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1L %S WHUS\ULGLQH %=EDWER{UQLRWY M
DQG &DUER[\ODWH 3RO\DQLRQV LQ OL[
8UDQ\O ,RQ &RPSOH[HV ZLWK D :LGH 5DQJ

3LHUUH 7OXp3+'DFN +DUURZILHOG

'8QLYHUVLWp 3DULV 6DFOD\ &($ &156 1,0%( *L1 VXU
A8QLYHUVLWp GH 6WUDVERXUJ ,6,6 DOOpH *DVSDUG ORQJ

$%675$&7KH ]ZLWWHULRQLF FRMSOH|[ SRUMWMBS\ ELNGILQH % FDUERY\ODWH
EHHQ XVHG DV D FROLJDQG ZLWK D GLYHUVH JURXS Rl SRO\FDUER[\ODW
K\GURWKHUPDO FRQGLWLRQV WKXV JLYLQJ D VHULHV RI FPL[HG OLJDC
FKGF 1L WB\® &+&1 DQG > BGF 1L WS\@ ZKHUUH FKGEWLV
F\FORKH[DQHGLFDUER[fODIWH D@WXLRWEHRQHGLFDUER[\ODWHL GLVSOI
GLQLFNHODWHWUDXUDQDF\FOHV D PRWLI ZKLFK LV DOVR IRXQG DV
> 82 EGELWS\E2 @&+&1 + 2 ZKHUHLEGF EHQ]HQHGLFDUER[VQRWH 6LP]
DVVRFLDWH WR IRUP D QDQRWXEXQDW2SEDARHY 2L Q >ZKHUH LWFD
WULFDUEDOO\ODWSHGD > 88 GD+ 11 @/ S&E ZKHUH * $®D
SKHQ\OHQHGLDFHWDWH FU\WWDOOL]HV DV D PHDQGHU OLNH FKDLQ LQ
81L ULQJ 2[DODMMHWRI[>RI2L WS®F D PRQRSHULRGLF SRO\PHWLFRQWDLC
ULQJV ZKLOH EHQ]HQHWU IDARD BR WWIDWIHY H F+ WE V@ 5@F>+8 2+
EWEF+@ DQG *BWSW@®>8ELW+ @WZR FRPSOH[HV ZLWK FKDUJH VHSDUDWL
' VHPL LQWHUSHQHEWFWIRYPS & 8RQG > BEWF+ 1LIWSAF ZKHUH
EWFDQG  EDWMH EXWDQHW H WDV BWEDRY VOBIWAHD REG® DQHWHWUDFD
UHVSHFWLYHO\ DUH GLISHWRB®RIOR Q\H UQBBNEASMR 2@ ZKHUH QGF
LV QDSKWKDOHQHGLFHDWER N FPREWDL ®PLQJ GLQXFOHDU QRGHV DQG L
PHWDOODF\FDLBLXQIVWIW H IRXQG LQ WKH GLSHUMBG L FIKS®REOWH® IRUPHG
ZKHWH FKGEWUBQ@Y F\FORKH[DQHGLFDUER[\ODWH WKH KHDYLO\
LQWHUORFNHG 3KHQ\GHQHGH D FIH WBHWH WKLBEDGLSHULRGLF SRO\PH
> 82 SGID WS\@+& 1 + 2 $ WULSHULRGLF IUDPHZRUN LV IRUPHG ZLW
LQ > 8DWID WS\ ZKHUHMWLRXQG LXQLWASTFV ZHOOPRVY HWLHY @KDFK ER
DFW DV FRRUGLQDWHG QRGHYV



,1752'8&7,21

‘KLOH PL[HG OLJDQG FRPSOH[HPUWH WEXQ)XGUDIMQX O LIQR WY K2 P D |
DV ZHOO H[HPSOLILHG ZLWHKXHDDRQY FE®YH R KHDBANAWR FLD W LF
FKHODWLQJ RU EULGJLQJ OLJDQG ZLWK UDWKHU VLPSOH

IOXRULGH QLWUDWH IRUPDWH RU R[DODWH RIWHQ DULVL
FRPSRQHQW RI WKH SURGXFW 6LPSO0HI1GHRKMWIDD RS DLIPH
'0) GLPHWK\OVXOIR[LEWHWRKSER S\UUROLGRQH 1 103 [
GLPHWK\OSURS\OHQHXUHD '038 DUH NQRZQ FR OLJDQGYV

VIQWKHVLY DQG QHXWUDO FKHODWHV VXFK DV s SKHQD
WHUS\ULGLQH KDYH LQ D VLJQLBHHW@ W VRGP BHRUERIRIEQY WAL
FRRUGLQDWLRQ VLWHV RI WKH XUDQ\O FDWLRQ 1RQH RI W
SURYLGLQJ DQ KRZHYWURQV NQRZQ WR KDYH D VLJQLILEDC
FHQWUHY DQG WKXV WR IDFLOLWDWH SRO\PHUL]DWLRQ L¢
SRO\FDUER[\ODWHV OL[HG OLJDQG SRO\FDUER[\ODWH FRPS
GHYHORSPHQW RI QHZ FRRUGLQDWLRQ SRO\PHUV ZLWK XU
ZKHUH XVH RI D PL[WXUH Rl GLFDUER[\ODWH OLJDQGV GRHYV
ERWK ZLWK VRPH H[DPSOHV LQYROVMHYHVWKHBRYVREZKDW
NQRZQ LV WKDW WKH QHXWUDO 1E X ViW]ZILRHMWKY OR Q LFFL Q HJ DBQ.
WKH FU\WWWDO VWUXFWXUHV RI DLGWO/ WK B GRIKOD UR G WHRIPLSVOMI] |
FDUER[\ODWH LQFOXGLQJ WKH DENQ IN¥\PWR EHIU G$ HY B U DKW
GRXEO\ DQG WULSO\ ]JZLWWHULRQLF RUJDQLF FDUER[\ODW
FRRUGLQDWLRQ SRO\PHUV RU IUDPHZRUNV ZLWK YDULRXYV
OLJDQG PLPLFV WKH EHKDYLRXU RI DQDORS$RSNU®IL FRODW
VLPSOH PHDQV RI REWDLQLQJ D GLFDUER[\ODWR JZLWWH!

DSSURDEQYROYLQJ WKH/IRARRFPBWIHRBVRZIOHUH 0 LV D WUDQVL



LV D GLWRSLF OLGD@GHWSEKLBY.QH % FDDEIRFEKO B WHHI H WIS QRN
FRRUGLQDWHY WKURXJK WKH WHUS\ULGLQH XQLW 7KLV LV
ZKLFK KDV EHHQ H[SORLWHG IRU D FRQVLGHUDE®HIYDULH
FDWLRRQBE DQLROQIR ZKLFK LV UHFRJQL]JHG DV D XVHIXC
KHWHURPHWDOOLF FRRUGLQDWLRQ SRO\PHUV DQG IUDPHZR
$V D FKDUJH QHXWUDO VSHFLHV DQ\ JZLWWHULRQLF Ol
LWV FU\WWDOOLQH FRPSOH[HV ZLWK PHWDO FDWLRQV JLYI
GXH WR ELQGLQJ RI D PXOWLSOH FDUER[\ODWR ]JZLWWHULR (
ELQGLQJ RI D SRO\FDUER[\ODWH DQLRQ $V SDUW RI RXU FR
LQ XUDQ\O LRQ FRRUGLWOWLRDVFEHRQVIRXDG LQ WKH PRQR.
FRPSOH[ RI XUDQ\O LRQ IRQMHDBQEWIORKHYSQH GLFDUERI[\O
FKGF D UHVXOW FRPSOHPHQWLQJ WKH SUHFHGLQJ FKDUDF!
1L FSWSESWS\ s% % DUER[\ODWR SMHQUBO\WULGLQH DQG %o
GLFDUER[Z&BWH WKH JUHDWHU VL]H RI ERWK WKH JZLWWHUL
WR D GLSHULRGLF FRRUGXKFEDNRBERQRIRMPHE LBLVOK '
SRO\FDWHQDWLRQ DQG UHPDUNDEOH FDWDO\WLF SURSHUW!
YDULDWLRQ RI WKH SRO\FDUER[\O OWIHW B/HURARSD Q Q QUK WIKW
FRPSOH[HV DQG ZH KDYH LVRODWHG D VHULHV RI PL[H
FU\WWDOORJUDSKLFDOO\ FKDUDFWHUL]HG ,W DSSHDUV WK
FU\WWDOOL]DWLRQ HPSOR\HG GL DQG WUL FDUER[\ODWH
]ZLWWHULRQ OHDGLQJ WR FRPSOH[HVY FRYHULQJ DOO WKH
VSHFELHV WR D WKUHH SHULRGLF IUDPHZRUN DQG GLVSOD
SWHUS\ULGLQH HPEQBRBYLWJ ERWK 3IDFH WR IDFH" DQG 3H

WKH DURPDWLF XQLWV RI WKH JZLWWHULRQ XQLWYV EHLQJ C



(;3(5,0(17%/ 6(&7,21

6\QW K FRADHKW LBRID QLXP LV D UDGLRDFWLYH DQG FKHPLF
XUDQLXP FRQWDLQLQJ VDPSOHV PXVW EH KDQGOHG ZLWHK
TXDQWLWLHV RI UHDJHQWY DQG VROYHQWY ZHUH HPSOR\H
ERWK IURP WKH SUHVHQFH Rl XUDQLXP DQG WKH XVH RI SU

>8212 +2 @ 2 53 1RUPDSXU D@ ZHWR SXUFKDVH
IURP 3URODER <VQMBUS\Wh G%QH % FDUER[\OLF DFLG ZDV
FDUER[\OLF DFLGV ZHUH IURP $OGULFK )ODWWDDQRU $0IC
F\FORKH[DQHGLFDUER[\OLF DFLG ZKLFK ZD5V 5 UR®D/@\W ER K MU-
ZDV LVRODWHG WKURXSK FIK WY DOHON KDOVILRIQQ BLIWMK D UHVRO"
OLWHUDRMX WD O VIQWKHVHV 1P PHAV@X WBH RIP382 PPRO
1L 12 +2 PJ PPRO WS\F+ PJ PPRO DQG WKH
DFLG PPRO ZHUH GLVVROYHG LQ D PL[WXUH RI ZDWHU
VROXWLRQV ZHUH SODFHG LQ P/ WLiBFKW®WXB 6 RVXBHYODMV
VWRSSHUV DQG WHIORQ VHDOV SURYLGHG E\ 9:5 DQG KHD
RI RUDQJH \HOORZ FRORU ZHUH JURZQ LQ WKH KRW SUHYV
ILQDO UHWXUQ WR DPELHQW FRQGLWLRQV DQG WKH\ ZHUH
WKH FDUER[\OLF DFLGV XVHG UHSUHVHQWHG LQ 6FKHPH
(OHPHQWDO DQDO\WVHV ZHUH SHUIRUPHG E\ 0('$& /WG DQ
WRJIJHWKHU ZLWK WKH \LHOGV 2QO\ D IHZ FUDRW YRVWHKIDM F
QR HOHPHQWDO DQDO\VLVY FRXOG EH SHUIRUPHG 6HYHUDO
ZHUH QRW IRXQG LQ WKH FU\WWDO VWUXFWXUHV EXW ZKRV
RI YRLGV LQ WKH VWUXFWXUHV VHH EHORDBW K K LIDA-H MR QLKA
PROHFXOHV IRXQG IURP VWUXFWXUH GHWHUPLQDWLRQ DS

GU\LQJ RI WKH VDPSOH ,Q WWHKH MWXH RH UF RPSRWQ®G ZDWHU



VHHP ODUJH EXW LW LV LQ JRRG DJUHHPHQW ZLWK WKH HO
GHWHUPLQHG IURP WKH FU\VWDO VWUXFWXUH HOHFWUF

LOQGLFDWHG LQ 7DEOH DUH LQ DGGLWLRQ RU VXEWUDFWL

6FKHPH 7KH 3RO\FDUER[\OLF $FLGV 8VHG DV &ROLJDQGV

Dicarboxylic acids

Q :\< HooC COOH COOH
HOOC COOH  HOOC cooH
c-1,2-chdcH, t-R-1,2-chdcH, tdcH,
HOOC—Q-COOH Q @

HOOC COOH HOOC COOH COOH
bdcH, 1,2-pdaH, 1,3-pdaH, ndcH,

Tricarboxylic acids

HOOC/\/\COOH Hooc/ﬂ/\cow HooC” :(\ ~COOH “coon

COOH COOH COOH HOOC
tcaH; citH, 1,2,3-btcH, ntaHy
Tetracarboxylic acids
HOOC, COOH
HOOCWCOOH N\ /
HOOC COOH
HOOC COOH
btcH, cbtcH,

