DQJ &$GKDRFBVS +
LQ QDQRVWUXFWXUHG WKLQ ILOP PDVBHQHZO¥EORUD ¥ E
6XVWDLQDEOH (QHUJ\ SHYLHZV

*UHHQ 0 $ . (PHU\ < +LVKLNDZD : 6ROWD HHD®
HITLFLHQF\ WDEORVRIUHHMVYR@® 3KRWRYROWDLFV 5HVH
S

<HOOD $ + : /HH + 1 7VDR & <L $ . &KDQGLUDQ
'LDX & < <HK 6 0 =DNHHUXBRURK\DQG 6HOVIMNHIHG 6

ZLWK &REDOW ,, ,,, +%DVHG 5HGR[ (OHFW BR DNWHRAH([FH
S
ODUFKLRUR $ - 7HXVFKHU ' )JULHGULFK 0 .XQVW

*UDW]HO DQGS8QUDYRWVIOWQJ WKH PHFKDQLVP RI SKRWR
SURFHVVHV LQ OHDG LRGLITHVSHURWRQL®H VRODU FHO
) R UlFz J)DUEVWRIIVRODU]JHOOHQ> )R B D,XH®R 6RLANDHC
1RYHPEHU@ $YDLODEOH IURP KWWS ZZZ IRUP GH
'<(62/ /WG *OREDO /HDGHUV LQ '\H 6ROPRLWHGO 7HFK!
1RYHPEHU@ $YDLODEOH IURP KWWSV ZZZ G\HVRO FRI
HVWRUSUHYHOMWODWLMQYYHVWRUBS8SGDWHB3UHVHQWDW
&RUSRUBWYRQUBK DQG 'HYHORSPHQW RQ WKH '"\H 6HQ
)XOO $GYDQWDJH RI WKH &KDUDFWHULVWLFV RI WKH
ODUNHW¥LWHG 0D\@ $YDLODEOH IURP KWWS
+3 F[BQHZVBDUFKLYHV LPJ SGI YROB VLGHYLHZ SGI !
*RQJ - - /LDQJ DGEY.LHXRMWE\H VHQVLWL]HG VROL
)XQGDPHQWDO FRQFHSWV SHW®G] ZOREYOHHO DRIOGBN B K Y VOV Q D
SHYLHZV S
=KDQJ 6 ; <DQJ < 1XPDJKD\DIQIGFLHQ® G\H VHQVLW
SURJUHVV DQG | X\\QXHWHIFKD@OHIRIGHQWDO SFLHQFH

‘DL 6 . :DQJ - :HQJ < 6XL < +XDQJ 6 ;LDR 6 &

3DQ & 6KL DHVUJOXRI '6& SDQHO ZLWK HIIBFQBQF\ P

(QHUJ\ ODWHULDOV DQG 6RSDU &HOOV

(DUO\+LVWRU\ :RUNVSDFH LPSHULDO DF XN 5HWULHYF

2 5HIJDQ % DQG$O0ORIEBFWRYWO KLJK HIILFLHQF\ VRODU

VHQVLWL]HG FIRO@HWXD® 7L2 S

*UDW]BE&RWRHOHFWURFKWRUFRDO FHOBYV

<DQJ % < <XDQ 3 6KDUPD 6 3RGGDU 5 .RUODFNL

5 6DUDI DQG/XQ+RDQUKH (QHUJ\ /HYHO 21IVHW EHWZH!

ZLWK )HUURHOHFWULF 'LSROH /D\HUV IRU ,QFUHDVH

3KRWRYROWDBYP GHO®WDWHULDSO YV

&RQFLQD , DQGHWD®®RI[HER 6HPLFRQGXFWRUV IRU "\H

BHQVLWL]HG 6RDOO &HOOY

X - = &KHQ - $ =DSLHQ & 66KU/IDHHDQGLQHKDIQIJ F

1DQRVWUXFWXUHV IRU 6HPLFRQGEN\D R B H6GH Q B WHIL] IHBO 6
S



‘X 6 DQG = 2QHDGQGLPHQVLRQDO =Q2 QDQRVWUXFWXUF
IXQFWLRQDOLDORSHUWHIHM K S

$QWD - $ ( *XLOOpPQ =RQEGHDVHEQDH-PHQDLWKH G 6RO
-RXUQDO RI 3K\VLFDO &KHPLYWU\ &

7DQDND < . ODWVXR/RQUG/ BYWXKDIULXWFOH 7KLQQLQ
,QIUDUHG ,UUDGLDWLRQ 6SHFLDOL]JHG :LWK :DYHOH
3UHOLPLQDYSGHSWUWS H

*XH\PDUG & $ ' O\HUVAURB®RVHEMWBVHUHQFH LUUDGLLE
VRODU HQHUJ\ VERW D PV(QHIWIN L B
3LRWURZROOND U3 (QHUJ\ &RQYHUVLRQ '\QDPLFV RI ,Q
([FLWDWLRQ 28WQVIHWG

.RQH]Q\ 6 - DQG %R6$3BBWLVEPMPSXWDWLRQDO ORG
3KRWRFDWDQ®ROM &HQBVJ\ &RQYHUVLRQ '\QDPLFV RI
DQG ([FLWDWLRQ 7UKHQVRNDO 6RFLHW\ RI &KHPLVWU\ S
%DUQHV 35) . OLHWWXQHQ : /L $ < $QGHUVRQ 7
2 GHIJD@WHUSUHWDWLRQ Rl 2SWRHOHFWURQLF 7UDQ
OHDVXUHPHQWY LQ '"\H 6H @GLY\W RQ]FHEG 6RIDVDKWUEL B 50 V

+XDQJ ) ' &KHQ ;/ =KDQJ 5% &DUHBOR)XROWLRQY
6FDWWHULQJ /D\HU RI 6XEPLFUR P%MMGV6IR H G 0V RISIRAU
"\H 6HQVLWL]HG$ERODF G QXO¥FWLRQDO 0DWHULDOV
1DJHHUXGGLQ O . $ .D\ , 5RGLFLR 5 +XPSKU\EDN
90DFKRSRXORV D&HREQYHUYWDRQHRI OLIJKW WR HOHFWUL
ELS\ULG\O GLFDUER[\ODWH UXWKHQLXP ,, FKDUJH \
&1 DQG 6&1 RQ QDQRFU\WWDOOLQH-RXUWDOQLRP K
$PHULFDQ &KHPLFDO B6RFLHW\

%DUEH & - ) $UHQGVH 3 &RPWH 0 -LURXVHN ) /I
*UDWIMD@QRFU\WWDOOLQH WLWDQLXP R[LGH HOHFWURG
-RXUQDO RI WKH $PHULFDQ &HUIBBPLF 6RFLHW\

JWR 6 3 /LVND 3 &RPWH 5/ &KDUYHW 3 3HFK\ 8
=DNHHUXGGLQ $ .D\ 0. 1D]JHHBR@®LUR ODRG QD UN CFX]L
SKRWRHOHFWURFKHPDRIO GVH XV HQVLWL]H&EKHPRBDO F
&RPPXQLFDWLRQV s

BRPPHOLQJ 30 % & 2 5HJDQ 55 +DVZHOO + -3 6P
-0 .URRQ DQG -$ 0 YpPXOSRRMAD RERY W LVEOHDWPHQ'
QDQRFU\VWDDO®RYHQIGAH VHQ VLRI EBOVR D BK\ ¥ HOIOO &
% S

7KDYDVL 9 9 5HQXJRSDODNULVKQ®RQW URVGIHG GI® I8
LQMHFWLRQ DQG WUDQVSRUW DW PDWHULDIDVHLQWD AW I
6FLHQFH DQG (QJLQHHULQJ % 5HSRUWYV

*UIW]HID @RFU\WWDOOLQH , QLRKLFQV }LRADP 66RROCCDUU SR-KOQEOW
'LOH\ 6RQV /WG S

7LDQ - = =KDR $ .XPDU 5 , 5%RNQNWSRQR JUGIF W L QL
VIQWKHVLY DQG DSSOLFDWLRQW DRIRRW H XGFMWPHDH/GE R X
KHWHURVWUXFVEXHRYF DOUGREHEW\ 5HYISHZV

