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&ERQVWUXFWLQJ 'XDO 6XOILWH PHGLDWHG
VSKHUH &RPSOH[DWLRQ DQG 3KRWRJH
ORGXODWLRQ ZLWK/L2ZHPBDWHWRIMXQFWLRQ
2IOR[DFLQ '"HJUDGDWLRQ

‘HQ\X :DO®J-XQWDR ¥XRXL PKDXQP PX-LQJIE:X-LQM®Q /L
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&RUUHVSRQGLQJ DXWKRUYV
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$SEVWUDFW

+LWKHUWR YDULRXV VXOILWH EDVHG DGYDQFHG R[LGLE
SDUWLFXODU YDQWDJHV RI ORZ FRVW DQG SRWHQWLDO
ZKLFK VWLOO UHTXLUHV LQFUHDVLQJ VWUDWHJILHV IRU
VIVWHP QHXWUDO IHDVLELOLW\ DQG RYHUFRPH WKH OL
FDWDO\VW +HRD@QWWHUDHWHG ZLWK 6 VFKHPH KHWHURMXQ
RIOR[DFLQ GHJUDGDWLRQ XQGHU 6 ,9 YLVLEOH OLJKW F
VI\VWHP PDQLIHVWHG VLJQLILFDQW SURPRWLRQ RQ VXEV
WKH RULJLQD@KWLK LQGLFDWHG WKH DFFHOHUDWHG L
EHWZHHQ FDWDO\VW DQG 6 ,9 ZLWK EHQHILFLDO 9LV FRQ
GHPRQVWUDWLQJ WKH GXDO VXOILWH PHGLDWHG HIIHF
SKRWRJHQHUDWHG FDUULHUV DQG R[\ VXOIXU UDGLFDO
LQWHUIDFLDO HQKDQFHPHQW E\ WKH KHWHURMXQFWLRQ
J)LUVW SULQFLSOHV FRPSXWDWLRQ ZKLFK FRQILUPHG WK
KROH SDLU VHSDUDWLRQ 2YHUDOO WKLV ZRUN UHYHDO
6,9 $23 DQG SURYLGHV FRQVWUXFWLYH SHUVSHFWLYH
FRQYHQWLRQDO SURFHVVHYV

.H\ZRU®V,9 $23V 9LVLEOH OLIDKWBBRNYREGD VWBROG S\RWLWHV
SULQFLSOHV FRPSXWDWLRQ 6 VFKHPH KHWHURMXQFWLR!



, QWURGXFWLRQ

6LQFH WKH TXLQRORQH FODVV RI DQWLPLFURELDO DJHC
LWV HPHUJHQFH DV DQ HPHUJLQJ FRQWDPLQDQW LQ ZD'
HIIHFWV RQ HQYLURQPHQW ZKLFK LV XQELRGHJUDGDEOF
DQWLELRWLF UHVAQWDKRIW DYSWHWLBGYDQFHG 2[LGDWLR
ZLWK WKH SURGXFWLYLW\ RI EURDG VSHFWUXP UHDF)\
RXWVWDQGLQJ SRWHQWLDO LQ VKNS HRWW DB RWKICF DWW R RUY
62" EDVHG $23V 65 $23V KDYH DWWUDFWHG H[WHQVLY}
RSHUDWLQJ S+ DQG PRUH SRVLWLYH SR@HQMILLRHGKWVWX
WKH UHTXLUHG UDGLFDOV SULPDULO\ RULJLQDWH IURP W
ZKLFK RUGLQDULO\ DFFRPSDQ\ WKH LQKHUHQW FKURQLI
UHVLGXHV DQG KLI@RWWHIG WBBHURIXGIMWH 6 ,9 DV D W)
IURP WKH ZHW GHVXOIXUL]DWLRQ SURFHVYV KDV EHHQ XW
UDGLFDO SURGXFWLRQ ZKLFK KDV EHHQ FRQVLGHUHG DV
$23¢ @

7R GDWH VXEVWDQWLDO SURJUHVV KDV EHHQ PDGH LQ
PRUH HIIHFWLYH VXOILWH EDYHB&RBROYHQWLRQIXBO®\ YD
WUDQVLWLRQ PHWDOV HJ )H &R &X 0Q ZHUH SURYH
LQLWLDOL]DWLRQ RI 6 ,9 DXWR[LGDWLRQ ZKHWKHU LQ KF
ERWK WKH LQQHU VSKHUH FRPSOH[DWLR@B8W UDGRFQO L
UHVXOW6RQSWRBXFWLR®Y LWIGHHUIBYHG YLD R[\ VXOIXU UL
UHDFWLR@®YQHUDOO\ 6 ,9 $23V PDQLIHVW VLJQLILFDQW
a FRQGLWLRQV GXH WR WKH 'KEZIMHKU OSHWR/S RKBWS R LF
FRPSOH[DWLR@ RK2FK KHWHURJHQHRXV SURFHVV H[KLEL
VHYHUH GUDZEDFN RI GLVVROYHG R[\JHQ '2 RYHUFRQV
VWDJI@8QIRUWXQDWHO\ WKH UHODWLYHO\ ORZ 6 ,9 ‘2
VXUIDFH FRQWDPLQDWLRQ E\ VXOILWH FRUURVLYH HIIHFW
SUDFWLFDO DSSOLFDWLRQ RI KHWHURJHQHRXV 6 ,9 $23V
QHZ VWUDWHJILHY DQG FRQVWUXFW QRYHO @\VWHPV VR D



$V D W\SLFDO FRPSRVLWH WUDQVLWLRQ PHWDO R[LGH .
IDYRUDEOH EDQG JDS LURQ 7L2 GWMP\WDR®WUDWRHLNG ISU RIP
SRWHQWLDO IRU WKH VLPXOWDQHRXV DFWLYDWLRQ RI
SKRWRFDWDO\WLF SURFHHGLQJV ZKLFK FDQ EH HIIHFW
HIILFLHQF\ VWUDWHJ\ IRU WKH SURPRWLRQ RI 6 ,9 $23
SKRWRJHQHUDWHG FDU @RI WHD IDOUDKRADKLR@CAH ) H
W\SH EDQG JDS VHPLFRQGXFWRU VKRZV FDSDELOLW\ IRU
WKH EDQG HGJH VWUDGGOLQJ WKH ZDWHU UHGR[ SRWHQV
SRVLWLYH SRVLWLRQ DQG OHDGLQJ WR WKH ZHDNHU R[LC
K> @GGLWLRQDOO\ WKH UHDFWLYH VLWHV H[SRVHG W
RFFXSLHG E\ WKH ZLGHVSUHDG WLWDQLXP R[LGHV UHV)
UHDFWLYLWWY? RLWK 6>,99 &RQVHTXHQWO\ IXUWKHU FDWI
FRQVWUXFWLRQ VXFK DV KHWHURVWUXFWXUH HQJLQHHU!
6 ,9 DFWLYDWLRQ DQG YLVLEOH OLJKW 9LV UHVSRQVLY
HPSOR\HG FDWDO\WVW DQG PDNLQJ DWWHPSWV WR VROYH
DPRQJ 6 ,9 $23V ,Q YLHZ RI WKH UDWLRQD® HQH WDIQ GE |
UHTXLUHPHQW IRU LQWHUDFWLRQ ZLWK 6 ,9 +HPDWLWH
YDOHQFH EDQG HGJH SRVLWLRQ LV FRQVLGHUHG D SUF
KHWHURMXQFWLRQ @DWWHRMSWLQJ WR HQKDQFH WKH RY
WKURXJK WKH VIQHUJLVWLF HIIHEW RI 6 ,9 9LV SURFHVVI
+HUHLQ D PHWDO R[LGH FRPSRVLWH FDWDO\VW ZDV FR
)H7L2 +HP JH2 DQG LGHQWLILHG DV DQ 6 VFKHPH 1 1 KHWH
VIQFKURQRXV 6 ,9 DFWLYDWLRQ DQG 9LV EDVHG SKRWRF
:LWK RIOR[DFLQ 2)/ D ZLGHO\ XVHG IOXRULQDWHG TXLQ
DV WKH WDUJHW FRQWDPLQDQW WKH SHUTRP®PDQFH RI
6 ,9 9LV VIVWHP XQGHU YDULRXV FRQGLWLRQV ZDV HYD:
FKDUDFWHUL]DWLRQ H[SHULPHQWV WKH HQKDQFHG LQW
LQGXFHG RYLAHMYHDVFHUWDLQHG WKXV PHEFKDQLVP IRU P
RI SKRWRJHQHUDWHG FDUULHUV ZDV SURSRVHG OHDQZK
SKRWRFDWDO\WLF SURFHVV WRZDUGV 6 ,9 $23V ZDV REV



GXDO 6 ,9 PHGLDWHG 3URFHVVHV YLD LQQHU VSKHUH F
FDUULHU PRGXODWLRQ ZDV LQYHVWLJDWHG ,Q DGGLW
LQIOXHQFH H[SHULPHQWY ZHUH SURFHHGHG IRU IHDVLEL
WKH SRVVLEOH GHJUDGDWLRQ SDWKZD\ RI RIOR[DFLQ ZD\
WKDW WKH SHUVSHFWLYHV WR DGGUHVYV WKH OLPLWDWL
FRQFHLYH IRU GXDO HIILFLHQF\ VWUDWHJ\ GHVLJQ

([SHULPHQWDO

$00 FKHPLFDOV DQG UHDJHQWYV XWLOL]JHG LQ WKLV ZR
SUHVHQWHG &kgH GHWDLOHG VI\QWKHVLV RITHHWHAUDO FDW
DQG WKH UHOHYDQW VSHFLILF H[SHULPHQWDM[R\SHUDW L]
6 ZLWKEOHLBIXUHDQ®GIXUH $GGLWLRQDOO\ GLIIHUHQW FK
PHWKRGV IRU WKH SK\VLFRFKHPLFDO SURSHUWLHV RI FI
GHJUDGDWLRQ SURFHHGIHQW DA HV V&R TEKEIOQ! 6
UHVSHFWLYHO\ 7KH ')7 FRPSXWDWLRQDO SURFHGXUHV |
FRQVLVWHQF\ ILHOG ZHUHBWHYHQWHG FRQFUHWHO\ LQ

SHVXOWYV DQG GLVFXVVLRQ

ORUSKRORJLFDO DQG FU\WVWDOORJUDSKLF FKDUDFWHU
$V D FULWLFDO SDUW RI WKH VIQWKHVLYVY VWUDWHJ\ Wk
DQG SURSHUWLHVY RI WKH FDWDO\VW ZLWK +HPDWLWH DQ
GHWHUPLQHG LWV EHKDYLRU LQ WHKHXADWDATMLF UHDFW
OHIW SRVVHVVHG D PXOWL OD\HUHG EORFN VWUXFWXU
GLDPHWHU RI DERXW a —P ZKLOH WKH EORFN VWUXEYV
VXUIDFH DQG QHDUO\ IRXU WLPHV VRROUOHKW FD®RM DECSL
ZLWK WKH GHSRVLWLRQ DQG DQFKRULQJ FRPSRVHG R
K\GURWKHUPDO DQG FDUORRERWORQQRURREBYNB VH[KHELW V
GLVWULEXWLRQ RI )H 7L DQGL2XOHEKQWY WRIQHL WP B YW