7TDEOH 6 XPPDU\ RI WKH 6\QWKHVLYVY &RQGLWLRQV

&RPSRXQG $GGLWLRQDO FDUER[\OXE DWL&Q
> 82 F FKGF 1LI1WS@F&+&1 FLV F\FORKH[DQHGLADUER{E&FI+F DFLG Z
> 82 WGF 1L Wwes@ WKLRSKHQHGLFDUER[\OLF DFLG WGFG
> 82 EGELWS\E2 @&+&1 +2 EHQJHQHGLFDUER[\OLF DFLG EGF+ G
> 82 WFD 1L MWS@&+&1 + 2 WULFDUEDOO\OLF DFLG WFD+ G
> 82 SGD SGD+ 112 @QVSRAE SKHQ\OHQHGLDFHWLF DFLG SGD+ G
> 82 R[1L WSAF R[DOLF DFLH QRH{H® WMIEKMER PDOLF DFLG G
>1L WS\R+@+»82 EWF 20 EHQJHQHWULFDUER[\OLF DFLG EWF+
>82LL WS@®>8ELW+ @ FLWULF DFLG FLW+ z
> 82 EWF+ 1L WS&@ EXWDQHWHWUDFDUER[\OLF DFLG GWF+
> 82 FEWF+ 1L1WSAF FLV WUDQV FFL¥FOREXWDQHWHWUDFDUERG\OLF DFLG FEV
> 82 QGF 1L W8\A2@ QDSKWKDOHQHGLFDUER[\OLF DFLG Q@GF+
> 82 W FKAE WS\@® WUDQV 5F53FORKH[DQHGLF®BUE RF[KGIERF DFLG
> 82 SGDL WS\@& +&1 + 2 SKHQ\OHQHGLDFHWLF DFLG SGD+ z

> 82 QWD WS\@ QLWULORWULDFHWLF DFLG QWD+ 4




7TDEOH (OHPHQWDO $QDO\VLV 5HVXOWYV DQG <LHOGYV

&RPSRX@GBOYHQW PRQAQHEOOHYV &DOFXODWHG JRXQG
& + & 1 + 1
&+&1 2
+ 2
&+&1 2
&+&1 2
+ 2
+ 2
+ 2
+ 2
&U\WVWDOORKWDS®OWD ZHUH FROOHFWHG DW . R

GLIIUDFWRPHWHU HTXLSSHG ZLWKPPQ ,QRRDWHF PLBDQRIR F X
D 3+2721 ,,, DUHD GHWHFWRU DQG RSHUDMKHGFWKURXOK WH
PRXQWHG RQ OLWHJHQ PLFURPRXQWYV ZLWK D SURWHFWLY
5HVHDUFK 7KH GDWD ZHUH BQ® DHEWRHLUG WILWR 6RUDHFWLRC
PXOWL VFDQ RU EDVHG RQ FU\WWDO VKIBM VIVHIXHE VP OGHHY
VROYHG E\ LQWULQVLF SRRGLQHIZQMIE EA(VXO O PDWILWK OHD \
6+(/;/ XVLQJ WKH 6KHO;®BIOLQW® KIBAHRJIHQ DWRPV ZHUF
DQLVRWURSLF GLVSODFHPHQW SDUDPHWHUV :KHQ SRVVLE
DWRPV ZHUH UHWULHYHG IURP UHVLGXDO HOHFWURQ GHQ\
UHVWUDLQWY RU WUHDWHG DV ULGLQJ DWRPV 7KH FDUER
FDOFXODWHG SRVLWLRQV DQG ZHUH WUHDWHG DV ULGLQJ I
HTXDO WR WLPHV WKDW RI WHKHV KRBV LQWERRBHR P HRWUAE -
LQ WKH VWUXFWXHHYV RD @R PRRRXWBLVQ GLVRUGHUHG VROYHQ

RU DFHWRQLWULOH DV LQGLFDWHG DOVR E\ HOHPHQWDO



VDWLVIDFWRULO\ DQG WKID\W6AM(HE WRIWXEWHDFW WKHLU
VWUXFWXUH IDFWRUV &U\WWDO GDWD DQG VWUXFWXUH U}
PROHFXODU SORWV ZHUH GUDY® WKWKSROAKHGUDO UHSUH
9(67$ 7KH WRSRORJLFDO DQDO\WHV DQG QRGDO UHSUHVHC
6SHFLDO GHWDLOV IRU VRPH RI WKH VWUXFWXUHVY DUH DV |
Ju% }UWX7KH XUDQ\O FDWLRQ FRQWDLQLQJ 8 LV GLVR
SRVLWLRQV UHODWHG E\ DQ LQYHUVLRQ FHQWUH 2QH FF
RFFXSDQF\ SDUDPHWHU RI 7KH DVVRFLDWHG GLVRUGHU
WKLV FDWLRQ KDV RQO\ EHHQ SDUWLDOO\ UHVROYHG WZR
WKH DWWDFKHG DWRP & ZKLFK ZHUH UHILQHG ZLWK RFFJ
XQLW\ EXW QRWZLWKVWDQGLQJ WKH ODUJH DQG YHU\ DQLV
DQG VRPH RI WKH FDUERQ DWRPV Rl WKH DURPDWLF ULQJ E
GLVRUGHU FRXOG QRW EH H[WHQGHG IXUWKHU VDWLVIDFWF
JUu% }UViX7KH XQFRRUGLQDWHG FDUER[\OLF JURXS LV UF
SRVLWLRQV ZKLFK ZHUH UHILQHG ZLWK RFFXSDQF\ SDUDP
UHVWUDLQWY RQ GLVSODFHPHQW SDUDPHWHUV DQG RQH EI
ZHUH QRW IRXQG
JU% }U¥iIX2QH F\FORKH[DQHGLFDUER[\ODWH OLJDQG LV
ZLWK RQH FRPPRQ R[\JHQ DWRP ZKLFK KDYH EHHQ UHIL
FRQVWUDLQHG WR VXP WR XQLW\ 2WKHU SDUWV Rl WKH VV
GLVRUGHU SDUWLFXODUO\ WKRVH ERXQG WR WKLV OLJD
GLVSODFHPHQW SDUDPHWHUV KDYH EHHQ DSSOLHG IRU Wt
VWUXFWXUH 7KH YDOXH Rl WKH UHILQHG )ODFN SDUDPHWH
}U% }UViX/DUJH UHVLGXDO HOHFWURQ GHQVLW\ SHDNV L

8 DW OHVV WKDQ c LQ DOO WKH VL[ H[SHULPHQWYV PDG



VLIHV DQG WKH\ UHPDLQ ZKDWHYHU DEVRUSWLRQ FRUUHF
EHHQ LQWHUSUHWHG DV GXH WR PLQRU FRPSRQHQWYV RI GL
FRUUHVSRQGLQJ GLVRUGHU RQ R[R DWRPV DQG OLJDQGYV EI
ODUJH DQG DQLVRWURSLF GLVSODFHPHQW SDUDPHWHUV F
OHQIJWKY DQG GLVSODFHPHQW SDUDPHWHUV KDG WR EH D¢
JURIXBD EXW LQ DGGLWLFRD® OWERH WROHWXKIHURHWKRUKRPELF V\
UHILQHPHQW FRXOG EH REWDLQHG LQ WKLV VSDFH JURXS

FRPSRQHQW LQYHUVLRQFWZMWK LD )OPEFMNHSIDURXSH W H U

7TDEOH &U\VWDO 'DWD DQG 6WUXFWXUH 5HILQHPHQW "HWL

FKHPLFDO IRUXOD 112 8 &+ 1 112 68 & + 1 112 8 & + 11L28 & + 11L28 & + 11L28 & + 11L28

0 JPRO

FU\VW V\VW WULFOLQLF WULFOLQLF WULFOLQLF PRQRFOLQLF PRQRFOLQLF
VSDFH JURXS 3™ 3 3” & F 3 F 3QQD 3”

D c

UHIOQV FROOFG
LQGHS UHIOQV
REVG UHIOQ® >
SLqw

SDUDPV UHILQHG
5

zZ5

6

"lpiqH C

"lepy H C

FKHPLFDO IRURXOD 112 8 & + 11L28 & + 11L28 & + 11L28 &+ 1 112 8 & + 1 1128 &+ 1112 8

0 JPRO

FU\VW V\VW PRQRFOLQLF PRQRFOLQLF PRQRFOLQLF WULFOLQLF RUWKRUKRPELF
VSDFH JURXS 3 F &F 3 F 3" & 3F &

UHIOQV FROOFG
LQGHS UHIOQV
REVG UHIOQ®@ >
SLqw

SDUDPV UHILQHG
5

Z5

6

"l H C

"lpop H c
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3ULRU WR D GHVFULSWLRQ RI HDFK VWUXFWXUH LW PD\ EH
FRRUGLQDWLRQ HQYLURQPHQW GRHV QRW GHYLDWH VLJQL
HLWKHU VHYHQ RU HLJKW FRRUGLQDWHG WKH FRRUGLQI
KH[DJRQDO ELS\UDPLGDO LMQBRPSOH[HYHVSHFEWLYHO\ ZLV
LQVWDQBKWG LQ ZKLFK ERWK JHRPHWULHV FRH[LVW 8UDQL
R[\JHQ DWRPV IURP FDUER[\ODWH RU QLWUDWH OLJDQGYV

FRPSOHPQG WKH ERQG OHQJWKYV GR QRW GHYLDWH LQ DQ\ |

>8+2 R[R * c 82 FDUER[\ODWR N22 %
FKHODWLQJ JURXSYV * ¢c IRU WKH RWKHU JURXS)\
c 8+2 K\GUR[LGR DQG c@ 7KH QLPRHAGWLHADW

DUH LQ WKH XVXDO VOLJKWO\ GLVWRUWHG RFWDKHGUDO H
7KH FRPSOH[HVY ZLOO EH GLVFXVVHG LQ WKH RUGHU RI LQF!

,W LV DOVR QRWDEOH WKDW LQ QR FDVH LV HLWKHU RI
FRVROYHQM Gl&* IRXQG DV SDUW RI WKH LVRODWHG FU\V)\
V\VWHPVY ZKHUH WKH XVH RI '0) DV WKH FR VROYHQW UHYV X
RI &+ DQG RU +#&&2FK K\GURO\WLF 3LQWHUIHUHQFH  LQ W
FRRUGLQDWLRQ SRO\PHUV FDQ EH DYRLGHG E\ WKH XVH R 1
VXFK DV DFHWRQLWULOH DQG '0) PD\ ZHOO EH WKDW WKH

UHDFWLRQ PHGLXP DW D KLJKHU S+ WKDQ LWV LQLWLDO YD

SRO\QXFOHDU ULQJ VKIRHEEI PRPEE G RPISVOH[HV LQ WKLV V
GLVFUHWH SRO\QXFOHDU FRPSOH[HV ZLWKF DQDORJR
FKGF 1L WS \@ &+&1 DQG > 82GF 1L W2S\& ZKLFK IKQNOXGH

F\FORKH[DQHGLFDUER[\ODWH DQG WKLRSKHQHGLFDUE



UHSRUWHG VWUXFWRKGFR1ILMISEW FKGF&+&1 LQYROYLQJ

WUDQW\FORKH[DQHGLFDUER[\ODWH WKIBIRRXQGWLR G B O SLOH]
WKH GLFDUER[\ODWH DQG JZLWWHULRQ XQLWYV DUH SUHVHQ
SRO\PHU WKDW PLJKW EH DQWLFLSDWHG LQ WKDW WKH\ DF
D PRQRSHULRGLF FKDLQ &KHODWL°QFHDLMWWH VDS SGIIDID QAGR
GLFDUER[\ODWH RU ]ZLWWHULRQ FRRUGLQDWLRQ ZKLFK FR?
2Q0H RU WKH RWKHU Rl WKHVH IHDWXUHV LV VHHQ LQ PRVV
QRQH VKRZV WKH IHDWXUH Rl WKH SUHVHQFH RI WKH XQFR
DEFWLQJ DV DQ K\GURJHQ ERQGLQJ EULGJH EHWZHHQ SRO\P
W FKGE\ WKH FRQYHUJHQW DX 6 KHIOPR\®BRKGW ELNVQG KDV D
FRQVSLEXRXV HIIHFW RQ WKH VWMXRVWXWH G QEKRGEQ FRP
VWUDQGY DUH FRQQHFWMGLRAVOW® HIRW PLLDWBSHNBWURV\PPH!
PHWDOODF\FOLF DVVHPEO\ ZLWK IRXU FKHODWLQJ QLWUDW
RI WKH IRXU XUDQLXP DWRPV DQG SUHYHQWLBJ IRK®KHU ST
FDQ DGRSW D FKLUDO FRQIRUPDWLRQ WKH WZR XQLWV L
GLQLFNHODWHWUDXUDQDBRF OB WHKHRMOHORBLQJ LV  PHPE
HORQJDWHG VKDSH ZLWK WKH WHUS\ULGLQH WHUS\ PRWLI
LV VHSDUDWHG LQWR WZR VPDOO DSHUWXUHV )LIXUH E 7
JLIXUH F  WKH SDFNLQJ FRQWDLQLQJ VRPH IUHH VSDFHV
E\ WKH .LWDLJRURGVNL SDFNLQJ LQGH[RL3, FDPQOERQBWEBBW