$QGHUVRQ 6 (& &RQVWDEOH 0 3 'DUH (GZDUGV - %
BHGGRQ DQG RKHRMILPBE®W PRGLILFDWLRQ RI D WLWDQLX
JLYH VWDEOH G\H VHQVLWLVDWLWRQUH. WKRXW D VXSHUYV

IDJHHUXGGLQ O . $ .D\ , 5RGLFLR 5 +XPSKU\ %DN
90DFKRSRXORV D@RBQO HWDIHRWQ]HRO® OLJKW WR HOHFWUL



ELS\ULG\O GLFDUER[\ODWH UXWKHQLXP ,, FKDUJH \
&1 DQG 6&1 RQ QDQRFU\WWDOOLQH-RXUWDOQLXRP BK
$PHULFDQ &KHPLFDO BRFLHW\
1DJHHUXGGLQ 0. 60 =DNHHUXGGLQ 5 +XPSKU\ %D
90DFKRSRXORV 9 BKNORYHU & $FLGANMFAXHU (DQ® IOE U
H %LS\ULG\O u GLFDUER[\OLF DFLG UXWKHQLXP ,,
3URWRQDWLRQ RQ &KDUJH 7UDQVIHU 6HQVQRWIJDWLRQ
&KHPLVWU\ S
1DJHHUXGGLQ O . 3 3pFK\ 7 5HQRXDUG 6 0 =DNHH!
&RPWH 3 /LVND / &HYH\ ( &RVWD 9 6KNORYHU /
%LJQR]]L DQG 0QJFUOQWHHUQRQJ RI (IILFLHQW 3DQFKURPI
1DQRFU\WVWD®DYAAE BRDBY RHIDDRI WKH $PHULFDQ &KH
S
‘DQJ 3 60 =DNHHUXGGLQ ,+([XDWIIDRLG QF \* GDNV MHI;
QDQRFU\WWDOOLQH VRODU FHOOV EDVHG &K@ RIRRDLF O
&RPPXQLFDWLRQV S
'DQJ 3 60 =DNHHUXGGLQ - ( ORVHU 0. 1D]JHHUXC
*UDWPHUWDEOH TXDVL VROLG VWDWH G\H VHQVLWL]HC
UXWKHQLXP VHQVLWL]HU DQGVSROWHU JBO HOHFWURO
/IDPPL 5. 5: :DJQHU $ $PEURLVH -5 'LHUV ') %R
JLQGVAHFKDQLVPV RI ([FLWHG 6WDWH (QHUJ\ 7UDQVIH
%UDQFKHG 0XOWLSRKIS KRXIU@® BOUDI\SK\VLFDO &KHPLVW.L
S
%RUJVWU[P 0 ( %ODUW * %RVFKORR ( OXNKWDU $
) 2GREHQVLWL]HG +ROH ,QMHFWLRQ RI 3KRVSKRUXV 3F
3KRWRYROWDKH 'HRXNFBNO Rl 3K\WVLFDO &KHPLVWU\ %

+DVREH 7 39 .DPDW 9 7URLDQL 1 6ROODGLp 7 .
.RQIJNDQDQG 6 .XZDEDWD (REOGQEHPMEW XRL /LIKW
&RQYHUVLRQ (IILFLHQF\ E\ 0XOWL 3RUSK\ULQ $UUD\V |
ZLWK )XOOHUHBH &ROXWOMHA RI 3K\VLFDO &KISPLVWU\ %
%HVVKR 7 60 =DNHHUXGGLQ & < <HK+LJKOM 'LD)
(IILFLHQW OHVRVFRSLF '\H 6HQVLWL]J]HG 6RODU &HOC
BXEVWLWXWHG BRZDKQG WPV &KHPLH ,QWHUQDWISRQDO (

‘DQJ =6 < &XL . +DUD < 'DQ RK & +IDMDGDKWQG
+DUYHVWLQJ (IILFLHQF\ &RXPDULQ '\H IRUSGWDBGHG\H |
ODWHULDOV S

‘DQJ = 6 < &XL < 'DQ RK & .DVDGDKI$SRSKHQBR
)XQFWLRQDOL]JHG &RXPDULQ "\H IRU (IILFLHQW "\H 6H
JLIHWLPH ,PSURYHG E\ &RDGVRUSWHRR RUQBR[\FKRBRLV
&KHPLVWU\ & S

+RZLH : + ) &ODH\VVHQV + &KDXWDF DKWL ]DOW BR QY RU 6
'\H 6HQVLWL]HG 6RODU &HOOV 8WLOL]JLQJ +LJK $EVRUS
"\HV-RXUQDO RI WKH $PHULFDQ &KHPIFDO 6RFLHW\
+RULXFKL 7 + OLXUD . 6XRURNDILPQIBQF\SFKLBHBHQ
BRODU &HOOV %DVHG RQ OHWROQD® HR | QGKRO SO H U LIFD G
BRFLHW\ S

%DKHWL $ 3 7\DJL .5 - 7KRPDV6LPSOH+VXLDQ® D FIL
%DVHG "\HV &RQWDLQLQJ JOXRUHQH DQG %LSKHQ\O /L
6RODU ZKIDORXUQDO RI 3K\WLFDO &KHPLVWU\ &



+DJEHUJ '3 - + <XP + /[/HH ) 'H $QJHOLV 7 0DUL
+XPSKU\ %DNHU / 6XQ $ +DJIHOGW 0 *(ROHFRODQG
(QJLQHHULQJ RI 2UJDQLF BHQVLWL]HUV IRU-RXBOIRQY LW
RI WKH $PHULFDQ &KHPLFDO BRFLHW\

'DQJ = 6 1 .RXPXUD < &XL 0 7DNDKDVKL + BHNL.
)XUXEH DQG+H[WDWKBOLRSKHQH )XQFWLRQDOL]HG &DUEL
OROHFXODU 3KRWRYROWDLFV 7XQLQJ Rl B6RODU &H
ORGLILFRWHRIQVWU\ Rl ODWHULDOV

.RXPXUD 1 = 6 :DQJ 6 ORUL 0O OL\DVKE®NM\O( 6X]
)XQFWLRQDOL]JHG 2UJDQLF "\HV IRU (IlLRXH@W M RO HF K
$PHULFDQ &KHPLFDO 6RFLHW)\

%XUNH $ 6 ,WR + 6QDLWK 8 %DFK7KH .2X®FNRZY R
D 7L&RPSDFW /D\HU LQ '\H 6HQVLWL]HG 6RODU &HOOV ,
"\HV1IDQR /HWWHUVS

LP % * & * =KHQ (- -HRQJ2UJDRALMHUHDBWGLJQ. 7R
IRU (IILFLHQW 3KRWRFXUUHQW *HQHUDWLRQ LQ "\H BH(
(QHUJ\ DQG (OHFWHRD QFFHHGES YKRFWLRQDO 0BWHULDOV

$PHUL 7 3 .KRUDP - O0RQJDQIGF& HUQDLEKBRODU &HO
$GYDQFHG ODWHULDGV

.ODKU % 0 DQG B3HUHHDPDIMPFH (QKDQFHPHQW DQG /LP
%LS\ULG\O 5HGR[ 6KXWWOHV LQ 7'KH 6-HREVIQDI] HREl SR OV
&KHPLVWU\ & S

%RVFKORR * D@XBUBBWHOIGWLFV Rl WKH ,RGLGH 7U
LQ "\H 6HQVLWL]HIF BROPWV&RDOKHPLFDO 5HYHDUFK

'DQJ 0 1 &KDPEHUODQG / %UHDX - ( ORVHU 5 +
60 =DNHHUXGGLQ DGG RUIDOQNFHQMHGR[ HOHFWURC
WULLRGLGH LRGLGH LQ GMBW K®&WPWL]G VRODU FHOOV
2VNDP * % 9 %HUJHURQ * - O03MHXGRKIBOREH FHDRY
BHQVLWL]MGRWIRRHOHFWURFKHPLRPOUQ REORIV3K\VLFDO &}
S