SUHVHQWHG LQ IODNH DFFXPXODWLRQV DERXW i
VLIJQLILFDQW GHFUHDVHEIM AL SORSRUMMBREQYH LQ WKH
WUDQVPLVVLRQ HOHREO URD PHFURNERBILELWHG D WKLQC
WKLFNQHVN\.2DKF@PSDQLHG E\ PRVW RI WKH +HPDWLWH 10
RQ WKH VWXUXDFH & WKH KLJK UHVROXWLRQ 7(0 +57(0
+HP YH.2 )LIXUH FKDUDFWHULVWLF RUWKRJRQDO ODWWL
UHJLRQV RI GLIIHUHQFH FRXOG EH LGHQWLILHG ¢ DG
ZKLFK ZHUH DWWULEXWHG WR WKH 2 >D@G DQGDWWLF

ODWWLFH73QPQBURVSHFWLYHO\ ORUHRYHU WKH VHC
GLIIUDFWLRQ 6%$(' SDWWHUQV ZLWK VHOHFWHG LQWHJUL
ODWWLFH ZHUH YLVXDOL]HG DQG LHSRVWG IF'W MGV B MXXUN
RI +HP7)2 FRQVWUXBWWLRQ®OORZHG E\ W KH BRIDUD D Q J (
XQIROGHG VFDWWHULQJ ULQJV DV 7L2

$ 3 Rl BHVSOD\HG VLJQLILFD

DVVRFLDWHG ZLWK WKHLY RUKHWBED ILQK LFHIWMHY R ZX H
DQFKRULQJ RI +HPDWLWH SKDVH ZLWK VHWWOHG FU\VW]
SURSHUWLHV RL2Z\DWMWHUD DEBIWBLQHG PHUHO\ DORQJ ZLWk
VXUIODRHH[SORUH WKH FKDQJHV LQ WKH HOHPHQWDO G
SUHSDUDWLRQ LQ GHWDLO HOHPHQW FRPSRVLWLRQ ZDV
VSHFWUR® HROHSBELQJ DWWDFKHG WR. JX0 HEHGWISWU P\W H3 GQ
2 HOHPHQW VLJQDOV FDQ ELR REIMHUFRGHRIHEHRRWK WKH
SUHFXUVRU DQG WKH DQFKRUHG +HPDWLWH ZKLOH )H ZD
VFDQ VZHSW WR +HPDWLWH IODNHV RWKHUZLVH WKHLU L
JH7L2GLVWULEXWHG WZLFH LQWHQVLWLHW. DU BQG PRU
ZKLOH LW FRXOG EH SHUERRQHY DQVHBKWOMHPWKH FKDUD
+HPDWLWH IODNHV ZHUH GLV/SRVXHCGD DI & DMK K/RIY HG DADR |
FU\WWWDO SODQHV ZKLFK DOVR FKDQJHG WKH RYHUDOO H
PLJKW FRQWULEXWH WR WKH SHUIRUPDQFH LQ VXEVHTXH
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JLIXUHD 2YHUDOO VFDQQLQJ HOHFWURGQ PLIFAIRYG R/SE W &HV LL]MHIEI H
+HP )YH.2 E /RFDOL]HG 7(0 1P RHABHF +LJK UHVROXWLRQ 7(
DQG ILOWHUHG LQYHUVH IDVW )RXULHU WUDQVIRUP ,))7 LPD
+HP YH2 G 6$(' SDWWHUQV ZLWK D SRODU FRRUGL®DMH H[SDQV]
('6 PDSSLQJ DQG /LQH VFDQ LPDUZRRSRMSWHDOHJHR QH

Contrast

$V VKRZQLIQUH QDWURJHQ DGVRUSWLRQ GHVRUSWLRQ
SHUIRUPHG WR HYDOXDWH WKH %BSHFDXIHU (R B HVF H HDQGIHD
DQG SRUH GLDPHWHU GLVWULEXWLRQ RI WKH DV SUHSD
VKRZHG FKDUDFWHULVWLF IHDWXUH FXUYHV LQ WKHLU
DGVRUSWLRQ DW KLJK UHODWLYH SUHVVXUHV DQG ZHUH
WKH ,83$& FODVVLILFDWLRQ LQGLFDWLQJ WKH@UHVHQF
%HVLGHV 7+BP )H PJ H[KLELWHG QHDUO\ WHLR WLPHV 6

PJ ZLWK D ODUJHU WRWDOYSRUHFRROXRHFK PLFPW

GXH WR WKH VWDJJHUHG GLVWULEXWLRQ@LRNXBDIDFH VFDO
,Q SUDFWLFH WKLV LQFUHDVH LQ % (7 66$ DQG PHVRSRUF



UHDFWLYH VLWHV DQG IDFLOLWDWH WKH PDVV WUDQVIHU
> @XUWKHUPRUH WKH SKDVH VWUXFWXUHV RI SURGXFW
RI UHTXLUHG FDWDO\VWV ZHUH GHWHUPLQHGXYHD BQ ; UL
WKH QRWDEOH GLIIUDEWLRQ $§HD N\SWHRWADQWHIEG DIV D O O
VDPSOHV FRXOG EH LQGH[HG WR SODQHV
-&3'6 > @KLFK ZHUH URXJKO\ VLPLODU WKURXJKRXW
DQG UHYHDOHG WKH SUHVHUYDWLRQ RI7TWVZKS$IWVRHJWJILQDC
K\GURWKHUPDO WUHDWPHQW LW FRXOG EH REVVHUYHG W
RERUUHVSRQGLQJ WR WKH SODQHV RI LURQ R]
> @QG HYHQWXDOO\ GLVDSSHDUHG®G VWDNEWK H G DVKAH ¢
ILQDO SURGXFW RI VIQWKHVLV SURPLQH®BW FU\WWDOOI
FRUUHVSRQGLQJ WR WKH 2 FDQ EHSOGRBAWIRLHGHZL
FRH[LVWHDIF2 RE)HIOXVWUDWLQJ WKH IDYRUDEOH DQFKRU
FRQVLVWHQW ZLWK WKH 6(0 DQG 7(0 UHVXOWYV 6LPLODU
GLVWULEXWARQ RURPPLRH Q ; UD\ SKRWRHOHFWURQ VSHFW
VXUYH\ VSHEWUXP GHPRQVWUDWHG WKH VDPH UHVXOW
GHFUHDVH VLJQLILFDQWO\ DORQJ ZLWK WKMUWLIBLILFDQ
,QWHUHVWLQJO\ WKH VSOLWWLQJ HQHUJ\ Rl )JH S GHER(
DQG H9 VOLJKWO\ VKLIWHG WR D KLJKHU HQHUJ\ O
DQFKRULUQUH FRQILUPLQJ WKH LQWUXGLQJ RI +HPDWLWH
RI )HL2DQG UHVXOWLQJ LQ WKH YDULDWLRQ RI )H FKHPLF
VSOLWWLQJ HQHUJ\ RI H9 EHWZHHQ WZR 7L S GHFRQY!
R[LGDWLRQ VWDWH RHKHLVKLIW RI ERWK FKDUDFWHULVWL
HPHUJHQFH Rl GHIWAWHYHYALQJ IURP WKH FRPSDULVRQ W|
WUDQVIRUPDWDRQIRIODRZHG E\ WKH UHYHUVH GLUHFWLR
ELQGLQJ HQHUJLHV VLJQLI\LQJ WKH LQERPBRWUDW LLRIGRI -
IRUPLQJ GLVWLQFW )H 2 7L FRQVWLW XW IGZ® LIFW WVEWRL QV
LPSOLHG LWV SRWHQWLDO IRU SKRWRFDWDO\WLF SURFH\
KHWHURMXQFWERQ FRQVWUXFWLRQ
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JLIXUHD $GVRUSWLRQ GHVRUSWLRQ LVRWKHUPVLRO® GRUH GLD
+HP YH2 E ;5" SDWWHUQV RI LQ SURFHVYVY FDWDO\WVWYV GXULQJ W
F ;36 VXUYH\ VSHFWUXP DQG7DMRPGE FH BMA R BRUHWKHIRIK RIHMVROXWLR
;36 GHFRQYROXWLRQ VSHFWUD RI YH S G 7L S H 2 V | UHV

&DWDO\WLF GHJUDGDWLRQ SHUIRUPDQFH DQG V\VWHP
7R LQYHVWLIJDWH WKH EHKDYLRU RI WKH FDWDO\VWV 3
GHJUDGDWLRQ H[SHULPHQWY ZHUH FDUULHG RXW LQ SDU
DV WKH VEXWHDMHFDOO\ QHLWKHU 2)/ 6 ,9 2)/ 9LV QRL
FRXOG GHPRQVWUDWH VLJQLILFDQW FDWDO\WLF UHPRY|
GHPRQVWUDWLQJ WKDW 2)/ FDQQRW EH GHJUDGHG GLL
SKRWRVHQVLWL]DWLRQ RLRV LEHOH)BADK WWI@RHH)EH LQ W
VI\VWHP WKH SUHVHQW 6 ,9 ZDV WULJ8RUHG W B LEKQHLUD
WR WKH LQQHU VSKHUH LQWHUD RWE RQ! [EHWLIZHE Q ADKS |, ,
VXEVHTXHQWO\ PRUH R[LGLYL®Z' DFJBLYHHUSHEUIRG X6H G
WKURXJK R[\ VXOIXU UDGHPDTO IFRD GRQUWRRAWLHRIQMWLPH V
VXEVWUDWH 2)/ ZDV UHPRYHG DORQJ ZLWK WKH SURGX
GHJUDGDWLRQ ZDV UHVWULFWHG LQ ERWK 2)/ &DWDO\VW
SDUW RI WKH UHDFWLRQ EHIRUH PLQ +HUHLQ 2)/ &l
H[DPLQHG ZKLFK UHYHDOHG WKH VLJQLILFDQW SURPRWL



+HP )H.2 ZKLFK PLJKW EH DWWULEXWHG WR WKH V\QHUJL
ZLWK SKRWRFDWDO\VLY SURFHVV P HG2DAMIQG LED G\OK H VDR/HS
SKRWRJHQHUD WA K RIDKR/X JIKW WR DWWDFN WKH VXEVW!
HIILFLHQW UHDFWLRQ SDWKZD\ FRXOG EH DFKLHYHG LQ
EHWZHPQ® 659DFWLREELFK FRXOG DGGUHVV WKH OLPLWI
R[\JHQ '2 DQG A)H ,,, LOBFWLEDIVE@QG

AYH ,,, 62620 A)H ,,, i62 +
A)H ,,, i6® A)H ,’%2" N \Y;
2" 20 62''N a T0 V
62* +620 62 62* + N i o0
62* +20 62" 2+ +N TV
K 62 +62 0 %2’ +
AYH ,, Ko A)H ,,,

