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5DPDQ ODSSLQJ DV D 7RRO I ®PW GYDIOXDVMRLD 2 WHKIHEL QJOH &U\

B1+0 0 =U =U +1 RU +I

SHGUR + 0 $Q@UDGCHMH ORUBWOFKD OHHKIOPHG 7 % BNRXFIKM 'XY D

&KULVWRSKH 9KQNUU® JRDWHDKL HX$-OXOULKDXRLVVHWWH

IDERUDWRLUH GH 6SHFWURVFRSLH SRXU OHV ,QWHUDFWLF

8QLYHUVLWpPp GH /LOOH *+ 6FLHQFHV HW 7THFKQRORJLHYV

8QLWp GH &DWDO\VH HW &KLPLH GX 6ROLGH 8&&6 8QLY /L

8&&6 ) /ILOOH )UDQFH

SHGUR PRUDLVDQGUWDZBIRAXQLY OLOOH IU

.DODLQ PRLVVHWWREXQLY OLOOH IU




$%675%$&7

7KH FDSWXUH Rl JDVHRXV LRGLQH KDV EHHQ GHHSO\ VWXGLHG
HQHUJ\ 7KH 8L2 IDPLO\ RI 02) PDWHULDOV LV FRQVLGHUHG DV
LW FRXSOHV KLJK VSHFLILF VXUIDFH DUHDV IDFLOLW\ WR EH Ft
JRRG VWDELOLW\ XQGHU QXFOHDU DFFLGHQWYV FRQGLWLRQV
WUDSSEQXVLQJ GLITHUHQW OLQNHUV DQG PHW B R OFHRFRQ\Z H.ANVQWGR
VXFK SRURXV VI\VWHPV ZDV YHULILHG LQ RWKHU VWXGLHV DQG
WUDQVIRUPDWLRQ FDQ LPSURYH WKH VIVWHPV XVHG WR FDSWX
VXFK SROOXWDQWY LQ D ORQJ WHUPV DRPS O\ \Z LUMID GR O HW K Q W
=U +1 DQG +1 ZHUH HPSOR\HG WR FDSWXUH LRGLQH DQG WKH V
5DPDQ VSHFWURVFRS\ PDSSLQJV LQ D@G RXW RD @G VR QDR F H K¢
Bl++l FRPSRXQG GHPRQVWUDWHG WKH EHVW DGVRUSWLRHR
URRP WHPSHUDWXUH FR$SWRGLQH 7KH RROKHU W ZRUVDIP DAHGV 8|
Bl+=U DGVRUEHG DQG] PROJ PROWKH VDPH FRQGLWLRQV
WUDQVIRUPDWDR FRQMBPHG E\ WKH SUHVHQFH RDEHQW\VDERRW
DQG FBEHVSHFWLYHO\ 7KH 5DPDQ PDSSLQJ GHPRQVWUDWHG
VDPSOHV GLVSOD\HG D KRPRJHQHRXV GLVWULEXWLRQ RI WKH W
IORZ ZKHUHDV WKH ELPHWDOOLF VDPSOH H[KLE ID/QHG 7 KRQYHN | -
ZDV UHODWHGEL WY MRKH SURFHVYV WKURXIWKVIYE E LSRRV BZIAKLFK FR
PRQRPHWDOOLFVEOLRSOBIMEHFDXVH Rl WKIHEU VPDIDQEH U FURUNDLC
Bl1++l DQG 8L2 =B1+UHVSHFWLYHO\ ZKHQ FRPSDUIH @ DAPE OV H
P 7KLV SDSHU VKRZV WKH \DSB/MICCRIY & MYKNHU E B XWW\L ROD/\RAHI U8 020
FRUUHODWHY WKLV GDWD ZLWK WKH GLIIXVLRQ SURFHVV RI ER\

UHVSRQVLEOH IRU WKH LRGLQH FRQYHUVLRQ DQG VWDELOL]DW



,1752'8&7,21

7KH UHOHDVH RI UDGLRDFWLYH LRGLQH LQWR WKH DWPRVSKHU
FRPPXQLW\ LQ WKH ODVW IHZ GHFDGHV 7KLV HOHPHQW FDQ E!
&KHUQRE\O DQG )XNXVKLPD DFFLGHQWY EXW DOVR GXULQJEWRWI

FDVHV WKH UDGLRDFWLYH LRGLQH FDQ EGEH KUHEHWKH G DDQL WDIC

SUHVHQW DUH ,IPXQBG :WROEHHDLVHY FRQFHUQ GXH WR LW®@ ORQJ

\HDUVWKHLVY SUREOHPDWLF GXH WR LWV KIAK NV SHHAL IRF SIVRWLHY

LVRWRSHV LQ LWV JDVHRXV IRUP SRVHV YDULRXV FKDOOHQJHYV

WLPH WKDW LW FDQ HDVLO\ VSUHDG WKURXJKRXW GLIITHUHQW F

7KH XVH Rl OHWDO 2UJDQLF )UDPHZRUNV 02)V PDWHULDOV IRU
QRZDGD\W2)V SRVH HQRUPRXV DGYDQWDJHV FRPSDUHG WR RWK#
$UHDV 66% XS WR WR WKHLU HQRUPRXV UDQJH RI SRVVLEO}
UHVXOW LQ WKH FRQVWUXFWLRQ RI D SOHWKRUD RI VWUXFWXU
IXQFWLRQD@L]BEW WKH RSWLPL]DWLRQ RI 02) PDWHULDOV IRU
PHDQV VXFK DV LQWURGXFLQJ IXQFWLRQDO JURXSV VKDSLQJ
ZLWK PHWDOV RU DPFRUYH) PROAFKOMRDGEHWR EH DQ HOHFWURQ |
HOHFWURQ GRQRU JURXSV FD Q 7I0PLSIURRYLHD W WHK HL R/G L1 HR IX &\ B NSHR
UHWLEXODU 02)V LV DOVR DQ LQWHUS$IY W[ QB SI035 UR DF K HR UHRDE
02)V WKDW ZHUH HORQJDWHG XVLQJ OLQNHUV FRQWD L QIKMV K
PDWHULDOV FDQ LPSURYH WKH LRGLQH XSWDNH E\ SURYLGLQJ \

,QGHHG 8L2 IDPLO\ Rl 02)V EHDULQJ JLUFRQLXP VWDQGV R>
LWV WKHUPDO DQG FKHPLFDO VWDELOLW\ DV ZHOO DV LWV IDF

OLQNHU RQ LWV VWUXFWXUH RU DOVR E\ FKDQJLQJ WKH PHWDO



JRU LQVWDQHRAMW ImBOOFRRQUWWUDWHG WKH VVEDRDRIGHUO\HRY 8UPD QKD
FRQGLWLRQV WKDW VLPXODWHD/ND QIXFIOMDO VWWHBPGBIWQW 2& DQ
I[JURP&ER VRXUFH DQRWKHU ZRUN WKH DXWKRUV KLJKOLJKWHG W
OLQNHU RYHU WKR GIDFROMXUH RMKDW WKRX SV HWVIBSQ R HRG YWMKH LRG
DQG D IDFWRU LQ 8L2 DQG 8LBLPIVNGIDUBY RWKISHAWQFWQRC
DQG +&22+ DOVR | DNRIMW KUBEHWIKRH P D'W.IQRQ2RY DIWHU WKH FRQWD
UHSRUWHG LQ VHYHUDD WVZRRJN ¥ IBEVH R UW R R OHHFGOORHWL RVRD V FU L E |
RI WKH PHWDOOLF VLWHYV IURP WKHW UBBPMHREQ VW U PRAVHIDO M W D \@ 3

FDQ WULJJHU D KRVW WR JXHVW FKDUJH’ W@Q 0 QM §H UZRAHRK
PROHFXGRYHYHU UHFHQWIBHPROQRWUBDWHG WKDW WKHUH LV QR
JLUFRQLXP FHQWHUV LQ WKH BIRURMDWHRZR URKGX UHQWWWH ZDV C
VWXG\ WKDW HYDOXDWHG WKH LQIOXHQFH RI WKH PHWDO FRQ\
IDFW FRQVLGHULQJ WKH LVRUHWLFXODU 8L2 VWUXFWXUH ZL'
WKH RFFXUUHQFH RI D VPDOOHU EDQG JDS FRXSOHG ZLWK P
JLUFRQLXP LPSXEBWHGHMWBREDEKB®L]DWLRQ L@ 8AR LR/DRMIHRUB NN H
ZDV DVFULEHG WR DQ HOHFWURQ GRQRU DFFHSWRU FRPSOH][ EI
WKHROHFXOHV IRUPDQIFW@L& ZRUWK PHQWLRQLQJ WKDW EHQ]

ZHUH DOUHDG\ UHSRUWHG LQ RWKHU ZRUNV VXSSRUWLQJ VXFK

$PRQJ WKH GLITHUHQW LVRUHWLFXODU VWUXFWXUHV W KHW E-HDWD
VWDQGYVY RXW GXH WR LWV DELOLW\ WR |IRUPUHIRYJHOH BOW WDXQJI\K
EDVHG 8L2 LB1IHDVLO\ IRXQG LQ WKH OWW HVUIKHNV EHMWRRJI FDKSHV B
WKHUH LV QR PHQWLRQ RI D KEHMUXP XORSHGREYLY XHKLSXUSRVH

Bl1+=U ZDV IRXQG WR EH RQH RI WKH EHVW FDQGLGDWHY DPR

KRXUV RI HISRVXABWDNWKDSDFLWANRG\QDPIR FRQGHLWHIRQW |
JUHDW LQWHUHVWD/SR/ KY B X BWEHWKGHL | HUHQW PHWDO =U +I1 F

WKH EHVW PDWHULDOV {1RWDEGOQHO WDRBRQYXURPDQYBH WZRB8BRHY



FRPSRXQBRU WKLY UHDVRQ WKH SUHVHQW FRQWULEXWLRQ IRF
FRPSRXQGV ZLWK WKUHH PHWDO FRPSRVLWLRQV ]JLUFRQLXP K
PRODU UDWLR $SDUW WKH FODVVLFDO VWUXFWXUDO DQG WH|
PDLQO\ FRQGXFWHG E\ XVLQJ GLIIHUHQW YLEUDWLRQDO ,5 5|
SDUWLFXODU 5DPDQ VSHFWURVFRS\ ZzDV DEOH WR SURGXFH ' |
HIFLWDWLRQ VRXUFHYV DQG QP LQ RUGHU WR SUREH
UHVRQDQFH HIIHDPQWASHFK HRWHKH WR EH H[SHFWHG DQG WKH V¢

LQ WKH GLIITHUH@EW 8L2FUBMWDOV ZHUH KLJKOLJKWHG

0$7(5,$/6 $1' 0(7+2'6

6<17+(6(6

7KH VI\QWKHVLV RI WKH DPLQR > 1 ELSHKHIB'QR@LV 6 HOLFDIUVERG\

WKH 6 XSSRUWLQJ ,QIRUPDWLRQ SDUW )LJXUH 6

8L2 Bl1l+«U ZzZDV W\SLFDOO\ SUHSDUHG E\ D VROYRWKHUPDO W

FKORULGHL3IBRGOGULFK PJ PPRO ZDV ILUVW GLVVF
6LIJPD $OGULFK DQK\GURXYV P/ XQGHU PDIJQHWLF VWLUL
+ %3'& OLQNHU& &22+ PJ PPRO ZDV DGGHG WR WKH VROX
IRU DQRWKHU PLQXWHV ¥}L.E&PPGO0SLEPD JRQE ULFIKG & J