1XVEDXPHU + - ( ORVHU 6 0 =DNHHUXGGLQ 0 . 1D
&R ,, GEEL3 FRPSOH[ ULYDOV WUL LRGLGH LRGLGI
SKRWR YR OVRXIUFQ BI®ORIV3K\VLFDO &KHPISVWU\ %

+DUD . 7 +RULJXFKL 7 .LQRVKLWD ,QIGDONDEB mMIQ
HOHFWURO\WHY RQ WKH SKRWRYROWDLF SHUIRUPDQFH
7L2VRODUGRIOOOV(QHUJ\ ODWHULDOV DQS 6RODU &HOOV
. XER : . OXUDNRVKL 7 .LWDPXUD 6 <RVKLGD 0 +D
< :DGD DQG 6 &DODMLIBEBDLG 6WDWH '\GREOHDQV &M D]|®IG
(IIHFWLYH &KDUJH 7UDQVSRUW LQ OHVRSRURXV 6SDF
&RQWDLQLQJ ,RGEZEH IRX® QM®LRH3K\VLFDO &KHPLVWU\

& DR ) * 2VNDP DQG $3 &R OaHED UBWRIDQW H "\H 6HC
SKRWRHOHFW U RKKHAOFD@DOHRIO3SK\VLFDO &BRHPLVWU\

2 5HIDQ % DQG (ITLBFKQ@QWUIWRWR +ROH  QMHFWLRQ IL
"\HV LQWR (OHFWURGHSRVLWHG &R&ISHRLY WHL R F\TDQNDHL
S



7HQQDNRQH . *55¢% .XPDUD ,50 .RWWHJIRGD . *
3HUMUDROLG VWDWH SKRWRYROWDLF FHOO VHQVLWL]H
-RXUQDO RI 3K\WLFV ' $SSOLHG 3K\VLFV

2 5HJDQ % ' 7 6FKZDUW] 6 0 =D NHMHURGGRQH DROMG \
QDQRFRPSRVLWH Q S KHWHURMXQFWLRQV IRU VROLC
$GYDQFHG ODWHULDGV

&KXQJ , % J/HH - +H 5 3 + &KD®OODWRD DG VWIDM
VHQVLWL]HG VRODU FHQDWXUMWK KLIJKSHIILFLHQF\
. XPDUD *5% $ .RQQOR . B6KLUDWVXFKL -\HVXNDKD

BHQVLWL]HG 6ROLG 6WDWH 6RODU &HOOV R 8VH RI &U\\

WKH +ROH &KGIGH¥WRURI ODWHUSDOV

%D[WHU - % DQGH (V& Q¥IGNIOJHG VRODU FHOOV EDVH

PRUSKRORJLHV ZLWK6RQDP W DPQRZILWBMWHULDOV DQG 6
S

3DSDJHRWRREWHU HOHFWURGH IXQFWLRQ LQ QDQRFU

FHOO FRQILIRRDBILGRMWLRQ &KHPLVWU\ 5HYLHZV

%RHQQHPDQQ + * .KHODVKYLOL 6 %HKUHQV $ +L¢

5ROH RI WKH SODWLQXP QDQRFOXVWHUV LQ WKH LRGLG

-RXUQDO Rl &0XVWHU 6FLHQFH

+DXFK $ DQGL$IXWHFRUQYJ LQ WKH HOHFWURO\WH DQG FK

WKH SODWLQXP HOHFWUR G H (D® FEWH R HIQUPLLF D] I EWIR O D

S

&DVDOXFL 6 0 *HPPL 9 3HOOHJULQL *$DSIKKBDHOR

EDVHG ODUJH DUHD G\H VHQVIDNMIRMEDWRIODS FHOO PR(

3DSDJHRUJLRX 1 :) ODLH$Q DRGLQ@H FULWRBLGH 51
(OHFWURFDWDO\VW IRU $TXHRXW @O RIU NDIQH. F COHHFON T
BRFLHW\ S

‘X 6 < :HL 0 .LUNKDP - /LX : ODL ' 'DYLGRYLF
‘DQJ3DWWHUQHG *URZWK Rl 9HUWLFDOO\ $OLJQHG =Q2
6XEVWUDWHY DW /RZ 7HPSHUDIWXQUDHD ZRIWW R M V$ FRHDUN B O ¢
BRFLHW\ S

<XQ 6 $ +DJIHOBW )DIKE ERXQOWHU (OHFWURGH IRU "
&HOOV ZLWK +L$KYDQFHEGQFOWHULDSYV

%DL < + <X = /L 5 $PDO * & BXWBHQWRZWHKQRI D
1DQRZLUH 1HWZRUNIRZRWEDQWLFQ® )LOP IRU (QKDQFH
6RODU &HOO 3$GNRQFEGFHDWHULDSBYV

)DNKDUXGGLQ $ 3 6 $UFKDQD = .DOGW®IQEGDOUGLINWR
RI SKRWRHOHFWURGH DUHD R56G\ G/HDYEML]IHE VROD

BLVTXHUW - ' &DKHQ * +RGHV 3K\VbFOO®H & HOHPRA. FC
BULQFLSOHV RI 3KRWRYROWDLF &RQYHUVLRQ ZLWK
6HQVLWL]HG BRDBXAHXDAMV Rl 3K\VLFDO &KH®LVWU\ %

1LVVIRON - . JUHGLQ $ +DIHFREWL @IMLR QURYE KA
3URFHVVHV LQ '"\H 6HQVLWL]HG 6RODU &HOOV7KQIYHVWL
-RXUQDO RI 3K\VLFDO &KHPLYWU\ %

.RSLGDNLV 1 .' %HQNVWHLQ - YD BGV/ORUWD/DRALW
SHFRPELQDWLRQ Rl 3KRWRFDUULHUV LQ 8RDBOHWQ&H /@ W
7KH -RXUQDO RI 3K\VLFDO &KHBLVWU\ %



+DOPH - 3 9DKHUPDD . OLHWWH GKQ/LFYGRS 'VIKK@BOD
$GYDQFHG ODWHULDGV ( (

$GDFKL O < OXUDWD - 7DNDR - -L4LJ&O6DONDP RNRV
"\H 6HQVLWL]HG 6RODU &HOOV ZLWK D 7LWDQLD 7KLQ )l
BWUXFWXUH RI 6LQJOD @RYIVNWBD® ORLGIH FLAWKH 32ULHQW
OHFKDQLR®PUQDO RI WKH $PHULFDQ &KHPLBDO B6RFLHW

/IDZ 0 - *ROGEHUJHW(MQQBL'8&&IBQI$12:,5(6 $1°
1$1278% ($QQXDO 5HYLHZ RI ODWHULDOS 5HVHDUFK

<X . DQG (QERBBOLQJ 6RODU &HOO (IILFLHQFLHV WKU
1DQRVFDOH 5HVHDUFK SHWWHUYV

=KDQJ = 6 ,WR % 2 5HJDQ ' .XDQJ 6 0 =DNHHUXC
&RPWH 0 . 1DJHHUXGGLQ 3 3pFK\ 5 +XPSKU\ %DNHI
DQG 0 *UTWHHOOHFWURQLF 5RIQH VR I6 DKWHWHLRL QJ /D\HL
BHQVLWL]HG 8RB\ &&IKOHPV S

‘X < DQG 0 $ $ BFHKPREYRQXWH HQHUJ\ SRVLWLRQV RI
EDQGV RI VHOHFWHG VHRBPHRIQGRBWL@H B DQRU DSDW

6QDLWK + - DOE2BDWHF®WH 6HQVLWL]HG +\EULG 6ROTC
1HDU 8QLW\ $EVRUEHG 3KRWRQ WR (DHFRV UHRQWEHRQA H U
S
%UHQQDQ 73 -5 %DNNH ,. 'LQJ % ( +DUGLQ : +
%DLOLH * < ODUJXOLV (7 +RNH $ 6HOOLQ@KHU O
LPSRUWDQFH RI G\H FKHKRLUDWH\WUHD WPEHQW 2. Q WKH |
UHFRPELQDWLRQ EDUULHU OD\HUV GHSRVLWHG E\ DWR
VHQVLWL]HG 3KRDLDAD 6 HBKMWP LVW U\ &KHPLFD® 3K\VLFV