<
(SIS B¢, BN ¢ BN B

$GGLWLRQDOO\ WKHLGHEDMWHHEWHPDH IHVWHG EHWWH
ZLWK ERWK 6 ,9 DQG 9LV FRPSDUHHRBUXRMVUK ZKKHF KH RXOG
QHDUO\ WLPHV LQFUHDVHK AL W® L6V 9D @ LWHSBURHE IRV U D W +
7R IXUWKHU XQGHUVWDQG WKH UHDVRQV IRU WKH VXSH
VIVWHP WKH FKDQJHV LQ 6 ,9 FRQFHQWUDWLRQ RI UHDF
PHWKRIGW BQGIJXUH $V VKRZQXWQHWRKH DSSOLHG PO 6 ,9 Z
QRW FRQVXPHG VLJQLILFDQWO\ XQGHU QHXWUDO FRQGL)
DYDLODEOH WKH REVHUYHG GHFUHDVH LQ 6 ,9 FRQFHQW
LWV DFFHOHUDWHG DXWRR[LGDWLR® DHERRUCHRE S\IRJ DV R/QV
6 ,9 ZDV REYLRXVO\ FRQV X P H/G 2.RU WKt LS B K/ QHF WWR H ) H
ODWWHU FRXOG DFKLHYH PRUH 2)/ GHJUDGDWLRQ ZLWK
:KDWTV PRUH WKLV UHJXODULW\ ZDV HYHQ PRUH SURQR:
GXDO FRQGLWLRQV LQGLFDWLQJ WKH PRUH7IHAILEFLHQW
*LYHQ WKDW WKH +HPDWLWH DQFKRULQJ XQGHUWDNHC
GLIIHUHQFH LQ SHUIRUPDQFH +HPDWLWH SUHSDUHG LQC
SURGXFW IURP 0$&./,1 ZHUH HPSOR\HG IRU VHSDUDWH FR(



WKH DV SUHSDUHG +HPDWLWH VKRZHG HVVHQWLDOO\ WK
SDWWHUQV ZLWK WHKHJIXQGRRQW UFIRX®D 6 W& XEMW JUHDWHU
6 ,9 EXW 9LV )LQXHHV{BHULPHQWY RQ WKH SK\VLFDO FR |
VIQWKHWLF UDWLR DOVR GHPRQVWUDWHG WKDW WKH GH
+HPDWLWHLZ2SOW)HG D GHFLVLYH UROH RQ WKH R[LGDWLY
ZKLOH WKH LQGXVWULDO SURGXH VEO/R DB R P HW | HADKOH VOKHRIURY
)HrWHPDLQHG LQ HDFK RI WKH DERYH V\WVWHP ZDV GHW
VSHEWURVFRS\ $$6 ZLWK WKH)VWOQIGAVDEDRXEPN HRBVURY Y E
WKH VXUIDFH VWDELOLMMLRQ RG YNOWWHWHRGQ-HP )H
83 IRU D ORQJ SHULRGkHERBL+HPWWGWHFHVVLYH OHDFKLG
DIWHU PLQ ZKLFK ZDV WZHQW\ WLPHV PRUH WKDQ PL
SURFHVV WKH OHDFKLQJI GRREXRW VAL MXKO +W R BIWALRWHY S U |
ZKLOH +HRRWIQEHA)R H[KLELWHG VOLlZIRWHPDEEBRQH/WDEO
ZLWK SUDFWLF D O\WBR@AKDQMHBW)HR @GHPRQVWUDWLQJ W
VIQWKHVL]HG +HPDWLWH ZLWK JUHDWHU UHDFWLYLW\ F
OHDFKLQJ ZKLOH UHWDLQ LWV SHUIRUPDQFH

,Q UHFRJQLWLRQ WKDW WKH YDULDQFH LQ S+ DQG '2 DU
WKH SHULRGLF FKDQJHV Rl ERWK ZHUH DOVR FRQWLQ
GHJUDGDWLRQ V\VWHPYX $N VL OCCORMMNKHWUHSE K 2)/ 6 ,9 QR
2)/ 9LV VIVWHPV XQGHU QHXWUDO FRXOG KDYH D VLJQLIL
LW FDQ EH IRXQG WKH UDSLG S+ UHGXFWLRQ WUHQG I
SURFHHGLQJ ZLWK 2)/ EHLQER ENHLSROOFHG LEN €DV SURYHG W
OLJKW GLG SURPRWH WKH LQWHUDFWLRQ RI 6 ,9 VHULH\
WKH UHDVRQV XQGHU WKH DEVHQFH RU SUHVHQFH RI FD\
DXWRR[LGDWLRQ RU DXWR[LGDAQRBQGRHGEW,B WUKHVEXIFMUL]
LQLWLDWHG E\ GLIIHUHQW GLVVRFLDWLRQ VWDWHYV RI 2
OLNHO\ WR GHFUHDVH ZLWK WKH '2 FRQVXPSWLRQ DOVR
R[\ VXOIXU UDGLFDO F&IRWDHEBIRAMIAKR WA IBRVLQJ
XQGHU QHXWUDO 2)/ FRQGLWLRQV FRXOG UHDFWLYDWH W
GHJUHHV VLPXOWDQHRXVO\ GHFHOHUDWH WKH RYHUO\



FRPSDUHG WR WKH KRPRJHQHRXV UHDFWLRQ ZKLFK FDQ
LQYDOLG 6 ,9 DXWRR[LGDWLRQ LQ WKH GHJUDGDWLRQ SLU
DQG UHPRYDO SH@IRUPDQFH

CY (b) (c)
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JLIXUHD 'HJUDGDWLRQ RI 2)/ LQ YDULRXV FDWDO\VW 6 ,9 9LV V\'
UHDFWLRQ UDWHV ZLWKLQ GLIIHUHQW V\VWHPV F &KDQJHV RI 6
FRQGLWLRQV &RQWLQXRXV PRQLWRULQJ FXUYHV IRU S+ G DQGC
&RQGLWLRQV >2)/@ SSP >&DWDO\VW@ J/ >6,9 @ PO

9DULDQFHV LQ UHPRYDO HIILFLHQF\ ZLWK GLITHUHQW L

,Q RUGHU WR IXUWKHU LQYHVWLIJDWH WKH/BHUIRUPDQF
6 ,9 9LV SURFHVV XQGHU GLITHUHQW FRQGLWLRQV YD
SHUIRUPHG ZLWK YDU\LQJ FDWDO\VW GRVDJHV LQLWLDO
DQG LQLWLDO 6 ,9 FRQFHQWUDWLRQWMXUBHNIESH F2ZYLYHO\
GHJUDGDWLRQ ZDV REYLRXVO\7HRERWYEFHG LA FAUKH DAKHH | UHRFE
J/ WR J/ DVEHFRD®HWDUNHGO\ PRUH UDSWWL +RZHYH
HQKDQFHPHQW GXH WR WKH LQFUHDVHG FDWDO\VW GRVL(
EHJDQ WR PLWLIJDWH ZKHQ WKH GRVDJH H[FHHGHG
GHJUDGDWLRQ UDWHV FRQYHUJHG LW FDQ EH K\SRWKHYV
VROXWLRQ OHG WR OHVYV HIIHFWLYH LUUDGLDWLRQ DEVR



GHJUDGDW IR @AMKNWHB HWLF EHKDVYLRE R QMKHVAHWHR

ZDV DOVR H[SORUHG E\ YDU\LQJ WKH LQUWKDB FRQFHQW
FDQ EH REVHUYHG WKDW WKH GHJUDGDWLRQ UHDFWLRQ [
WKH IDVWHVW ZLWKLQ WKH ILUVW PLQ DQG EHFDPH Ut
LQGLFDWLQJ WKH UDWH OLPLWDWLRQ E\ ERWK KHWHURJ
VROXWLRQ GXULQJ WKH UHDFWLRQ FRXUVH %\ ILWWLQ
GHJUDGDWLRQ VWDJHV WKH SVHXGR ILUWWQRDWGHU NLQ
REWDLQHG LQ WKH LQLWLDO PLQ ZKLOH WKH RYHUDOC
FRQVLVWHQW ZLWK WKH /DQJPXLU +L7QIVWHBDARRGHNLQHW I

F> @

*LYHQ WKH VLJQLILFDQW LQIOXHQFH RI LQLWLDO S+ RQ |
VHSDUDWH FRQWURO H[SHULPHQWY LQ VSHFLILF S+ FRQC
WKH 2)/ GHJUDGDWLRQ FDBIRBLYY\ RUVWKN WHP BHKDVHG G
XQGHU DONDOLQH FRQGLWLRQV S+ ! HYHQ RQO\ PLQL
S+ ZLWKLQ WKH YHU\ EHILQXYHQZKW A R AVDLV/RBHWEG DWW W U
WR WKH FRPSHWLWLYH ELQGLQJ RI K\GUR[\OXJURXSV DQG
'HVSLWH WKH 2)/ GHJUDGDWLRQ EHLQJ SURPRWHG ZKHQ
FORVHO\ WKHQ LW UHERXQGHG WR EH LQKLELWHG ZLWHK
&RQVLGHULQJ 2)/ DV DQ RUJDQLF FRPSRXQG@MIXH PXOW L
FKHPLVRUSWLRQ DIILQLW\ EHWZHHQ WKH FDWDO\VW VXU
ZDV HYDOXDWHG E\ JHWD S)RWHQHWIKIHOV X U IV HLIRR Z+H P Q H
LV QHIJDWLYHO\ FKDUJHG DW GLIIHUHQW S+ EXW UDLVHC
GHFUHDVHG WR 7KHUHIRUH WKH GRHPHRRHEBWLRQ EH\
ZHDNHQHG DV WKH V\VWHP WHQGV WR EHFRPH PRUH DF
GHJUDGDWLRQ RI>2)@IBVE ISVLRQDOO\ WKH HIIHFWV RI GLI
FRQFHQWUDWLRQV RQ 2)/ GHJYUDIWILR® XEHWH WKHN HD Ot
GHJUDGDWLRQ UDWH LQFUHDVHG VLJQLILFDQWO\ ZLWK L
UHDFKHG PO WKHQ GHFHOHUDWLRQ RI WKH UHDFWLRQ
HYHQWXDOO\ WKH VXEVHTXHQW UHDFWLRQ ZDV DOPRVW
FRQFHQWUDWLRQ DV PO 6,9 ,Q SUDFWLFH WKLV UH



FRQFHQWUDWLRQ RU WKH OHYHOLQJ RIl SKHQRPHQRQ
VFDYHQJLQJ6RIIBRW WR RYHUGRDHE® L\RXD | DIQEEGR U WK H
FRPSHWLWLRQ RI VXOILWH ZLWK5RWKWMURIHQH@DANHG DFW

2" 6270 62 5

2" 2" +20 62" +62 + 5
62*" +620 62" *2" + N T 0V 5
2+ +620 %2" +2 N i 0V 5

JLIXUHD 'LITHUHQFHV LQ 2)/ GHJUDGDWLRQ HIITEF2GR¥VDBENVDW GLI
9DULRXV GHJUDGDWLRQ HIILFLHQFLHV DW GLIIHUHQW LQLWLDO 2)
SVHXGR ILUVW RUGHU NLQHWLF HTXDWLRQ ILWWLQJ DQG /DQJP>
3HUIRUPDQFH LQ 2)/ GHJURGE® WL FQ VRV \WMPHPH DW GLITHUHQW LQL
'LVVRFLDWHG VWDWH GLVWULEXWLRQ Rl VXEVWUDWH22)/ DQG VXl
DW GLIIHUHQW S+ | 'HJUDGDWLRQ EHKDYLRU GLIIHUHQFHV RI F
FRQFHQWUDWLRQV

(YDOXDWLRQ RI DSSDUHQW SKRWRHOHFWURFKHPLFDO
SKRWRHOHFWURFKHPLFDO FRDPDOW HWLYDSWHEXW RR U H A
ZHUH FDUULHG RXW IRU GHHSHU XQGHUVWDQGLQJ DQG H?
RQ GHIJUDGDWLRQ SHUIRYRDRERX\D \FRZBHWOLBXWWRB RI W
+HPDWLWH WR WKH RYHUDOO HDWBWWW HYUBIQ G UIDOWHLFRQU