DGGHG DQG WKH VROXWLRQ ZDV PDLQWDLQHG XQGHU VWLUULC
ZDV SODFHG LQVLGH DQ RYHQ DW z& IRU K $IWHU QDWXU
JHQWO\ SXVKHG WR WKH VROXWLRQ ZLWK WKH DLG RI D VSDW)
P/ DQG WKUHH WLPHV ZLWK IUHFK 6AKERUROBURFK +&0O 7KI
DFWLYDWHG XQGHU SULPDU\ YDFEXXP DW z& IRU K DQG ILQD

DUJRQ DWPRVSKHUH



8L2 Bl#l ZDV VROYRWKHUPDOO\ SUHSDUHG ®MNMEZB GO GHDIFK XF
PJ PPRO+t+%8'& &22& + 1+ PJ PPRO EHQHRRB+DFL
6LIJPD $OGULFK - J PRO DQG GLPHWK\OIRUPDPLGH

P/ ZHUH LQLWLDOO\ DGGHG LQ D P/ JODVV IODVN IROORZL

DERYH IRU 8L2U BYKH FROOHFWHG VROLG ZDV NHSW LQ D IODVI

8L2 Bl1l+«U +I IROORZHG WKH VDPH VI\QWKHVLV SURFHGXUH ZKI
6KRUWO\ WKHK +=HWE®OWY ZHUH SUH PL[HG LQ PRODU SURSRUWLR
IRU +1&6U&0OKH PRODU UDWLR EHWZHHQ WKH WRWDO DPRXQW R

PDLQWDLQHG FRQVWDQW

6758&785%/ &+$5%$&7(5,=%$7,21

,QGXFWLYHO\ &RXSOHG 30DVPDi2SWLRBO (® HBHRQPEHSHEW ZR P
XVLQJ DQ $JLOHQW ,&3i2(6 VSHFWURPHWHU LQ WKH UDGLDO
ZDV SHUIRUPHG XVLQJ PJ RI W IKIRFCBRRXIQGMW HGUS/IV2 VBKH SRZ
GLJHVWHG XVLQJ D VROXWLRQ FRQWDD@®WKHQ WKH\ ZEGH RH
K IROORZHG E\ D GU\ HYDSRUDWLRQ VWHS 1HM&OW K H\/ Z HAUHD
W R f& IRU K DQG GULHG WR D UHVLGXH RI P/ )LQDOO\
GLOXWHG DW DIWHU ILOWUDWLRQ EHIRUH EHLQJ DQDO\VH(

KDIQLXP DQG JLUFRQLXP UHVSHFWLYHO\

6LQJOH FU\VWDO ; BDQ BXOHIFDFWLBRQ ; UD\ GLIITIUDFWLRQ H[SHU
‘82 $3(; GLIIUDFWRPHWHU HTXLSSHG ZLWK D WZR GLPHQVLRQD
OrR DO c DQG &X . ¢c UDGLDWLRQV 7KH VWUXFWXUL

XVLQJ WKH -$1%$ VRIWZDUH



6 XUIDFH DUHD PHDWRWSRH®RW 7ZDV SHUIRUPHG DW OLTXLG QL
OLFURPHULWLFV $6%$3 DSSDUDWXV XVLQJ VDPSOHV SUHYLRX)\
VXUIDFH DUHD RI WKH H[DPLQHG VDPSOHYV ZDV HYDOXDWHG E\ V

UDQJH RI SUHVVXUH 3 3

6FDQQLQJ (OHFWUROOZPYVYRNRRSXFWHG RQ D )(* PLFURVFRSH
DFFHOHUDWLQJ YROWDJH RI N9 XVLQJ VDPSOHV SUHYLRXVC
HTXLSSHG ZLWK D 6L /L (‘6 GHWHFWRU $=WHF |URA QWKRIZ2[)IRW

('6 PDSSLQJ WKH DFFHOHUDWLRQ YROWDJH ZDV VHW WR N9

,QIUDUHG VSHFWURNVFRBHUIRUPHG RQ D 3BHUNLQ (OPHU 6SHFWUX

WRWDO UHIOHFWDQFH $75 DFFHVVRU\ DQG D GLDPRQG FU\VWL

DW D UHVROXWQBQ RVFBRBV

5DPDQ VSHFWOUIRRMARSDPDQ $QDO\WHV ZHUH SHUIRUPHG ZLWK

VFLHQWLILF PLFURVSHFWURPHWHU XVLQJ D ; 1$ 20\PSXV |
OLQHV PP JUDWLQJ )RU H[FLWDWLRQ QP QP DQG Ql
ZDV FDUULHG RXW XVLQJ D VSDWLDO UHVROXWLRQ RI —P 7R

GLVWULEXWLRQ LQVLGH WKH SRUHV ZLWKRXW DQ\ LQIOXHQFH
XQGHU DUJRQ DWPRVSKHUH IRU RQH ZHBHOQ VR WHR MNKIHO KB @MW DW |
GLIIXVLRQ WKH VSHFWUD ZHUH FROOHFWHG LQ WZR GLIITHUHQW

Bi1+ VROLGY DQG WKH LRGLQH JDV 'DWD SURFHVVLQJ DQG PD

VRIWZDUH

%DQGJDS HYDROKXDDMBISDQUHQW EDQ®IDWKHQADWHUYLDOV ZDV HYD

REWDLQHG E\ GLIIXVH UHIOHFWDIM B \BWHWMH G SEH\FS\VORRWWR QYU \(V K



IXQFWLR@® )DIKLQVW WK H®B KRVKRG MEHUIODIQFN FROY WD Q W K |
SKRWRQ IUHTXHQF\ +] DQG )5 LV GHILQHGLDVDEIKQRZ LR RW |
WUDQVLWLRQ REVHUYHG LQ WKH H[DPLQHG P@®WHULQ WHFHW D
WUDQWLWLRDQGLUHFW IRUELGGHRUWMIDUHAW LRQELGGHQ % UDMm)\

FDOFXODWHG E\ (TXDWLRQ ZKHUH 5 LV WKH UHIOHFWDQFH

1XFOHDU PDIJQHWLF UHVRQDRYIEBBELOWSSNEWBHWYRRERS\ ZHUH SHUII
$9%1&( ,,, +' 0+] VSHFWURPHWHU YLD D SRVLWLRQ 6DPSOH
ZHUH UHIHUHQFHG E\ WKH HIWHUQDO UHVRQDQFH RI WKH WHWU

PJ RI WKH 8LFRB3IRXQGV 7KH PDWHULDO ZDV VR R2NWHRGO XYM R C
VRQLFDWHG IRU PLQXWHYVY 7KHQ P/ RI WKH OLTXLG ZDV UH

WXEH EHIRUH EHLQJ DQDO\VHG DW VFDQV

,2',1( (92/87,21 7(676

7KH JDVHRXV LRGLQH DGVRUSWLRQ ZDV FRQGXFWHG XVLQJ D K
/IHORLUH HFWLDO/HWXS DOORZV IRU WKH FROOHFWLRQ RI NLQHYV

SRZGHUHG VDPSOH RI DSSUR[LPDWHO\ PJ GXULQJ WZR GD\V X

7KH NLQHWLFV RI DGVRUSWLRQ PRW MKUID GV | FHHIUHHQ WY BICPX D B/IHHG
JRUFH /') PRA&KOFK ZDV DOUHDG\ VXFFHVVIXOO\ DSSOLHG LQ
FRPSRXQGV DRKE /') PRGHO LV UHSUHVHQWHG E\ (TXDWLR®wRy Z

k PwLV WKH XSWDNH PDVWwW WLY NKH XSWWP NHBERGYLY DMH HIIF



PDVV WUDQVIHU MPRM O LAIYHDPVWHKPSHUDWXUH DQG SUHVVXUH LC
SUHVVXWHYV WRB WLPH LQ KRXUV

‘5 L s FAPeus 't

5(68/76 $1' ',6&866,21

6758&785%/ &+$5%$&7(5,=%$7,21

,Q RUGHU WR IDFLOLWDWH WKH FRPSUHKHQVLRQ RI WKLV PDQ>
WKH 8L2 ®B8U+IlI FRPSRXQGV DUH VXPPDUL]HG LQ 7DEOH , Q
VWUXFWXUHYV RD@G28LR1+BY+SUHVHQWHG LQ )LIJXUH 6 WR IDFL

GLVFXVVLRQ RI WKLV PDQXVFULSW

'XH WR WKH UHODWLYHO\ ODUJH DQG ZHOO PPKREMED REMW® KRG !

Bl+=U +I| FRPSRXQGV VLQJOH FU\VWDO ;5' DQDO\VLV ZDV FC
GLIIUDFWLRQ LQWHQVLWLHY ZHUH FROOHFWHG DIWHU WKH DF\
DQG UHODWLYH LOQWHQVLWLHV Rl WKH GLIIUDFWLRQ %UDJJ SHD
8L2 B1l+€U +I FRPSRXQGV DUH LQ JRRG DJUHHPHQW ZLWK GDW
W\SLFDO FXELF FHO® @BDFHDQUBXBFHOO SDUDPHVEBO RV KIJERX \
H[KLELWHG DQ LPSRUWDQW GLVRUGHU UHODWHG WR WKH RUJD
WKH VKDSH RI WKH HORQJDWHG HOOLSVRLGY UHODWHG WR WK
DOVR H[KLELWHG D JUHDW GLVRUGHU DVVRFLDWHG GXH WR W
DYHUDJH SRVLWLRQV Rl HOHFWURQLF GHQVLWLHV LQ EDVH RI ¢
KDYH IRXU HTXLYDOHQW SRVLWLRQV EHFEDXVH RI WKH V\PPHW
DPLQR DQG WKHUHIRUH WKH\ ZHUH UHILQHG FRQVLGHULQJ D
IRXU SRVVLEOH VLWHV )LJXUH E 2Q WKH RWKHU RERDGDPW LV

2 SRVLWLRQV R[R DQG K\GUR[\O JURXSV IURP WKH LRRWIBQWVF Z



0 =URU+l ZLWKLQ WKH PHWD@ OAFXKMBB HEHHADXVH RI WKHLU
P ZKLFK FUHDWHYVY DQ HORQJDWLRQ RQ WKH HOOLSVRLGV FF
UHILQHG VIPWHYV ARMEMWHKLIHY DUH UHODWHG WR WKH DYHUDJH SR\
ZLOO EH VKRUWHU WKDW WKH 02+ ERQG GLVWDQFHV )XUW
Bl1+=U +1 FU\VBADIO=U DQWRI +I ZDV REWDLQHG WKURXJK WKH

UDWH FRQVLGHULQJ WKDW ERWK FDWLRQV ZHUH ORFDWHG DW

7KH GLVWDQFHV DQG WKH DQJOHV FRUUHVSRQGLQJ WR WKH PH
VWUXFWXUH DUH DQ LPSRUWDQW IHDWXUH WR EH HYDOXDWHG
WKH LRGLQH LQWHUDFWLRQ ZLWIK 8L2D W WU B-f DFRURNRHYWR GH S
KDIQLXP FRQWH QWX EDW MNHWER Q/ENLFLHQW WR UHGXFH LW I
Bl+=U WR c DQG cAR+8LDQB1sL2 | BUHVSHFW
7DEOH 6 7KLV GHFUHDVH LV LQ DJUHHPHQW ZLWK WKH EHKI
FRPSRXQG® ZDV DVFULEHG WR WKH VKULQNDJH RI WKH 0+Q& E
28& cCWR WKH 8L2I+ 24 ¢,Q IDFW VDQGH[KWELW T
VLPLODU LRQLF UDGLXV DOGG=UHVSHRMLYHO\ FRQFRPL\
HOHFWURQHJDWLYLW\ RI KDIQLXP FRPSDUHG WR WKDRR RV ] GUF