DUH DSSDUHQW ERWK ZLWRKL @ H8IOHW PWERGQF\FOHV c@LDQG E

ZLWKLQ WKH VWDFRNVY SR3QUDW@R¥L L c@ ZLWK IRUPDYV
GLVSGDMAMHBFNLQ) LQWHUPHOW.BRNVYG>EHQWDREBYV DQ
GLKHGUDO DQJOHYV DQG f@""DRQGWWKODHWLRC(

>FFHQWURLG GLVWDQFHRHQWUWRLGCDQAOHYV + f@ 7KHP



GHILQH FKDQQHOV WKDW DUH RFEXSLHG E\ WKH DFHWRQLW
FDYLW\ SRUWDO DQG LQYROYBGQGL T ERWER RO DWR P BWELFR J H (
ZKLOH DGMDFHQW VWDFNV DUH FORVHOVZEBPNEG [DY/DOWHH B!

&+ DURPRZWUIIANUDWH LQWHUDFWLRQV DV ZHOO DV VWDFNLC

JLIXUHD 9LHZ RI FRPERZEQBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
PROHFXOHY DQG K\GURJHQ DWRPV DUH RPLWWHG- 6APRHWHY VWV RGH KH S|

ZLWK XUDQLXP FRRUGLQDWLRQ SRO\KHGUD \HOORZ DQG WKRVH RI QLFN



'LWK WBRLJDQG RI UDWKHU OLPLWHG IOH[LELOLW\ DQC
JURXS RULHQWDWIIRQN VWRPSEOWMXKUH YHU\ VLPISODW WRRW KWDI

DEVHQFH RI DQ\ ZHOO RUGHUHG VROYHQW $JDLQ WKH FRP

JLIXUHD 9LHZ Rl FRPSRX@Q@mBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
DWRPVY DUH RPLWWHG 6\PRHWUEFRGHZR YLHZV RI WKH SDFNLQJ ZLWK X

SRO\KHGUD \HOORZ DQG WKRVH RI QLFNHO JUHHQ



FHQWURV\PPHWULURE UW@PKDKILIHGLS QRZ PHPEHUHIG 7KH Lt
VHSDUDWLRQ LQc LV WRR JUHDW WR SUR@GXW H D0G V MIKQH. ULHFE T
D IRXUIROG HEFEUDFH >tl®@ EHWZHHQ WHUS\ PRLHWLHV LQ V
VWDFNHG DUUD\V UXQQLQJ GRZQ > £V WDMNL QNZRQ SIHWD
>FHQWWHRMWBURLG GLVWDQFEHYV DQG c GLKHG
DQG WZR BQWHUDFRMHQRWQYR*E GLVWDQFHV " FHQWQEBLG DR J&:

DQG f@ 7KHVH LQWHUDFWLRQV UHVXOW LQ WKH FROX
LQWHUDFWLRQV DORQJ WKHLU OHQJWK 7KHUH LV DOVR D
ULQJYV SHUWDLQLQJ WR DG MDFH@DWMU B L G JGAR/OWP@AH >FHQW U
DQJOH f@ DQG DZFQIHDWDEHHWHQWHUDFWLRQ H[WHQ(
WKH PHWDOODF\FOHV +HUH DOVR WKH .3, RI LQGLFD)
GLVRUGHUHG VROYHQW PROHEXOHV

&RPSOHPDHMEHORQJ WR WKH UDWKHU UHVWULFEWHG IDPL
ZLWK NQRZQ H[DPSOHY 66 YWROWUQPK\GURIXUDQWHWY\DFDUE
WULFDUER[\ODWBP D QWD Q RG L DF HOWRDGNARD FAHKW DMWIRVKHU R UJDC
LOQWR QDQRWXEXOHV LQ WKH ODWWHU IFDSHD WW VK DAQ H[Q L
YHUVLRQ RI FRRBOGILVWDQFHV EHWZ2HFHQWKH W EHTEUUBOE
FKGRU WBRIDQGY EHLQJ DQG c UHVSHEWLY}
EHWZHHQ GLDPHWULFDOO\ RSSRVHG LQYHUVLRQ UHODWHG
c DQG ¢ UHVSHFWLYHO\ 7KH RYHUDOO VKDS
VLQFH WKH F\FORKH/RWUXRHSRQBLWKHU VLGH Rl WKH FRP:
DUH VOLJKWODQ@GGKBRVWMLEO\ DV D FRQVHTXHQFH WKH VR
GLVRUGHUHG LQ WKLV FDVH ZKLOH ZHOO RUGHUHG DFHW
FDYLWLHW LERWK FDVHV WKH SDFNLQJ RI WKH ULQJV JHQ!

KRZHYHU RQO\ WZR H[WUHPHO\ QDUURZ FKDQQHOV UXQQLQ



JLIXUHSSDFH ILOOLQJ UHSUHVHQWDWLRVDRIBWKHHEZHGJI G RIQ FRPEB R W)
GLUHFWLRQV XUDQLXP RUDQJH QLFNHO JUHHQ VXOIXU \HOORZ RIJ\.

DWRPV DUH RPLWWHG

ORQRSHULRGLF FRRUGLIQDXDR®\SRBUPBIURPDWLF GLFDU
IOH[LELOLW\ EXW D WUXO\ GLYHUJHQW RULHQWDWLRQ RI L\
WHUHSKWKDOD V8D UWGBO GLVSODFHPHQW RI FRRUGLQDWI]
FRPSRVLWLREGELOES\E2 @&+&1 + 2 VKRZQ LQ )LIXUH (D
WKH WZR LQGHSHQGHQW XU D QI2XP PIRVGRIPE\ LR/Q FK FHIDUENRH 3 D ¢
IURP WKH JZLWWHULRQLF PRLHW\ EXW 8 LV IXUWKHU FKHC
DQG RQH QLWUDWH DQLRQ ZKHUHDV 8 LV FKHODWHG E\
OLJDQGYV &HQWURMVLERRWWKHEH PHPEHUHG DUH VWLOO S
LQWR D GDLV\ FKDLQ UXQQLQJ*DCROWV> : L@ KEL\QEWKGI JUQQ JAAK
EHWZHHQ* WK HGHGEB XUDQLXP FHQWUHV LV c DQG WK

LQYHUVLRQ UHODWHG FHQWUHY DUH DQG c



o1zl ol

JLIXUHD 9LHZ RI FRPISRSX@QDGFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH

PROHFXOH DQG FDUERQ ERXQG K\GURJHQ DWRPV DUH RPLWWHG DQG W
D GDVKHG OLQH 6\PPHWW\ FR®HV] ¥ ¥ £ 9LHZ RI WKH PRQRSHULRGLF
SRO\PHU ZLWK XUDQLXP FRRUGLQDWLRQ SRO\KHGUD \HOORZ DQG WKRYV
VLGHzZD\V G FKDLQ YLHZHG GRZQ LWV D[LV H 6LPSOLILHG UHSUHVH

GRZQ > @ ZLWK > @ KRULJRQWDO XUDQQXPDQEBOORDUQHENKB BGBEKW

IURP WKDM W) DOVR WRHWY WSMFWRR GLVWDQW IURP RQH
LQWHUDFWLRQV WIR EH SUH\WKQVBWKH) ULQJV FDQ EH FRQVLC
VWDFNV GRZQ > @ WZRIROG 7( LV IRXQUG KHSBUD®VYRQY
DQG c DQG GLVSOD\LQJSWWMD FNLQD OO\ HEID
>FHQWWHRMWBURLG GLVWDQFEHYV DQG c GLKHG
DQG WZR 8QOWHUDFRMH@RWYRLE GLVWDQFHV FHQWQRBLG D®J®:
DQG @ “2RHREGERRW LV DOVR LQYROYHG TOBQ@WUDFIVQ R (
ZLWK ERWK WHUWLSQ IIFH@WERLG GLVWDQFHVFHQWWRELG DO JE

DQG f@ 7KH ZHOO UHVROYHG DFHWRQLWULOH PROHF

KHUH DOVR GLVRUGHUHG VROYHQW PROHFXOHY DUH SUHVH



7KH IOH[LEOH WULFDUEDOO\ODW®H OLJDQGRISD® NWIKH B

> 82 WFD 1L WSS@&+&1° + 2 VKRZQ LQ )LIJXUH 7TKH WZR LQC
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JLIXUHD 9LHZ RI FRPISRXMIFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
PROHFXOHV DQG FDUERQ ERXQG K\GURJHQ DWRPV DUH RPLWWHG DQ
6\PPHWU\ FRGHMW 4 EM\+ ] N [ & ]+O[\ ] E 9LHZ RI

WKH118 ULQJ ZLWK XUDQLXP FRRUGLQDWLRQ SRO\KHGUD \HOORZ DQG
PRQRSHULRGLF FRRUGLQDWLRQ SRO\PHU G 3DFNLQJ YLHZHG GRZQ Wk

UHSUHVHQWDWLRQ RI WKH QDQRWXEH *XOQDIDLX®V \ &0 CR.ZEDEEAVN WIEBHIZO L J |

XUDQLXP DWRR2 BYKHODWHNG 8 E\ RQH FDUER[RQMHWIN RR R X
WEDDQG RQH QLWUDWH DQLRQ DQG 8D8GROHRFINRPRWDR V

DQLRQV 8*BERIGQWRMIK XV WKUHH FRRUGLQDWHG F QRGHYV



DOVR EXW WKH\ DUH PHPEHUHG GXH WR WKH GLIMHUHQW
OLJDQG LQYROYHG )LIJXUH E (DFK WULFDUER[\ODWH SHU
H DQG WKH FRQFDWHQDWLRQ RI WKHVH ULQJV JLYHV ULV
GLUHFWHG DORQJ > @ 7KH SURMHFWLRQ RI WKH WXEH DO

DOWKRXJK WZR XUDQ\O FDWLRQV DUH VWURQJO\ WLOWH
VPDOO VL]H EUMKI VEPRQJV 8 DQG 8 RI RQH ULQJ ZLWKLQ
D VLIQLILFDQWO\ ORQJHU GLVWDQFH WKDQ WKW FRUHJ MAUDR
DQOXOB®GIBYWDQFHV RI DQG c DUH QRW IDU
FRPSOH[ WKH VKDSH RI WKH ULQJV7EH LLGXWWFR B/ZA-RIDALGW V. R/
RI c GRHV QRW DOORZ IRU YHU\ VLJQLILFDQW LQWU
SRVVLEO ROWDFMQWWRLG GLVWDEFH®WUR LG &0Q-JOH f@
SDUDOOHOSEMWSENLFHGLQWHUDFWLRQ LV IRXQG EFMWZHHQ
VHSDUDWLRQ RI “"FHQ@WUFRIQGVG RV W D Q F H ¢ GLKHG!
ZHOO DV~ WB&V&H U DFHIRMDWR*E GLVWDQFHVFHQWQRELG DQJE

DQG @ 7KH WXEHV KDYLQJ ODUJH DSHUWXUHV RQ W
IDVKLRQ VR DV WR JLYH OD\HUV SDUDOOHO WR DV V
DFHWRQLWULOH PROHFXOHV DUH ORHORMG/ VRV MMKH W K R X8
EDVHG QDQRWXEXODU VSHFLHV ZKLFK LQFOX&EHDQWGHYHUI
SKRVSKRQBWHWKRXJK QDQRWXEXODU FRPSOH[HV LQYROYLQ
NQRZQ ZKLFK VKRZ WKH SRWHQWLDO RI WKLV WKUHH SURQ
VSHFLHV WKH VKDISHPRUFRBEOHQLVFHQW RI WKH QDQRWXE