4LDQ - 3 /LX < :LDR < -LDQJ < &DRRDWHG DQ
OXOWLOD\HYRGORZ20LFURVSKHUHV IRU '\I$ GHDYEMGE]H (
ODWHULDOV S

=KDR & ' &KLOG < +X 1 S5REHUWVRQ ' MREVRQ 6
WHPSHUDWXUH JURZWKQPIQR\ F¥EX® SSWQRUHG IR[WDLO VW
VHQVLWL]HG5%RGBY FAPOW S

IDJHHUXGGLQ O . 6 0 =DNHHUXGGLQ 5 +XPSKU\ %D|
90DFKRSRXORV 9 6KNORYHU &$FLE EPR/HUHDQ® DEWUL
ELS\ULG\O GLFDUER[\OLF DFLG UXWKHQLXP ,, F

SURWRQDWLRQ RQ FKDUJH WUDQVIHU VHQQRWIL]DWHR !
&KHPLVWU\ S

&KRX 7 3 4 =KDQQIIWEMEV*REDR /RDGLQJ &RQGLWLRQ
&RQYHUVLRQ (IILFLHQF\\HRI6HQY LMQGHBL7ARIO DRX &E@ DO R |
3K\WLFDO &KHPLVWU\ &

1JX\HQ + 0 56 ODQH 7 *DQHVKSJBUHJIPWQRDQ® HH .4
1IDQRFU\WWDOV &RXSOHG +03 '\H RI +LJKHU ([WLQFW
(QHUJ\ &RQYHUVLRKH({ROFLEBRB\RI 3K\VLFDO &KHPLVWU\

'RQJ .. $ 1J ;< &KHQ <+ 1J <+ [HXQJ .+ +R $

1J : . &KDQ / <X DQG(IHF3KIROCLEV1DQRSDUWLFOH

"\H 6HQVLWL]HG 6RODUS&IB OIS SOIUHBUPDWRHLDOV ,QW
S

=KDQJ 4 & 6 'DQGHQHDX ;;=GXRDPQRYWUXFIMDRUHV |
BHQVLWL]HG $QODQF&ECOODWHULD BV



g]JeU h <, $OLYRY & /LX $ 7HNH 0 $ 5HVKFKLNRY
&KR DQG + YRBRRUHKHQVLYH UHYLHZ RI =QRXBRWE UL
RI $SSOLHG 3K\VLF\5

7DQJ + . 3UDVDG 5 6DQMLQQV(GBHFWEKPLG DIEG R)
SURSHUWLBYIRW DV WRKUQOD®MRY $SSOLHG 3IB\VLFV

2VNDP * = +X 5/ 3HQQ 1 3H&RDNDVIBQIGQ3 &I GHIDWDK

QDQRSDBWLIFHNO 5HYLHZ (S

' HLV . DQG2$WAAERW FKDUDFWHUL]DWLRQ RIL@PYRVWL

2SWLFDO ODWHULDDV

%DH + 6 0+ <RRQ - +3KIRRVFOGHNGIFWLQJ SURSHUWL

WKLQ ILOP VSBQVHGWKRUWLFYV /HWWBHUV

1RDFN 9 + :HOOHU D(@GBWYRBPPODGIVWSRUW LQ 3D

(OHFWURGHV R $ 6ZRSOR¥SSDRDFKIK\VLFDO &KHPLVWL

S

X - - * 5 &KHQ & & /X : 73HUIBQBDQBH &KHDHO]