SDUDPHWHUV ZHUHHWS @ RWLIGHWEHUP LWWHQW SKRWRFXUUHC
ZHUH GHPRQWWYUDHNZKE U 2RQO\ HIKLELWHG D ZHDN FKDU
FDSDFLW\ EXW QHDUO\ WZLFH WKH SUHYLRXV FXUUHQW C
REVHUQHEDUU\LQJ RXW WKH LUUDGLDWLRQ RQ RII F\FO
+HP YHH2VKRZHG D FXUUHQW GHQVLW\ GLIITHUHQFH RI DEF
LQGLFDWLQJ LWV HQKDQFHG SKRWRADRQHBRYWY GWHOH BKB L
WUDQVIHU DQG UHFRPELQDWLRQ SURFHVVHV ZHUH DO\
LPSHGDQFH VSHFWURVFRSUXUBS$SIBWHVMKWERLUQHTXLYDOHQC
VLPXODWLRQV E\ I\TXLVW SORWV WHKH) RIK@GF) BRPSHGDQF!
ZDV DSSUR[LPDWH ZKLOH FRQVWDQW SKDVH DQJOH HOHPI
&GO H[LVWHG ZLWKLQ WKH VDPH RUGHU RI PDJQLWX
HOHFWURFKHPLFDOOV"DEWRZXHHYBUHWRH WRHFWURGH HOH
WUDQVIHU UNRVIQ®DRBEXW LPSHGD QFHP LHFOHDUO\
GHFUHDVHG GHPRQVWUDWLQJ WKH DQFKRULQJ ZLWK +HF
UbWH DFURVV WKH KHWHURJHQHRXV LQWHUIDFH ZKLFK
SKRWRJHQHUDWHG FDUULHUVY DQG WKXV H@KDQFH WKH U
$IWHU YHULI\LQJ WKH GLITHUHQFH\VY 2Z2DQ&EKRMWRIHDFWLY L
WKH HQHUJ\ EDQG DOLJQPHQWYV ZHUH FKDUDFWHUL]HG D
UHFRPELQDWLRQ SURFHVV RI DV FRQVWUXFWHG KHWHURI
+HPDWLWH ZHUH WHVWHG E\ 89 9LV GLIIXVH UHIOHFWD
JLIXUH LW FDQ EH REWDUQHGEKWEKIDWMWHEHWLPH ODU DEVRUSW
DW ORQJ ZDYHOHQJWK UHJLRQ WR WKDW RI EDUH +HPDW
WKH G RUELWDO WUDQVLWLRQ LOQLWHKHDQIEFKREW G K RWERW LR
+RZHYHU +H#HPZJ MWK WKH SUHVHQFH RI'1 1 KHWHURMXQFWL
DEVRUSWLRQ LQ WKH VXE QP EDQG ZLWK LWV EDQG
FRPSDUHG 742WK )H9 DQG EHFRPHV PRUH LQFOLQHG WR
GLUHF WO\

,Q WKH ORWW 6FKRWWN\ HOHFW UYRPKHPHEW R PQWDOM VW
PDQLIHVWHG 1 W\SH VHPLFRQGXFWRU SURSHUWLHV DW
FRUUHVSRQGLQJ IODWyxEFPQGF3A@WWR®WLPOWKH DYHUDJ



HIWUDSRODWLRQV $IWHUZDUGV W K H7 IHXQADW/I \I| XELDWIGH D O L
YHULILHG E\ 89 SKRWRHOHFWURQ VSHFWURVFRS\ 836
UHVSHFWLYHO\ 7KH ZRUN IXQFWLRQ ZDV FDOFXODWHG D
JHUPL DQG 9DFXXP OHYHOV DV GHILQHG E\ WKH VHFRQG
LRQL]DWLRQ HQHUJ\ ZDV HVWLPDWHG DV WKH RQVHW RI
PD[LPX%P @V LOOXYMWXDWHES LMPKH LQVHW HTXDWLRQV Wk
- RI H9 DQG WKH JHUPDWQHUH9OMHY HIG( FDQ EH REW
ILNHZLVH WKH Y®OBQEHFRRGEF Wl RO +B-DFOIR Z(H U H
FDOFXODWHG WR EH WIHW OIMMEHG DMO YV HI%( UHVSHEWLY
ZHUH LQ IDLUHU FRUUHVSRQGHQFH ZLWK WKH UHVXOWV
DQDO\VLV

$GGLWLRQDOO\ WKH VWHDG\ VWDWH SKRWROXPLQHVFI
SKRWROXPLQHVFHQFH VSHFWUD 753/ ZHUH XWLOL]JHG W
IRUPDWLRQ RQ WKH SKRWRH[FLWDWLRQ SUREHNWHDQG FED
| UDZ7)RJDYH D ODUJH HPLVVLRQ EDQG LQ YLVLEOH OLJI
ZKLOH H[FLWHG E\ QP ODVHU2 BYWRUUDWKHG +BAPWK !
KHWHURMXQFWLRQ WKRXJK VLPLODU HPLVVLRQ VLJQDO
LQWHQVLW\ JUHDWO\ ZHDNHQHG 7KLV XQDPELJXRXVO\
HOHFWURQ KROH SDLUV ZDV PXFK LQKLELWHG ZLWK WKH
WR WKH LQGLYLGXDO>S KDKHQDWKH VHSDUDWLRQ DQG UH
SKRWRJHQHUDWHG FDUULHUV ZHUH IXUWKHU HYDOXDWHC
QP SXOVHG ODVHU ZKLOH WKH UHVXOWV ZHUH ILWWHG
REWDLQ SRUDMN® O YR UDJph CRIINBWILPAMWQRW FDUULHUYV

5 W H%?2»pHW ?2 (T
$V VKRZIQIKQHWKH FDOFXODWHG UDG2RWLRQ @QMHWLPHYV
ZHUH PDLQO\ GLYLGHG LQWRWKRUW DQBHGRQ@J OLYHG 2
QV % VSHFLHV ZLWK D VLPLODU SURSRUWLRQ ZK
WKH OLIHWLPH Rl ERWK VSHFLHWD® EM REVHQVHG 2
% GXH WR WKH KHWHURMXQF\V2LRRUHRKBIYLRWKRI



REWDLQHG ORQJ OLYHG7L2SSHUWHRW ALHG +PPUHH GRPLQDQW
FRQILUPHG WKH UHDOL]DWLRQ RI ORQJHU FDUULHU VHSEL
WKH SDVVLYDWLRQ RI WKH VXUIDFH UHFRPELOD®WLRQ VLW

JLIXUHD 'LITHUHQFH LQ SKRWRFXUUHQMW?2 ®IGV LR XIPGHHWZHHQ
LOWHUPLWWHQW 9LV LUUDGLDWLRQ E (,6 IN\TXLVW LPSHGDQFH
ERWK FDWDO\WWWYV XQGHU LGHQWLFDO FRQGLWLRQ2D@G 89 9LV '5
+HP YH2 ZLWK FRUUHVSRQGLQJ EDQG JDS FDOFXODWLRQ G

FRUUHVSRQGLQJ I10ODW EDQG SRWHQWLDO REWDLQHG E\ OLQHDI
%LDVHG XQELDVHG 836 FKDUDFWHUL]DWLRQV DQGUH2QHUJI\ EDQG I
SKRWROXPLQHVFHQFH VSHFWUD RI ERWK FDWDO\VWYV DW WKH H
FXUYHV RI 753/ ZLWK ILWWHG FDUULHU OLIHWLPH GLVWULEXWLRC

7TKHRUHWLFDO PRGHO FRQVWUXFWLRQ DQG FRPSXWDW
,Q UHFRJQLWLRQ WKDW DSSUR[LPDWH GHQVLW\ IXQFWLF
LQ DFFXUDWHO\ GHVFULELQJ WKH HOHFWURQLF VWUXFW)
GXH WR WKH FRQILQHG QDWXUH RI )H G RUELWDO DQG W



/IRFDO 'HQVLW\ $SSUR[LPDWLRQ /'$ RU *HQHUDOL]JHG *UI
H[FKDQJH FRUUHODWLRQ IXQFWLRQDOV KHQFH WKH V\V\
VWUXFWXUH DQG PDJQHWLF GHVFURZOWHR Y WIRERM RR{UHPH
GXULQJ WKH JHRPHWU\ RSWLPL]DWLRQ DQG HQHUJ\ PLQ
WUDQVLWLRQ PHWDO V\VWHPV WKH +XEEDUG 8 PHWKRG
FRPPRQ FKRLFH ZLWK HQKDQFHG DFFXUDF\ DQG ORZ FR
DGGLWLRQDO &RXORPE UHSXOVLRQ WHUP LV DGGHG WR
KLJKO\ ORFDOL]HG G RU | HOHFWURQ\@3WHGEHVHAOLEWE& HER ¢
VLWH ')7 8 FRUUHFWLRQV IRU WKH )H G VWDWHV LQ
DQWLIHUURPDJQHWLF7B82 HUURPDBQEBWHMHY9 FHOOV ZHUF
SURFHHGHG ZLWK GHILQLQJ WKH DWRPLF EILIVOK WIK|ID W LF
FOHDYHG SODQH RI +HPDWIL/WRZBQE VHOISOWRE FRU)
+HP YHL2 FRQVWUXFWLRQ VLPXODWLRQ GXH MRXH57(0 DQC
6 Da F$V GHPRQVWUDMING D ®KHMEDVELWHL D& LELWH G
LQGLUHFW EDQG JDS DQG GLUHFW EDQG JDS SURSHUWLF
H9 UHVSHFWLYHQ\2 PRPSRNRWH FRQVWUXFWLRQ LW
PD[LPXP 9%0 DQG FRQGXFWLRQ EDQG PLQLPXP &%0 ZH
DW WKH VDPH KLJK VIPPHWU\ SRLQW LQ WKH %ULOORXLC
HOLIJXUH LRGLFDWLQJ WKH FRQWLQXRXV GLVWULE X
JHUPL OHYHO ZKLFK LV FRQGXFLYH WR WKH FKDUJH WUD
FRPSXWHG SDUWLDO GHQVLW)\ IRQGAVFDWH G 3W2KD\R | LMH\P DY
PDLQO\ FRQWULEXWHG IURP WKH S RUELWDO RI 2 DQG
FRQWULEXWHG IURP WKH G RUBLWDOHRAK)H © GIGK § ER WEH
VLPLODULZWAHYRHBW IRU WKH H[WUD FRQWULEXWLRQ LQ G
$OWKRXJK WKH DGGLWLRQ RI +HPDWLWH VKRZHG OHVV V
HOHFWURQ GLVWULEXWLRQ LQ WKH GLRBRDW DO XYWL
6SHFLILFDOO\ D VLPXOWDQHRXV LQFUHDVH LQ WKH FRQ
&%0 FDQ EH REVHUYHG ZLWK WKH FRQWULEXWLRQ RI 7L C
RUELWDO RYHUODS DQG FRQILJXUDWLRQ PL[LQJ GXH \
+HP )H.2)LIJXUH WKHUHE\ WKH HPHUJLQJ HOHFWURQ RUEL



WKH HOHFWURQ WUDQVLWLRQ tQ@&KHWHURMXQFWLRQ ZLW

JLIXUAKH WKHRUHWLFDO EDQG VWUXFWXUHV FODXQERBDOWHE E\ ')7
DQG +HPLPHFRQVWUXFWLRQ F &RUUHVSRQGLQJ 3'2ZBLZLDJUDPV F
FHOO H DQ@G2FRRYMVUXFWLRQ |