SKHQ\OHQHGIL® FAKWBKW MAKH OLJDQGV DWRE®WHRWREW LR C
DQG WKXV SOD\ D UROH RRDI RBRXY MRARIH BUSR@W LRQ SUR®
WKH UHTXLUHG FXKHDHV XQURW DIWW¥WDQGLQJ D GLIIHUHQW

WKDW WKH WRSRORJ\ Rl WKHVH WZR VSHFLHV LV WKH VDPH



VIPERO ™ EXW ZKROQWDLQV XUDQREPWROFRUDQLXP QRGH)
WKH SKHQ\OHQHGLDFHWDWH FRPSOH[HV %RWK VSHFLHV GL
VLGH DSHUWXUH® WKRROMBLS*¥Q 5X ELS\ % ELS\ULGL
LOQOVHUWHG ZLWKLQ WKHVH VSDFHV LQ WKH SUHYLRXV DQ
PROHFXOHV LQ WKH QHXWUDO FRPSOH]

$QRWKHU IOH[LEOH DURPDWLF GLFDUER[\OLFJDKFH&

WKH FRPSOH[ >S8&D SGD+ 111 @&/S&HE VKRZQ LQ )LIJXUH 7

JLIXUHD 9LHZ RI FRPBRXQGBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH

PROHFXOH DQG FDUERQ ERXQG K\GURJHQ DWRPYV DUH RMLWWHGC 6\PPH\
I+ E 7ZR YLHZV RI WKH ]JLJ]DJ PRQRSHULRGLF FRRUGLQDWLRQ S|

FRRUGLQDWLRQ SRO\KHGUD \HOORZ DQG WKRVH RI QLFNHO JUHHQ F

YLHZV VKRZLQJ WKH DUUDQJHPHQW RI FKDLQV IDFH RQ ROLHRGGR/Q XL

GDUN EOXH EUEGLUQODGV SGBG



FRRUGLQDWLRQ HQYLURQPHQW RI WKH WZR LQ@EXMHE®EHBW
WZR OLJDQGV QLW UDWHVDHEPLQBSG DLV \WHIHS FIDIUERO\VORB H
Rl WKH ODWWHU OLJDQG EHLQJ XQFRRUGLQDWHG $V D FRQ
WKH PRQRSHULRGLF SRO\PHU IRUPHG SDUDOOHO WR > @
FRQWDLQLQJ IRXU XUDQLXP DQG WZR QLFNHO DWRPV KDYL
WKDW LQ WKH ULQJV FORVXUH EHLQJ SUHYHQWHG RQO\ E\
LQ )LIJXUH E 7KH XQFRRUGLQDWHG FDUER[\OLF JURXS LQ
FDUER[\ODWH R[\JHQ DWRP RI D QZDGLWMFIH@A¥ SROTZH Lt FKDHH
DQJOH f@ LV ORFDWHG TXLWH FORVH WR WKH FRRUGLQ
VOLJKW GLVSODFHPHQW WR GLVORGJH WKH QLWU®WH ZRX
GLVWDQFH EHWZHHQ DWRPVYWHSDUDWHBQB\ WKI$SGDLVWDQF
GLDJRQDOO\ ORFDWHG DWRPV LQ WKH SVHXGR ULQJ DUH
EHLQJ FORVH WRMWRRVHQLRV LQ IDFW D VHYHUHO\ IODWWH
G ZKHUH WKMXQILWVS\FIW&L/WIDQFH R ¢ DUH LQYRO
FKDLQ RI 7(V ZLWK RQH SWDB N DGD LGYLW 5 TFHIFMEGERRL G FG QA
¢ GLKHGUDO DQJOH ~""BQVWBUDF& (MRS GLVWDQFH
&+¥FHQWURLG DQJOH f@ 7KHUH DUH DOVR WBR SRVVL
VWDFNLQJ LQWHUDFWLRQV ERWZHHBGMRAUS\LRQBGMDSER W
>FHQWWHRWBURLG GLVWDQFHYV DQG ¢ GLKHGUD
+HUH DOVR VRPH YRLGV LQ WKH VWUXFWXUH FRQWDLQ GL\
&RPSOK[82R[1L WSAF ZDV REWDLQHG IURP PDEHIFQDFLG
JHOHUMMHDWVIX) HTXHQW RFFXUUHQFH ZKHQ VROYR RU K\GUF
XVHG WKH IRUPDWLRQ PHFKDQLVP LQYROYHG KDYLQJ EHI
RQO\ 7KH DEVHQFH RI DQ\ QLWUDWH DQG WKH SUHVHQFH

FRRUGLQDWLQJ R[DODWH OLJDQG DUH QRWDH®H MKDWXHH



XubQ\O FDWLRQ LV FKHODWHG E\ WZR R[DODWH OLJDQGYV
KDYLQJ WZRIROG URWDWLRQ V\PPHWU\ DQG LW LV DOVR E
WS\PHLJXUH 7TKHP RLIWW\K DV DOVR WZRIROG URWDWLRQ V\

FHQWUHV WKURXJK WKH IRUPDWLRQ RI WZR PHPEHUHG FK

JLIXUHD 9LHZ Rl FRPSRX@IBFHPHQW HOOLSVRLGYV DUH GUDZQ DW WKH
DWRPV DUH RPLWWHG 6{PPMWWMFRGH¥+L N + [ + ¥] E 9LHZ RI WKH

PRQRSHULRGLF FRRUGLQDWLRQ SRO\PHU ZLWK XUDQLXP FRRUGLQDWLF

3DFNLQJ ZLWK FKDLQV YLHZHG HQG RQ

DYDLODEOH IRU DQ DGGLWLRQDO GRORNNQGW WVXIBDDGAL WK UM

IRUPDWLRQ RI D VHUSHQWLQH PRQRSHULRGLF SR®QRAWV UXC



DFW DV EULGJHY EHWZHHQ XUDQLXP FHQWUHY VHSDUDWHG
WKH SRO\PHU RQ ERWK ML GHQJIVQ G KGHBLUH\HQFH RI WKH W
ULQJV OLPLWV IXUWKHU FRRUGLQDWLRQ WRKWWYNELVRI D \
FRRUGLQDWLRQ PRGN EHHD WSHA XH QW Q \ DREDHRIMNIKG EHKD Y
NQRZQ IRU WK SHFREEW®\ WKLYV LV WKH ILUVW RFFXUUHQFH
WHUS\ PRLHWLHV GR QRW LQWHUDFW ZLWK RQH DQRWKHU :

UHVXOWYV LQ 7( LQWHUDFWLRQV EHWEHHQY WIDIFMY DGML

c ZLWK RQH SDUDWVWBBNGEG QV S @DNFHBHB RWILLRRY. & FAHLQAMUDRYLFGH

GLKHGUDO DQJOH ~~~ 8@ WD FRGIERBUR EG GLVWDQFH
+"FHQWURLG DQJOH f@
‘LWK WKH TXLWH ULJLG EHQ1HQHVD QLG DY EJWKDHW HC

FKDQJH LQ WKH QDWXUH RI WKH SURGXFIW@RBRXUV WKH
EWF+@ J)LIXUH KDYLQJ DQ LRQLF FRPSRVLWLRQ 7KH W
LQ VLPLODU HQYLURQPHQWYV HDFK EHLQJ FKHODWHG E\ W:
OLIJDQGV IRUPLQJ WZR VHYHQ PHPEHUHG ULQJY DQG ERXQG

D WKLUG OLJDQG WKXV JLYLQJ D PRQRSHUL®GRF FRRUB L(

HVVHQWLDOO\ LGHQWLFDO WR WKDW NQRZQ LQ DVVRELD\
FDWLR&VYY LQGLFDWLRQ RI D SDUWLFXODU VWDELOLW\ RI \
LQFRUSRUDWLP@ & ILWVWS\W/WDOOL]DWLRQ LQ DVVRFLDWLR
LOQYROYLQJ WKH XQGHSURWRQDWHG IRUP Rl WS\F+ 7KH SRC
WKDW WKH FKDLQV OLH VLGH E\ VLGH LQ VKHHWYV SDUDO(
LQYROYHG WR ERWK VLGHV 7KH FDWLRQV IRUP VWDFENHG S
WKH WHUS\ VHFWLRQV DQG UHFLSURFDO K\GURJHQ ERQGLC

WS\F+ FDUERQ\O RAIJHQ DWRP2Z2 f@ 7KHVH SDLUV OLH



JLIJXUHD 9LHZ RI FRPISRX@IBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
K\GURJHQ DWRPV DUH RPLWWHG DQG K\GURJHQ ERQGYV DPWH}VKRZQ DV G
4 ¥ E N[z \] Q \]x E 9LHZ Rl WKH PRQRSHULRGLF FRRUGLQD\

ZLWK XUDQLXP FRRUGLQDWLRQ SRO\KHGUD \HOORZ DQG WKRVH RI QLFN

EHWZHHQ WKRVH RI WKH DQLRQV ZLWK WKH FRRUGLQDWH!
K\GURJHQ ERQGLQJ LQWHUDFWLRQV ZLWK XUDQ\O R[R JURX
DQG XQFRRUGLQDWHG ZDWHU PROHFXOHV 7KH FDUERI[\O
XQFRRUGLQDWHG FDUER[\ODWH " R[\JHQ DWRPZFR|I WKI® DQLR
7ZR SDUDOOHO/WD¥SQOQFH@WHUDFWLRQIDDWGWRELWW HRQH DE
ZLWK D WS\F+ OLFHQWUYRHGQWURMD QFHYV DQG

DQG f@ :LWK D .3, RI WKH SDFNLQJ GRHYV (



'LSHULRGLF FRRUGLQEKWLRHSRQFAHRVWKH EQWHDRK O
WKH K\GUR[\O JURXS KDV EHHQ GHSURWRQDWHG EXW RQH
FRQVHTXHQFHV VRPHZKDW ¥LBLWRDWBQVEKQMRQLF XWDR\O
DVVRFLDWHG ZLWK D FDWLRQLFRSORO\PW WD ILIDYR® YLIQWL QU W
>821L WS@®>8ELW+ @KRZQ LQ )LIXUH $JDLQ WKH PRQRSHL
GLUHFWHG DORQJ > @ DUH RI D IDPLOLDU IRUP FORVHO\
RWKHU XUDQ\O FLWUZRMW X FIRQISYOAH PHVR P EIRX G GV\R R GLH UM S\ D
HQYLURQPHQW VRPHZKDW XQFHUWDLQ EXW LW DSSHDUV \
WS\BQG ERXQG WR WKUHH PRUH FDUER[\ODWH GRQRUV IUR
QRGH LQ WKH GLSHULRGLF FDWLRQLF SRO\PHU IRUPHG ZKL
SRLQW V\PER@G WKHVARPRPRRORJILFDO W\SH DV SUHYLRXVO
>821L WS@® , 'XH WR WKH SURWUXGLQJ WHUS\ULGLQH PRLH
ZLWKLQ WKH ULQJV LY KRZHKY WKH HDR®IDWHG ULQJV EHL
KHUULQJERQH IDVKLRQ 7K QRDHAD WW REILFBRDAW[' ' VHPL
LH WKH WZR FRPSRQHQWY FDQ LQ SULQFLSOH EH VHSDU
DQLRQLF SRO\PHUV WKURXJK WKH SDFNHG GLSHULRGLF QI
FLWUDWH ULEERQV LQ DGMDFHQW URZV DORQJ > @ DUH
DFFRPPRGDWH WKH HORQJDWHG VKDSH RI WKH VSDFHV LC
FRPSRQHQWY DUH WHWKHUHG WR HDFK RWKHU WKURXJK K
+FEWR WKH XQFRRUGLQDWHG FDUBRXODWH REJEE+DWRP

f@ 7KH 1KQYSW¥ IRUP XQGXODWLQJ FKDLQV GLUHFWHG
VKHHWYV LQ ZKLFK 7( LQWHUDFIWMRIQFHUH IRXQG IOV ZHOC

XQLWV LQ GLITHOHQW VKHHWWVLWK LQ ERWK FDVHY RQH S|

VWDFNLQJ LQWHULDHQW. RRL 6F & QWNVWIRQ BH V DQG



DQG f@ DOSQRVHU BFWDRVQUREG GLVWDQFHYV D

+"FHQWURLG DQJOHYV DQG f@ 6RPH YRLGV DUH SUHVLE

JLIXUHD 9LHZ RI FRPISRX@IBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
K\GURJHQ DWRPV DUH RPLWWHG DQG WKH K\GURJHQ ERQG LV VKRZQ DV
DWRPV LV VKRZQ 6\PPHWUWA FRGWHY L] N[+ ¥ ¥ O & ] +

P R\ 1#Q [+ ¥ ¥ R ] E 'LSHULRGLF QHWZRUN YLHZF
PRQRSHULRGLF FKDLQV YLHZHG HQG RQ ZLWK XUDQLXP FRRUGLQDWLRC
DQG VOLJKWO\ URWDWHG VLPSOLILHG YLHZ UEJXWD®GD Q GYOR N\ HEOXRIZ
OLJDQGV UHG F 3DFNLQJ ZLWK VKHHWYVY YLHZHG HGJH RQ OHIW DQC

SRO\PHUV ULJKW



,Q SDVVLQJ WR E X W D Q*H W MWK bl D FICRIPESRO HQ D WRHU F
> 82 EWF+ 1L WS& FRQWDLQV WKLV OLJDQG LQ LWV PRQR.