WUDQVSRUW SURSKORWRASRRILMWHE G\H VID@RWH FKG RGP,
S

=KRQJ /LOLQF R[LGH QDQRVWUXFWXUHV JURZWK SU

-RXUQDO RI 3K\VLFV &RQGHQVHG ODWWHU

6FKPLGW OHQGH / DQG - /=QRF0DOQRVWVX¥RWOUHV C

GHYLEBWHULDOV 7RGDS

7RUQRZ - DQG . 76FAKIVWHBMWIJOHFWULFDO 5HVSRQVH

1DQRURG 6ROBPM SRMAAM O RI 3K\VLFDO &KHBLVWU\ &

'MXULALU $ % DOQSWLFDMHIQRSHUWLHV RBIPO@O1IDQRVW
S

%DQGDUD - . 7HQQDNRQH&PRER\BLI b 7100 DDAQL® BN Q

QDQRFU\WWDOOLQH SDUWLFOHV IRU HQKDQFHG FKDUJF

G\H¥KHPRVSKHUH S

‘X ) DQG BROXWLRQ GHULYHG =Q2 QDQRVWUXFWXUH

VHQVLWL]HG(YRODWU RRB®DWRQPHQWDO BFLHQFH

6DLWR 0 D QG D8UJKMIKKRMWRFXUUHQW JHQHUDWLRQ LQ

FHO@WHUJ\ (QYLURQPHQWDO SFLHQFH

.LVL (+ DQG 0 X $SOERPEMVHUV IRU WKH ZXUW]JLWH VW

XVLQJ SRZGHU QH XBFUARI &LV WDFROMIRRIQYDSKLFD $HFWLR

-DIIH - ( DQG-BWBWHYWHHMV)RFN VWXG\ Rl SKDVH FKDQJHYV

3K\WLFDO 5HYLHZ % S

X | < *XR 4 /[/LDR - =KORUSKRDRILFEBO &RQWUR

1IDQRVWUXFWXUHV E\ 7(OH FRY RGBS RRILWHK\WR/QFDO &KHP]
S

ORUNRO + DQGHQHJJDQ 3URSH WML RLG®2LOH\

9&+ 9HUODJ *PE+ &R .*D$ S

,OLQJIVKiQ@D 0®WHULDO 3K\VLFKHPGKIYSRBHPDWLRQV

S

6XQDJDZOU\WWDOV *URZWK ORUSKRORJ\&DPBHUGHFAW

8QLYHUVLW\ 3UHVYV

‘X 6 DQG =2QP@LPHQVLRQDO =Q2 QDQRVWUXFWXUH

IXQFWLRQDO1SQRSHUWHLICHIF K S



OHXOHQNDRBSQWKHVLY DQG *URZWK R KHD 2 ROOUIRSD RV
3K\WLFDO &KHPLVWU\ %

9DIDHH 0 DQG 0 63UMKIPUVDWILRQ DQG FKDUDFWHU
QDQRSDUWLFOHV E\ D GIRVHOL B R U +/HDWHRIX/S/ H

DU 6 $ 'HY DQGG6BPESROBIXERKXYRWKHUPDO S5RXWH 7F

1DQRVKHHWY 1DQRQDLOV DQG :H®E $RXUQPG RD BRUV

&KHPLVWU\ % S

/L 4 9 .XPDU < /L + =KDQJ 7 - )DEWINFIVICRY Rk =

1DQRURGYV DQG 1DQRWXEH\&KBPEVXHR XK/ OROWHULRD@W

S

+XDQJ 0+ 6 ODR + )HLFN + <DQ < :X + .LQG (

<DQYRRP 7THPSHUDWXUH 8OWUDYLBPHMEBQRZLUH 1DQF

S

'DQJ ; < 'LQJ & - 6XPPHUVDWIHG6EDOHDRDWKHVLV

1IDQRPHWHU :LGH =TRH1IRXRIEFDIONR/ 3K\WLFDO &KHPLVWL

S

3DO 8 -* 6HUUDQR 3 6DQWLDJR * :LROQIWKPBLVIBFH

DQG RSWLFDO SURSHUWLHV Rl =Q2 QD QR VISIXIERMDXOU H \

ODWHULDOV S

JREDFKHYD 2 0 : OXUSK\ - < 3 0.RUIKR®RJI\. GEHISHIR) G

OXPLQHVFHQFH IURP =Q2 QDQRVWUXFWXUHV 2 $Q : UD\

DW WKH =@D@®EGHDQ -RXUQDO RI &KHPLVWU\

L << <) +VX $ % 'MXULBQHFWOQRGFKHRKIDD 6\QWKF

1DQRSRURXV )LOPV DW /RZ 7THPSHUDWXUH DQG 7KHLU §

&HORKUQDO RI WKH (OHFWURFKHMLFDO'6RFLHW\

1RQRPXUD . 7 <RVKLGD ' 6FKOGK W HISQH ®FW-+) ROAL

VIQWKHVLV RI =Q2 5X GFES\ 1&6 K\EULG WKLQ ILOPV

SURSHUOWHAMWURFKLPLFD $FWDS

‘DQJ 0 & + <H < =KDQJ * 0 +XD + ; :DQJ 0 * .R

6\QWKHVLV RI ZHOO DOLJQHG =Q2 QDQRURG DUUD\V ZlI

WHPSHUDWXUH VROMWQIDROQ RA HWKRWB D O * UR ZW K

3DQ =: =5 'DL DAGQREHOWY Rl VHPLFAEQEBRFWLQJ
S

+XDQJ 0+ << :X + )HLFN 1 7UDQ&DWBBPANWLPQGRY

RI JLQF R[LGH QDQRZLUHYGE\DRFSRBUOWWB QY BERVW

<DR % ' <) &KDQ )RQEDIWLRQJIRI =Q2 QDQRVWUXFW:

ZD\ Rl WKHUPDO$$BDIRIGDIKLRQFY /HWSV/HUV

ORUNRO + DQGQ2 ¢PORVWUREQK2HVMGH :LOH\ 9&+

9HUODJ *PE+ &R .*D$ S

*DR 3 ; DQG 4DQMSUWIRSHOOHU D UASH\V LRIG] BEFVR NG HH V
S

ORUNRO + DQGQ2 JURHAVOKQF 2[LGH :LOH\ 9&+ 9HUOD.J

*PE+ &R .*D$ S

=KRX + 0 :LVVLQJHU - )DOOHUW 5 +DXVFKLOG )

2UGHUHG XQLIRUP VL]HG %83 GLINGR DK\V H B VD/HWDWWH U V

s

7DVFKXN 07 00 +DZNH\H&KDBWHU- %UHYDQFLQJ

'HSRVLWLRQ $ ODUQDIQGERRWHRIOHSRVLWLRQ 7HFKQR

DQG &RDWLQJV 7KLUEGLO®UWPREQGUHZ 3XEOLVKLQJ %R



%DUUDQFR $ $ %RUUDV $ 5 *RQHUVBHFONISHHWDRQ R
DQJOH GHSRVLWLRQ RI WKLQ ILOP\3URIRMH VXQIGD P Q\M
6FLHQFH S

&KX - : 3HQJ O 6DMMDG %1 D<PRMW DRBVXUHWHROG
SURSHUWLHV Rl =Q2 SUHSDUHG XVLQJ QRUPDO DQG R
7KLQ 6ROLG )LOPV S

7ROHGDQR ' 5 ( *DOLQGR 0 <XVWH&RMPS ROEWMORDD
DQG VWUXFWXUDO SURSHUWLHY RI QDQRVWUXFWXUHG
UHDFWLYH VSXWWHULQJ GHSRVLWLR®U GDI® FRV RKQ WLK ¥
$SSOLHG 3K\VLFV S

,JDNL 0 O :DWDQDEH + S$ULWRPR , <DPDJXFKL 6
&KLJDQH 0 ,QDED HIQEF R[ZGMDINDIQR &DXOLIORZHU $U
7HPSHUDWXUH 8OWUD Y LSROWWD/Q@ JKUIR ZWKV VLRQISIQ

5D\ @OHFWURGHSRVLWLRQ RI 7KLQ )L QPHFWRWR SRYDMR\

1IDQRVWUXFWXUHYV

(OLDV - 5 7HQD =DHUD (DI®IGWe RIpWK&OHRHBIW DO 1D

$QLRQV RQ WKH (OHFWURGHSRVLWHKRQRXUODPD 1DIQRK\L

&KHPLVWU\ & S

<X /| * =KDQJ 6 /L =)DEUDRIWLRQRRI DUUD\V RI JLQF

DQG QDQRWXEHV LQ DTXHRXV VROXWUORDQXQGRIU&D OV \

*URZWK S

.|QHQNDPS 5 . %RHGHFNHU 0 & /X[ 6BWHLQHU 0 3

/JHY\ &OHPHQW DQ®LEQ {DO@HWHPLFRQGXFWRU GHSRVLYV

=Q2 FROXBOUOLHG 3K\VLFV /HWWHUV

&XL - % DQG SOHFWHENRREHSRVLWLRQ DQG URRP WHPS

DQLVRWURS\ Rl &R DQG 1L GR $I$G GIQRGQIKQRZE Y H HDWW I
S

&XL - % < & B6RR 7 3 &KH@®RZDGBIESHYDWEVRQFURZW

&KDUDFWHUL]DWLRQ RI &0 'RSHBKHQ2RADQRBQALBH IKN\Y

&KHPLVWU\ & S

=KHQJ 0 - /' =KDQJ * + )DENQEDWLREHDEPG RSWLFD

RI ODUJH VFDOH XQLIRUP JLQF R[LGH QDQRZLUH DUL

GHSRVLWLR @ KHFLK@LOT 8K\VLFV /HWWISUV

=KRX + DQG $ WDFR®@K DQG 0LOG 6\QWKHVLVRI ' =Q2

1IDQRVWUXFWXUHVY DQG 1SFYRVINQRXFWXSUHG $UUD\V

3HWLD $ 57 :HLW] * 3HWHU 6 9HVQD . 3HWHU

-RDFKL® WHPSODWHG VIQWKHVLV RI =QD ¥YRWG DKQROR I

S

*UHHQH / ( 0 /DZ - *ROGEHUJHU ) .LP - & -RKQVR

DQG 3 ' <¢RRIWHPSHUDWXUH ZDIHU VFDOH SURGXFWLR

$QJHZDQGWH &KHPLH ,QWHUQDWBRQDO (GLWLRQ

‘HL $ :: 6XQ -: :DQJ < /HL ;3 &DL &0 /L =/ "I

(Q]\PDWLF JOXFRVH ELRVHQVRU EDVHG RQ =Q2 QDQRU

GHFRPSRYS®QRHG 3K\VLFV /HWWHUV

7LQ) &KRSWHU BWUXFWXUH ORUSKRORJ\ DQG 2SWLF

9HUWLFDOO\ $OLJQHG =Q2 1DQRURG 7KLQ )LOPV E\ W

1DQRURGYV ,Q7HFK &KDSWHUV SXEOLVKHG

IDXGLVH 5 $ DQG+&'$2%6OMIADEX17+(6,6 2) =,1& 2:,'(

$1' =,1& 68/),"(KH -RXUQDO RI 3K\VLFDO &KHPLVWU\



JL : - ( : 6KL : = =KRQYWUPIVBK=PHF&ID@QLVP DQG JUF
RI R[LGH FRWWIDIO/RI &U\VWDO #URZWK

'HPLDQHWY /1 '9 .RVWRPDURY , 3 0HKHKPIQQLN P DRIG
JURZWK Rl =Q2 VLQJOH FU\VWWDOV |UR&®UKXWDRWRKHUBB
5HSRUWV 7UDQVODWLRQ RI .UISVVDOSORJUDIL\D
*RYHQGHU . ' 6 %R\OH 3 % .8iQEBUVDVD®R GLQI%WKH
WKDW JRYHUQ WKH GHSRVLWLRQ DQG PRUSKRORJ\ RI W
-RXUQDO Rl ODWHULDOV &KHPLVWU\