$V RQH RI WKH SUHUHTXLVLWHYV IRU WKH FDUULHU WR
JHQHUDWH UHDFWLYH VSHFLHV WKH VSDWLDO FKDUJH Gt
ZDV VLPXODWHG ZLWK YDU\LQJ GLVWDQFHV RI WZR SKD
WUDQVIHU IORZV ,Q FRQFUHWH WHUPV WKH PRGHOHG
GLITIHUHQFH VHW DQG FRQWUROOHG WR EH VSHFLILF GLV
WKH ERWWRFDHN XUH 6WKHQ WKH GLIITHUHQFH LQ ERQGL(
VWUXFWXUH EHWZHHQABIWY BFWREBSXWHBGCD)PIG) YUMXD®LFHG L
2EYLRXVO\ WKH HOHFWURQLF VWUXFWXUHV RI WKH WZR
GLVWDQFH RI c LPPHGLDWHO\ DIWHUZDUG WKH HOHF
WUDQVIHU2WRQWDFW VXUIDFH ZKHQ WKH GLVWDQFH ZD)\
HYHQWXDOO\ D PRUH VLIJQLILFDQW HOHFWURQ DJJUHJD
JHTL2Z FRQWDFW LQWHUIDFH FDQ EH REVHUYHG ZKHQ WKF
$GGLWLRQDOO\ RQ WKH EDVLVIRFRRN WURKGNILNRIQEZ RI +F



' &' PDSSLQJ DQG SODQH DYHUDJH HOHFWURQ GLIIHUHQ!
IRU PRUH DFFXUDWH HYDOXDWLRQ RI FKDUJH JDFERXPXODV
6 Da FWKH HOHFWURQ 7UHZR@XWD PW WXKHDFHH DQG WKH F
+HPDWLWH HOHFWURQ GRQRU UHJLRQ FDQ EH VHHQ LQG
FKDQQHO IRU HIILFLH®W,HO WKW URDD QVH DYWIHWIH HOHFW
SORWVY GHBLFWHWKHQHOHFWURQ DJJUHJDWLRQ EHWZHHQ
SRROLQJ RIQ2VERQWHWFW VXUIDFH FDQ EH IRXQG DV WKH C
IDU WR QHDU 2Q WKH ZKROH WKH VLPXODWLRQ RI +HPDW
UHVXOWV ZLWK WKDW RI :36 DQG 3'26 WKH QHJDWLYH |
PLJUDWHLWRQHRQWDFW QRRU HRIPHW LWKKR DB BU)HD Q JH G

HTXLOLEULXP DIWHU FRQWDFW VHFWLRQ DIWHUZDU
LQWHUQDO HOHFWULF ILHDEBY ZWKNDIFRUHGH GZ B LW K UF RAKKOHS (S L
VHSDUDWLRQ Rl SKRWRJHQHUDWHG FDUUEBHW@W DQG RYHU

JLIXUHDa&KDUJH GHQVLW\ GLIITHUHQFH &' LPDJHV DW GLIIHUHQ|
+HPDWLWH LRQGBGKHHWH EOXH DQG \HOORZ UHJLRQV LQGLFDWHG W
GHSOHWLRQ UHVSHFWLYHO\ G )URQWIRUHZORIFWV FRIQFV W UXWW
FRPSXWDWLRQ H 30DQH DYHUDJH HOHFWURQ GLIIHUHQFH SOI
+HP YH. 2

+HWHURMXQFWLRQ IRUPDWLRQ DQG SKRWRFDWDO\WLF



%DVHG RQ WKH SUHYLRXV FKDUDFWHUL]DWLRQ UHVXO
XQGHUO\LQJ H[SODQDWLRQ RI WKH 6 VFKHPH KHWHURM
SKRWRFDWDO\WLF PHHRHRIZGUWPSRIRYHIBHIGL BXYUVEBRER LQ
PRQRPHUV DV +HPDVMLMWKLPBOQWHGEH 1 W\SH VHPLFRQGXFW
QDWXUDOO\ ZLWKRXW KHWHURVWUXFWXUH HQJLQHHULQ.
SRWHQWLDO IRU ZDWHU UHGXFWLRQ DQG WKXWYW KDG SR\
+RZHYHU WKH EDRL JDHRIDAFRPSDQLHG E\ D ORZHU 9Y¢%
SUHYHQWY LW IURP KDYLQJ D VLIJQLILFDQW KROH R[LGL
$OWKRXJIK WKH 9% Rl +HPDWLWH H9 VHHPV PRUH IDY
PDNHV LW GLIILFXOW WR EH DFWLYDWHG E\@IWQRKBO\ DQ
JH7L2 KDV D VPDOOHU ZRUN IXQFWLRQ ZLWK D PRUH QHJ
HOHFWURQV RI DQFKRUHG +HPDWLWH MBARG WRHVWRRWD
VHPLFRQGXFWRUV KDYH EHHQ LQ FRQWDFW IRUPLQJ WK
OD\HUV DQG VXEVHTXHQWO\ UHVXOWLQJ LQ WKH LQWHUC
WKH KHWHYR@XQEWHRIQRP WKH IRUPDWLRQ RI 6 VFKHPH
RYHUDOO )HUPL HQHUJ\ OHYHO LV DOLJQHG WR WKH VDPL}
Rl WKH WZR SKDVHV ZKLFK LQ WXUQ UHGXFHY2WKH DSSD

H9 :KHQ 9LV LQWHUYHQHVY WR WKLV FRPSRVLWH 1 1 ¢
WKH SKRWRJHQHUDWHG HOHFWURQV LQLWLDWR WR WUDC
GXH WR WKH SUHVHQFH RI ,() WKHQ WKH UHFRPELQDWLR
FRXORPE JUDYLW\ FDQ EH UHIHUUHG WRGWK@VHWXSQWBW I
DV WKH ORZ UHDFWLYH SKRWRJHQHUDWHG FDUULHUV Z
LQWHUIDFH UHJIUR®) WKHHXKXRWRIHQHUDWHG KROHV ZLW
SRWHQwWLDOV DUH SUHVHUYHG WR SURPRWH WKH SKRWRI



JLIXUFRRUPDWLRQ SURFHGXUHV RI 6 VFKHP/H 2D D & HWHN URHVPXDFAL VR (
Rl YLVLEOH OLJKW LOWHUDFWLRQ SURFHVYV

5HDFWLYH VSHFLH LGHQWLILFDWLRQ DQG PHFKDQLVP
JRU ULJRURXVO\ HYDOXDWLQJ WKH SRVVLEDIH2 UHDFWLY
6,9 9LV V\VWHP WKH SUHVHQFH DQG FRQWULEXWLRQ
LQYHVWLIJDWHG E\ GLIIHUHQWXTUXHQ@FWK@JIGHIBDGPWQRY
LQYROYLQJ RQO\ 6 ,9 NaRWW KD QRIO 00 H/2 N2+ i
00 V ZLWK GLIIHUHQW GRVDJHV ZHUH DEOH WR PDUNH
WKH GHJUDGDWLRQ SURFHVVWN&XHUHDV WWHUM2EXWDQRO
T 0 V FRXOG RQO\ H[KLELW QHDU KDOI RI WKH TXHQ
VLPXOWDQHRXV JHOWEHD BXRQQRI 72P6)H SURFHVV ZKHUH
WKH IRUPHU FRQWULEXWHG SULPDYLO\ @R WHKW V@KHUD (
GLIIHUHQFH LQ SKRWRFDWDO\WLF SHUIRUPDQFH PHGLDW
D VDFULILFLDO UHDJHQW IRU \SKKRRAWMRE HHY/HW/WHIWH. G OKOR O FHF
LQKLELWLRQ WRZDUGV WKH ®KBWRRRKWD OHR2EF UHPRHE D
SURPLQHQW HIIHFW RQ WKH UHDFWLRQ WKH SDUWLFLSD!
WKH ZKROH SKRWRFDWDO\WLF UHDFWLRQH@GHPRQN @& ED W
FDWDO\WVW WKURKJIXIIWKEBURFMHYN 1RWDEO\ ZRQ2WKH HQW
6,9 9LV VA\VWHP WKH LQKLELWRU\ HIIHFWV Rl OH2+ XQ



VRPHZKDW ZHDNHQHG EXW VWLOO SHUIRUPHG WKH VWUR
DPRQJ VHYHUDO TXHQFKHUV DQG WKH TXHQFKLQJ HIIHFV
FRQFHQWUDWLRQ GHFUHDVHG SURYLQJ WKH PRUH FRC
UDGLFD@VWK WKH DGGLWLRQ RI 7(2$ WKH VXEVHTXHQW
VLIQLILFDQWO\ LQKLELWHG ZKLOH WKH UHDFWLRQ LQLWI
WKH HVVHQWLDOO\ XQVXVWDLQDEOH GHIG DS DRQRQOG X\W
SRVVLEOH SUHVHQFH RI )H ,9 ZDV DOVR YHULILHG E\ FI
SKHQ\O VXOIR[LGH 3062 DV WKH VYXBEVWHU BWH KRZRQGD U
LQLJXUHWKH FRQYHUVLRQ UDWH IURP 3062 RI 0 WR ¥
3062 ZDV OHVV WKDQ LQ DOO FDVHV LQGLFDWLQJ Wi
LQYROYHG LQ7WXMH ,9HPLW UHDFWLRDXSWKHIMRUH R[\JHC
IUHH FRQWURO H[SHULPHQWVY ZHUH FDUULHG RXW LQ
+HP )H.26 ,9 9LV VI\VWHP ZDV DEOH WR PDLQWDLQ D PRU}
RQO\ ZLWK LUUDGLDWLRQ $WWULEXWHG WR WKH FRPSOH
ZLWK VROH 6 ,9 RU DSSDUHQW GHFUHDVH ZLWK VROH 9
PROHFXODU R[\JHQ UHTXLUHPHQW ZHUH FHUWDLQO\ DG
6,9 9LV FRXSOLDRIXVWWBPRWKHU ZRUGYV WKH SKRWRUHL
HIITHFW ZDV UHEWHHMOHFL VR WR WKH R[\ VXOIXU UDGLFDO F
> @

$IWHUZDUGYV IXUWKHU LGHQWLILFDWLRQ RL2WKH IUHH
6,9 9LV VIVWHP ZDV FRQGXFWHG RQ HOHFWURQ VSLQ Ul
LQ VLWX 9LV LUUDGLDWLRQ E\ DSSO\LQJ WHWUDPH
'LPHWK\O S\UUROLQH 1 R[LGH '032 DV WKH WUDSSLQJ
LOOXVWUDWHGMKQHUH ZDV QR DSSDUHQW W\SLFEDO VLJQD
EH REVHUYHG ZLWK 7(03 WUDSSLQJ LQGLRDWQQWRMKH DE
FRPSRVLWH 6 ,9 9LV V\VWHP7 ZKRIW QR RUWKR PSP YHV R Q
WKH UDGLFDOV IRUPHG E\ WKH UHDFWLRQV ZLWK '032
K\SHUILQH LQWHUDFWLRQ ZKLFK FRXOG EH VWUHQJWKH
LUUDGIDWILRQZKLOH VLPLODU FKDUDFWHULVWLF VLJQDC
6,9 RUG6 ,9 9LV SURFHVWVH Y2 LD WRCORM\QUHH B 3)BHH FLV H O\