D UHWXUQ WR WKH LQYROYHPHQW RI QLWUDWH FRRUGLQDW

JLJIXUHD 9LHZ RI FRPISRXMIBFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
DWRPV DUH RPLWWHG [ 6\RRHWU\[ARGHVNL ¥] P\t ] E 9LHZ

RI WKH GLSHULRGLF QHWZRUN ZLWK XUDQLXP FRRUGLQDWLRQ SRO\KHG
OD\HUV YLHZHG HGJH RQ G B6LPSOLILHG YLHZ Rl WKH*@HLWZBGYW GDDRNI

EOXH *EONBPQGV UHG

XUDQLXP DWRPV LV FKHODWHG E\ RQH QLWUDWH DQLRQ LC
GLIITHUHQW OLJDQGY DQG WKH RWKHU E\WEKDHQOGWHQ ERQHAF
WS\ VLWXDWLRQ DQDORJRXV WRWRKPW |B& GG KEDRNPHBHO H [
WKXV F QRGHV LQ WKH GLSHULRGLF QHWZRUN IRUPHG Zt
SRLQW V\PERO DQG WKBNRBRBRORRPHFHRXY W\SH 7KH PHPEH
KRQH\FRPE JHRPHWU\ DUH YHU\ HORQJDWHG GXH WR WKH S

WKHLU OHQJWK "™MHH\QGLIIHU ITURP WKH #JIEQ JR/QIHQ GALFPIER[M®



OLQN EHLQJ UHSODFHG E\ D EWF+ 8 EWF+ PRWLI V|
GLQLFNHODSHQWDXUD QGRAW®HD WK HD WU DMQSIMEG LQ FROXPQV
SUHVHQFH RI LQWUD ULCQI GLYYWEBBFWLRQV c1LQYROYLQ.
GLVSODWMBFNLQJ LQWHUTHQW RRL G FE& QWWIRQ EH c G

f@ DQG WKH .3, RI LQGLFDWHVY WKH SUHVHQFH RI V

3DVVLQJ WR WKH UHODWHG V\WWHP EDVHG RQ WKH F
FLV WUDQV FL¥OREXWDQHWHWUDFDHY ERJIOD WHR PG DHIQ GV RE
> 82 FEWF+ 1LI®S®F KDV WKH VDPH VWRIQRKIR PMWXF\UX U |
VOLJKWO\ GLIIHUHQW 7KH FRRUGLQDWL.QR®Q\ RRGW KIDWGWIAR |
FDUER[\ODWH JURXSVY ERXQG WR 8 DUH KHUH PRQRGHQW

PROHFXOH FRPSOHWHY WKH FRRUGLQDWLRQ VSKHWH )LJXU

JLJXUH D 9LHZ RI FRPSRS@®FHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
ERXQG K\GURJHQ DWRPV DUH RPLWWHG DQG K\GURJHQ ERQGV DUH VK
GLVRUGHUHG DWRPV LV VKRZ[Q\ 6\PPHWHM[ FRGHV IN[ + x]+ O

+[\ % ] *E 9LHZ Rl WKH GLSHULRGLF QHWZRUN ZLWK XUDQLXP FRRL
QLFNHO JUHHQ F 3DFNLQJ ZLWK OD\HUV YLHZHG HGJH RQ G 6LPSOLI

OLJKW EOQHIDQHB\¥ G D U N EDXPIG F EWHG



XQFRRUGLQDWHG VR WKDW ERWK WKLV OLIJIDQG DQG DWRF

IRUPHG ZKLFK LV 900UD @ DY QVWERRLIPPH V\RERR DRGRILFDO W

DV WKDWHU® DOVR WKH ULQAaV ® UMHQBGHWKHORQBO WG ILYH |
WZR QLFNHO DWRPV :KKOQHWV D/EKH DUWDSQFHG WRWWRIRUB HL
]LJJDJ DUUDQJHPHQWYV DIOHRUH 1V @R LMMPZRIROG 7( KHUH E X\
GLVSODWMBFNLQJ LQWHUDFWLRQ EHWZHHQ OLBFHQ®VY RLGM I
GLVWDQFH ¢ GLKHGUDO DQJOH f@ DQG WKH
VLIQLILFDQW YRLGYV

,Q WKH VWUXFWXUH RIQWRH LFRESAA® > REWDLQHG ZLW
WKH ODUJH ULJLG DURPDWLF *Q DISKDMKXOUOHQ W 16 H B DIUE RN X
FRPSOH[HV DUH DXJPHQWHG E\ WKH SUHVHQFH RI EULGJL
IRUPDWLRQ Rl GLQXFOHDU VHFRQGDU\ EXLOGLQJ XQLWV ¢
PRLWLHVY %RWK LQGHSHQGHQW XUDQLXP DWRPV DUH FKHO
WKH WZR FHQWURUIPPIOWYLEXQMWRB LV IXUWKHU FKHODWHG
IURP #M30B RQH QLWUDWH DQLRQ ZKLOH 8 LV ERXQGG WR RC
DQG WZR K\GUR[LGR DQLRQV DQG FRRUGLQDWLRQ WKX\
WKH GLQXFOHDU 6%8V DUH FRQVLGHUHG DV VLQJOH F QR

WR  KDVVW&RSRORJLFDO W\SH ZLWK ¥HHWZHH®IRWWGE U

6%8V 7KH F\FOLF XQLWYV DUH PHPEHUHG WHWUDQLFNH
GHFDXUD QD R\EQHOYHQJIJWK KDYH EHHQ IRXQG L&XDVF RWPRS W/H[H
EHVW RI RXU NQRZOHGJH F\FOHV FRQWDLQLQJ DV PDQ\ DV
EHHQ UHSRUWHG LQ XUDQ\O EDVHG FRPSOH[HV :KHQ YLHZI
VKDSHG DQG WHUS\ PRLHWLHYV SHUWDLQLQJ WR DGMDFHQW

VWDFNLQJ LQWHUAHRYW.RR)L & F6 QWWAUIRQ. IGH ¢ GLKHGUDC



DV D&EBQWHUDFWQRQREG GLVWDBRHAWUR LG LHOH f@ W
EHWZHHQ WKH QLFNHO FHQWUHYV EHLQJ S VW DrEKNHIUH) D
LOQWHUDFWLRQY @G WZHRHRU BMEIFHY ORFDWHG RQ"AFHYWHR VG G
GLVWDQFHYV DQG c GLKHGUDO DQJOH f IR

WKH SUHVHQFH RI ODUJH VROYHQW DFFHVVLEOH YRLGYV

JLJXUH D 9LHZ RI FRPIRSQBGFHPHQW HOOLSVRLGYV DUH GUDZQ DW WKH
ERXQG K\GURJHQ DWRPV DUH RPLWWHNGE GAPRHWW\ BRIGHV % } =

E 9LHZ RI WKH GLSHULRGLF QHWZRUN ZLWK XUDQLXP FRRUGLQDWLRQG
3DFNLQJ ZLWK OD\HUV YLHZHG HGJH RQ G 9LHZ RI RQH QXFOHDU UL

\HOORZ QLFNHO®* OLJRWGEGOXGD URSEERIDH) GV Q@GIKE K\GUR[LGH JURXSV RL

7KH FRPSOH] LQFRUSRUDWLQJ HW D Q@Y RBPHULFD
F\FORKH[DQHG LWD U BFK[EED VAW FKAE WS\® KDV VRPH
SRLQWV LQ FRPPRQLDIVRIB FRPEOHKW WKH VWRLFKLRPHWU\ |
WKH DEVHQFH Rl WHUPLQDO QLWUDWH DQLRQ VDN DGO WIR H
LQ WKH 6RKQENH DQRBX®KH IRXU LQGHSHQGHQW XUDQ\O F
HQYLURQPHRINFEHMQODWHG E\ WZR FDUMRR [\OPKGO UURXGY | L

DQG RQH FURIPIXWSHF +H[DQXFOHDU PHPEHUH®UHQJV D



JLIXUHD 9LHZ RI FRPERZQOGFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH

DWRPV DUH RPLWWHG 2QO\ RQH SRVLWLRQ RI WKH GLVRUGHMHG DWRP
[ \' £ F NJ \'+ ¥ E 9LHZ RI WKH GLSHULRGLF QHWZRUN ZLW
SRO\KHGUD \HOORZ DQG WKRVH RI QLFNHO JUHHQ OHIW DQG VOLJKW
QLFNHO OLJKOWL EmXGYV WBDE NFEO&XHIDQGY UHG F 7ZR OD\HUV YLHZHG
LQWHUPHGLDWH OD\HU RPLWWHG IRU FODULW\ OHIW DQG VLPSOLILHG

RI WKH SDFNLQJ ZLWK OD\HUV YLHZHG HGJH RQ



IRUPHG EXW LQVWHDG RI EHLQJ LVRODWHG WKH\ DUH SDL

LQ ZKLFK WKH XUDQLXP DWRPV DUH VHSDUDWHG LQWR
SRLQW V\PERO " $SDUW IURP WKH KH[DQXFOHDU ULQJV Wt
URWDWLRQ V\PPHWU\ DUH SUHVHQW ZKLFK LQYROYH DWRP"
DQW FKBEULGJHV RQO\ DV ZHOO DV ODUJHU VDGGOH
XUDQLXP DQG IRXU QMBF N HEKEBIQWQIBY 7KW KH WHWUDXUDQ
D FKDLU FRQIRUPDWLRQ ZLWK WKH FDUER[\ODWH JURXSV H'
IURP VRPHZKDW VLQXVRLGDO FKDLQV GLUHFWHG DORQJ >
FURVV OLQNHG WR RQH DQRWKH UFK®B UKD @G V@R G DU H VWK ®
PHDQ SODQH RI WKH SRO\PHU 8 DQG 8 DQG WKHLU V\PPHW
ULJKW KDQGHG KHOLFDO DUUD\ LQWWU YV HKEKQL WAK H KLLFXX
DOWHUQDWH LQ FRQIRUPDWLRQ EHWZHHQ GLHTXDWRULDO
YHU\ VWURQJO\ SXFNHUHG WKH RXWHUPRVW SRLQWV FRUU
VHSDUDMWHKGIEQG WKH\ SDEFN ZLWK SURQRXQFHG LQWHUORFN
RI LWV WZR QHLJKERXUV RQ HDFK VLGH DORQJ > @ ,Q SU
DQ DQQXODU OLNH DUUDQJHPHQW RI WKH"®HVGLO WHQFRV R

¢ DUH IRXQG ZLWKLQ WKH KHHDWIFFOHD G LWIVOD § FH H

GLKHGUDO DQJOH “""B@W BV ZFBIQRMYRE S GLVWDQFHYV
&+¥FHQWURLG DQJOHYV DQG f@ 7KH .3, RI LQGLFL
REFFXSLHG E\ GLVRUGHUHG ZDWHU PROHFXOHV LQ DJUHHPF
([SHULPHQWDO 6HFWLRQ

7KH FRPSOH[ >$@D WS@+&1 + 2 LQYROYHV
SKHQ\OHQHGLDFHVWIHWH RPHYUERLYLBIGWKH PRQRSHRLRGLF |
TXLWH GLIIHUHQW FRPSRVLWLRQ QLWUDWH LV QR ORQJHU