%DUXZDWL % ' . .XPDU DQEUBRWKIDPRODWRWKHVL)
FU\WWDOOLQH =Q2 QDQRSDUWLFOHV $ FRFGHRUW DG
$FWXDWRUV % &KHPLBDO

/X & + DQG gQIOX+HXFH RI K\GURWKHUPDO FRQGLWLR
SDUWLFOH VL]H RI J&QEDP[LEWH , 8 RVAHIHIDWI RQD O

7DN < DQG&RGWQROOHG *URZWK RI :HOO $OLJQHG =C
D 1IRYHO 6ROXWIKRIQ-BXWEBG Rl 3K\VLFDO &KHMLVWU\

9D\VVLHUMHR/ZWK RI $UUD\HG 1DQRURGYV DQG 1DQRZLUHI

BROXWILRYDWQFHG ODWHULDSOV

*UHHQH / ( O /DZ '+ 7DQ 0 ORQWDQR - *ROGEHUJF

*HQHUDO 5RXWH WR 9HUWLFDO =Q2 1DQRZLUBQRJUD\V

JHWWHUV S

9D\VVLHUHV / . .HLV 6 ( /LQ@XUSRNWH BRIGOWN $0QIM

OHWDO 2[LGH ODWHULDO B ' +LJKO\ 2UZKBWRGUQLFW RU

3K\WLFDO &KHPLVWU\ %

6XQ < '- 5LOH\ DQGOBEKPQIVWRIROGQ2 I1DQRWXEH

+\GURWKHUPDO OHWKRGV RQ =Q2 7K8P-RRDGHIE RBIL 36X &

&KHPLVWU\ % S

7LDQ =5 -$ 9RLJW - /LX % OF.HQJLH O - OF'HUF

.RQLVKL D@BPSOKW[ DQG RULHQWHGLBW20Q WGIRIVW U X F W >

S

JHH < - 7/ 6RXQDUW - /LX (' 6SRHUNH % % OF.

9RLIWQDEOH $UUD\V Rl =Q2 1DQRURGYV DQG 1DQRQHHG

&KHPLWWWWDO *URZWK 'HVZJQ

6KDR 6 3 -LD 6 /6WDBQB LLHEDA HPLVVLRQ IURP UF

QDQRVWUXFWXUHV VIQWKHVL]HG GMDKMHRXIEON KNGUNRHK
+ S

*DR ;3 =) =KHQJ + < =KX */ 3DQ -/ PRWRU :X

OLNH =Q2 E\ HSLWD[LDO JURZWK XQG&KH PLB®RW k

&RPPXQLFDWLRQV S

‘DQJ = ; | 4LDQ - <L/(DUDE®GEDMH 3BERULFDWLRQ R

JORZHU OLNH DQG 7XEH OLNH =Q2 $UUD\V E\ D BLPS

/IDQJPXLU S

/L + 0 :LD * 'DL + <X 4 =KDQJ $ 3DQ 7 :DQJ

*URZWK RI 2ULHQWHG =LQF 2[LGH 1DQRZLUH $UUD\ LQW

$TXHRXV 6ROHWIRQMDO RI 3K\VLFDO &KHBLVWU\ &

=KDQJ + ' <DQJ ' /L ; 0D &SRQGWURDP®DEDHH*URZWI
OLFURFU\VWDOV E\ D &DSSLQJ 0RO HF X 08U $WW DOWH & ZWC
'"HVLJQ S



=KDQJ + ' <DQJ 6 /L ; 0D < &RQWURODPE O HAIXHR

=Q2 QDQRVWUXFWXUHV E\ FLWULF D FQEBWIHMLDVOWH G K W
S

=KDQJ ' ) / ' B6XQ - =KDQJ =+tHYDYFKQED® &R QN

RI =Q2 $UFKLWHFWXUHV 3URPRWHG &U\YMWWBURIRDMR

"HVLJQ S

X ) =< <XDQ *+ 'X 7= 5HQ & 9RORBNBR3 7KLL

WHPSHUDWXUH DTXHRXV VROXWLRQ URXWH WR ODUJH

-RXUQDO RI 1RQ &U\VWDOOL QHSROLGV

/X & | 4L - <DQJ / 7DQJ #*\GKBYWXHNP®OG JOLRZWK I

VFDOH PLFURSDWWHUQHG DUUD\V RI XOWUDORQJ =0Q:

VXEVWIKHPHFDO &RPPXQLFDWLRQV S

/L : ) =KDR - )X :; <DQJ - :DQJREEOUDRUGIHPG KRPE

JLNH =Q2 1DQRVWUXFWXUHV DQG 7KHLU 'HULYDWLYH 1

OHWDO +\GURWKHUPD®@WR\NWD® IR ZBRKW HHVSEJQ

7DQJ / : % %DR + =KRAXQWEGE \BL W DG BKDUDFWHU L

QDQRURGYV E\ D VLPSOH VLQJOH VRXUWHFIX\GURRZKH L

GLPHQVLRQDO 6\WWHPV DQG 1D®RVWUXFWXUHYV

/JL ) / +X = /L DQBOXH®BPMJIRI WHPSHUDWXUH RQ W

OXPLQHVFHQFH RI =Q2 PLFUR DQG QDQRVWUXFWXU!

