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6 XSUDPROHFXODU FDWDO\VLVY 3DUW QRQ FF
WRRO IRU EXLOGLQJ DQG PRGLI\LQJ KRPRJHQ

ODWWKLHX*5BDEDR %TOQWRWHUL GO QGUBIIDHDN : 1 0 YDQ /HHXZHQ

6XSUDPROHFXODU FDWDO\VLV LV D UDSLGO\ H[SDQGLQJ GLVFLSOLQH ZKLFK KDV E
ERWK KRPRJHQHRXV FDWDO\VLY DQG VXSUDPROHFXODU FKHPLVWU\ 7KH SURSHUYV
FDWDO\VWV FDQ QRZ EH FDUHIXOO\ WDLORUHG E\ PHDQV RI VHYHUDO VXLWDEOH I
UHYHUVLEOH LQWHUDFWLRQV VXFK DV K\GURJHQ ERQGYV PHWDO OLJDQG HOHFWL
7KH ILUVW SDUW RI WKHVH WZR VXEVHTXHQW UHYLHZV ZLOO EH GHGLFDWHG WR F
FRYDOHQW LQWHUDFWLRQV EHWZHHQ WKH SDUWQHUV RI WKH UHDFWLRQ KDYH EH
HQJ]\PH SURSHUWLHV KDV QRW EHHQ LQWHQGHG /LJDQG PHWDO RUJDQRFDWDO\V
FRXQWHULRQ DUH UHDFWLRQ SDUWQHUV WKDW FDQ EH KHOG WRJHWKHU E\ QRQ F
FDWDO\WWV SRVVHVV XQLTXH SURSHUWLHY FRPSDUHG WR DQDORJXHV ODFNLQJ W
RQ WKH QDWXUH Rl WKH UHDFWLRQ SDUWQHUV LQYROYHG LQ WKH LQWHUDFWLRQ
DFFRPSOLVKHG PDLQO\ L WKH EXLQ@WUDDIQEIGAGQW DLW HWKH EQG CIELIEQUID ULHV

RI GL RU ROLJRQXEQWHUFREIDMHEHWLL WKH DOWHUDWLRQ RI WKH FRRUGLQDWLF
PHWIDID\VW 00UDIEG DGGLWLYH DQG LY WKH FRQWURO RI WKH VXEVWUDWH UHI
VXEVWUDWH ORUH FRPSOH[ VIVWHPV WKDW LQYROYH WKH FRRSHUDWLYH DFWLRC
EHHQ GLVFORWNGMI® FLRIOVDWWHQWLRQ ZLOO EH JLYHQ WR VXSUDPROHFXODU FD\
REVHUYHG FDWDO\WLF DFWLYLW\ DQG RU VHOHFWLYLW\ KDYH EHHQ LPSXWHG WR
UHDFWLRQ SDUWQHUV $GGLWLRQDO IHDWXUHV RI WKHVH FDWDO\VWYV DUH WKH H
SHIRUPDQFH E\ PRGLI\LQJ RQH RI LWV EXLOGLQJ EORFNV DQG WKH GHYHORSPHQW
SDWKZD\V UHDFWLRQV QRW DFKLHYDEOH ZLWK FODVVLFDO FRYDOHQW FDWDO\VW!
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WKH EDVLF FDWDO\WLF UHDFWLRQ 7KHUH F
,OQWURGXFWLRQ GLYLVLRQ LQ WKH FDVH RI UHWDXEMWR QD WHF

,Q WKH ODVW WZR GHFDGHYV VXSUDPROE%%\/é‘%%&RD%%W%%ngém@WQUQDg
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L V

H[SRQHQWLDO JURZWK DIWHU D ORQJ T?Hy% ; ﬁ?ghé%% G LK L
PLJKW VD\ WKDW LQ JHQHUDO WKH DWW HQ oRW @,}?(M(S%'ﬁ%[\gg éGRI V X
HJUH