SUHVHQW D KLJKHU /HZLV*DF)R3LW X F\KK D 8 DWRIH ¥YWR AH+LQ 8L2
LQGXFHV D VWLIIHQLQJ Rl WKH LQWHUDOW RPL® ERQIB BH\AW ZR{ MIH
FDUER[\O JUBRXBR/H FDVH RI WKH+8LERPBSIRXQGY WKH RFFXUUHQF
WKH 0+ 2& ERQG OHQJWK IURP =U WRQ 8L2 cHIQ 8U2+IBIDQG
c LQ 8L2 +B1+DV FDOFXODWHG IURP WKH VLQJOH FU\VW

FRKHUHQW ZLWK WKH KLJKBY PARGVERQHOG FBAHHR URHl + |

,Q RUGHU WR FRPSOHPHQW WKH WH[WXUD®I| SHERESRXVIRAXS VRL
H[SHULPHQWYV ZHUH FRQGXFWHG DIWHU WKH DFWLYDWLRQ SURI

, LVRWKHUP DFFRUGLQJ WR WKH ,83%& FODVVLILFDWLR®O0OVZK L R



66 YDOXHVY REWDLQHG IRU WKH FRPSRXQGV E\ DSSO\LQJ WKH ¢
OLWHUZWWHWH “ “ DQG@ IRU 8LR BWU+ 8L2 BU++1 DQ
8L2 B1l+l UHVSHFWLYHO\ 7KH UHODWHG SRURXV YROXPHYV
UHVSHFWLYHO\ ORUHRYHU WKH VXEVWLWXWLRQ RI WKH JLUFF
DOUHDG\ EHHQ UHSRUWHG LQ DQRWKHU ZR UK LWH G B WUWHHD WIRQ W
FRQVLVWHQW ZLWK WKH DWRPLF ZHLJKW RI ERWK FRQVUIGHIG

WKH 66% LV QRUPDOL]J]HG E\ WKH PDVV RI WKH PDWHULDO

7KH FU\WWWDO PRUSKRORJ\ ARIPWKXQ68LN2 ZIBM+HY D O XD WH G QI® RPV
UHSUHVHQWHG LQ )LIJXUH DORQJVLGH WKH ("¢DHPGIOMHNQ\WOO WI
HIKLELW FU\VWDOV ZLWK W\SLFDO RFWDKHGUDO WKIZ®N REKVYAK
WKH FU\WVWDO JURZWK ZDV IDYRUHGUWQ®@IWXBPBEIOAH WIXQBEK FH8KP
FU\VWDO §LI]HW FRPSDUHG WR ERWK W®S8 8L2 =BI1fS§ P OQG
8 P UHVSHFWLYHO\ ORUHRYHU WKH WULDQJXODU VXUIDFHV
Bl1+=U +1 ZKHQ FRPSDUHG WR WKH RWKHU WZR VDPSOHV 7K
WKH PHWDO VLWHY KDYH D FR LQIOXHQRPHVRQ@ WHFH RURBEZQ/KHRR §
DO RYHU WKH FU\VWDO JURZWK RI KDIQLXP EDVHG 8L2 WKH
WKH LQLWLDO FOXVWHU IRUPDWLRQ LQVWHDG WKH\ DUH LQY!
OLQNHU H[FKDQJH 7KH IUDPHZRUN JURZWK ZLWK GRXEOH FOXYV
D WUDQVLW LRAY RKUBSPOQWWHYHUWKHOHVYV WKLV ZDV QRW WKH FLC
;5" 7KDW EHLQJ VDLG WKH LPSURYHG JURZWK Rl WKHIFURB® L
DVFULEHG WR D FRRSHUDWLYH HIITHFW EHWZHHQ WKH WZR PHWI
HW D@GHPRQVWUDWHG WKDW WKH FU\WWDOOLQH IUDPHZRUN J
VXIJIHVWLQJ WKDW RQFH WKH\ DUH OLQNHG WKH GLFDUER[\OD
DQRG HQWURSLFDOO\ OHVV IDYRUDEOH ,Q RWKHU ZRUGV WKH F
GLVVRFLDWLR@YWSBI'&ANBHQNHUY DQG WKHLU FRPSHWLWLRQ ZLWK

DQRG FRQVHTXHQWLDOO\ IDYRULQJ WKH FU\WVWDO JURZWK )XU



QLWURJHQ LQ WKH FU\VWDOV RI WKH SUHSDUHG FRPSRXQGYV ZD
PDSSLQJ )LJXUH W LV ZRUWK PHQWLRQLQJ WKDW VKDGRZ V
WR WKH VL]H RI WKH FU\VWDOV DQG WR WKHLU UHODWLYH SRV
VLIQDO FDSWXUHG IURP WKHVH DUHDV $OVR JLUFRQLXP DQG |
8L2 B1+UHYHDOLQJ WKDWWKH WU XBWXUH H[KLELWV D KRPRJ
UDWKHU WKDQ WZR GLVWLQFW IDPLOLHV RI FU\VWDO SKDVHV Z

ZLWK KLJK KDIQLXP FRQWHQW DQG D VHFRQG RQH ZLWK KLJK ]

7KH YLEUDWLRQDO PRGHV RI Wb ~\QWHH\HM HZGi BH2L QR HV W L J D
5DPDQ VSHFWURVFRSLHV )LJXUH DQG DUH LQ DJUHHBO@M RZX.
QR K\GUR[\O JURXSV ZHUH UHYHDOHG IURP WKH VLQJOH FU\VWEL
)7,5 DEVRUSWLRQ EDAD& DWW ULBHG WR WKH DV\PPHWWREKSWW ZK Y\
EDVLFDOO\ WKH RXW RI SKDVH PRYHPHQW RI WKH K\GURH® BVR/{
RI WKLY FRQWULEXWLRQ LQ WKH FU\WWDOORJUDSKLF VWUXFWX
DEOH WR WKRURXJKO\ ORFDWH WKH SRVLWLRQ RI K\GURJHQ D
>=U 212+ @ FRUH UHODWHG WR WKH 8L2 WRSRORJ\ 1HYHUWKH
LQRUJDQLF FOXVWHU ZDV DOVR FRQILUPHG E\ WKHHXUH5 DEKREB
DVFULEHG+®R BMIQHE LTKH RWKHU )7,5 EDQGV EHWZHWBI) DVVILQGH !
LQRUJDQLF YLEUDWURQD PIRGHWFEGH 0+2 DWZLWHKARLQ WKH LQR
K\GUR[\ KH[DQXFOHDKHFPXY®WWHODWHG WR WKH RUJDQLF OLG
ZRUWK PHQWLRQLQJ WKH DURPDWLFWKH &AWRENQRQQR RIBM B.W:
VIPPHWULF VWUHWFKLRQH RB¥W2 DV\PPHWULF VW DHMGF WIKQ 8D W V\F
VWUHWFKLQJ DWLQDBEP\ WKH IXQFWLRQDOL]DWLRQ ZLWK WKH I

RI WKH &+1 VWUHWFKLQJ PRGH DW FP

7KH 5DPDQ VSHFWUD ZHUH FROOHFWHG LQ RUGHU WR REWDLQ L

8L2 B1+U +1 FRPSRXQGV S8®KMRS5DPPR) EDQGV ZHUH DWWULEX



K\GUR[R FRUH DQG RU ODWAWQ FEHYWZRHDQ L RENGEYV UFHRFODWHG WHF
FOXVWHU DQG OLQNHU YLEFKBHWLORIHOD B FOEMHUHGNHU YLEUD\

ZRUWK PHQWLRQLQJ W& BDUHOWBWQJ IPMPGH MRURPDWLFEF ULQJ
PRGH DW FP&+2 V\PPHWULF VWOWHOENBKMLQJI2+RP-2 DV\PPHYV

VWUHWFKLQJ

7KH 89 YLV VSHFWUD ZHUH FROOHFWHG WR HYDOXDWH WKH PH!
RYHU WKH EDQG JDS HQHWMHV LDIO3L 2) L BXIUH $00 WKH FRPSR
EDQGYVY EHWZHHQ DQG QP ZLWK D WDLO WKDW FRQWLQXHYV
VWXGLHV 1HDWDDL@MPRQVWUDWHG WKBW+LWFD8IHQOWB BUHVHQW'
7TUDQVLWLRQ /%7 ZKLFK LV LQGHSHQGHQW RQ LWV PHWDO FRC
WR WKH ORZ ELQGLQJ GIRHBIWRIOMQE] +#HIKEWK LQKLELWYV WEH R
RUELWDO RY%O"WKAHLPNHU GHVSLWH WKHIBWHRWF KMV LW KWHX P W IDE LC
8L2 B1HPQG 8L2 BUMWKH VL]H RI WKH OLQNHU DV WKH tRU&HU
DIJDLQVW WZR |IURPY»IKH ®ONVEWMHKIHUHKIRUH LW LV SRVD/QA¥R HH WR
D /%7 SURFHVV )XUWKHUPRUH DFFRUGLQJ WR BDW RRS XKW DWVKLHR
IDPLO\ WKH SDUWLDO GHQVLW\ RI VWDWHYV 3'26 FDOFXODWHC
O9DOHQFH %DQG OD[LPXP 9%0 DQG WKH &RQGXFWLRQ %DQG OL
RUJDQLF OLGNRUELMDWNWORI FDUERQ DPIQIED RPIYHQVDMWARPHD GH W LVE

WKH SUHVHOQOFRIFRMLRIGY GRHV QRW VKLIW WKH SRVLWLRQV RI
, QVWHDG LW DGGV PLG JDS VWDWHYVY WKDW UHGXFH WKH EDQG .
DOO WKHVH I[IHDWXUHV FRQYHUJH WR WKH VDPH SRLQW ZKHUH

Bl1+ DUH ORFDWHG R@ WKNHU UHJDUGOHVV WKH PHWDOOLF |

KDIQLXP VLPLODUO\ WR ZKDW ZDSRENQWYHG IRU LWV 8L2 Bl

7KH EDQG JDS HQHUJLHW IRIU BRPSRBXIGGY ZHUH DFFHVVHG WKI

. XEHOND OXQN*IXQFPRR®LQJ WR WKH 7DXF PRGHO D PDWHULDC



FRQVHUYHV WK& ZDWHKH ISPWRDRBRDLQRYW WKH SKRWRQ HQHUJ\ K

ZKHQ® 6LPLODUO\ LW H[KLELWVYV DQ LQGLUHFW EDQG @DLS W KH
UHJLRQ LV SUHVH@WHNRHU LQ WKLV FDVH ERWRUWKHUFR@OMG k
EHKDYLRU DURXQG H9 DV VKRZQ LQ )LIXUBHPR®VUWR DMH G¢
PDWHULDOV FDQ SUHVHQW VLPXOWDQHRXVO\ GLUHFW DQG LG
ERWK DOXH(Y 7@V DFTXLUHG E\ H{IWUDSRODW L Q JFX K M HO W@RHW K H.
ZLWK WKH DEVFLVVD(DJVD QM ROWL @GP UQRWBL28LB1+BU++| DQ
8L2 Bl++l +RZHYHU ZKHQ HYDOXDWLQJ WKH LQGLUHFW 7DXF
LQLWLDO LQFOLQDWLRQ EHWZHHQ DQG H9 )LJXUH 7K
) 5K FXUYH DV SURSRVHG E\ ODNX4Q VEREV DFDHE0WREWDLQ
H[WUDSRODWLQJ WKH OLQHIXU YH NQW LD MAKHQWHBKFHSWYV WKH
D(; Lo¥ DOXH RI HO IRGWBL28LB1+444 +1 DQG 8L BIKHQ FRQVL!
WKH .XEHOND OXQN 89 9LV VSHFWUD DOO WKH VDPSOHV H[KLEI
SODXVLEOH WR DVVXPH WKDW WKH ILUVW HOHFWURQLF WUDQYV
ZDYHOHQJWKY LQ WKH 89 YLV VSHFWUD FRUUHVSRQGV WR WK
)RU WKLV UHDVRQ LW LV SRVVLEOH WR H[WUDSRODWH WKH WD
DEVFLVVD D[LV DQG E\ WUDQVIRUPLQJ W KHYDDWHHIRIWW KHRP D
LQWHUFHSWLRQ RFFXUV DW DQG QP = ZKLFK FRUUH\
Bl1+=U 8L2 BU++l DQG 8L21 BUHVSHFWLYHO\ +HUH LW LV
UHVXOWY DUH LQ EHWZHHQ WKH LQGLUHFWDQGuERWKGR IUW R W PE
VLPLODU ZKHQ FRPSDULQJ WBWHDLMHO @2t Bl -u H9 DQ&s ssL2