PRUH FRPSOLFDWHGRPISDEG WKW GROL]HV LQ IWWHVBRKREKNH



LQGHSHQGHQW XUDQLXP DWRPV LQ WRH2 BN MROPDHMWHIG. FE X /L

FDUER[\ODWH JURXSY OURPQWXRD QGSBRHXURP WS\KH XUDQL

)LIXUH D 9LHZ RI FRPSIRMS®®FHPHQW HOOLSVRLGV DUH GUDZQ DW WKF
PROHFXOHV DQG K\GURJHQ DWRPV DUH RPLWWHG 2QO\ RQH SRVLWLRQ
L[ ¥]2 M £ ] N[ %2 ] O\ 1 P %] q v+ ]+ E
3DFNLQJ ZLWK WZR OD\HUV YLHZHG HGJH RQ B8UDQLXP FRRUGLQDWLRQ
F DQG G 6LPSOLILHG YLHZV RI WKH GLSHULRGLF DVVHPEO\ GRZQ >

VOLIJKWO\ URWDWHG IURP WKDW LQ E XODIPLXPV \ OO R ZEL@QDQNEH/O VGBI K



DWRPV DUH WKXV F QRGHV ZKLOH DOO WKH RWKHU FRP
FRRUGLQDWLRQ SRO\PHU IRUPHG LV GLSHULRGLFSRQGWSDU
VIPERO DQG WKH .,D WRSRORJLFDO W\SH 7KH VDPH WRSR(
XUDQ\O LRQ FRPSOH[HV ZLWK HORQJDW KGJ I0GH B QG K GLRDKN
SHQWD G H F DAXHHG DRDRMHY D Ua YH W QWKWKM\ GLVSOD\ WZ

82 SGD SRO\PHUV RQ ERWK VXUIDFHV DQRWKHU VHW R
EULGJLQJ DIQWWW LQ EHWZHHQ 7K GDXWSHRWDRRMWY82ZKLFK
DWRPV 8 8 DQG WKHLU V\PPHWU\ HTXLYDOHQWY DUH FKE
DORQJ > @ ZKLOH WKH FHQWUDO SRO\PHUV DUH ]LJ]DJ R
> @ DQG LQFOXGLQJ 8 DQG 8 7KHVH WZR IDPLOLHV RI Fk
WR WKH FHQWUDO RQHV DUH FRQQHBEWGRGDWR RAXKYD QRQYK!
GLSHULRGLF QHWZRUN 7KH .3, RI LQGLFDWHV WKDW VR
LQ WKH VWUXFWXUH GHWHUPLQDWLRQ PXVW EH SUHVHQW
K\GURJHQ ERQGLQJ LQWHUDFWLRQV LQ WKH IRUPDWLRQ RI
LQWHUDFWLRQV KHUH WXWWOFO\L §T UBQDED WD G WWLRMD/F BBL Q.
SEGDQG*WEHQWHRMAIRLG GLVWDQFHYV + c G

f ¥FHQWURLG GLVWDQFH¥HQWWYRLG DIOHVS VWD FNL@J 7 ¢
LQWHUDFWLRQV DUH VLPSO\ SDLUZLVH IRU WKH FHQWUDO F
FKDLQV ZLWK WKH WHUS\ DURPDWLF ULQJV LQYROYHG LQVt
7ULSHULRGLF | LKOLRHZ KM R [ RS K HY IXFOLWWN RQ 8L WV VW UR (
FDUER[\ODWR GRQRUV 'WKH B|BSRLQLWKWM\FOUMLFXODU QD
LVRODWHG ZKHQ QLEWZARW KWHGDFHWDRWRWKBWDXQFWLRQDOL]

WKH DV\PPHWULF XQLW LQWRKWSKRP SFORRQWDEZV RQH XUDQ\



RQH 1L WBUWHW)\ ZLWK WZRIROG URWDVWIR® @ \ DPH M/[$\H D/QHEG|

VHFRQGDWLRQ ORFDWHG RQ DQ LQYHU¥VDRQRRHQ WILIK DK G E

JLJXUHD 9LHZ RI FRPSR3QOGFHPHQW HOOLSVRLGY DUH GUDZQ DW WKH
DWRPV DUH RPLWWHG [6\PPHWUM FRGHV L ¥+N [ % EO[ #

4} P \+] =+ Q@+ \'] E 9LHZ RI WKH WKUHH SHULRGLF IUDP
FRRUGLQDWLRQ SRO\KHGUD \HOORZ DQG WKRVH RI QLFNHO JUHHQ F

URWDWHG ZLWK UHVSHFW WR WKH RUL®EBWLEQ UN FQ RBDYLLEHD\HO O



7KH XUDQLXP DWRP LV FKHODWHG E\ RQIE ERXDR\W B WWHK Ub
R[\JHQ GRQRUV |tPMGWRRBHYGMRDY 1LWUBQ@WRPWDKHGUDO
HQYLURQPHQW >1L=+2 DQG c 1L=*1 c@ 8l
PRGHY DUH WKXV LQ DJUHHPHQW ZLWK H[SHFWDWLRQV EDV
GRQRUYKH FDUER[\ODWHLYURXSGRLQUSWZR XUDR2ZXP DWRPV
PRGH ZKLOH RQH FDUER[GILWWRWHEXSZRY QMPNZREH QLENH
FKHODWLQJ XUDQLXP DQRWKHU LV EULGDVQLPDNQW®ALXP DQC
PRGH DQG WKH ODVW LV PRQRGHQWDWH LR)J WIKHK W B RN @G M\
PHWDO FDWLRQINQGI 1l @MEFFRQVLGHUHG DV F QRGHV WR
DWRPV ZKLFK DUH DOVR F QRGHV WKH IUDPHZRSRLYW QR
VIPERO 7KHUH DUH QR 7( LQWHUDFWLRQV KHUH DOO GLVW

ODUJHU WKDQTL @LVQM® QEHYV ODUJHU WKDQ c $Q LQWHUI

JURXS 2 DQG RQH DURPDWHRWURLGVCQRWDEBHHO2W URLS 8

DQJOH f@ &KDLQV RI X0ORQD®EGR @W B @A WD QIHE LQ
WR WKH XDIQMWM EULGJLQJ WKHVH FKDLQV WR IRUP Wi
FKDQQHOV UXQ DORQJ > @ DQG WKH .3, LV GLVRUGHL

'LVFXVVLRQ RI WK VWRIXWWNHUFRPSOH[HVY UHSRUWHG |
SHISDQGHG OLJDQG™ FRQQHFWYVY WZR XNDX\G KHDOWDLMWRIQYJ PRS
ZLWK UDUHU RFFXUUHQFHYVY RI PRQRGHQWDWH OLIJDWLRQ 7
OLQNHU 2QO\ LQ WKH XQLTXHGWHNHY SIHW LRIGPFCERPVGIOHH [E L V
EULGJLQJ PRGH WKXV WXUQLQJ LQWR1L MRS RTKIH TXD

LV WKXV QHDUO\ XELTXLWRXV LQ WKLV IDPLO\ RI FRPSOHI[H



7TDEOH SBULQFLSDO &KDUDFWHULVWLFV RI WKH &RPSOH[HV

&RPSRXQG SRO\FDURRROBWGDWLRRSRORIJLFDBHULRGHHRRMHWULFDO IHDWXUHYV
OLJDQG / PRGH RI XUDQIPRRQQHFWLYLW\
E\ 1L WS\F 8 /

F FKGF ELNV2 27 F F I1LUIKQVFUHWH 8

WGF ELNV2 27 F F I1LUIKQVFUHWH 8

EGF ELNV2 2™ F F 1LULQJIJWLQ GDLV\FKDLQ

WFD ELNV2 2™ F F 1LULQJ BDVHG QDQRWXEHYV
SGD ELNV2 2™ F F ILULYBWVIL® JLJ]DJ FKDLQ

R[ ELINV2 F F 1L PKRQUY ZLWK 8
EWF F F DQLRQLF FKDLQ DQG

FLW+ r2a2rz22- F F VHPL LQWHUSHQHWUL

EWF+ ELNV2 2™ F F KFRHWZRUN LZUWKJI 8

FEWF + r2nr22- F F KFRHWZRUN LZUWKJI 8

QGF r2nr22- ! F F V QHWZRUNIEZUW®& J&

Wb FKGF ELNV2 27 F F IDUMWZRUN ZLWK 8
SGD ELNV2 27 F F .,D QHWZRUN

QWD ELNVI 21 2 F t F IUDPHZRUN LQFOXQRGHVIL QWD

® F UHIHUV WR GLORGOQOHPWLOREMWIREKH 1L QWD

QXPEHU RI FRRUGLQDWLRQ VLWHV DQG LQYROYHPHQW L
SRO\FDUER[\ODWH OLJDQGV DUH PRUHFGGWISFEB DTQYH GLFD
5 FK&6GHDG WR WKHIRUPQWLRRLRKS8DUH HLWKHU GLVFUHW
RU SDUW RI PRQR RU GLSHULRGLF FRRUGLQDWLRQ SRO\PH!
FRPSOH[HV WKH GLFDUER[\ODWH OLJDQG LV DOZD\V F DQ
LI FKHODWHG E\ QLWUDWH RU D F QRGH LI QRW ZKLEFK U
RI WKHVH FDVHV DUH LQWUD ULQJ 7( LQWHUDFWLRQV SUHV|
ULQJ VWDELOL]DWLRQ 6LPLEODXW WXLW DUH FRXER [X0 DWW W6
DQG D ULQJ EDVHG QDQRWXEXODU DVVHPEO\ LV IRUPHG $ |
IRXQG ZLWK ZKISEKDLV SDUW RI D PHDQGHU OLNH FKDLQ 7K
ZLWK FRQYHUJHQW FO L JDKEBWE VXK DWEEDLY QRW SDUWLFEX
VXUSULVLQJ VLQFH WKHVH OLJDQGV KDYH SUHYLRXVO\ Et

FU\WWWDOOL]LQJ DV SRO\QXFOHDU FDJHWXH HLRWRQ P B RWKE >



LQWURGXFLQJ D ODUJHU VHSDUDWLRQ EHWZHHQ PHWDO DW
GLYHUJHQW ERBEFH XQXVXDO VLQFW WRK® OKLIPK GLYW\D DLDL R
FKDLQ XQGHU VLPLWEYH SROGHWEBRDNHEBFWLRQV L*Q WKH |
SRVVLEO\ SOD\V D UROH KOWBDQ@KEHUWHOGE D FRPBPH[ LQ ZK
QLENHO DUH LQ VHSDUDWHG FKDUJHG HQWLWLHVE®WSDUD
KHUH VHPL LQWHUSHQHWUDWLRQ Rl PRQRSHULRGLF DQLR
FDWLRQQHFWZRUN LQFRUSRUDWLDQVY REDQUY HDER G7THH WSUPD WL
VLPLODU XUDQ\O EDVHG PRQRSH Y DRGL £ LMRIOQ PNHHUW/S 7 QW KZ L W
SUHYLRXVO\ QRWHG UHODWHGQHVV RI WKHVHORUZR ®V3DQG
KFESLSHULRGLF QHWZRUNY DQGI FRW@GZEKLWK WWHVH OLJDQ
QRGHV RQO\ GXH WR WKH FDUER[\OLF JURXS EHLQJ XQFRR
WULSHULRGLF IUDPHZRUN 2WKH WV TE&RLS H,DL RIGRISFRR Q R W.HR/U NDW
ZLWK WKH GLFDUERPBODWEMAWQGF DV VLPSOH OLQNV 'XH W
1L WSTULQNHUV WKH ULQJV IRUPHG LQ WKHVH VSHFLHV DUFL
HIWHQW EHLQJ IRXQ® L) MK FHREKSOW U L F D U'ERY RUMGW & DQWDY E
XUDQLXP DQG QLFNHO DWRPY BQERGW FHURKRWRIHWXKWMD :
DQG 1L WS\BRGHVY JHQHUDWHVY D WULSHULRGLF IUDPHZRUN

,Q DOO EXW WZR LQVWI®E HY GHRPSEHIHYVVRFLDWLRQ
RI 1L WS\FLWV LV DSSDUHQW ZKLFK UHVHPEOHV WKDW GH)
DOWKRXJK KHUH LW GRHVY QRW H[WHQG EH\RQG SDIUZLVH ¥
VWDFNLQJ GRHV RFFXUYEXE LH\SDDWRFLIKWMKYY DWS KB KR PO |
R[R LQWHUDFWE®RFAMVW KHSDFS S ¥ RIEKY RW BXFEKHNWVVWKD\FH D VP
GHJUHH RI IDFLDO RYHUODS DFFRPSDQLHG*MQBFLB®GMY¥HU
XQLWYV LQ D VWUXFWXUH ZKLFK LOOXVWUDWHY ZHOO KRZ P>