WKH VWUHQJWK RI WKH K\SHUILQH LQWHUDFWLRQV LV GL
UHVXOWLQJ LQ GLIIHUHQW VSHFWUDO VKDSHY @HSHQGLC
+HQFH WKH GRPLQDQW2DGOGRFBHRGLIBAL QIXLVKHG E\ LW
FRXSOLQJ FRQVWD@®W\W.RG .. PJLIXUH 6 BPHDQZKLOH

DQ\ RWKHU VLJQLILEDQW VLJQDOV RI '032 DGGXFWV ZHL
VIVWHPV ZKHDWQE+6DDGLFDOV FRQWULEXWLQJ WR WKH G
WUDSSHG GXH WR WKH LQIOXH®EHUDIGWRBIOKWLIKHU DEXQG

JLIXUHD &KDQJHV LQ 2)/ GHJUD GD WLRE MY HGE LHDQWFD GRWHHPV)\W W H P
GLITHUHQW TXHQFKHUV ZLWK YDULRXV FRQFHKQWGBEUHLDWWRWDEH &|
H[SHULPHQWDO FRQGLWLRQV ZLWK 3062 DV WKH VXEVWUDWH
SHUIRUPDQFH 7RR FERWDO®\WLF VI\IVWHPV XQGHU DHURELF DQG DQ!
VSHFWUD ZLWK '032 WUDSBLZGS , 9RW\WWH P+ ZRWHK RU ZLWKRXW L
LUUDGLDWLRQ

$V D UHVXOW WKH UHDFWLRQG6PHFKRDQLYAR VRH P+HRU) )/
GHIJUDGDWLRQ ZDV VSHFXODWHG DQG SURSRVHG EDVHG F



VSKHUH FRPSOH[DWLRQVARUPHGERQ VLWH ZLWK WKH VX
+HP YH2ZLWK WKH SUHVHQFH RI 6 ,9 %6 2WKBHQGNAM VXOILW
ZHUH JHQHUDWHG VLPXOWDQHRXVO\ WKURXJK WKH LQWHE
FRPSOH[PWARYHUZDUGY YLJRURXV *RDCGBILEILWEHFLHYV
LQWHUPHE LDAMWUH B XUWKHU GHYHORSHG WHKEPRWIXKGWKH LQ
PROHFXODU R[\JHQ DORQJ WKH RI[% VEAIK XK UDIEG WHOJ®D FXKHDG
WKH HIIHFWLYH GHJUDGDWLRQ RTL2)ZLWKD® XKKGIRH +F
KHWHURMXQFWLRQ SURSHUWLHV ZDV DFWLYDWHG E\ YL
R[LGL]LQWKKHQ EHLQJ FDSDEOH RI DWWDFNLQJ 2)/ PROHF
6 ,9 WR 7KHUHE\ WKH HVWDHEGUIDMWRE QW, RI9KV SURFHV
IXUWKHU SURPRWH WKH RYHUDOO R[\ VXOIXU UDGLFDO
JHQHUDW2'RIDQBIWKH SURFHHGLQJ RI A)H ,,, A)H ,, A)H ,,
LQ SURJUBMYHQWXDOO\ UHVXOWLQJ LQ WKH PRUH HIIL
ORUHRYHU WKH A)H ,, SURGXFHG GXULQJ WKH UHDFWLR(
62 H[FHSW EHLQJ R[LGL]HG WR A)H ,,, ZKLFK FRXOG HQ\
UHDFWLRQ DV ZHOO WKURXRK PXVW \WKWHHUV X 8 IVF WMKRHQ SZ0 WKL
KLQ LQWHUIDFLDO UHDFWLRQ SURPRWHG WKH JHQHUDWL
WR VXEVWLMWXWH QRMRQRYHG SURFHVVHV ZKLFK KDV RSWL
DQG LQGHHG DGGUHVVHG WKH OLPLWDWLRQ RI PROHFXOL

([SORUDWLRQ RI FR H[LVWLQJ VXEVWUDWH HIIHFW DQGC
$V WKH FR H[LVWLQJ DQLRQV DQG QDWXUDO RUJDQLF PI
SRVVLEOH LPSOLFDWLRQV RQ WKH FRQWDPLQDQW WUHDW
VXFK DV FKORQLWHDWGLKRXGURJHQ SRRV ENFWHERQDWH
+&2 KXPLF DFLG +$ ZHUH VHOHFWHG DQG LQYHVWLJD)
GHJUDGDWLRQ $VIGUWSODDHBVKRY DEGGLWLRQ RDG PO 12
OLWWOH HIIHFW RQ WKH ISHU R URIVQZKIROH NP DHKW LQKL
EH REVHUYHG ZLWXH WA BWV PLOG TXHQEKL@X* HITHFW R(
UDGLFD@MHYHUWKHOHVYV WKH SUHVHQFGE RIPBRW K PO +
HIKLELWHG VLJQLILFDQW LQKLELWRU\ HIIHFWV ZKHUHLC



RYHUDOO HIILFLHQF\ WKURXJK WKH > U@$V UDHGIIDADGEV TWR C
+32" LWV PRUH DIILQLW\ ZLWK WKH LQWHUIDFH RI FDWD
FRPSOH[DWLRQ ZLWK GHVLUHG 6 ,9 HYHQWXDOO\ UHVXC
DQG ORZHU UHDFWLYLW)\ RS GNGKNVZRRD B OAVWMHP 2)/ GHJIUL
DOVR UHPDUNDEO\ UHVWUDLQHG ZLWK SSP +$ DGGLWLI
FRPSHWLWLYH UHDFWLRQV EHWZHHQ GLIIHUHQW VXEVWU
HPLVVLRQ PDWUL[ IOXRUHVFHQFH)LJOUK W8 HFMY EH KR
REVHUYHG WKDW WKH IOXRUHVFHQFH LQWHQVLW\ RI +$ Z
ZLWKLQ PLQ DTWHEU, % HFLYHW UHDW P HQ®H FIUH®IAD WQQ J
KXPLF OLNH SURSHUWLHV FD X%V K& ER UMKHQ RYLIEQ | L Q O \D REA
IOXRUHVFHQFH VLJQDOV ZHUH QRW REWDLQHG LQ RWKH!
K\SRWKHVL]HG WKDW YDOLG PLQHUDOL]DWLRQ DQG FOHI
XQGHU WKH FRQGLWLRQV VHW ,Q DGGLWLRQ WR WKH F
FDWDO\WWYV LV DQRWKHU FULWLFDO FRQFHUQ LQ SUDF
+HP YHL2FDWDO\VWV XVHG E\ GLIIHUHQW WLPHV ZHUH FR
ZLWK VDPH FRQGLWLRQV ,W FDLR ERXPORQFEDXGWM B L\ KLIDAW
FDSDFLW\ DIWHU IRXU F\FOLQJ H[SHULPHQWY WKRXJK D
ZDV REVHUYHG GXH WR WKH)ERUWHR 6L RIPQOHF IRIFESD BL GJ, WK |
'5' SDWWHUQV RI7WXKVHBPL® F\FOLQJ H[SHULPHQWV Z
+HP )H.2 LW FDQ EH VHHQ WKH HVVHQWLDOO\ LGHQWLFD
GHPRQVWUDWLQJS WML QHOWWILYWO\LQWHUIHUHQFH DEL!
+HP )H.2)LJXUH 6 E



JLIXUHD 'HJUDGDWLRQV R1L2)Y 19Q HHP VW WHP ZLWK GLIITHUHQW
VXEVWUDWHY E &RUUHVSRQGLQJ LQLWLDO UHDFWLRQ UDWHYV X
LQ ((0 ) LQWHQVLW\ RI GHJUDGDWLRQ SURFHVVHV XVLQJ +$ DV W

5HDFWLRQ VLWH DQG GHJUDGIRVOR{DED@KZD\ LQWHUS

7R LQYHVWLJDWH WKH SUDFWLFDO SURFHVV DQG PHFKD
RIOR[DFLQ ZLWK UHDFWLYH UDGLFDOV LQ WKH SUHVHC
PROHFXODU SURSHUWLHV RI 2)/ ZHUH FRPSXWHG DQG S|
WKHBUIXUH $¥ FRQILUPHG LQ WKH SUHYLRXV VHFWLRQ
UDGLFDOV ZHUH LGHEQMIBEHGEKWRK EBHUB2ZLGHO\ UHFRJQ
HOHFWURSKLOLF UHDJHQWYV W R@DMHUIMA R UWHK EW WHI D @ H QAR
DQG SUHGLFWLRQ RI YXOQHUDEOH VLWHV RQ 2)/ PROHFX
SRWHQWLDO GLVWULEXW LR QL .IXQDHO \IVEL VD V$ W K 19 OXH/WDUWNCLWY
SRODUL]DWLRQ SRLQWV RQ 2)/ ZDV FRQVLGHUHG VXVFHS
62 DG+ UDGLFDOV ZKLOH ) VLWH ZDV PRUH OLNHO\ W
VXEVWLWXWLRQ UHDFWLRQ IRU GHKDORJHQDWLRQ +RZF
WHQGHQFLHVY LQYROYLQJ 2 2 DQG 2 ZHUH DWWULEX



WKHUHIRUH LW ZDV QRW UDWLRQDO WR LGHQ®&DLI\ WKHP
FRQWUDVW & DQG & OLQNHG WR 2 ZHUH GHQRWHG DV
EHKDYHG DV SRWHQWLDO QXFOHRSKLOLF UHDFWLRQ VLW
+202 RI 2)/ LQGLFDWHG WKH ORRVH ELQGLQJ RI HOHFWU
OLNHO\ WR ORVHXHBHBMWNRMLOH WKH ORZHVW XQRFFX
RUELWDO /802 H[KLELWHG D VWURQJ DIILQLW\ IRU HO
VXUURXQGLQJ KHWHURF\FOH LQGLFDWLQJ WKH SRVVLEO
WKH FRQGHQVHG )XNXL LQGH[ IRU WKH HOHFWURSKLOLF L
GHVFULEH WKH SRWHQWLDO UHDFPWLYBHWLWH\WEK® 27 $V
FRUUHVSRQGLQJ )XNXL LQGH[ YDOXHV ZHUH FRPSXWHG D
ZKHUH 2 & 1 1 VKRZHGMYHOQVKLQBHH[KLELWHG WKFE
IRU EHLQJ HOHFWURSKLOLF DWWDFN WKH UHVXOW ZDV I
RI (63 DQG +202 /802

JLIXUHD 2SWLPL]J]HG JHRPHWU\ DQG DWRPLF VHTXHQFH RI WKH RI
SRWHQWLDO GLVWULEXWLRQ RI 2)/ PROHFXOH F 6FKHPDWLF L
RUELWDOV G &RQGHQVHG )XNXL LQGH[ IURP QDWXUDO SRSXOD\

7R YDOLGDWH WKH WKHRUHWLFDO FRPSXWDWLRQ UHYV X!
SDWKzD\ RI 2)/ WKH SULPDU\ LQWHZ2BHGLDMMHSE URFH)V WH
ZHUH LGHQWLILHG E\ OLTXLG FKURPDWRJUDSK\ PDVV V¢