Bl1+ =U H9 ZKLFK MXVWLILHVY WKH DFTXLVLWLRQ RI ERWK YD

)LRQDOO\ WKH SUHVHQFH RI GHIHFW% J& @MWDL\WNE UWRDW KH P& XD MW
105 VSHFWURVFRS\ )LJXUHV 6 6 6 DQG 6 $FWXDOO\ WKH
EHQ]JRLF DFLG XVHG DV PRGXODWRU LQ WKH V\QWKHWIBV&SORFEMN

E\ JHQHUDWLQJ GHIHFWV RI RUJDQLF GLWRSLF OLQNHUV ,Q IDF



WKH 8L2 WBW&UXFWXUH LW OHDYHV WKH FRRUGLQDWLQJ VLWH
PROQRWRSLF EHQJRDWH PROHFXOHV LQVWHDG &RQVLGHULQJ WK
GLWRSLF LI WKH PROHFXODU IRUPHKFRODS RXW) KN BSHSVR NG e H?
/I 1+#+%3'& WKH DEVHWRBELFIOLQ FDUE FNBIDWHVWGHIHFWYV 7KHU
SUHVHQFH RI EHQ]JRDWH % WKH H[SHULPHQWDD PR OHPKX@DU
LWK WKDW LQ PLQG WKH LQWHJUDWLRQ RI WKH 105 VLJQDO U

1++%3'& OLQNHU IRU WKH WKUHH FRPSRXQGVY DFFRUGLQJ WR (

tT [
XFT j:.

,Q OLIJKW RI WKLV WKH IROORZLQJ FKHPLFDO IRUPXODV ZHUH F
Bl1+ =U 2=2+ @ / % @ 8L2 BAY +1 >3U2 2+ @/ % @ 8L2
Bl1+ +1 >12+ @/ % @ 7KHUHIRUH WEKH 81822 BB+ +| DQG 8
Bl1+=U FRPSRXQGV ZHUH IRXQG WR H[KLELW +%3'& @OIQINH

UHVSHFWLYHO\ 6XSSRUWLQJ ,QIRUPDWLRQ 7KHVH UHVXOWYV \

GLUHFWO\ FRQQHFWHG WR WKH KDIQLXP FRQWHQW

,2',1( $'62537,21 :,7+,1 8L2 BU+HI )5%0(:25.

7KH LRGLQH DGVRUSWLRQ KDV EHHQ LQYHVWLIJDWHG LA OW®\ ,C
KDV EHHQ RIWHQ UHSRUWHG ,QGHHG VXFK D WUDQVIRUPDWLR

$OVR RWKHU JLUFRQLXP EDVHG 02)V ZHUH IRXQG WR SUHVH
LRGLQH PROHFXOHV 02) 18 02) SQ2VRPEBGF®BHY FRQV
PHWDO VLWHV VXFK DV WKH QLENHO EDVHGPR D)HF XOKI O M FIW
R[LGDWLRQ RI WKH P HVQMR VISWHW LIJRP IHDWXUH ZDV IRXQG IR

ZKHUH WKH R[LGCPMQRAGHEV VEKM K UHVSRQV LEE O H REH YWHKH BHKR G X2



QRW WR EH WKH FDVH LQ ]LQFFEEMWKPWECH R 8 FABG XFRVLRQ W& HB L,
ZDV RQO\ ODWH,Q SURISRVEBE X AW HERZO®V OWMRVULEXWHG WR DQ H
('$ FRPSOH[ EHWZHHQ WKH LRGLQH PROHFXOH D/X& WKKDDUR R
FRPSOH[ EHWZHHQ WKH OLQNHU DQG WKH LRGLQH PRWHIRXN.OW Z
WKH SUHVHQFH RI KLJK HOHFW URY BRIQ® BNERIR S &V RACX FEK W Y H: D-
F\FORKH[DQH V2RGIXRILW&H PDLQO\ XVHG WHFKQLTXHV WR HYDO
VSHFWURVFRS\ DV VHYHUDO VSHFLHV FDQ EH LGHQWIHIHRBQE\
5HFHQWO\ WKUHH GLIIHUHQW FRQWULEXWLRQV RI LRGLQH VS
5DPDQ GOBMWID2LQsU +1 V\VO@HPRLY FDVH W KD & DYSUBWH G HHPL F K
FRUUHVSRQGV WR JDVHRXV LRGLQH WUDSSHG ZLWKLQ 8L2 SRU
7KH EDQGV DW D@V ULERWHG WR)ESKGW XAREHGULEXWLRQV RI
ZKRVH VSHFWUDO VLJQDW XZBIQLIROQYO WV IURKISRO HAWLWHHV DL
IRUPHG DIWHU DGVRUSWLRQ IURP W RHR QHBXOWH\R @ E6 WZAKHH @2 WK
WZR FRQWULEXWLRQVZBIWH DVRUWLEHGRVR WKH V\PPWWH W LG
UHVSHFWLYHO\ 7KH LQIOXHQFH RI WKH QDWXUH RI WKH PHW|
GHPRQVWUDWHG ZKHQ JLUFRQLXP ZDV VXEVWLWXWHG E\ KDIQL
RI LRGLQH VSHFLHV WUDSSHG )XKWWWKH WRRUIKDPWZRIM GHPRQV W
WKDW WHKFRQYHUVLRQ LV LPSURYHG E\ WKH VPDOOHU EDQG JD'
H9 IRU LWV JLUFRQLXP SDUHQWYV WD MOKH DWIDLPRQ WZIDPVH | RIK Q@ @V WK |

RI' D KLJKHU DFLG PHWDO VLWH RQ WKH 8L2 VWUXFWXUH L H I

JRU EHWWHU XQGHUVWDQGLQJ RI=W KV \EHKDOYH R & HW K HO KID2G H B
IROORZLQJ WKH VDPH FRQGLWLRQV DV L®\5 WMWLHRDXR/ MW B G-LRHQ/F
PJ/ LQ DUJRQ ZLWXREZ UDWH DW URRPVWHPBHUBWWWKH IHDWXU

WKH LRGLQH ORDGLQJ LV SUHVHQWHG LQ 7DEOH



7KH DGVRUSWLRQ NLQHWLFV HYDOXDWHG E\ 89 YLV IRU WKH ¢
KDIQLXP FRQWHQW KDV D FOHDU LQIOXHQFH RYHU WKH DPRX
Bl1++l H[KLELWV WKH JUHDWHVW] FPIRBDWHW )\ WR BGIIVODLQIROOR
PL[HG 8L2 B8U+tI JPRMHU ORBRGLQJ DQG ODVWOGWE\WWRHC
J PRDIWHU ERPIGLQJ 7KLY WHQGHQF\ LV LQ DJUHHPHQW

, #8L 2 FRPSRX@Q&WHHG WKH KLIJIKKHU @FRLKL WAKRII GHQJIJWK RI WK
c LQ 8L2 =BJIA+WR cLQ L2 $D+rUHVXOW WKH H®HF\

%3'&« DURPDWLF ULQJ LV GHORFDOL]J]HG WRZDUGV WKH#38HW DO
+1 =U V\VWKPW HIITHFW HQKD/QI-MV BE@BDXW,LRQ DV LW LPSURYHYV
DQRQG UHGXFHV WKH HOHFWURQ KROH UHFRPRE}L Q@A RO XWVLM L
ELPHWDOOLF 8U2+IBDYH WKH VPDOOHVW DPRQJ DOO WKUHH VD
WKDW WKLV FRPSRXQG LV WKH IXUWKHUPRVW IURP UHDFKLQJ
J)LIXUHV DQG 6 +HUH LW LV ZRUWK UHLQIRUFLQJ WKDW WK
WKHDGVRUSWLRQ FDSDFLW\ L H WKH JLUFRQLXP EDVHG FRPSR
LPSO\LQJ WKDW WKH\ GLG QRW KDYH BDRRNQMLIG HUDYEHOLHN IKGHI@EKWA
WKH JLUFRQLXP DQG KDIQLXRHPHVAH & B \2WDBAW DUULYLQJ DW D
LQIHUULQJ WKDW FRQWUDU\ WR WKH ELPHWDOOLF VDPSOH W
FDSDFLW\ 7KLV HIIHFW PLJKW EH UHODWHG WR D GLAXMWWDROX
ZKLFK FRXOG EH IDVWHU LQ WKH PRSIORPH W DQOIDIERV 8 VA G-BH +W K
FU\VWDOV VL]H DUH XS WR WKUHH WLPHV ELJJHU WKDQ WKH F
SURFHVVY WDNHV PRUH WLPH LQ WKLV FRPSRXQG $GGLWLRQDC
YROXPHV RI WKH=8L2I BX)XG WKH DPRXQWYV RI LRGLQH WUDSSFt

IUDPHZRUNYV

6HHNLQJ WR XQGHUVWDQG WKH VSDWLDO GLVWULEXWLRQ RI WK
IRU WKH WKUHHBL#2 MBRRSRXQGV XVLQJ WKUHH GLVWLQ®®W HI[FI

QP DQG QP WR WDNH DGYDQWDJH RI SRVVLEIOM GDVBQ TBY



KDYH EHHQ FKRVHQ WR FRUUHVSRQG RU QRW WR WKH 89 YLV DE
WR HQKDQFH VSHFLILF YLEUDWLRQV RI VEKHWKH FRPSREBEV/H V7 K
ULVH WR WZR EDQGV PD[LPL]LQJ DW DQG QP WKDWZ*ZHU
VSHFLRWKHU LRGLQH IRUPV PD\ DOVR EH SUHVHQW LQ WKH VSt
DGVRUSWLRQ WDLO WRZDUG® WKHVQH DQF IAQWKN H\E LIRFQMN. RGO D W
LRGLQH IRUP LQ WKH JDV SKDVH JDVHRXV LRGLQH ZLWKRXW DG
DW DERXW DQWPLJQDWXUH DVVLJQHG WR WKH IRUPDWLR QDRIGD
WKH #1%3'& OLQNHU + ZKLFK LV D VWURQJ HOHFWURQ GRQRU #

+ QP

W LV ZRUWK PHQWLRQLQJ WKDW WKH PKIZUWH MV DD R F DAL F RALSQ
ZDV IRXQG WR EH IDYRUHG E\ WKH VPDOOHU EDQG JDS RI WK
+RZHYHU LQ WKH SUNDOEWVZBUN QRKVHLQIOXHOFHG IES WKHGPH
H9 SUREDEO\ EHFDXVH Rl WKH SUHVHQFHORQWHKH DOLIQRWUERE