VXSUDPROHFXODU SKHQRPHQD DQG FDWPMWLER b
HORUPRXVOL ZLWKLQ WKH DUHD RI Frdifd Ml s s G RARYSITF BRYxoviLrQ soD)

FKHPLVWU\ QRZDGD\V SOD\V DQ LP{RUYWDQWS MBRWHRRYGEBBWLRO VSKHUH E\
GHYHORSPHQWY VXFK DV IRU HIDPSOH EOWHUEDOIWRE GRRARI | BH KOt UpowL s
GbWD VWRUDJH VHQVRU WHFKQRORJ\H IB WL%WISRD%MHW%WBWBOH‘QMO W

VHOHFWLYH FRPSOH[DWLRQ IRU H[WUDfe%w%mQ&&Fszewa%wnchv&wa\Mcﬁ@sUH
DOVR D NH\WWRQH LQ FKHPLFDO VFLHQETH YXSAFLNHG, Bk R chv i b
LPSURYHPHQW RI NQRZQ LQGXVWULDO DLU—U:?_'FPVEIOR_ SVl\lJlﬁl-leﬁJwLWSPHQW R

QHz UHDFWLRQ SDWKZDIV QG Wk ISKQHRWLAS R DNARON e Ry xrz vxs
RUJDQRFDWDO\VLY ,Q SDUW WKH JUR%\NVVﬁ_ﬂH X|§ '958'9 |_||: WB%\FJQJ\%QQV\/I:BQ EH |
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DFWLYLWLHV DV DOVR KDSSHQHG LOpWiiHo wk JVy YFSRPEW RE LA Ok H VX Evw
FKHPLVWU\ ZKLFK IURP WKHQ RQ HPEUI%E'WD}SH'_OFE*Z MULF SQRIL'DWﬁS oWLQJ vxs
PHWDO LRQV DQG DOLRQV " KRVW JxH VW Kb U 0k BU6 40 BHE Hort ooy s
FKHPLVWU\ VHOI DVVHPEO\ SKHQRPHQ%R%Qﬁm\ﬁ&opﬂvﬁiz@uﬁéﬁﬁﬁw\/wﬁﬂ QRQ DVVH
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UHDFWLYLW\ RI D VXBAXEYVWWBW IHDWLGRMNLIERDHIPRGHY RI DFWLRQ RI DQ\ RI Wl
VXEVWUDWH SUHRUJDQLVDWLRQ D&®&G WWDDQW HWILHRWY SVYW ¥ WEeIWW\E DKEH.IOH. \ALW IHRJQI U F

6FKHPEHXSUDPROHFXODU FDWDO\WWY EH\RQG HQJ\PH PLPRND OHHNVGIDQAK H G DUFRG. ROQ Q HV WIS |
ZULWWH QODVYP@IGIDQG LQWHIUBFWNURQIGIDAG DGGLWLYH LQWHUDFWLRQ

PLPLFV EHFDXVH QRQH Rl WKH SURSHURALW KHRD ¥X\WQKRWY 16 FFSGIG L MOFDWIDPR O HF X O
WDUJHWHG 3DUW RI WKLV UHYLHZ ZQOWEVEXL [G® & IGAD WG QMRENQPEHQJ EORF N
PLPLFVLQFOXGLQJ FDWDO\VLV LQ*FRQGYPGWDJIHNMURRPSERQWHG WR WKH RQHV W
FDWDO\VLV L\DHDD W H 80 DFODORRR/WMH UEF FIBWB G DWDWO\VWY SULRU WR FDWDO\VLV ,W |
DQG ELRPDFURPROHFXOH K\EULGV DV PSHAWDRUPQ® R FDIQWK i DRDMMD GWW E\ PRGL
7KH QRQ FRYDOHQW LPPRELOL]DWLRQ RO RFPAR JHIMAHROXH/V RO WK PR Q VRVQU X FW LR Q
VROXEOH RU VROLOG/HOXYBBSWUWHG ERDSWDFOAN@&HG HDFK FDWDO\WW GLIIHUV |
KHWHURJHQHRXV FDWDO\VWV PRGDQLG S URSMK \WKHYDDO/ ZEGOWRYHWYV FKLUDO HQ
UHODWHG VUMWRHW RI WKH VFRSH Rl WKRWJDBYEHRZDWDO\VWYV ZLOO EH PHQWLRQHC