VSHFWUD DQG FRUUHVSRQGLQJ SRVVLEOH PKHPIBFDO VW
DQ@®EOHUHVSHFWLYHO\ %DVHG RQ WKH GHWHFWHG PDVV
OLWHUDWXUHY WKH SRVVLEOH GHJUDGUDHYHR® BIDAKZ D\ '\
,QW DQG ,QW FDQ EH SURGXFHG E\ GLUHFW VXOIRQ
PROHFXOH UHVSHFWLYHO\ ZKHUH ,QW FDQ DOVR EH RE
SURFHVV RI ,QW  WKXV IXUWKHU GHJUDGDWLRQ LQLWLE
,QW 6LPLODU WR WKH SUHYLRXV WKHRUHWLFDO FRP
H[KLELWHG KLJKHU IURQWLHU HOHFWURQ GHQVLW\ DQG F
PROHFXOH ZDV SULPDULO\ LQLWLB&RDY BT XNHCHVSL S HQW | L
, QW ZHUH GHULYHG IURP WKH R[LGDWLYH GHFRPSRVLW
ZDV IXUWKHU FRQYHUWHG WR ,QW DQG ,QW ZLWK JUD
ULQJ DQG FRPSOHWLRQ Rl GHPHWK\ODWLRQ $IWHUZDUG\
WKH SURPRWHU ,QW YLD GHFDUER[\ODWLRQ UHDFWLRQ
PROHFXOH XQGHUZHQW HOHFWURSKLOLF VXEVWLWXWLEF
FRPSOHWBHABGHUHDIWHU WKH FOHDYDJH RI R[DJLQH ULQJ U

ZKLFK FRXOG FRQWLQXH WR EH IXUWKHU R[LGL]JHG W
PROHFXOHV ,Q DGGLWLRQ WR WKH DERYH LQWHUPHGL
FRPSRXQGV LQ GLIIHUHQW SDWKZD\V VXFK DV ,QW DQGC
GLYHUVLILHG FOHDYDJH RI SLSHUD]JLQH ULQJ DQG VXFFI
SURFHVVHV ZDV EDVLFDOO\ GRPLQDWHG E\ WKH GHFDUE
GHPHWK\ODWLRQ RI WKH R[DJLQH ULQJ ,QW QW ,Q
E\ GHKDORJHQDWLRQ DQG IXUWKHU R{L GDWHR@® DARLW K 8 \\
2)/ FDQ EH UHDFWHG GLUHFWO\ E\ FDUERQ\ODWLRQ WR
VLPLODU R[LGDWLYH GHFRPSRVLWLRQ SURFHVVHV WR VP
HWF +HQFH LW ZDV IRXQG WKDW WKH PDMRULW\ RI Wt
+HP )H.26 ,9 9LV GHJUDGDWLRQ SUHVHUYHG WKH PDLQ \
SULQFLSDO GHFRPSRVLWLRQ RFFXUULQJ LQ WKH 1 SLSHU
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&RQFOXVLRQV

,Q WKLV ZRUN DQ 6 VFKHPH KHWHYRMYARRWDRQ FDWD
FRQVWUXFWHG E\ LQ VLWX +HRDWQWHUIDFKRZKQBKRDDW K
UHDFWLYH ZLWK 6 ,9 DQG H[KLELWHG HQKDQFHG YLVLE
IXUWKHU XWLOL]JHG IRU WKH HVWDEOLVKPHQW RI 6 ,9 9L
GHJUDGDWLRQ XQGHU QHXWUDO FRQGLWLRQV 1RWDEO\
0 DQG LQLWLDO 6 ,9 7R2GRPWHGHPV)H J / ZDV FDSDI
DFKLHYLQJ PRUH WKDQ VXEVWUDWH UHPRYDO LQ PL
P: FP ZLWK D VXSHULRU LQLRVLPOQRBWHORIIRXU WLPH

DV PXFK FRPSDMWHAGSWRVKH LQ GHSWK LQYHVWLJDWLRQ
SHUIRUPDQFH GLIIHUHQFHV XQGHU YDULRXV FRQGLWLR
FRQFHQWUDWLRQV SURFHHGHG WKH UROH DQG FULWLFL
SUREHG DQG FRQILUPHG ZKLFK LQ WXUQ HOXFLGDWHYV
DSSOLHG 7B )B 9LV SURFHVV IRU FRQGXFWLQJ WKH DF
UDGLFDO FKDLQ UHDFWLRQV DQG SKRWRJHQHUDWHG FD
IRUPDWLRQ RI DQ LQWHUQDO HOHEWULF ILHOG RQ WKH K



+HPDWLWHRLRQBV)NHULILHG E\ FKDUDFWHUL]DWLRQV DQG
ZKLFK FDQ HIIHFWLYHO\ HQKDQFH WKH VHSDUDWLRQ HIIL
UHDOL]LQJ WKH FDUULHU PRGXODWLRQ DQG HQHUJ\ EDQC
SULQFLSDO DFWLYH VSHFLHV GXULQJ WKH EHIQU®GDWLR
2+ UDGLFDOV ZKLOH WKH PHFKDQLVP RI 9LV SURPRWLR
FKDLQ UHDFWLRQV LQ 6 ,9 $23 zZzDV DOVR UHYHDOHG %
SDWKzZD\V ZHUH SURSRVHG WKURXJK SURGXFWV LGHQWL
FRPELQDWLRQ ZLWK FDOFXODWLRQ RI SRWHQWLDO UHDF



&UHGLW DXWKRUVKLS FRQWULEXWLRQ VWDWHPH

'HQ\X :DQ®IRQFHSWXDOL]DWLRQ 'DWD FXUDWLRQ )RUPI
9LVXDOL]DWLRQ ULWAQWDRR IGHWMORGCGRORIMW ,QYHVWLIDW,
FXUDWLKRX) =KTHQOWKRGRORJ\ )RX®D/X)BQPDOVDQAMA\VLV
X 9DOLGDWLRQ )RUPDXOQDIOWDICRY 5\ Y LHZLO@HWORUOKRW
&RQFHSWXDOL]DWLRQ :ULWIQYJ:BERQHZS WOCRWMLQWLRQ 3
DGPLQLVWUDWLRQ :ULWLQJ 5HYLHZ (GLWLQJ )XQGLQJ

$FNQRZOHGJIJPHQWYV

7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH WKH ILQDQFLLE
6FLHQFH )RXQGDWLRQ RI &KLQD 1R DQG
&%$3 WKURXJK WKH /,$ ©/ DERUDWRU\ Rl (QYLURQPHQV
7KH DXWKRUV DSSUHFLDWH KHOSIXO FRPPHQWYV IURP WK!
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VXSHULRU FKDUJH VHSDUDWLRQ DQG WKH SKRWRFDWDO\WLF LQD

GLUHFW VXQOLJKW LUUDGLDWLRQ - (QYLURQ &KHP (
KWWSV GRL RUJ M MHFH

> @ + /L 4 =KRX ) /LX : =KDQJ = 7DQ + =KRX = +XDQJ 6
GHVLJQ RI XOWUDWKLQ HGJH ULFKHG )H22+#&DUERQ QDQRWXEHV
ZDWHU VSOLWWLQJ $SSO &DWDO % (QYLURQ
KWWSV GRL RUJ M DSFDWE

> @ % %KDUWL 6 .XPDU + 1 /HH 5 .XPDU )RVRDWIHRDORTLR[\JH
WKLQ ILOP DQG HQKDQFHG RSWLFDO SURSHUWLHYV E\ DLU SODV
KWWSV GRL RUJ VUHS

> @ & & /L 7 :DQJ =% /XR 66 /LX -/ *RQJ (QKDQFHG &KDU.
ORGLILRG)HHL21DQRURG +HWHURMXQFWLRQ IRU 3BKRWRHOHFWURF#

KWWSV GRL RUJ VPOO

> @ - )X 4 :X - /RZ & -LDQJ - <X &8OWHBWKISHRIGXFAWLRQ
SKRWRFDWDO\VW $SSO &DWDO % (QYLURQ

KWWSV GRL RUJ M DSFDWE

> @ ; < :DQJ <6 :DQJ 0& *DR -1 B6KHQ ;3 3X == =KDQJ
%L92%TL2 KHWHURMXQFWLRQ HQDEOLQJ HIILFLEQWR SWRWRFD WD (
&+2+ DQG &2 $SSO &DWDO % (QYLURQ

KWWSV GRL RUJ M DSFDWE

> @ : 'LQJ : ;LDR : +XDQJ 4 6XQ + =KHQJ 6XOILWH DFEWLYDV
GLVSHUVHG FREDOW FDWDO\VW YLD DQ HOHFWURQ WUDQVIHU FRI
KWWSV GRL RUJ M MFOHSUR

> @ < =KDQJ : &KX (QKDQFHG GHJUDGDWLR QVKIOR HWH B Q RG B MR/O
XQGHU YLVLEOH OLJKW 6HS 3XULI 7HFKQRO
KWWSV GRL RUJ M VHSSXU

> @ - %HUJOXQG 6 )JURQDHXV /, (OGLQJ .LQHWLFV DQG PH

R[LGDWLRQ RI VXOIXU ,9 E\ R[\JHQ LQ DTXHRXV VROXWLRQ ,C
KWWSV GRL RUJ LF D



> @ - 4LDR [/ )HQJ + 'RQJ = =KDR ; *XDQ 2YHUORRNHG 5RO
'XULQJ %YURPDWH 5HGXFWLRQ E\ 6XOILWH (QYLURQ 6FL 7HF
KWWSV GRL RUJ DFV HVW E

> @ % . +HUDJK 6 -DYDQVKLU *5 ODKGDYLQLD 051 -DPCL
FKLWRVDQ ODSRQLWH 5" K\GURJHO (YDOXDWLRQ RI WKH HQFDS
FRQWUROOHG UHOHDVH EHKDYLRU , QW - %LRO ODFUR
KWWSV GRL RUJ M LMELRPDF

> @ : <DbDQJ * 'DQJ 0 )XMLL & &DL < :HL < =KDQJ +HWHURJH
D 7KUHH 'LPHQVLRQDO 3ULQWHG +LHUDUFKLFDOO\ 3RURXV &RS
THWUDF\FOLQH +\GURFKORULGH LQ :DWHU $&6 (6 7 :DWHU
KWWSV GRL RUJ DFVHVWZDWHU F

> @ 5% 3 ODUFHOLQR & & $PRULP 7RZDUGV YLVLEOH OLJKW
DSSOLFDWLRQV EDQG JDS HQJLQHHULQJ YHUVXV SKRWRQV DEVR
KWWSV GRL RUJ V

> @ 1 * OHQRQ 6 6 9 7DWLSDUWL 6 OXNKHUML 6\QWKHVLV F
DFWLYLW\ HYD O>XIPWQBQRFIRPISRVLWHY (OXFLGDWLQJ HIITHFW RI1 Y
&ROORLGY DQG 6XUIDFHV $ 3K\WLFRFKHPLFDO DQG (QJLQHHU
KWWSV GRL RUJ M FROVXUID

> @/ &KHQ : 3HQJ - /LX - /L ) :X 'HFRORUL]J]DWLRQ RI 2UDQ
YH ,, VXOILWH 6\WWHP 5HSODFHPHQW RI 3HUVXOIDWH ,QG (QJ
KWWSV GRL RUJ L H

> @8 /DPGDE . :HWFKDNXQ 6 3KDQLFKSKDQW : .DQJZDQVXSD
HIILFLHQW YLVLEOH OLJKW LQGXFHG SKRWRFDWD®WPRF GHJUDG
FRPSRVLWH SKRWRFDWDO\VW - OPWWBV6FERL RUJ v