RI WKH 3URXSV WKH SDUWLDO GHQVLWLHV RI VWDWHV 3'26 U
LQIOXHQFHG E\ WKH PHWDO FRQWHQW Rl WKH VDPSOH DQG W|
KDIQLXP ,Q FRQWUDVW 2KR®@SWIKH RRIGVLGHUHG LW FUHDWHYV
EHFRPHV WKH QHZ YDOHQFH EDQG PD[LPXP 2RW KWER W B BNDINGRXW
LV QRW D SDUDPHWHU WR EH FRQVLGHUHG KIHSKH HVHQMM WK 8 H/
YDOXH DV WKH RWKHU WZR VDPSOHV LW GHPRQVWUDWHG/ KD®
8L2 B1l+&U +I J PR HVSHFLDOO\ 3WKDQ SU2PMBMIYKRZQ LQ
DQG 7DEOH 7KLV EHKDYLRU VXJJHVWV WKDW RWKHWD GDRDEW

DQG HYROXWLRQ SURFHVVHYV

$W ILUVW WR REWDLQ 5DPDQ VSHFWUD UHSUHVHQWDWLYH RI W
EH FKRVHQ WR DYRLG FRXSOLQJ ZLWK DQ HOHFWURQLF DEVR

FRQVLGHULQJ WKH 89 YLV VSHFWUD RU WK H DR/GILQH @R 3G H & H3Q



QP ODVHU OLQH WKDW IDOOV RXW Rl WKH DEVRUSWLRQ EDQC
EDQG LQWHQVLW\ HQKDQFHPHQW ORUHRYHU LW LV GRRRKKY QR
WKDW WKH SHQHWUDWLRQ GHSWK RI WKH 5DPDQ ODVHU LQFUH
W K H QP ODVHU LV H[SHFWHG WR SHQHWUDWH GHHSHU LQ W!|
UHVRQDQFH FRQGLWIRRQWDAWHDUHKGRVSOD\HG LQ )LIJXUH +HU
FRPSRXQG H[KLED@WBMS RRIUHV,LQ WKH HGJHV Rl WKH FU\WVWDO W
REVHUYHG IRU WKH ELPHMHIOO02F BDR2ZKBFK WKH LRGLQH VSHFL
WKH HGJHV Rl WKH FU\WWDO UHG DQG EURZQ UHJLRQV ,QWARQ
JDVHRXV LRGRQBV,ERMLKHY ZHUH KRPRIJHQHRXVO\ GLVSHUVHG Wi
PHQWLRQLQJ WKDW DIWHU KOIRGWRSBWXEB WRUYRGLQKR AVWK I
FDSDFLW\ LV QRW UHDFKHG ZKDWHYHU WKH PHWDO FRQWHQW
KDIQLXP VDPSOH LV KLJKHU WKDQ WKDW D&WRUEBGGE EWW K HE]
EDVHG 8L2 BHIDUGOHVV WKH[SRWOUMLRTKIRM YDOLGDWHY WKH
JLUFRQLXP E\ KDIQLXP LQ 8L2 FRPSRXQGV LPSURYHV M/KHPISRQ
PHQWLRQ WKDW WKH GLIIHUHQFHV LQ WKH 5DPDQ PDSV ZKHQ
GLVWULEXWLRQ 2® ®IQG BQ+8L#2 MBOWHULDOV DUH QRW UHODW
WUDSSHG E\ WKH 02) ,Q IDFW WKH FRORUV RQO\ HYDOXDWH \
FU\WWWDO L H WKH FRORUV FDQQRW EH FRPSDUHG EHWZHHQ W
Bl1+ FOHDUO\ LPSURYHG WKH LRGLQH DFFHVV WR WKH FHQW
KRPRJHQHLW\DRQOGERW®D,0V 2Q WKH RWKHU KDQG D KLJKHU ]JLL

DGVRUSWLRQ SURFBY®& IHF [RIGHD/URIREVHUYHG LQKRPRJHQHR X\

,Q RUGHU WR YHULI\ LI WKH VDPH IHDWXUHY DUH PDQWDLQHG
FRQGXFWHG DIWAHRWQWDKWI )LIXUH ,Q WKLV FDVH WKH PRQ
KRPRIJHQHRXV GLVWULEXWLRQ RI ERWK LRGLQH=WSHIF VWL Q® HY
KHWHURJHQHRXV GLVWULEXWLRQ ZLWK WKH SUHVH@ARHSRIKARO\

FRPSDULQJ WKH PDSV UHFRUGHG DW DQG K LW LV FOHDU W



E\ WKBIQGP,LJUDWLRQ WR WKH FHQWHU RI WKH FU\WVWDOV )LJXU
LQ WKH ELPHWDOOLF FRPSRXQG 7KLV ODVW SRLQWUW VIS GREDE
VHHP WR UHDFK LWV PD[LPXP DGVRUSWLRQ FDSDFLW\ DIWHU
WKH PD[LKSRVDNH VHHPV FORVH WR EHLQJ UHDFKHG )LJXUH

EHWZHHQ JLUFRQLXP DQG KRKQIXP GORYIEL QBIRGLQH DV WKH

RQH WKDW KDV WKH KLIJKHVXSSREWHQWLORQNR W F&QRWCH WWWLP

&RQWUDU\ WR ZKDW KDV EHHQ HBXQG LW KM S HR Y\ N VRESADP\Q HR
Bl+=U +| VDPSOHV VKRZ RQO\ WZR FRQWULEXWLRQV £ HOIDW ¥
WR 3SHUWXUBEG WKH VHFRQGHDWWHG RVR WKH VP BHWUEF VW U
LV ZRUWK PHQWLRQLQJ WKDW VWXGLHV KDYH UHSRYWHEBHWKH |
« DIWHU WKH FKDUJH WUDQVIHU FRPSQB[IDEWK RIUEDDW E,RX
VSHFLHV ZHUH DOUHDG\ RDWHU FRQVWWIREOQMH WRPVKH VLIQDO K
1RWH WKDW FRQWUDU\ WR ZKDW ZDV REVHUYRBWRULDLQV VHRIP:
ERWK 3SHUVDQUEHS3TFLHY DLQMUWRWERQVIRUPDWLRQ UHDFKHV DQ
KDSSHQV D IHZ ZHHNV DIWHUDW KK LPARBWBDFW ZQ WK W KHKDW 8L 2
FDSDFLW\ WR MQUMRYKIHRWHWIRUH DIWHU UHDFKLQJ WKID PDIRPXPV
JUHDWHU LRGLQH XSWDNHV ZKLFRPSDWHKE WRWSBH PR D GOWREFEBIGR \
WUDQVIRUPQWOMWHRDG WKH PROHFXOHV LQWWRBDFWRBIXWHK WKE BR
« DQLRQV ZKLFK DUH WKHQ VWDELOL]HGKELW K WQ WK
UHODWHG WHSHEMHHG, DW DIERRWW SEPIVHQWUW @I8NV2VWBHRYV LPSO
, VRUSWLRQ DQG VXEVHTXHQW HY FD@MUMIDEQ LQ VDR #SFHILVOXEBH &
HOVHZKHUH IRU 8L2 ,QFRIPSRXQGWKH 5DPDQ EDQY® QHKMHW H G R/
OHDYLQJ WKH LRGLQH DGVRUSWLRQ EHQFK ZKHUHDV LQ 8L:
DSSUR[LPDWHOM.Q K&AUWQRWKHU LQWHUHVWLQJ IHDWXUH QG W
,*YLEUDWLRQDO PRGHH¥8LBRP=U FP WR 8LEP BUL++| IRU 3SHUW X

DQG IURP WRRU BFWRVSHFWLYHO\ 7KLV EHKDYLRU KLJKOLJKWYV



WKH #A%3'& OLQNHU LQ WKH LQWHUDFWLRQ EHWZHHQ WKH LRGL(

RU 1+FRPSRXQGV

7KH 5DPDQ PDSSLQJV ZHUH D@ VR OHFR[FEW® WY RQJIJOWKHU OLQH
VSHFLILF EDQG LQWHQVLW\ HQKDQFHPHQW E\ H[FLWLQJ LQ WKH
7KH PDSSLQJV REWDLQHG PRWWWD FWKZDQY® VP EMRE L2 D G\ +D U H
J)LIXUHV 6 DQG 6 7KH ' VSDWLDO GLVWULEXWLRQV DUH YHU\
ZDYHOHQJWK $IWHU D KRXU H[SRVXUH WR LRGLQH D KRPRJH
REVHUYHG IRU WKH KDIQLXKE®DNHMKBLRRGAIH VSHFLHYV DUH FR
FU\WWWDO LQ WKH ELPHWBDODPGL2Q WKH PRQRPRHWDYOOXKE BLE |
RWKHU KDQG IRU FRIXWMIDFWLPHK RERWK PRQRPHWDOOLF VDPSC
GLVWULEWBRSHALHY FRQWUDUUWR ZKALFKBDUIDLQ SUHVHQWHG
RI ERWK VLJQDOV LQ WKH HGJHV Rl WKH FU\WVWDO )LJXUH 6 7
QP H[FLWDWLRQ VRXUFH UHLQIRUFLQJ WKH LGHD RI D FRKIFLK

VKLIWV WKH DGVRUSOWDL\WRIQDXDWMR XRJKHU FRQWDFW WLPHV )LJX

)LQDOO\ WKH 5DPDQ PDSSLQJV ZHUH FDUULHG RXW XVLQJ DQ
H[FLWDWLRQ VRXUFH FRUUHVSRQGV WR WKH VSHFWUDODQKJI|.R
VSHFLHVY DUH SUHVHQW DBV REVHBYBELIGHQEKBEHWZHHQ WKH Z
DQG WKDW RI WKH DEVRUSWLRQ EDQGV LV H[SHFWHG WR HQKD(
LQYROYHG LQ WKH HOHFWURQLF WUDQVLWLRQ WKURXJK 5DPDQ
H[FLWDWLRQ ODVHU OLQHV WKH GLIIHUHQFH LQ LRGLQH FRQF
DIWHU K LRGLQH ORDGLQJ ZDV PRUH PDUNHG ZKHQ JLUFRQLX]
8L2 Bl+U +1 DQG DOPRVW LPSHUFHSWLEIOKWE WKHRBLERY HRL +
LRGLQH ORDGLQJ LQ DGGLWLRQ WR WKH £QKRPORHBQREUBE IR I
VDPSOHV WKH KDIQLXP EDVHG FRPSRXQG DQ&RRHIKH B WUDGY [RC

WR WKDW REVHUYHG IRU ORZHU FRQWDFW WLPHV )LJXUH



W LV ZRUWK PHQWLRQLQJ WKDW WKH FKDQJH LQ WKH OD\DHIG H
,* EDQGV ZKLFK ZHUH FHQWHUHG LQ WKH VDPH ZDYHQXPEHUYV
UHVSHFWLYHO\ 1HYHUWKHOHVV WKH XVH RI WKH QP H[FLV
LQWHQVLWLHV Rl WKH 5DPDQ EDQGY FKDUDFWHULVWLF RI WKH
ZKLOH ERWK WKH DQG QP VSHFWUD LQGXFH VLPLODU EHK
WKH UHODWLYH DUHDV RIQWKH EBPQG® DJN! FPKLV UDWLR LV L
5DPDQ VSHFWUD FROQHFV@b6§DW IRWQEKEFK WKH LQWHQNQW\L
VLIJQLILFDQWO\ LQFUHDVHG 7KLV IHDWXUH GHPRQVWUDWHV W
VSHFLHV LQ UHVRQDQFH FRYGHMA RWKHRA IKBEHWDWLRQ ZDYHOF
ZLWKLQ WKH ORZHU HQHUJ\ IRRW Rl WKH DEVRUSWQBQDEDRGE
FRQWULEXWLRQV )LJXUH LV DVVXPHG WR EQGHHN RRUHTRDY
VD\ WKDWEW®GE ZLOO KDYH D KLJKHU LQWHQVLW\ LQ VXFK FR
FLUFXPVWD®EWWIIHFW ZDV OHVV SURQRXQ® H GH KD WV RQJ 2DR
QHJOLJLEOH IRUQWIKIDVHU )LIXUHV 6 DQG 6 DV Wk