BUHYLRXV UHYDIQZV RNERQ WKH GLVFIDSIH QRWI XVXDOO\ FRQVLGHUHG WR EHO
VXSUDPROHFXODU FDWDO\VLVY EH\RQGFB@|D®NVPY PGEVFGHDIOQ H LEHEDXVH UHYHU\
OLPLWHG QXPEHU RI WRSLFV RU RQO\ WD WRE\PWW PRGY WKHQ ¥RBWUWU B YW LR QR U
*LMQVKH UDSLG JURZWK Rl WKH GLVFLS®EQHXPWRX\ QQRW R MW [EXDHW PDWDIORVFLFOH  +F
VI\VWHPV DQG VWUDWHJILHV KDYH EHH QP B BRKLIHRGIHEGV DE RN HV KR#U O B DBDIR DIV PV
7KH RULJLQDOLW\ RI WKLV UHYLHZ LV VKPWDOLYMG QREWRHLMKUBB GR WERZPRS X O D
SRLQWY )LUVW VXSUDPROHFXODU F D WIURYMWWZLHO/O DEHS F\® BN VALK L H 6 M FHERULE R@P
WR WKH GHVLJQ VWUDWHJ\ RXWOLQHG [ES SIOKH ® X\WWR UWX BRIDLY WRKHOPRWG AD® R
EHWZHHQ WKHVH VWUDMWHD L\ DQE FOIQDSEMHHUBERMWR XV WKDW WKH FRPELQDWL
ERWK ZLWK DQRWKHU OLJDQG DQG WK HFDXYDWONVW W H G& WMXQSIUW R R OHDRXGRIXY R WIHBQ
RI WKH FDWDO\WLF F\FOH :HOO FKRVADXR FR\QLW X R D WHH[ SHHH. PGHWHD RSPGI QW R L
VXLWDEOH DQDO\VHV DUH UHTXLUHG WQHZUB FHQKOV GIOWERMK GGH WHKRHVQR X UH RI
WKH QRQ FRYDOHQW LQWHUDFWLRQV DQGKAUNHUHMDIFZ LR QR 8 DD QIOHGY DFRFRRUGLHG |
WKH UDWH DQG VHOHFWLYLW\ GHWH U PIMUWQ HUVH B \K D W 1ZQ W 8 UDEFUW G K XTI ON K H
SRLQW RXW H[DPSOHV IRU ZKLFK WKH PRWH ORFWERQ \BKD Q OHF R D VILQL R D WIKRIQ E
EHWWHU DFWLYLW\ VHOHFWLYLW\ LV G LLIQMUHIDF WILR P W K B YRRCHY HGL WLR® B\ V8IOH O/ Q
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PDQ\ GLIIHUHQW DSSOLFDWLRQV $IW HW VIH PECRHGN F B WORU YV BWERQ ERH RMRGIX OD W H G
FRQFHSWV LQKHUHQW WR VXSUDPROHFRQB RFDWD FRMER QHFWA. RQL JD @B \VZ ROD G G
SURYLGH D GHWDLOHG RYHUYLHZ RI HUMWHQW H{BFSOBQ Rd[FM\THOAWRIF VHOI DV
UHDFWLRQV UHO\LQJ RQ WKH LQWHU D FSW R BAEWIZH P HOW PR [ DQ J DELENH UHHPW ER QO ¢
EHWRO®QJIDQG DQG RQH OLJDQG DGGEWRRE XWHFMUWLRWYD Q@L@G R1 WKH QDWXUH
EHW ZRIGIRH W R@ RRWIDQLF FDWDO\VW DQGSD IKHE \EMWIWH QVW KW MXEVWUDWH V. DQG W