LQ HYHU\ FU\WVWDO 7KH % FDUER[\ODWHIIHRXGW IVRARANLI



% WHUS\ULGLQH LWVHOI DQG LQ DOO EXW ZKAHRJ R IWBKH S
VHOI DVVRFLDWLRQ LV GLVUXSQMHW KEDKW RBVWVEKHWK D U8 GPDR
XQLWYV &§WKRK2 D[HV RI WKH FORBDVHVYW @QLHVBEORVH WR SDUDO
RI WKH FU\WVWDO IRUPDWLRQ PHFK ESDARJ IZU M K (BNDQR 20D HIDQ) |
FDUER[\ODWH JURXS SDLUV ZLWK D VHSDUDWLRQ a +* ¢ D
YDULRXV 8+ EULGJLQJ OLIJDQG 8 XQLWV ZKLFK PLJKW VX!
>1L W®IDLU LQ WKH LQLWLDO VWHSV RI IRUPDWLRQ RI F\FO

IRUP DV VKRZQ E\ WKH H[LVWHQFH RI VXFK XQLWY GHYRLG

&21&/86,21

‘H KDYH UHSRUWHG WKH VIQWKHVLYVY DQG FU\VWDO VWUXFW
1L WSIELWWHULRQLF DVVHPEOHU DQG D GLYHUVH VHW RI S
QHXWUDO FRRUGLQDWLRQ SRO\PHUV DQ REMHFWLYH PHW |
VSHFLHY DUH REWDLQHG 7KMHGEUHVYRQIFGIORE XWKHRQH WIS VWKH
VKRZV WKDW LW FDQ EH XVHG DV D VWDEOH GLYHUJHQW GL
EHWZHHQ WKH R[\JHQ DWRPV RI WKH WZR ERQGLQJ VLWHYV
DQG LQ SDUWLFXODU FDQ EH HPSOR\HG WR DGG YDULHW\ W
LWV PRVW QRWDEOH SURSHUWLHY LV WR RUJDQL]H PRVW F
RFFXUUHQFHV RI 7( LQWHUDFWLRQV 7KH XVH RI GL WUL
ODUJH UDQJH RI JHRPHWULHYV KDV DOORZHG WKH LVRODWI
IURP JHUR WR WKUHH DQG YDULRXV JHRPHWULFDO RU WRSHF
K\GURWKHUPDO FRQGLWLRQV RI VIQWKHVLY HPSOR\HG D SI
WR EH LQ WKHLIRMWDROODF\FOHV WKHVH EHLQJ HLWKHU C

GLSHULRGLF FRRUGLQDWLRQ SRIQ\PHUWQ G\ KBIUHP Bl @\DRD ORDXQ



ZLWKLQ PRQR RU GLSHULRGLF SRO\PHUV WKH ODVW RQH G
ObUJH KHWHURPHWDOODF\FOHVY KDYH EHHQ IRXQG LQ WKH
FRRUGLQDWLRWKS&SRDGRBWLRQ RI D URXJKO\ UHFWDQJXODU
VSHFLHY DQG PD\ EH D FRQVHTXHQFH RI WKMHLQR®J URG OL

$OWKRXJIK IKDWSBRYHQ WR EH XVHIXO LQ GHILQLQJ W
QHXWUDO JZLWWHULRQLF GLFDUER[\ODWH ZLWK SRO\FDUE|I
FRRUGLQDWLRQ SRO\PHUV LW KDV WKH GLVDGYDWWWDKH W
ZDYHOHQJWKV XVHIXO IRU XUDQ\O LRQ H[FLWDWLRQ OHDG
5SHSODFHPHEGW=RBRDILVROYH WKLV SUREOHP EXW WKH IDFW \
VWUXFWXUH ZLWK UDWKHU VPDOO LQWHUQYDOWHPYWM. WQ B V FKOL
WKDW HLWKHU ODUJHU JZLWWHULRQV RU ODUJHU FROLJDQC

FDYLWLHV SUHVHQW IDYRXULQJ SRWHQWLDO DSSOLFDWLRC

$662&,%$7(' &217(17
$FFHVVLRQ &RGHYV
&&'& i i DQG FRQWDLQ
VXSSOHPHQWDU\ FU\WVWDOORJUDSKLF GDWD IRU WKLV SDS}
YLDZZ FFGF FDP DF XN GRW ER WHHEDMOREBUFITIX HV W # FRAG E\FDP |
FRQWDFWLQJ 7KH &DPEULGJH &U\WWDOORJUDSKLF 'DWD &t

(= 8. IDJ

$87+25 ,1)250%$7,21
&RUUHVSRQGLQJ $XWKRUYV

( PDLO SLHUUH WKXHU\#FHD IU 37

( PDLO KDUURZILHOG#XQLVWUD IU - +




25&,"'
SLHUUH 7KXpU\ ;

-DFN +DUURZILHOG ;

1RWHYV

7TKH DXWKRUV GHFODUH QR FRPSHWLQJ ILQDQFLDO LQWHUH

5()(5(1&(6

$QGUHZV 0 % &DKLOO & / 8UDQ\O %HDULQJ +\EULG OC

6ROLG 6 WDWHKKMPUXGHN XUHYV +

/IRLVHDX 7 OLKDOFHD , +HQU\ 1 9RONULQJIJHU & 7K
&DUER[\@BPMHE &KHP 5HY *
7KXpU\ 3 +DUURZILHOG - 5HFHQW $GYDQFHV LQ 6WU

8UDQ\O &RQWDLQLQJ &RRUGLQDWLRQ 3RO\PBIWR @ @G DBR\O
+

/IY . )LFKWHU 6 *X 0 O0IU] - B6FKPLGW 0 $Q 8SGDWH

OHWDO 2UJDQLF )UDPHZRUNV $Q 02)V )B&RRWBGQEKHYLYV

5HY

7KDQJDYHOX 6 * $QGUHZV 0 % 3RSH 6 - $ &DKLOGC

IXPLQHVFHQW 3URSHUWLHVY Rl 8UDQ\O 7HUS\ULGLQH $

SRO\PHURUJ &KHP i



7KDQJDYHOX 6 * 3RSH 6 - $ &DKLOO & / 6\QWKHW

6WXG\ Rl 8UDQ\O &RRUGLQDWLRQ 3RO\PHUV &RQWDLC

7ULVS\ULG\OWUERD\W@HQL&E&BBBYV i

7KXpU\ 3 +DUURZILHOG - 8UDQ\O ,RQ &RP®OH[HV ZL

'LEFDUER[\ODWHY DQG G %ORRN DHEKHP &RXQWHULRQV

7KXpU\ 3 +DUURZILHOG - $QFKRULQJ )OH[LEOH 8UDQ

6WDFNLQJ ,QWHUDFWLRQV RI $QFLOORU\VWIRQ&RPPQ &KL
i

&KRUD]\ 6 =DNU]JHZVNL - - 5HF]\ VNL 0 6LHNOXEND !

(IILFLHQWO\ 7XQHG E\ +H[DF\DQLGRPHWDOODWHY ZLWKL

&KHP &RPPXQ i

7KXpU\ 3 $WRLQL < +DUURZILHOG - 8UDQ\WIPWQDQLF

eWUDQYDQELY &\FORKH[DQHGLFDUER[\ODWHVDQIGHFW YV

33I0H &RXQWRBULRWV*URZWK 'HV i

7KXpU\ 3 +DUURZILHOG - 8UDQ\O ,RQ &RQMNLWUQ Q3R

VRPHUVeRIEe DQG &\FORKH[DQHGLFDUER[\ODWHV ,QFO»

FROG ,QWHUSHQHWSID\WWG *WRDPMI RIIW i

1IRFNHPDQQ 3 9DQ 'HXQ 5 7KLMV % +X\V ' O9DQHF

OHHUYHOW / %LQQHPDQV . 8UDQ\O &RPSOH[HV RI &DUE

,QRUJ &KHP i

6PLWK 3 $ %XUQV 3 & ,RQRWKHUPDO (IIHFWV RQ /RZ "

8VLQJ 7DVN 6SHFLIWAU\RQULOIJERRPGV i

6PLWK 3 $ 6SDQR 7 / %XUQV 3 & 6\QWKHVLV DQG

6HULHV RI 8UDQ\O %HWDLQH % RRIUFMQ DWURQN & RPSOHS H \

s



6PLWK 3 $ %XUQV 3 & /LJDQG OHGLDWHG ORUSKRORJ
$TXD 6XOIDWHN >822 @ >;* RWD &H&+&22@ $QRUJ 3$00J &KH
i

/L 6 / ODN 7 & : 6\QWKHVLV DQG 6WUXFWXUDO &KDUTL

7UL DQG 7THWUDQXFOHDU &RPSOH[HV RI &DGPLXP ,, ZLV

,QRUJ &KLP $FWDi

HL 3 5 =X ' ' :X % 0 =KDQJ = < ODN 7 & : &l

3RO\PHULF &RPSOH[HV RI =LQF ,, %URPLGH DQG

'LDJRQLDELF\FOR> @RFW.BEGR &USYWFHWDWH

ODR - * =KDQJ + - 1L - = :DQJ 6 % ODN 7 &

3RO\PHUV ZLWK 'LFDUER[\ODWH OLNH /LIJDQGV &U\VWDO ¢

DQG 7HUELXP ,,, &RPSOH[HV ZLWK 3RBGIKHGHR®XEOH %
i

=KDQJ / 3 /DP & . 6RQJ + % ODN 7 & : &U\WWDOC

$J, &RPSOH[HV Rl ,VRPHULF )OH[EE®$LFRXEOR[\YEHQODH Q

1 1% GLDEHWDWHRO\KHGURQ i

:HQ 5 0 +DQ 6 ' B5HQ * - &KDQJ = /L < : %X ; -

/LIJIDQG %DVHG /DQMWKDQILGH WHAMHY®RUN IRU /XPLQHVFHQFI

,RQV DQG 6PDO'O @WK B FXUOHWV i

/L = &DL : <DQJ ; =KRX $ =KX < :DQJ + =KRX

*DL < &DWLRIXQUIDQHWDPWDPHZRUNV %DVHG RQ /LQHDU =:

&2 " DQG $PPRQLERBWAWLQURZWK 'HV i

9HUPD 3 6LQJK 8 3 %XWFKHU 5 - %DQHUMHH 6

3RO\PHUV ZLWK /LYH &HOO0RRD J&W U BRW S H U \



&RQVWDEOH ( & 'XQSK\ ( / +RXVHFURIW & ( 1HXEX

) %DWWHQ 6 5 ([SDQGHEWHIDQGBNVGEQM FDWER[\OLF DFL

&RPSOH[HV DV OHWDOORVXSUDPROHFXOD'DGWRQ RUXBY VR

t

&RQVWDEOH ( & ([SDQGHG /LJDQGV *+ $Q DVVHPEO\ 3ULQ

&RRUG &KHP 5HY =

*DULED\ 6 B6WRUN - &RKHQ 6 7KH 8VH RI OHWDOOROL.

3URJU ,QRUJ &KHP=*

6ULYDVWDYD 6 *XSWD 5 OHWDOOROLJDQGVY WR ODWFE

7RSRORJLNW (QJ&RPP +

'RQQHOO\ 3 6 +DUURZILHOG - G6NHOWRQ % : :KLWt

3RO\PHUV YMRPRHUR FKLUDO 6WURIQP&RBRF W UXGEWRR Q7 UD (
t

=KDR 5 OHL / :DQJ / &KDL = ) 6KL : 4 &RSSHU =L

8UDQ\O 2UJDQLF 3RO\FDWHQDWLQJ )UDPHZRUNV 6\QWKI|

'HSHQGHQW 6WUXFMWRWD O &KHKODW kR Q

=KDR 5 OHL / +X . 4 7LDQ O &KDL = ) 6KL : 4

JUDPHZRUNV 6XSSRUWHG E\ 7UDQVLWLRQ OHWDO ,RQ %D

BWUXFWXUH 'LYHUVLW\ DQGQRPUQEBXARQFH SURSHUWLHYV

=KDR 5 /L ) = <X - 3 OHL / +X . 4 7LDQ 0O &KD

3UHRUJDQL]HG OHWDOOROLJDQG /LQNHU IRU WKH &RQV\

3RO\PEUWW *URZWK 'HV #

&RVWHYV - 3 9HQGLHU / :‘HUQVGRUIHU : OHWDOOROL.