WKH PDLQ DEVRUSWLRQ EDQGY UHODWHG WR WKH LRGLQH VSHI

'KHQ WKH H[FLWDWLRQ LV SHUIRUPHG XVLQJ WKH QF BDDEBL
FRPSDUHG WR QRQ UHVRQDQFH FRQBH QWR QW IVXQ J HRWE HKYLHIWK H IUW
5DPDQ UHVRQDQFH HIIHFW GRHV QRW DOORZ GHWHUPLQDWLRC
JLIXUHV DPAUHRYHU DOO WKH FDUWRJNO®G KW NS HACRIZH
FRQFHQWUDWHG QHDUE\ ZKLFK LQGLFDWHYV WKDW WKHUH LV Q]
,* J)LIXUHV 6 DQG 6% G7IKKVDRRQHIQFHKEW VDKDWU\R R B H,U
ZLWK WKH 8L2 FRPSRXRIGRKVKDI@Q WKHHHPHQW ZLWK WK I GHING C
8L2 =U +I V\VWHPV LW ZDV SURSRVHG WKDW WKH ('"PRRPERE
JHQHUDWHWDGRRDO ZKHQ WBEIRFLIQH MRIWWDWLRQ RI WKLV UDGL

DEVHQFH RI D UHGR[ SKHQRPHQRQ DVVRFLDWHG WR WKH LQRU.



ZRUNV 7KH PDLQ UHDVRQ IRU WKH DEVHQFH RI WKLV PHWDO U}l
LV WKH ORZ ELQGLQJ HQHUJ\ FORGRUERWDION YDEB R PR O V+ID
FRQVHTXH®FAR 2@ +1 V\VWHRMG XWWHRY ISQWRO\ UHODWHG W& W
IDFW WKH ('$ FRPSOH[ PDNHV D QEHROUHEMAIRD RV RV K M PRSU DWDR)E. FV &
RUELWDO PRROMKMOH OHWYEBEKLOYKROHQWLW\ ZDV IRXQG WR E
HOHFWURVWDWLF LQWHUDFW L'RIDQEBHW E H HHID WKW URHF B QW R Y |IRHU
UDGLFDO %RZHYHU LQ DPLQR 2QRWLRWQDOLDIOE *+VXFRLDY O K
KROH FUHDWHG XSRQ H[FLWDWLRQ Z DM FRXQ DB QGREE MV K W [FBDIUEIR
WKH OLQNHU FUHDWLQJ+WhK& FIRGILBHMBFRYGIUQ NVLOFH RUJDQLF C

B1+ DQG 8L2 BAIDYH D VLPLODU EHQ]JHQH GHULYHG VWUXFWX
ULQJ WKHIRXSV VKRXOG DFW DV D KROHKHUBEROH]HIGNLQV EIR
FRUUHVSROGK@BI&1FDQ DOVR EH IRUPHG\VIVQHBY2 7BLY IHDWXU
K\SRWKHVLKWDOWRBSWFELILF VLWHY IRU DGVRUSWLRQK ZKQL\WK VW\U > WM
ULQJ +RWY +&2% 7KHUHIRUH LQ WKLV FDVH KWDR/HDPOR QHIHG VIR QV

WKDQV, WKH HOHFWURVWDWLF LOWHUDFWLRQ WKDW IMWBMNHWWLE

$LPLQJ WR GHHSHU HYDOXDWH WKH LRGLQH GLVWULEXWLRQ LQ
FDUWRJUDSK\ ZDV DOVR FRQGXFWHG LQ WKYUHH BRBRRYGRIRV IR
WLPH RI K JLIXWRUGHU WR DYRLG WKH UHVRQDQFH HIIHFW

Bi1+=U +1 WKH QP ODVHU ZDV XVHG DV WKH H[FLWDWLRQ VI
FKDUDFWHUL]JHG E\ WKH WZR UHJUR{HQU BEOVHH @ HURY 35 HIOVWXDOWNVE |
GHSWK $V DOUHDG\ GHPRQVWUDWHG LQ WKH ' 5DPDQ PDSSLQ
VSHFLHVY ZHUH PDLQO\ IRXQG DW WKH HGEBIJHV RRMSRKQGPHWRDIDY
WKH LOQWHQVLW\ RI WKHLU FRQWULEXWLRQ GHFUHDVHV ZLWK W
SUREH LQ GHHSHU GLVWDQFHV DQ®W KK WD WIFDW % HWW G DEXMQ R

LV PDLOWDLQHG UHJDUGOHVV WKH GHSWK RI WKH FDUWRJUDS



'LWK WKDW LQ PLQG RQH FDPRPRIFKOXEHGW® DQR W HIYHHIFEKO W K H
FU\WWWDOV DQG WKHUHIRUH W KHVU BB Dbl GORW WIWD\D L IRGIPHG H[G'

6 DQG 6 7KLV HIIHFW FRXOG EH UHQWWHK G QWRRWR B WI
FRPSDUHG WR WKH GLIIXVLRQ UDWH RI WKH VSHFLHV SUREDEO
IRU WKH ELPHWDOOLF FRPSRXQ®G\RGSWGR Q| DDKSHHXYLROOMWHER By
VSHFLHV GLIIXVLRQ WKURXJKRXW WKH FU\WWDO LW LV H[SHFW
UDWKHU WKDQ LQ WKH FHQWHU DV RERGIHFXGH \$ DAXDDXCL\F NHOA D
%3'& OLQNHUV * DIQUARM) WBKH UDSLGO\ WUD'SSHIE & U W&IHF D 8 V SUHL
WKHLU IRUPDWLRQ ZKLFK PDNHV GLIILFXOW WKHLU GLIIXVLRQ \
WKH LPSRUWDQFH Rl WDLORULQJ QRW RQO\ WKH HOHFWURQLF
WUDQVIRUPLQJ LRGLQH EXW DOVR WKHLU FU\WWDO VL]H ,Q ID
UHDFK WKH FHQWHU RI WKH VWUXFWXUH ZKLFK FRQHEFK GHW D UH
LQ WKHLU VSHFLILF DGVRUSWLR®@&ZRW H\H | RUR RCHDIEK WUQ D W K. F
PD\ QRW RQO\ UHGXFH WKH PRELOLW\ Rl WKLV VSHFLHV EXW D
DWWDFK 6XFK EHKDYLRU ZRXOG DOVR GLPLQLVK WKH DYDLOD]|
JRU LQVWDQFH ZKHQ FRQVLGHULQJ WKH LRGLQH WRIDSBHEG
WUDQVIRUPODDQRBQ WYWRE VHTXHQWLDO DGVRUSWLRQ LQ VSHF

WKH HQWUDQFHV WR GHHSHU SRUHV LQVLGH WKH FU\WVWDO VWL

,Q WKLV ZRUN WKH LRGLQH ORDGHG VDPSOHV ZHUH VWRUHG
WUDQVIRUPDQ/WHRMIRIUH WKH DFTXLVLWLRQ RI WKH 5DPDQ PDS\
GLUHFW LQIRUPDWLRQ RQ WKH HTXLOHERBDXRVY R/@® MWBENMRRKHHID DR/(
GLVFXVVHG DERYH WKHUH LV QR UBD®R HIK\Q YRRNQDY WBH Q DPVD M/ |
LW LV DVVXPHG WKDW VLPLODUO\ WR ZKDMWKH KO HRWQR QRW UW
VSHFLHV FRPHV IURP WKH ('$+%RBPSOHRRHWK MWKIQ 1WKH KROH IF
WUDQVIHU PXVW UHPDLQ LQWBK&DFERFDIOV TIRQBHQWILRQHG EHIR

HOHFWURVWDWLE V&MAHUHYFWLRQYG WKH-KHPLFH® ®'\& DUDVERUFDHG L



Bl+=U +| ZKLFK ZRXOG R CHVERW\LWD B OLLQHWEHKGIMLIERHHUZRIUINW K H
FDQ EH SURSRVHG WKB®'&W ODLIGWNHUWHHR RFREX R HLW ORVHV LWV D
, PROHFXOHEHE@WRH Rl WKH HOHFWURVWDWLF UHSXOVLRQ FUF
OLQNHWKLY EHKDYLRU LV FRKHUHQW ZLWK WKHRPISRXQWYV RE@ W
DV HYHQ WKRXJK MRKMHAXOHM DWRIO@WDEOH WR EH WUDQVIRUPH
LQWRQ 8L2 BAWWHPYV UHDFKHV DQ HTXLOLEULXP DIWHU D IHZ
,QGHHG VLQFH WRBVBHPLIBAY DGVRUEHG XS WR WLPHV PRUH

K RIFRQWDFBWDLQVW IRUWPRD2 BL+DQG 8L2 +1 UHVSHFW
XQWUDQV IRRRIPHIEXOHYV ZHUH WUDSSHG LQVLGH WKH SRUHV + HYI
WKH ELJJHU SRUHV=RI+8LPDWHULDOV c DIDLQVW ZKICFKQFB
DFFRPPRGDWRRPRIEMNQHY HYHQ WKRXJIK% DY OUKLNVHSIR/L QDY HAVUKHIC
WUDQVIRUP WKBRUHRNRU WKH HIIHFW UHODWHG WR WKH SU}
FRQVLGHUHG EHF D)QRZQ@IWR IRYRDWALRI , DV KLJKOLJKWH ® XQOR
IXQFWLRQV ZLWK KLJK HOHFWURQ GRQRU FKDUDFWHU FDQ LQG
PROHFXDMSURYLQJ WKH ('$ FRPSOH[ EHWRIDHE WOKH DK IQAKH B URDG
LQWRVUDQVIRURBW\Y EEGKDYLRU UHVXOM YQLDQ [P X H URRUHE HGW H ¢
LQ QRQ UHVRQDQFH FRQGLWLRRYIIRWD POOHWKH 8XDHWB1+ DQG
WR EHWWHU XQGHUVWDQG WKH LQIOXHQFH RI WKH PHWDO VLW]
VHPL TXDQWLILFDWLRQ RI WKH LRGLQH VS H BPIQHW, L\W®& B OWD BH.RH
DFFRUGLQJ WR WKH ODVHU ZDYHOHQJWK )LJ%UH 6@ UDWIL\WR ILQ
JUDGXDOO\ ZLWK WKH ODVHU ZDYHOHQJWK DQG W K DW MEKJHD W H]