K\GURWKHUPIRXBEWBEMRG $SOOR\V DQG &RP SR XQG/V

=KRX : ' =KDQJ < =KX < B6KHQ : *XRIFKDQQYWDRSOZC

,QYHVWLIJDWLRQV RI 3(* 'LUHFWHG $VVHPEO\ RI 2QH 'L

7KH -RXUQDO RI 3K\VLFDO &KHBLVWU\ %

.DZVND $ 3 'XFKVWHLQ 2 S$RFAKRLNIMDLFD@QHGF K DLOL@ V

$JJUHJDWLRQ IURP (WKDQROLF 6ROXWLRQ ,RQ $VVRF

2UJDQL]DWQRQHWWHUVS

6XQDJDARZWK ORUSKRORJ\ 3BDPHFRWGRB 8QLYHUVL\
HGLWLRQ $XJXVW

%XUWRQ :. 1 &DEUHUKH PORZW& RURQWWDOV DQG W

BWUXFWXUH RI SWUHOLRV RSWIDFIDHY 7UDQVDFWLRQV RI WK F

$ ODWKHPDWLFDO 3K\VWLFDO DQG (QJLQ¥HHULQJ 6FLHQI
S5LFKDUGXRBOHDWLRQ WKHRU\ DQG DSSOLFDWLRQV WR

VXVSHQMWUORDIDO RI 3K\WLFV &RQGHQ¥HG ODWWHU
&RRSH&U\WWDOOLVDWLRQ .LQHWLFV$XJIXUKDPXB®DYHU

8QLYHUVLW\

KWWS FRPPXQLW\ GXU DF XN VKDURQ FRRSHU OHFWX!
JLX :< . ODLZD DQG+HWNNRDHEMRXY WZR GLPHQVLI

DQG JURZWK KH QRMWLEPO Rl &KHPLFDO SK\VLFV

/ILX ; ,QWHUIDFLDO (IIHFW Rl OROHFXOKW¥ RRXWUXQMDIH R

3K\WLFDO &KHPLVWU\ %

*DR < DQG . RRPRWRLUHG &HUDPLF 7KLQ )LOP 3URFI

DQG )XWXUH 3BUWSMB® *'URZWK 'HVRJQ

&U\WWDOOL]DWLRQ -RIKF HMYHWVDQG 6RQV /WG

<DPDEL 6 DQGRZWRDARQGLWLRQV IRU ZXUW]JLWH ]JLQ

VROXWRRQQYDO Rl ODWHULDOV &IHPLVWU\

1LHVHQ 7 3 DQG GBYLHZ*XGHBRVLWLRQ Rl FHUDPLF

WHPSHUDWXUHV |UR P6B DX IGR6W DWRHD XR\E LRFQB/



5DQL 6 3 6XUL 3. BKLVKRGWKHNQE RIOQDARED\VW
SRZGHU YLD VRO*JHO URXWH IBRGDH YO YILWLDMG VIR
6RODU &HOOV S
SHGPRQG * ' )LW]PDXULPHVDBGHO/LIKHBHBYLWL]D
%LV WKLRF\DQDWR ELV ELS\ULG\O GLFDUER[\OD
1DQRFU\WWDOOLQH =Q2 )LOP 3UH SSKHPE \EW BR R | *GIDWHH.
S
=HQJ / 6 'DL : ;X 'DQGHQVR@L]HG 6RODU &HOOV %D\
30DVPD 6FLHQFH DQG 7HFEQRORJ\
/L & |/ <DQJ - :LDR < & :X 0 BRQGHUJDDUG < [XF
,'YHUV®Q QDQRSDUWLFOH EDVHG KLJKO\ HIILFLHQW &C
VRODUS3KHNOIOARDO &KHPLVWU\ &KHPLFDS 3K\VLFV
$NKWDU 06 0$ .KDQ 0 6 -FRIOW DRGOH S VEOWXHVL\
=Q2 QDQRVWUXFWXUHG PDWHULDOV E\ FDSSLQJ DJHQ\
G\H VHQVLWL]HOG WVRODRFKHPIORD $F® D
+RVRQR ( 6 )XMLKDUD , 74RIQPDEULEOG WLRKRX DQ
BWDQGLQJ =LQF 2[LGH 1DQRVKHHW IRU 8¥G&YDQFHNI 6H
ODWHULDOV S
+RVRQR ( 6 )XMLKDUD 7URPWH¥DRIDI®B HUHBDEDVLF ]
LQ PHWKDQROLF VROXWLRQV DQG LWV S\URO\WLF WUD
-RXUQDO Rl &ROORLG DQG ,QWHSJIDFH 6FLHQFH
+RVRQR ( < OLWVXHWDQG UHEBKRXDQLF G\H VHQVLWL
RQ SHUSHQGLFXODU JLQF R[LGH QDQRVKHHW WKLFN |
'DOWRQ 7UDQVDFWLRQV S
.RVPXOVNKH LJQLILFDQFH Rl WKH GLIIHUHQFH LQ WKI
UXWLOH D 3@ PDOMDANHQ &ROORLG DQG ,QBHUIDFH 6FLFH
%ORN / DQG 37KH KMRQUP GRXEOH OD\HU DW WKH =Q2V
H[SHULPHQWDO SRLQRXBORDHWURIF&KPWORLG DQG ,QWHU!
S
<LQ 3 ) 7 /LQJ < 5 /X = : ;X 6 &G 6 1DR RDQINH
$UUD\V IRU +LJKO\ (IILF L$GWD QLEHGV 0DUNDHESIL B0 V

=KDR & - =KDQJ < +X 1 S5REHUWVRQ 3 $ +X ' &K
,Q VLWX PLFURIOXLGLF FRQWUROOHG ORZ WHPSHUDW
G\H VHQVLWL]HG VFR@W UI EFH OBSRUW V

(ONKLGLU 6XOLPDQ $ B3UHBRUDWQRQ/ RIX=Q2 QDQRS
QDQRVKHHWY DQG WKHLU DSSOLFDBROPY WRHGUN VDBI\GM |
DQG 6RODU &HOO\S

&KHQ : + =KDQJ , 0 +Vi QHZDRICRW RILOQRIGH DUFKLW!
VHQVLWL]HG VRODU FHOO EDVHG RQ =Q2 QDQRWHWU
(OHFWURFKHPLVWU\ &RPPXQFDWLRQV

%HQNVWHLQ .' 1 .RSLGDNLV - YD QQBMHXHIUHP RD W
3HUFRODWLRQ 1HWZRUN *HRPHWU\ RQ (OHFWURQ 7UD
'LR[LGH 6RODKH&HRX®YDO RI 3K\WLFDO &KHBLVWU\ %

ORUNRO + DQGURFHYMLQJ 'HYLFHV DQ€L@RVRHLGRY WU
‘LOH\ 9&+ 9HUODJ *PE+ &R .*D$ S

%HHUPDQQ 1 / 9D\WVLHUHV 6 ( 3MRWRXDWHFWDGQ 6 K$

BWXGLHV Rl 2ULHQWHG 1DQRURRXURD® RIOWKHR (G HPW Y

BRFLHW\ S



%D[WHU - % DQG & & RFKPXAWMWHYPERHEQ2 1DQRZLUHYV

DQG 7KLQ )LOPV 8VLQJ 7LPH 5HVROYRKH 7 HROOKHIAV ]R |

3K\WLFDO &KHPLVWU\ %

/IDZ 0 [/ ( *UHHQH $ B5DGHQRYLF 7 .X\NHQGDOO

=Q2i$20 DQG =Q2i¥RPHiI6KHOO 1DQRZLUH '\H 6RIQWLWL]H

-RXUQDO RI 3K\VLFDO &KHPLYWU\ %

*XR 0 3 'LDR DGQGGERWKRBUPDO JURZWK RI SHUSHQGLI

QDQRURG DUUD\ ILOP DQG LWV SKFVERH B & FOXURDF K BERE
+ S

%D[WHU - % $0 :DONHU .Y 2PPB\QVQKHVRYGDQE

FKDUDFWHUL]DWLRQ RI =Q2 QDQRZLUHV DQG WKHLU LQ

1IDQRWHFKQRORJ\ S 6

&KHQJ $ - < 7]HQJ < =KRX 0 3DUN 7 K :X & 6K

JHHPKHUPDO FKHPLFDO YDSRU GHSRVLWLRQ JURZWK RI

VHQVLWL]HG VRODSEBOBG BEUWLEDWALHRQSY H U V

9D\VVLHUHV / . .HLV $ +DJIHRGMH D.®G GV [ RQIE BX

+LJKO\ 2ULHQWHG &U\VW DEKMILPQN W QL RLBDR\WXEB UV

X & + DQG -(OHFWURQ WUDQVSRUW SURSHUWLH
DUUD\ QDQRSDUWLFOH FRPSRV$®3HOG HG \BHKQWILFWL ] H & W F
S
3DORPDUHV ( -1 &OLIIRUG 6 $ +RRQWURXWRI] &KQEG
SHFRPELQDWLRQ '\QDPLFV LQ '\H 6HQVLWL]HG 6RODU
'HSRVLWHG OHWDO 2[L G R XAJMOFRN RQ WHMHNHIPHULFDQ &K H
S
1JX\HQ 79 + & /HH 0 $ODP .KDPIHFINQR @HSB R \KID/)L]
7L26L2QDQRFRPSRVLWH IRU G\HERORQY LW@HWIE VEBODU FF

OHQJLHV ' 5 &HUYLQL < % &KHQDQRGWRRF WXUH G A
&RDWHGOHBWURGHV IRU "\H 6H-@XW/DLDVH 8 | 66RF0D WHEH ORI
7HFKQRORJ\ S

-XQJ +6 - . /HH 0 1DVWDVL 6 : /HH - < .LP - 6
BKLAQUHSDUDWLRQ RI 1DQRSRURXYQRS$DEWDRHGY 7TRQ G
$SSOLFDWLRQ WR WKH (OHFWURGBIQRPXHU6HQVISWL]HG

%DOD\D 3 - -DPQLN - YOHWIRVFBGGF-+ROHHYRQG X |
1DQRFU\VWDO O% OHWEULTRG $QDO\VLV E\ ,PERNGORBHR6S
WKH (OHFWURFKHPLFDO &R RBLHSV\
JULEXWVHF K HOVLWL]DWLRQ VRODU FHOOV $ FULWLFDC
&RRUGLQDWLRQ &KHPLVWU\ 5HYLHZV

.URH]H - ( 1 +LUDWD 6 .RRSV 0. 1DJHHUXGGLQ /
DQG - 5 '$OMD@MWKDLQ %DUULHUV IRU .LQHWLF 2SWLPL]
&HORKUQDO RI WKH $PHULFDQ &KHPISFDO 6RFLHW\
OHQJLHV ' 4 'DL < % &KHQJ * 3 ,R%BRYQHM-QE®N/ R6
=LUFRQLD VKHOO LQ QDQRVWUXFWXUHG WLWDQLD FI
VHQVLWL]HGODRHU FOD OWW W H U\S