DQG 6LQJOH &KMGWRII QGHVYV =+



7KXpU\ 3 +DUURZILHOG - 8UDQ\O ,RDHWBRRPSCGHQH %

FDUER[\ODWH ,QWHUSHQHWUDWLRQ RI 1EBU\XRUIQVE&RFRO"
t

7KXpU\ 3 +DUURZILHOG - 9DU\LQJ 6WUXFWXUH 'LUHFW

ZLWK 1L sWHUWS\ULGLQH %XBDUERIRWDW&HKH P

L.RQJ ; +X . OHL / :X 4 +XDQJ = J/LX . &KDL

&RQVWUXFWLRQ RI +\EULG %LPHWDOOLF 8UDQ\O &RPS

7HUS\ULGLQH OBMHP QROLIDQG +

6FXGGHU 0 / *RRGZLQ + $ 'DQFH , * &U\WWDO 6X

'LPHQVLRQDO *ULGV RI WHRVSRRSEHPHHV/ LQWHUSB\ RU $UF

7ULGHQWDWHZ/LJBBEP +

OFOXUWULH - 'DQFH , (QJLQHHULQJ *ULGV RI OHWDO &

0 WHUBREUDFH ORWLI&LQVAN(\Y IRREWP  +

.LPXUD . :DWDQDEH < 6XGD 7 6HQGD + +RVRL 6

&U\WWDO 6WUXF® %UWUDRIN &\FORKH[DQHGAFDUERI[\O

3KHQ\OHWK\O{IQOL.@H66DOW +

$3(; &U\WWDOORJUDSK\HERIWZDUH%BXXMNWHU $;6 ODGLVRQ

6$%,1DHU $ %UXNHU 1DQR ODGLVRQ :,

6$'$%6 %UXNHU 6LHPHQV $UHD '"HWHFWRU SEWRUSWLRQ I

%UXNHU $;6 ODGLVRQ :,

.UDXVH / +HUEVW ,UPHU 5 6KHOGULFN * 0 6WDON

ORO\EGHQXP OLFURIREXV ; 5D\ 6RXUFHV IRU 6LQJOH &U\V

$SSO &U\WWDOORJU

6KHOGULFN * 0 6+(/;7 + ,QWHJUDWHG 6SDFH *URXS DQG

$FWD &U\WWDOORJU *6HFW $



6KHOGULFN * 0 &U\WWDO 6WUXFWXBW D5 B U\QY MHIQOR U W
*

+*EVFKOH & % O6KHOGULEKHO,DDHWLWMMSKEKD® 8VHU ,Q)\

6+(/;/ - $SSO &U\VWWDOORZU

6SHN ®/$721648((=( D 7RRO IRU WKH &DOFXODWLRQ RI \

&RQWULEXWLRQ WR WKH &B36RADOOWM G BWAWARKFW X6 HF)\W F & |

NXUQHWW 0 1 -REDBRBHSERUW 251/ 2DN 5LGJH 1

IDERUDWRU\ 71

YDUUXJLD [/ - :LQ*; DQG 257(3 IRU :I$@SRZ % UDWQWHSIEITRN H

+

ORPPD . UXPW67$ IRU 7KUHH 'LPHQVLRQDO 9LVXDOL]

9ROXPHWULF DQG OR WBSKRO RJINVDWODO O R4 U

%ODWRY 9 $§ 6KHYFKHQNR $ 3 3URVHUSLR ' 0 $SSOL

6WUXFWXUHYVY ZLWK WKH 3UKRUWDNP IDRMNIVIH ARSRV3UR

6SHN $ / 6WUXFWXUH 9DOLGDWLR®FWD &KIHNYPWHDIOM® B LYV YV
+

7KXpU\ 3 9LOOLHUV & -DXG - (SKULWLNKLQH

OHWDOODPDFURF\FOHYV 7UL DQG THWEBDQ&KBOHDU &

7THWUDK\GURIXUDQWHWS$MD ROKHIR [BRIFF $F EG

7KXpU\ 3 ,QFUHDVLQJ &RPSOH[LW\ LQ WKH 8UDQ\O ,RQi.

DQG 7ZR 'LPHQVLRQDO 3RO\PHUV WR 8UDQ\Oi&RSSHU ,,

6SHFEREHVWW *URZWK 'HV =

7KXpU\ 3 +DUURZILHOG - &DYLW\ )RUPDWLRQ LQ 8UD

7ULFDUER[\ODWH *URRYHG 'LSHULRGQRUHWKBRG 3RO\Q

+



7KXpU\ 3 $WRLQL < +DUURZILHOG - &ORVHG 8UDC
7HWUDQXFOHDU OHWDOODWULF\FOH ZLWK 8UDQ\O %ULGC
ILQNHQRUJ &KHP +

8QUXK ' . *RMGDV . /LER $ )RUEHV 7 = 'HYHOF
IDQRWXEHV ([KLELWLQJ /RZ 7THPSHUDWXUH 5HYHUVLEC
&KDQQH®WY &KHP 6RF i

OLKDOFHD , +HQU\ 1 /RLVHDX 7 5HYLVLWLQJ WKH 8UL
&U\WWDO 6WUXFWXUHV RI 7ZR 7\SHV RI| S&DQY\® 2{LIDN Ik
"HV +

7KXpU\ 3 $ +LJKO\ $GMXVWDEOH &RRUGLQDWLRQ 6\VWH

6SHFLHV LQ 8UDQ\O ,RQ &RPSOHUNVW L WIR ZMPKS TWVZULDFLC

7KXpU\ 3 +DUURZILHOG - 8UDQ\O DR FL¥RPSOH
&\FORKH[DQHWULFDUER[\ODWH 8QH[SHFWHG )dDPHVRUN
*URZWK '"HV *

-D\DVLQJKH $ 6 8QUXK ' . .UDO $ J/LER $ )RUEHV
OHWDOi2UJDQLF 1DQRWXEH &U\WWDOV 7KDW ,QUOWWMQFH
*URZWK '"HV i

7KXpU\ 3 +DUURZILHOG - 9DULDWLRQV RQ WKH +RQH\F
6TXDUH *URRYHG 1HWZRUNV WR 7XEXODU $VVHPEOLHV L
&U\WWW *URZWK 'HV %

7KXpU\ 3 $WRLQL < +DUURZILHOG - 7XEHOLNH 8UDC

IURP 6FUHHQLQJ RI /LIJDQG ,VRPHUV DQGQRVWUXBWNPBH "LUF

+



7KXpU\ 3 $WRLQL < +DUURZILHOG - 8UDQ\O 7ULFDUE

6SHFLHY &RXQWHULRQ &RQWQRODJIRIEKBPIGRWXEH 'LDPHWH

3RRMDU\ ' 0 &DEH]D $ $UDQGD 0 $ * %UXTXH 6

'"HWHUPLQDWLRQ RI D &RPSOH[ 7XEXODU 8UDQ

82 +23&+ 23&+ +2 IURP &RQYHQWLRQDO ; UD\ 3RZGHU

,QRUJ &KHP i

*URKRO ' &OHDUILHOG $ $ONDOL ,RQ &DWDO\]HG 7UD

3KRVSKRQDWHY LQWRS$P 7&IEKRO DBIREQH i

$GHODQL 3 2 $OEUHFKW 6FKPLWW 7 ( OHWDO &R

'LSKRVSKRQDWHY WRZDUG WKH 'HVLJQ ,RIRXQ RWHRPQDO 8!l
i

$GHODQL 3 2 &RRN 1 ' %DER - 0 %XURQV3LQWRQ

1IDQRWXEXODU 8UDQ\@ RWSIK RKFHKPR QD W H V

$QGUHZV 0 % &DKLPBOBWH )RUPDWLRQ 'XULQJ +\GURW|

8UDQ\O +\EULGXODWHQURBRAWP +

.QRSH . ( .LPXUD + <DVDND < 1DNDKDUD 0 $QG

,QYHVWLJDWLRQ RI LQ 6LWX 2[DODWH )RUPDWLRQ IUF

+\GURWKHUPDO &RQGLWLRQV 8VLQJ 1XFOHPDQROUDJQRKWRF *

t

*LHVWLQJ 3 $ 3RUWHU 1 - %XUQV 3 & $ 6HULHV RI ¢

2[DODWH +\GUDWHVY 6WUXFWXVMADOQRJIE 6SHFWUD

7KXpU\ 3 5LYLqUH ( 8UDQ\O*&RSSHU ,, +HWHURPI

&RRUGLQDWLRQ 3RO\PHNOWR)XG 7 UD@W ZR UN V



=RX < 4LDR ; 6X < +H - 7KH ,QIOXHQFH RI 3LSHUD
6\QWKHVLVY B6WUXFWXUHV DQG 3URSBDWLRNKRP 8§PWDO 2
+

OHQJ < ;LH = /DQ 4 1LX ) =KDQJ ; <DQJ < &DL

&DWHQD SRO\> FDUER[\EHQ]\O S\PLGIRQDOIXWR FDUER]

2 2+ 27 2C GLR[LGRXUDPQRXP 9, @LVWWDOORJIU =+ 1HZ &U\
+

7KXpU\ 3 +DUURZILHOG - 8UDQ\O ,RQ &RRUGLQDWLR!

%XLOGLQJ &KDLQV DQG 1HWZRUNW IURP QRUQXRBXHPU %

H

7KXpU\ 3 8UDQ\O ,RQ &RPSOH[DWLRQ E\ &LWULF DQG &|

'LDPLQERUJ &KHP +

7KXpU\ 3 +DUURZILHOG - 8UDQ\O ,RQ &RPSOH[HV ZLV

7ULFDUEDOO\OLF $FLGV ,QIOXHQFH RI &ROIWD-QGYRUIG ¢

&KHP +

%RUNRZVNL / $ &DKLOO & / &U\WWDO (QJLQHHULQJ

$OLSKDWLF &DUER[\ODWH $URPDWLF 3\ULG\O &RRUGLQI

BWUXFWXUHV DQG 6HQ&WUWMWHGUKPWRHMFHQFH

+DUURZILHOG - $WRLOQL < 7KXpU\ 3 30XPELQJ WKH

6\QWKHVLV ,QYROYLQJ 8UDQ\O &RQ\VOD(DIRROPWH £RPSOH

7KXpU\ 3 +DUURZILHOGDZ'LFRH BERJ\OW /GIOALKWD O &RPSC

JRQJHVW $OLSKDWLF &KDLQ WR 'DWHDOWR®D TUDQY¥HQWDC

+



&DKLOO & / GH /LOO ' 7 )ULVFK 0 +RPR DQG +HWHL!
IURP WKH | GUHPWQUU&LRPP =+
BHQFK\N * $ /\WWHQNR $ % .UDXWVFKHLG + 5XVD(
'RPDVHYLWFK . 9 7ULD]JRO\O DFHWDWH D 'LWRSLF
'RQRU 6LWHV LQ +RPR@GE W B Q/O IUR FHVBIRRWIGFL BIWLRQ 3RO
&U\WW(QJ&RPP -
7KXpU\ 3 +DUURZILHOG - &RRUGLQDWLRQ 3RO\PHUV D
8UDQ\O ,RQ &RPSWMHIBYGZBEWKUDQW\FORKH[DQHGLFDUER]
&RQVHTXHQFHV, @R EKLYUDWOR W\ i
7KXpU\ 3 +DUURZILHOG - 7HWUDKHGUDO DQG &XERLGD
$ONDOL RU $ONDOLQH (DUWKUDBHNDI5 5 R QY LWK
&\FORKH[DQHG LED\WER [{ORIMWK 'HV =
7KXpU\ 3 $WRLQL < +DUURZILHOG - &RXQWHULRQ &R
8UDQ\O &DFHWVZLIANKORKH[DQHGLFDUEBRODWHKHPIDQGV

+
2X < & =KRQJ 5 0 :X - = 5HFHQW $GYDQFHV LQ 6W
&RRUGLQDWLRQ 3RO\PHUV %DVHG RQ &\FDBWR® JHDRW\

+



JRU 7TDEOH RI &RQWHQWYV 8VH 2QO0\

1L %S WHUS\ULGLQH %=EDWER{UQLRWY M
DQG &DUER[\ODWH 3RO\DQLRQV LQ OL[
8UDQ\O ,RQ &RPSOH[HV ZLWK D :LGH 5DQJ

SLHUUH 7KXpU\ DQG -DFN +DUURZILHOG

1L %S VBHUS\ULGLQH % DADEHRQODWHHE DV D QHXWUDO 3H]
JHQHUDWH D IDPLO\ RI KHWHURPHWDOOLF PL[HG OLJDQG
GLvsOD\ D YDULHW\ Rl SHULRGLFLWLHV DQG JHRPHWULLI
GLQLFNHODWHWUDXUDQDF\FOHV ZKLFK DUH IRXQG LQ GL°

GLSHULRGLF VSHFLHV