PRGH DY WKHQP ODVHU JHQHS D% @V WU K ® DR ZG-XH >W R$ D ¥ LLIDFOUMH

&21&/86,216

7TKUHH 8L2 VEDIRSOHV ZLWK GLITHUHQW BPRWDH AW HQVFY HY WV | X

DQG ORDGHG ZLWK JDVHRXV LRGLQH DFKHHKYCHGLWRHEEWN® &LHPW



K RIFRQWDFW FDSWXBLQRGLQH PRRADORZHG E\ WHKH FZIU[WEK 8L
J PR@®QG WKHQ E\ WKH JLUFRQLXBVEOVHG JSPRROHBAWKHOHVY W
FRPSRXQG GLG QRW VHHP WR UHDBK RUSWDLW & D X KWH KD UG HYN W
KDIQLXP EDVHG FRPSRXQG LQ FRQWDFW WLPHYV KLIJKHU WKDQ
ZKLFK DUH DERXW WKUHH WLPHV ELJJHU WKDQ WKH PRQRPHWD
VSHFLHV ORUHRANRRQYHUVLRQ ZDV YHULILHG LQ WKH SRUHV RI
JDVHRXV IORZ DV KLIJKOLJKWHG E\ 5DPDQ VSHFWURVFRS\ WKUF
DW DERXW DQ&MBHW DERXW 7KWRH ODVHU H[FLWDWLRQ VRXUFH
VSDWLDO GLVWULEXWLRQ RI WKH VSHFLHV D*Q\GS H F I3V 4
REVHUYHG ZLWK WKH QP HI[FLWDWLRQ ZDYHOHQJWK EXW LW
ZLWK WKH QP VRXUFH $OVR WKH 5DPDQ PDSSLQJ IRU ORZ |
B1++l GLVSOD\HG WKH PRVW KRPRJHQHRY® VBIHWVALHNENRPRRD
FRPSRXQGY ZKHUHDV WKH JLUFRQLXP EDVH[&LEQ® HEGK HR @ HFVH XV
FROQFHQWUDWLRQV RI VXFK LRGLQH VSHFLHV +RZHYHU FRU KLJ
PDWHULDO H[KLELWHG DQ LQKRPRJHQHRXYVY VSDWLDO GLVWULE
WKDW PWKFWXUH GLG QRW UHDFK LWV PD[LPXP DGVRUSWLRQ
GLVWULEXWLRQ RI WKH LRGEGRHWQRRLBY | W D OMEBUW.RADWI R U P
ZLWK PWH DOVR IXOILOIOHBIMHAMK ZDV DVVRFLDWHG WR WKH S
IRU WKOHQLLRQV DV SURSRVHG EHIRUH LQ RWXHDFWV XQ\ 8 \2LKIB 1¢
VIVWHPV WKH FDWLUIRDE&U DRIDFDRIR XYV \WWRR 8UCH %P&®& WHULDOV ZD
WKH FHQWHU IRU WKH VBRERIQ¥ DDEYURUSWWKQHRILQGLFDWHYV WK
,* WKDW FDQ EH WUDSSHG LQ 8L2 PDWHULDOV EHIRUH LW JHWYV
&RXORPE UHSXOVLRQV LQ WKH7KUYDWW K COLIOQNHUHDDBBY ARIOH FRI
HYROXWLRQ PHFKDQLVP DV LW UHLQIRUFHV WXWSWHW URY IHUG LY
ODWWLFH ZKHQ FRP S IPRHOG MXRO WK DX LRW RKAHKH VW XGLHYV PXVW EH

VWDELOMSBHRLHY LQ GLIIHUHQW FRQGLWLRQV VXFK DV WHPSHU



6833257,1* ,1)250%$7,21

1++%3'&« VIQWKHVHY SURWRFROGV1FUWSMP ORI UD SKRE HEOD WHDJ U +

PDSSLQJ GDWD

$&.12:/('*0(176

7KH ®)RQGV (XURSpPHQ GH 'pYHORSSHPHQW 5pJLRQDO" )('(5

BFLHQWLILTXH  &156 WKH 35pJLRQ +DXWV GH )UDQFH’ DQG
OfT(QVHLIJQHPHQW 6XSpULHXU HW GH OD 5HFKHUFKH" DUH DFN(
IURP WKH &KHYUHXO ,QVWLWXWH SODWIRUP 7KH 330DWHIRUP
DFNQRZOHGJHG IRU WKH VXSSRUW SURYLGHG LQ 6(0 DQG ('€
&KDUDFWHUL]DWLRQ SODWIRUP IRU WKH 5DPDQ IDFLOLWLHV 3

WKH 3K' JUDQW



5()(5(1&(6

=DEORWVND / % <HDUV $IWHU WKH &KHUQRE\O 1XFOHD

(YDOXDWLRQ RI &XUUHQW 'LV DSAWEHD 3HHDSDUHG@HVV 30DQV

KWWSV GRL RUJ Vv [

/LQ : &KHQ / <X : 0D + =HQJ = /LQ - =HQJ 6 5DC

)XNXVKLPD 1XFOHDU $FFLGBQWRQ (OKH BRP RY SKHUH

KWWSV GRL RUJ M DWPRVHQY

5LOH\ % - 9LHQQD - ' 6WUDFKDQ ' O OF&OR\ - 6 -}

WKH (IIHFWLYH &DSWXUH DQG ,PPRELOCRPOWILIR® MRIl HORILHRD B

Ss KWWSV GRL RUJ M MQXFPDW

3HVFH / .RSS 3 ,RGLGH 7UDQVSRUW ,®30L-FBWMGRQW UR Y
+ KWWSV GRL RUJ

'LH : &XL ' =KDQJ 6 5 :X < + -LDQJ ' / ,RGLQH &D

DQG OHWDO 2UJDQLF )UDBWZHRUNRODMWRAVLD @V

KWWSV GRL RUJ F PK D

JHORLUH 0 :DOVKH & 'HYDX[ 3 *LRYLQH 5 'XYDO 6

ORLVVHWWH $ O9HJLQ + 1HULVVRQ 3 &DQWUHO / 9RON

J RGLQH LQ ,VRUHWLFXODU =LUFRQLXP(%DVHG 8L2(Q OHWDO.

)XQFWLRQDOL]DWLRQ ')7 &DOFXODWLRQV 5DRBE D @GS$(B%U6
H KWWSV GRL RUJ FKHP

/JHORLUH 0 'KDLQDXW - 'HYDX[ 3 /HUR\ 2 'HVMRQTXH

/ B5R\HU 6 /RLVHDX 7 O9RONULQJHU & 6WDELOLW\ DQG !

&DSDFLW\ RI %LQGHUOHVV 8L2 1+ *UDQXOHV XQGHU B6HYH

+D]DUG ODWHU KWWSV GRL RUJ M MKD]PDW

$QGUDGH 3 + 0 +HQU\ 1 9RONULQJHU & /RLVHDX 7

,RGLQH 8SWDNH E\ =U +I %DVHG 8L2 ODWHULDOV 7KH ,Ql



(YROX®PERPSSO ODWHU A, QWIS BFH&RL RUJ DFVDPL F
$VVvVDDG 7 $VVIRXU % OHWDO 2UJDQLF )UDPHZRUN 0,/
1XFO ODWHU + KWWSV GRL RUJ M MQXFPDW

.KDQ 1 $ +DVDQ = -KXQJ 6 + $GVRUSWLYH 5HPRYDO F

2UJDQLF )UDPHZRUNV 02D ]DJ%H YIDAZ HU

I+

KWWSV GRL RUJ M MKD]PDW

=KDQJ ; ODGGRFN - 1HQRII 7 0 'HQHFNH 0 $ <DQJ

LQ OHWDO 2UJDQLF )UBRHZR 6R FDSMHYULDOV

KWWSV GRL RUJ G FV G

ODUVKDOO 5 - *ULIILQ 6 / :LOVRQ & )RUJDQ 5 6 6W

8QVDWXUDWHG & & %RQGV LQ &KHPLFDOO\ D Q&K BilRF KD [XD (
+ KWWSV GRL RUJ FKHP

/IHH % 3DUN - (IIHFW RI )XQFWLRQDO *URXSV RQ WKH , |

2UJDQLF )UDBXM@RUNRUHDQ &KHP 6RFz

KWWSV GRL RUJ ENFV

%UXQHW * 6DILQ ' $ $JKDML O = B5REH\QV . .RUREN

6WHSZLVH &U\WWDOORJUDSKLF 9LVXDOL]DWLRQ RI '\QDPLF :

&KHP BFL + KWWSV GRL RUJ & 6& -

+\H - & 0\XQJK\XQ 3 6 '\QDPLF DQG 5HGR[ $FWLYH 3LOC

&U\WWDO WR 6LQJOH &U\WWDO 7UDQVIRUPDWLRQV XSRQ *XH

2[LGDWLER® &KHP 6RF + KWWSV GRL RUJ |

=KDQJ ; 'D 6LOYD , )D]]JL 5 B6KHYHOHYD $ 0 +DQ ;

) OF,QQHV ( - / /L 0 <DQJ 6 6FKU|GHU 0 ,RGLQH $G

2UJDQLF )UDPHZRUN (OHFWULFDO &RQGXFWLYLWRUJIGERHE
+ KWWSV GRL RUJ DFV LQRUJFKHP |

.RVWD VNL / . .UyDOLNRZVNL : %XON 3RO\PHUL]DWLRQ

,QIOXHQFH RI THPSHUDWXUH R@RBROUORO6ALR BR GHD RKIHPL WG



* KWWSV GRL RUJ SRO
$SWW\IDOOH $ % &KDQ & & $[H ) 8 %ROJDU 0 *HQHL

DV > 1D & + @ IURP %HQ]JHQH '0CBUVBERBRKNEWWRPFDGWYV

KWWSV GRL RUJ MPV

6LUFDU 6 +XIWRQ - 5 :K\'RHV WKH /LQHDU '"ULYLQJ )RU|
$GVRUSWLRQ * KWWSV GRL RUJ $

&KDYDQ 6 O9LWLOOR - * *LDQROLR ' =DYRURW\QVND :

9DOHQ]DQR / /DPEHUWL & J/LOOHUXG . 3 %RUGLJD 6
02)V3K\V &KHP &KHP 3K\V + KWWSV GRL RUJ
ODUVKDOO 5 - +REGD\ & / OXUSKLH & ) *ULIILQ 6 [/

JRUJDQ 5 6 $PLQR $FLGV DV +LJIJKO\ (IILFLHQW ORGXODWR

+DIQLXP OHWDO 2UJDQLIDWHBDPHZRHNVS$ *

KWWSV GRL RUJ F WD J

.DSRVL 0 &RNRMD 0 +XWWHUHU & + +DXVHU 6 $ .D

%DUWK - 9 +HUUPDQQ : $ ..KQ ) ( ,PPRELOLVDWLRQ R

8L2 DQG 7KH (IIHFW RI 3RUH 6L]H RQ '©DIDMD Q\WDWQ¥FW LY
+ KWWSV GRL RUJ & '7 %

&DYND - + -DNREVHQ 6 20VE\H 8 *XLOORX 1 /DPEHL

=LUFRQLXP ,QRUJDQLF %XLOGLQJ %YULFN )RUPLQJ OHWDO 2L
- $P &KHP 6RF * KWWSV GRL RUJ M D
9DOHQ]DQR / &LYDOOHUL % &KDYDQ 6 %RUGLJD 6 1
IDPEHUWL & 'LVFORVLQJ WKH &RPSOH[ 6WUXFWXUH RI 8L2
&RPELQDWLRQ RI ([SHWKHR VW DWIBU7KHRU \+