,Q D IHZ FDVHV PRUH WKDQ WZR UH DAL PG VSIDYLWQ HILQ/GD WK H. QMHFOOMFWE Y QW R |
WKH VHOI DVVHPEOHG FDWDO\VWV VRWHDRN MK PH[D P S CRHDW B DOWL\E HW KLV 1D F\
GLVFORVHG LQ VHFWLRQ 'Q WKH ODWMD FHH VKR @ L Y ARXIHQWO BIUBX HEL\WPRRB K\G
FULWLFDO DQDO\VLV RI LY@KIR K R QMVWULDNR MRILRHQDRIGHER ZRUNHKYVLOODVV RI 5X FDV
VXSUDPROHFXODU FDWDO\VWV WKDW JR FEMYRQ® X\QHPH PHPLOEDO H[DPSOH RI PHW
ZKLFK WKH K\GULGH DQG WKH DPLQH OLJE
&ERQFHSWY IRU WKH GHVLJQ RIFWXYDWD ®@RVWOK-HFRHOOIDEREKE VW EDW BI DIVOHV H L
FDWDO\VWV EH\RQG HQ]\PH PLRDPFWVEHHQ LQFRUSRUDWHG LQ WKH GHVLJQ
$ SOHWKRUD RI RUJQRKHWIROVIWWLRG |
$ PHWDO FDWDO\WW FRPSULVLQJ WKH ehJEQZQ(%d/H WKLF%MV&WQIR @ BRGNS wi
PHWDO RU DQ RUJDQRFDWDO\VW DQG,W HUWE)%‘%W%B HoWHRBHRWEW K VEDRU wk
SDUWQHUV LQYROYHG LQ D FDWDO\WLF SURFHW 7R REEWUY B R RIHY KH, SWREM YW v
LQ WHUPV RI UHDFWLYLW\ DQG VHOHRWKYRWEGHS YRS Yo RE WRKW KRXYWMXE A6 IRU
LQWHUDFWLRQV HVWDEOLVKHG EHWZHRQ AWK SDUWQHEY FRRRIGWE Hy @K R OMy 3 p.
FDWDO\WLF F\FOH 1RQ FRYDOHQW LQWHYRFQHRIOAN HEYEHEALEELEEPEORENY F
K\GURJHQ ERQGLQJ HOHF_FWHRN\W[EWVHPF,Z'%?Q/ AF580 FRYDOHOW LOWHUDFWLROV
K\GURSKRELF DUH UHYHUVLEOH LQWHYBE é@%‘é%‘/d‘EWV\FKQPE%%Qﬁg'§#JFQU'6;9('§'JO\
WXQLQJ RI WKH SURSHUWLHV RI D JLYHQU/BWYR LMo VWWWHD P ERTBEKLHYHG E\ D F
8QWLO YHU\ UHFHQWO\ WKH EXLOGSLRENR! PoP @ LIODIL YL RO DV vHO! |
UHIHUUHG WR WKH FRRUGLQDWLRQ RI R{Q V@%LUR&ﬂ%H[SJ ©yQLIDQGV ZLWK SXUHO\
FRYDOHQW VWUXFWXUH ZLWK WKH Pg FHQWLYH o ZRGBYHoW LOWHUDE
VXSUDPROHFXODU LQWHUDFWLRQV KDY# REH ,xwﬂgQWRSE]\gWé,QlyyHgm EHHC
OLJDQGV DQG WR WXQH RIRHWR®& F&MWIDWYRP-WEH YR Vs HWHUPLOLQJ VWHS RI WKFE
ILUVW WRSLF HQFRPSDVVHV WKH EXLO Yo %%wgcﬂj\vt;gg PG B D ¢
ELGHQW D WHL IDQ WO® R 08 WXWDE W LR QV \yHY, ,_q?;@ HELROV RI WKH FREYWH D NGILE
EHWZHHQ PRQRGHQWDWH OLJDQGVHWLB?@ Wik & b‘%hB’gj%éﬁUWKW S RI wkH
DOLQYROYLQJ K\GURJHQ ERQGHG PRQRSRRVSKEQEY| WK WEW“@ VWDWHY