> @ = &KHQ + <LQ 5 :DQJ < 3HQJ & <RX - /L (IILFLHQW (O
6LOYHU LQR&UM 2 &RQFHQWUDWLRQ 3KRWRFDWDO\WLF 12 2[LGDW
KWWSV GRL RUJ DFV HVW F

> @ 90 1LNROLF 6/ ODVORYDUD *6 7DVLF 73 %UGDULF 3
ODUFHWD .DQLQVNL .LQHWLFV RI K\GURJHQ HYROXWLRQ UHDFWL
LQ WKH SUHVHQFH RI 1L+&R+*0R EDVHG LRQLF DFWLYDWRUV $SS

KWWSV GRL RUJ M DSFDWE

> @ : =KX = &DR : :DQJ + /L - 'RQJ 6 *DR ' :X [/ IL - 6K
3HUIRUPDQFH $TXHRXV =LQF ,RQ %DWWHULHVI®BORMBHRI® W RI® ,Q
9&7 0;HQH $&6 1DQR KWWSV GRL RUJ DFVQDQR F

> @ 36 %DVVL 53 $QWRQ\ 33 %RL[ < )DQJ2-)DUEHU /[ +
KHWHURMXQFWLRQ QDQRURGYV ZLWK HIILFLHQW FKDUJH VHSDUDW
ZDWHU R[LGDWLRQ 1DQR (QHWWSY GRL RUJ M QDQRHQ

> @ 6 ODMXPGHU ; 6X .+ .LP (IIHFWLYHDWD FR HD VRD @ QAR R
DQ LQQRYDWHNIHR BFRYR VKHOO KHWHURMXQFWLRQ IRU HIIHFWLYH
VSOLWWLQJ DSSOLFDWLRQ 6 XUI ,QWHUIDFHYV
KWWSV GRL RUJ M VXUILQ

> @ < +RX ; 'X 6 6FKHLQHU '3 OFOHHNLQ = :DQJ 1 /L 06 .L



, /THYFKXN 1 6FKUHQNHU ( 6SLHFNHU 7 6WXEKDQ 1 $ /XHFKL
6WHLQUXFN 5 + )LQN O +DOLN + - 6QDLWK & - %UDEHF $ JHQF
VWDELOLW\ FRVW JDS R SHURYVNLWH VRODU FHOOV 6 F

KWWSV GRL RUJ VFLHQFH DDR

> @ < :DQJ - /L < =KRX = *DR : =KX / /LX ,QWHUIDFLDO G

WUDSSLQJ DQG UHFRPELQEPNR® GOQRKIHWHURMXDFWLRQV - $0
KWWSV GRL RUJ M MDOOFRP

> @'+ 6HR 6 < +RQJ 7+ <RX $ 6LYDQDQWBQW® XP 6G R\ RK RBWH
HIWUDFWLRQ OD\HU IRU HQKDQFHG VRSDRIWARIVOHRIG V'8 O& WHPL QD D |

KWWSV GRL RUJ M FHM
> @ % * -DQHVNR 5HSODFLQJ K\EULG GHQVLW\ IXQFWLRQDO Wi
&KHP 6RF 5HY KWWSV GRL RUJ G FV M
> @ 1 1DYHDV 5 3XOLGR & ODULQL - +HUQDQGH] ORQWHORC

FDOFXODWLRQV RI KHEDWHWHFRQBKDWHQW ')7 8 9 L6FLHQFH
KWWSV GRL RUJ M LVFL

> @/ -LQ & =KRX (OHFWURQLF VWUXEXWXUHV/ OB PSWURDRIR S|
3URJ 1DW 6FL ODWHU KWWSV GRL RUJ M SQVF

> @ 4 :DQJ ' ;X < 'RQJ 6 3DQJ / =KDQJ * =KDQJ / /Y ; /LX
= 5HQ 3 :DQJ 8QVDWXUDWHG 1G %L GXDO PHW DIDFWLLW B W HRD E O
IRU ZDWHU SXULILFDWLRQ $SSO &DWDO % (QYL
KWWSV GRL RUJ M DSFDWE

> @) =KDQJ ; /L 4 =KDR * &KHQ 4 2KBRU, FRIUKBHWHROPDQ
DUFKLWHFWXUHV ZLWK XOWUDORQJ FKDUJH FDUULHUV OLIHWLPH
GLFKORUREHQ]HQH $SSO &DWDO % (QYLURQ
KWWSV GRL RUJ M DSFDWE

> @ $ :bQJ : :DQJ - 1L ' /LX ' /LX - OD ; -LD 02) GHULYHG :
%0OR2 \RON#VKHOO UHDFWRU (VWDEOLVKLQJ FDUULHU WUDQVIHI
KHWHURMXQFWLRQ $SSO &DWDO % (QYLURQ
KWWSV GRL RUJ M DSFDWE

> @ 36 %DVVL 6 < &KLDP *XUXGD\DO - %DUEHU / + :RQJ +\
LURQ EDVHG W2 WRNQOMWHKW K ULYHQ ZDWHU VSOLWWLQJ $&6 $SSO
KWWSV GRL RUJ DP

> @ . 6LYXOD ) /H )RUPDO 0O *UDW]HO 6RODU :DWHU 6SOLWWI
JH2 3KRWRHOHFWURGHV &KHPG6XWKEHP GCGRL RUJ FVVF

> @ - 0X ) 7HQJ + OLDR < :DQJ ; +X ,Q VLWX RQR&GDWLRQ ID
QRYHO 6WHS VFKHPH KHWHURMXQFWLRQV ZLWK HQKDQFHG SKRW.
$SSO 6XUI 6FL KWWSV GRL RUJ M DSVXVF

> @ 4 ;X [/ =KDQJ % &KHQJ - )DQ - <X 6 6FKHPH +HWHURMX
KWWSV GRL RUJ M FKHPSU

> @ : ;LDQ : :DQJ - *XR - /L -DEXVLYDWHEH¥XOILWH DXWRIL

VLPXOWDQHRXY SROOXWDQW GHJUDGDWLRQ DQG SKRVSKRUXV U

KWWSV GRL RUJ M MFOHSUR



> @ < /L = 5XDQ < +H - /L . /L < -LDQJ ; ;X < <XbqQ . [/
KLHUDUFKLFDOIOD®RURABGHUZWDQGLQJ RQ LWV HQKDQFHG SKRW

HQHUJ\ DEVRUSWLRQ $SSO &DWDO % (QYLURQ

KWWSV GRL RUJ M DSFDWE

> @ : 3HQJ < /LQ = :DQ + -L : OD - =KDR $Q XQXVXDO GHSH

LQ SKRWRFDWDO\WLF UHGXFWLRQV PHGLDWHG E\ D WLWDQLXP E

KWWSV GRL RUJ M FDWWRG

> @ + 'RQJ < /L 6 :DQJ : /LX * =KRX < ;LH ; *XDQ %RWK

$FWLYH 2[LGDQWYV LQ WKH )H ,, 3HUR[\GLVXOIDWH 3URFHVV (QY
KWWSV GRL RUJ DFV HYWOHWW F

> @ =< 0D 3+ /L /4 <H < =KRX )< 6X &+ 'LQJ + 4 ;;LH <
YDFDQFLHVY LQGXFHG H[FLWRQ GLVVRFLDWLRQ RI IOH[LEOH %L2é
&2 FRQYHUVLRQ - ODWHU &KHP K®WWSV GRL RUJ F WD J

> @ 6 $ %WRQNH 7 5LVVH $ 6FKQHJJ $ %UFNQHU ,Q VLWX |
VSHFWURVFRS\ IRU FDWDO\VLV IDWXUH 5HYLHZV OHWKRGYV
KWWSV GRL RUJ \Y,

> @ & ORWWOH\ 53 ODVRQ 6XOIDWH $QLRQ )UHH 5DGLFDO )
%L VXOILWH DQG ,WV 5HDFWLRQ ZLWK +\GUR[\O 5DGLFDO 6FDYHQ
KWWSV GRL RUJ :

> @ <4 &KHQ 0 < /L < 7RQJ == /LX /3 )DQJ < :X = )DQJ )
JHQHUDWLRQ YLD VXOILR HV DU\DEYD WRLILR G VRAMQU UIRPH UHPRYDO  3H
PHFKDQLVWLF VWXGLHV &KHP HK@WSV GRL RUJ M FHM

> @' =KRX / &KHQ & =KDQJ < <X / =KDQJ ) :X $ QRYHO SKR
VXOILWH FRPSOH[ NLQHWLFV DQG PHFKDQLVPV RI UDSLG GHFR(
VROXWLRQV :DWHU S5HKWWSV GRL RUJ M ZDWUHYV

> @ *9 %X[WRQ &/ *UHHQVWREN :3 +HOPDQ $ % 5RVV &ULW
SHDFWIRRQG\GUDWHG (OHFWURQV +\GURJHQ $WRRQ BDGHRVGWRI[\O
BROXWLRQ - 3K\V &KHP 5HI KDWDSV GRL RUJ

> @ ; $R : /LX 'HIJUDGDWLRQ RI VXOIDPHWKR[D]JROH E\ PHGL)>
SHUR[\PRQRVXOIDWH SHUVXOIDWH DQG K\GURJHQ SHURI[LGH &
KWWSV GRL RUJ M FHM

> @ < 5HQ / /LQ - 0D - <DQJ - )HQJ = )DQ 6XOIDWH UDGLFD
E\ PDJQHWLF IHRURWSEBH®X)BQ DQG =Q DV KHWHURJHQHRXV FL
$SSO &DWDO % (QYLURQKWWSV GRL RUJ M DSFDWE
> @ 3 :LH / =KDQJ - &KHQ - 'LQJ < :DQ 6 :DQJ = :DQJ $
GHJUDGDWLRQ RI RUJDQLF FRQWDPLQDQWYV E\ JHUR YDOHQW LUF
LUUDGLDWLRQ :DWHU 5HMWWSV GRL RUJ M ZDWUHV
> @ & -LDQJ < -L < B6KL - &KHQ 7 &DL 6XOIDWH UDGLFDO I
DQWLELRWLFV .LQHWLFV PHFKDQLVPV DQG HIIHFWV RI QDWXUDC
KWWSV GRL RUJ M ZDWUHV

> @ - &DR 4 5HQ ) &KHQ 7 /X &RPSDUDWLYH VWXG\ RQ WKH
VLWH R QXFOHRSKLOLF UHDFWLRQ 6FL &KLQD &KHP
KWWSV GRL RUJ \Y,



> @ 4 :DQJ % :DQJ < 0D 6 :;LQJ (QKDQFHG VXSHUR[LGH UDG
UHPRYDO YLD SHUVXOIDWH DFWLYDWLRQ ZLWK &X )H R[LGH &
KWWSV GRL RUJ M FHM

> @ 5 3DWLGDU 9 & 6ULYDVWDYD OHFKDQLVWLF LQVLIJKW LQ
HOHFWURFKHPLFDO R[LGDWLRQ RI RIOR[DFLQ OXOWL UHVSRQ
&KHPRVSKHUH KWWSV GRL RUJ M FKHPRVSKHUH

> @ = =KDQJ ; ;LH = <X + &KHQJ ,QIOXHQFH RI FKHPLFDO
WUDQVIRUPDWLRQ RI WKUHH IOXRURTXLQRORQHYV )4V LQ ZDWH
SKRWRO\VLV SURGXFWV :DWHUWSSHWV GRL RUJ M ZDWUHYV