KWWSV GRL RUJ FP

6KDQQRQ 5 ' 5HYLVHG (IIHFWLYH ,RQLF 5DGLL DQG 6\VWH
+DOLGHV DQG &EPWP RIHYWDHOWRIU 6HFW $ &U\WW SK\VLF

&U\WWDOORJU * KWWSV GRL RUJ 6



,VODPRJOX 7 5D\ ' /L 3 ODMHZVNL O % $NSLQDU |,

)DUKD 2 . )URP 7UDQVLWLRQ OHWDOV WR /DQWKDQLGHV W

(OHFWURQLF 3URSHUWLHV Rl ,VRVWUGRWXUDIKCHEHWDO 2UJD
- KWWSV GRL RUJ DFV LQRUJFKHP E

-HRQJ 1 & /HH - 6 7DH ( / /HH < - <RRQ . % S$FLC

6DQGHUVRQYIV (OHFWURQHJDWLYQIHZH\&RHPREWKQ WL GE (OH
- KWWSV GRL RUJ DQLH

+DGMLLYDQRY . , 3DQD\RWRY ' $ OLKD\ORY 0 < ,YDC

6 0 'UHQFKHY 1 / 3RZHU Rl ,QIUDUHG DQG 5DPDQ 6SHFW

JUDPHZRUNYV DQG ,QYHVWLJIJDWH 7KHLWBKMWHEBFWLRQ ZLWK
- KWWSV GRL RUJ DFV FKHPUHY F

,OHW 5 & J/LX < :DQJ 7 & +XSS - 7 )DUKD 2 . (YDC

3URWRQ 7RSRORJ\ LQ =U DQG +| %DVHG OHWDO 2UJDQLF )U

7JLWUDWILIRQHU &KHP $ + KWWSV GRL RUJ F WC

%DNXUX 9 5 &KXULSDUG 6 5 ODUDGXU 6 3 .DOLGLQC

8L2 =U &H +1 OHWDO=%2UJDQLF )UDPHZRUNV IRU (IILFLH

$FHWDOL)DWLRQDQV + KWWSV GRL RUJ FGW

6LQJ . 6 : 5HSRUWLQJ 3K\WLVRUSWLRQ 'DWD IRU *DV 6RO

'HWHUPLQDWLRQ RI 6XUIBRHHBEBOD REKBRURV LW\

KWWSV GRL RUJ SDF

6FKDDWH $ B5R\ 3 *RGW $ /LSSNH - :DOW] ) :LHEFN

Rl =U %DVHG OHWDO 2UJDQLF )UDPHZRU&NHPURRB {(PQR-WR 6

+ KWWSV GRL RUJ FKHP

JLUWK ) & 1 *DXOWRLV 0 : :X < 6WUDWIRUG - 0 .H

([SORULQJ WKH 5ROH RI &0XVWHU )RUPDWLRQ LQ 8L2 )DPLO

; 5D\ 3DLU 'LVWULEXWLRQ $RQBWHRQGBRFDO\VLV =

KWWSV GRL RUJ MDFV F



*RRGHQRXJK , 'HYXODSDOOL 9 6 ' ;X : %R\DQLFK O
0 5RvVL 1 / %RUJXHW ( ,QWHUSOD\ EHWZHHQ ,QWULQVLI
RI ) XQFWLRQDOL]HG 8L2 OHWEKHRUOD@YIHU)UDPHZRUNYV
KWWSV GRL RUJ DFV FKHPPDWHU F

6HQ %LVKZDV 0 ODOLN O 3RGGDU 3 5DPDQ 6SHFWURVF

9DSRXU 3KDVH '"HWHFWLRQ RI ([SORVLYHV $GVRUEHG RQ OH'

&KHP + KWWSV GRL RUJ G QM K
6KHDUHU * & &KDYDQ 6 (WKLUDM - 9LWLOOR - * 6Y
JLOOHUXG . 3 7XQHG WR 3HUIHFWLRQ ,URQLQJ RXW WKH '
&KHP ODWHU - KWWSV GRL RUJ FP S
1IDVDOHYLFK 0 $ +HQGRQ & + 6DQWDFODUD - * B8YDC
JHGLQ 0 9 +RXWHSHQ $ - 9DQ 'HU 9HHQ 0 $ .DSWHLM

2ULJLQV RI BKRWRFDWDO\WLF $FWLYLWRLLQHSOHWRYOHPEHUQ
* KWWSV GRL RUJ VUHS
<bQJ / 0 *DbQ] ( 6YHOOH 6 7LOVHW 0 &RPSXWDWLRQ

=LUFRQLXP OHWDO 2UJDQLF )UDPHZRUNV 81RWHU &KHP Q& 9

* KWWSV GRL RUJ F WF D
<DVLQ $ 6 /L - :X 1 OXVKR 7 6WXG\ RI WKH ,QRUJDQ|
OHWDO 2UJDQLBRWD RBRHARRUNKKHP 3K\V *
KWWSV GRL RUJ F FS F

. XEHOND 3 OXQN ) $Q $UWLFOH REGFXSWIKREV Rl 3DLQW /D\

7TDXF - 2SWLFDO 3URSHUWLHY DQG (OHFWDRHLF 6WUV X %W K
* KWWSV GRL RUJ

7DXF - *ULJRURYLFL 5 O9DQFX $ 2SWLFDO 3URSHUWLHYV

*HUPDQIKW VWDWXV VROLGE KWWSV GRL RUJ SVV

&RXOWHU - % %LUQLH ' 3 $VVHVVLQJ 7DXF 30RW 60RS



6\WWBIR\V 6WDWXV 6ROLGL %DVEF KMWWSV GRL RUJ S
ODNX4D 3 3DFLD 0 ODF\N : +RZ 7R &RUUHFWO\ '"HWHUP
6HPLFRQGXFWRU 3KRWRFDWDO\VWK\%DEKBPRQHWIVOLY &SHF
KWWSV GRL RUJ DFV MSFOHWW E
&KHQ 3 +H ; 3DQJ 0 'RQJ ; =KDR 6 =KDQJ : ,RGLQ
2UJDQLF )UDPHZRUNV =U 02)V $GVRUSWISRO 385 SOR 0DMNHAH
,QWHUIDFHV + KWWSV GRL RUJ DFVDPL F
)DODLVH & 9RONULQJHU & )DFTXHXU - %RXVTXHW 7
+LJKO\ BWDEOH OHWDO 2UJDQLF )U RKHZR LBNRWP PX ©\VWHP D W L
- KWWSV GRL RUJ F FF N
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JLIXUHWURBFWXUDO GLVRUGHU D RI WKH FDUERQ DWRPV RI WK
IXQFWLRQ G6WUXFWXUDO UHSUHY RQGWDMW RS B REBIHD Q (X& [ P HRU

B1+ QHWZRUN LQ WKLV ODVW FDVH K\GURJHQ DQG QLWURJHQ

J)LIXUH VRUSWLRQ LVRWKHUPV DWW EORBNSLZBEBIHB1+HDQG 8L2

B1+ +1 EOXH GHJDVVHG DW 2& 7KH 66% YDOXHV REWDLQHG

JLIXUHRQ WKH OHIW 6(0 LPDJHY RROLWR81+8+12 +IB1+Q WKH PLC
8L2 B1l+l RQ ERWWRPH ULIJKW 6(0 (‘6 OD\HUHG LPDJHV HOHPI

,Q JUHHQ ,GWHG +1

)LIXUBDPDQ VSHFWUD FROOHFWHG ZLWK D ZDYHOHQJWK H[FLW

IRU 8L2 B+ EODFN 8EY +B1+UHG DQG+HL2EOBXIH+ FRPSRXQGYV

J)LIXUH9 YLV VSHFWUD R#%#WL2EOBFN 8 +B1+UHG DQG +8L2
EOXH PDWHULDOV ,QVHW 7DXF SORW £¥BGVLSEBSQH WYX D3M ID

GLUHFW VWUDLJKW OLQHV RU DQ LQGLUHFW GRWWHG OLQHYV

JLIXUH$SGVRUSWLRQ NLQHWLFV RI LRGLQH DIWHWLU KEG®DHMFNRQ)

Bl1+=U +1 UHG DQG+HL2EOBXIH+ VDPSOHYV

)LIXUKEB9 YLV VSHFWUD REWDLOHGI IFPOWHULBOY DIWHU K RI L
,#8L2 Bl+=U LQ#8HB PBl+=U +1 DQG #®LEOMH+] 7KH VDPSOH
PL[HG ZLWK. @ D6ERQFHQWUDWLRQ RI EHIRUH WKH DQDO\VLV

IRU WKH 5DPDQ PDSSLQJ DUH DOVR KLIJKOLJKWHG LQ WKH ILJIXL

JLIXUHRQ UHVRQDQFH 5DRDQ POBSRYHW 8L2U BB+2 BU++l DQ
8L2 B1l#| FU\WWDOV REWDLQHG DIWHU K RI LRGLQH ORDGL

FROOHFWHG VLQJOH VSHFWUXP DW GLITHUHQW ;< SRLQWYV IRU \V



VSDWLDO GLVWULEXWLRQUHHWYKBHISROWIXQ BMKGT DYHUDJH: VSHF
VSDWLDO GLVWUWLE®WH RIG RIRWQKIHQ, WKH DYHUDJH7KSHFRVORU W HQ

DUH UHSUHVHQWDWLYH RI WKH LOQWHQVLW\ RI WKH VLIJQDO JRL

JLJXUBRQ UHVRQDQFH 5DRDQ PQBSRYHMHW 8L2U BB+2 BU++l DQ
8L2 B1l#| FU\WWDOV REWDLQHG DIWHU K RI LRGLQH ORDGL
FROOHFWHG VLQJOH VSHEWUXP DW GLIIHUHQW ;< SRLQWV IRU \
VSDWLDO GLVWULEXWLRQ URHH®KBHITHROWIXQ BWKGT DYHUD JH: VSHF
VSDWLDO GLVWUWLEGWH RIG RIRQKIHQ, WKH DYHUD JH7KSIHFEROURU \F HQ

DUH UHSUHVHQWDWLYH RI WKH LQWHQVLW\ RI WKH VLIJQDO JRL

J)LJIXUH5HVRQDQFH 5DPD@ PDS®IPQJNYHU 8L2U BBL2 BU++l DQ
8L2 B1l#| FU\WWDOV REWDLQHG DIWHU K Rl LRGLQH ORDGL
FROOHFWHG VLQJOH VSHFWUXP DW GLIITHUHQW ;< SRLQWV IRU V
VSDWLDO GLVWULEXWLRQUHHQKHHITHROWIXQ BWKGT DYHUDJH: VSHF
VSDWLDO GLVWUWLEG®WH RIG RIRQKIHQ, WKH DY H U D JH7KSIHFRVOURU F HQ

DUH UHSUHVHQWDWLYH RI WKH LOQWHQVLW\ RI WKH VLIJQDO JRL

J)LJIXUH5HVRQDQFH 5DPD@ PDS®IPQJINYHU 8L2U BBL2 BU++l DQ
8L2 B1l#| FU\WWDOV REWDLQHG DIWHU K Rl LRGLQH ORDGL
FROOHFWHG VLQJOH VSHFWUXP DW GLIITHUHQW ;< SRLQWV IRU V
VSDWLDO GLVWULEXWLRQUHHQKHHITHROWIXQ BFKGT DYHUDJH: VSHF
VSDWLDO GLVWUWLEG®WH R RIRQKIHQ, WKH DY HUDJH7KSIHFRVOURU F HQ

DUH UHSUHVHQWDWLYH RI WKH LQWHQVLW\ RI WKH VLJQDO JRI

JLJIXUH1RQ UHVRQDQFH 5DPDQ FDUWRJEDSK\ RYKUNDOSISH U ERL
GLPHQVLRQV " [ " P o\ Pu ” ] "QP 22Q WR\S 7KH
VSHFWUD REWDLQHG E\ DOO WKH FROOHFWHG VLQJOH VSHFWU X

RI WKH 3SHUWNMHHBHRGUHJLRQ LQ WKH DYHUDJH VSHFWUD* BRQXHF



UHJLRQ LQ WKH DYHUDJH VSHFWUD 7KH ' FDUWRJUDSKLHV GL'

PDS LV KLIKOLIJIKWHG LQ WKH OHIW VLGH DORQJVLGH RQH VOLF
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7TDEOBHVXPH RI WKH SK\VLFDO FKHPLFDO =SURISHRWERXQRBY WKF

7TDEOGBXPPDU\ RI WKH SK\VLFDO FKHPLFDO SURSHWWLHYV FRB SRKE
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