6KLQ < - - + /HH - + 3IQB®QFEG 3KRWMDUROWDLF 3
6L2ZWUHDWHG =Q2 1DQRFU\VWDOOLQH (OHEWHRIGHVIRU
JHWWHUV S



.DQJ 6+ - < .LP < .LP + 6 .l6XUDIRH <OR(GLBIXEDWL
BWUHWFKIHDE RW2XEHV IRU 6ROLG 6WDW H K\HH SRHMQMALDVA. Rl
3K\WLFDO &KHPLVWU\ &

BKLQ < - .6 .LP 1* 3DUN .6 5\QXKDIFG PHOWERI
SKRWRYROWDLF SURSHUWLHV RI 7L PRGLILHG QDQRF
VHQVLWL]HGXROBIWE® RO WKH .RUHDQ &KHBLFDO 6RFL

/IDZ 0 [/ ( *UHHQH -& -RKQVRQ 5 1@DQRRDWDH ®DGG
VHQVLWL]HGIDROMDW PO L 80 V
+DJIHOGWLHI 2YHUYLHZ RI '\H 6HOWEMR.]JHG SRODU &HO



&KDSWHWKRGRORJ\

,Q WKLV FKDSWHU GHWDLOV DERXW DOO WKH H[SHULI
GHYHORSHG FDUULHG RXW LQ WKLV WKHVLV DUH SUR

IROORZLQJ SDUWV )LJXUH

J)LIXUH 'LDJUDP RI WKH H[SHULPHQWDO IOR
‘HWDLOV RI PDWHULDOV DQG UHDJHQWYV
6\QWKHVLY SURFHGXUHYV

&KDUDFWHULVDWLRQ RI PDWHULDOV DQG QDQRVWU



‘\H VHQVLWLVHG VRODU FHOO IDEULFDWLRQ DQG LW
6RPH RI WKH VSHFLILF SURFHGXUHV |IRU WKH PHDVX

FRUUHVSRQGLQJ &KDSWHUV

ODWHULDOV DQG 5HDJHQWYV

,Q WKLV WKHVLV XQOHVV RWKHUZLVH VWDWHG DOO
UHDJHQW JUDGH SXUFKDVHG IURP 6LJPD $OGULFK DQ
‘HWDLOV RI WKH VRXUFH PDWHULDOV FKHPLFDOV DQG

7TDEOH SHDJHQWY VROYHQWY DQG PDWHULDOYV

S5HDJHQWY DQG VROYHQWYV BWDQGDUG
JLQF QLWUDWH KH[DK\GUDWH
DPPRQLXP K\GUR[LGH ZW LQ ZDWHU
KH[DPHWK\OHQHWHWUDPLQH
DPPRQLXP FKORULGH 6LIP
DOXPLQXP QLWUDWH QRQDK\GUDWH
1D2+ 6LIJPD
/L, 6LJPD
LRGLQH 6LJPD
WHUW EXW\OS\ULGLQH 6L
WHWUDEXW\ODPPRQLXP LRGLGH
DFHWRQLWULOH 6LIP
DFHWRQH 6LJPD
HWKDQRO 6LJPD
, 6LJPD
1  G\H 6LJPD
SRO\VHWK\OHQLPLQH
$YHUDJ# 0 6LIJPD
3(,
ODWHULDO 6WDQGDUG 6 X ¢
=Q WDUJHW DW
3W 7DUJHW DW
712 DW ODWHULRQ ,QF

KRW PHOW VXUO\Q ILOP a —P 6




6\QWKHVLVY SURFHGXUHV

,Q WKLV VHFWLRQ GLIIHUHQW V\QWKHVLV LQVWUXP}
1DQRVWUXFWXUHYVY DUH V\QWKHVLVHG E\ WKH ORZ W
DSSURDFK DQG PRGLILFDWLRQ OD\HUV DFKLHYHG E\ SC

HYDSRUDWLRQ ZLOO EH GHVFULEHG LQ WKH 6HFWLRQV
*URZWK RI =Q2 QDQRVWUXFWXUHYV
3UH WUHDWPHQW RI VXEVWUDWHYV

6XEVWUDWH FOHDQLQJ

JRU WKH SUHSDUDWLRQ RI WKH QDQRVWUXFWXUHG |
UHTXLUHPHQWY RI WKH VXUIDFH TXDOLW\ DUH FULWLF
GHIHEWAHWDO WDUQLVKHG RUJDQLF WDUQLVKHG WDU
FDXVH QHJDWLYH HIIHFWV RQ WKH ZKROH JURZWK SUR
Rl WKH PDWHULDOV DQG WKH SHUIRUPDQFH RI WKH Gt
VXEVWUDWH EHFRPHV RQH RI WKH FULWLFDO VWHSV F
DOO FOHDQHG XVLQJ D W\SLFDO VROYHQW FOHDQ DI
PLQXWHV WKHQ HWKDQRO PLQXWHV XOWUDVRQLF
ULQVH EQ®Z GU\ SURFHVV

6HHG OD\HU SUHSDUDWLRQ

,Q WKH DTXHRXV VROXWLRQ =Q2 QDQRVWUXFWXUH V\C
WR FRQWURO WKH JURZWK RI =Q2 QDQRVWUXFWXUH ,V
DV QDQRVWUXFWXUH JURZWK RQ SUH VHHG VXUIDFH
EH XVHG IRU =Q2 JURZWK VXFK DV 6L ZDIHU IOH]

VXEVWUDWHY DV ORQJ DV WKH VHHG OD\HU FDQ EH D.



DGKHVLRQ ZLWK VXEVWUDWHY DQG WKH PDWHULDO L\

DQG FKHPLFDO VROXWLRQ

=Q2 VHHG OD\HU ZDV DSSOLHG RQ WKH VXUIDFH RI

PDIJQHWURQ VSXWWHULQJ SURFHVV $ PHWDO =Q WDUJ
ZRUNLQJ PLIWXUH ZDWRIVHGDQ® R D IORZ UDWH UDWLF
7KH GHSRVLWLRQ ZDV VWDUWHG RQFH WKH PEDH FKDF
=Q2 VHHG OD\HUV ZLWK D WKLFNQHVV RI QP ZHUH G|
WKH VXEVWUDWHYV XVHG DV WKH SKRWRDQRGH IRU DV’
WKLFN ZHUH GHSRVLWHG RQWR WKH FOHDQHG JOI

PDJQHWURQ VSXWWHU EWIWHRA VOKAURMSRVLWIERD RI =C

WKLV SURFHVYVY D KLJK SXULW\ ,Q 6Q DOOR\ !

PDWHULDO ZLWK VSXWWHULQJ SRZHU VHMWW D IONR:Z -
UDWH UDWLR RI VFFEP VFFP KDG EHHQ XVHG DV ¢
ZDV URWDWHG IRU LPSURYH XQLIRUPLW\ DW D URWDWI
ZDV VWDUWHG RQFH WKH EDVH FKDPPHD UY DFKEI Pl LD
WKLFNQHVYV ZDV VHW DW QP ZKLFK KDG EHHQ PRQL

VHQVRU DQG FRQWUROCOHG E\ WKH FRPSXWHU
/IRZ WHPSHUDWXUH DTXHRXV VROXWLRQ PHWKRG I

JRU D W\SLFDO JURZWK SURFHVV DV VKRZQ LQ )LJXUH
VROXWLRQ ZDV SUHSDUHG E\ GLVVROYLQJ YDULRXYV FR
=Q 12+ £ ZLWK GLIIHUHQW UHDFWDQWYV IRU DFKLHYL
DV SURSHUWLHV 5HDFWDQWYV VX#K DFRPRREPRPB LKKPORD

1+&0 +H[DPHWK\OHQHWHWUVGPREKOR&+LF DFLG +&O



K\GUR[LGH 1D2+ ZHUH XVHG IRU VWDUWLQJ ®#KH UHDI
DQG &® ZHUH XVHG IRU SUR YRS UMD AWBRLEKRIEKQ HY L Q J
FRPSOH[ WR VHUYH DV D =Q EXIIBEQG QDEK H 