WKH LQWHUDFWLRQV XVHG WR DVVHPEQH WK, @ LdP BROVRWDNWE AR U
DSSOLFDWLRQV RI WKHVH VXG@REROHEREHOW jBLGEHQ
oo P RFKCHV BIO \

KDYH LQFUHDVHG H[SRQHQWLDOO\ VAFWR
bEWLYDWHG Vi

'ERYDOHQV
PWEBWHBRHY wkD:!
bl‘—“’\/(?l'f'R%leDPF\GVE
vPHE O\WVLV $
IP\Q Gt i d t L

LERQfeo JHW HC
ERMR®J spbuwa
FRURDERH
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LQWH U P ROMFKODAWLRQV EHWZHHQ OLIRGGN KDV Ky

WKH FRQVWUXFWLRQ RI K\GURJHQ ERQGH SR R HWHQy
DVVHPEOHG SKRWRFDWDO\WWYV VHFWLRE o\ vx&hiHb
VSKHUH FRQVLVWYV Rl WKH VROYHQW P RQHERIVLE

WKDW DUH FRQQHFWHG GLUHFWO\ W%Sw,gHF,gﬁ 2
FRXQWHULRQV WKH PROHFXOHV WKDWLQW HYRRW £LWike WK
QRRRYDOHQW LQWHUDFWLRQV DQG UKRRRWH | $RUMIRGY wilr ¥ K
EDFNERQH GHILQH WKH VHFRQG FRRGLOHMNEGH S KK %,g
FDWDO\WLF VIVWHPV DUH EXLOW RQ D ERY,BREGHYHUMHRRW R

PRGLILHG E\ PHDQV RI SDLQVWDNLQJ V\QWKHMHMveRov wWBH B4R
SHHN DQG YDQ XWNHMXZHRZLY /BEL® EDMMHhpsoH D XUHD PRWLI PD\ RQO\ SOD
LQWHUDFWLRQV FRRUGLQDWLRQ ERQGY %K%vg@(g\;&d%wm%f NSELRW Fpo
OLJDQG DQG D =Q SRUSK\WHP XQLRWH W #POK L0 WKH UHDFWLYLW\ RI D QXFOF
7KH ILUVW DQG VHFRQG FRRUGLQDWLRQ X H OB ¥EOTWYMHPEPHS vw UL

FDWDO\VW FDQ EH PRGXODWHG LQ D IDF&W@F&Y\%%RIQDE/\HF&R%JWQ%V%'@ﬂ %P\Hé HRu w
RI HLWKHU WKH S\ULG\OSKRVSKLQH oL IQUBHWW&@VZQE)%WULS%MIX\QEW vV RW
FRRUGLQDWHG WR WKH SHULSKHU\ RI Wik FFQ/\MBQ):V\\/\HYﬁHF\%%E)\\Q\M%\ISh%

WLPH WKH XVH RI DGGLWLYHV DEOH W& B¥WPEOLVK UHYHUVLEOH LQWHUDFWLRQ\
ZLWK PRQRGHQWDWH DQG ELGHQWDWH OLJDQGYV SURYHG WR EH XVHIXO LQ ILQH
WXQLQJ WKH HOHFWURQLF VWHULF DQG FKLUDO SURSHUWLHY WKDW WKH OLJDQG
SURYLGH WR WKH PHWDO VHFWLRQ 2 VSHFLDO LQWHUHVW WR
VXSUDPROHFXODU FDWDOOMWDQED RHGORODQGIDQG

DGGLWLYH LQWHUDFWLRQ LV WKH IDFW WKDW WKH SURSHUWLHV RI WKH VHOI
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/ILIJDO®GCGLIJDQG LQWHUDFWLRAQ a) )
: [Pt(PPhy),]  (ean 1)
JRUPDWLRQ RI ELGHQWDWH OLJDQG" 5 l

7KH 3QDWXUDO ELWH DQJOH" LV DQ LQV ;
ZKLFK VWURQJO\ LQIOXHQFHV WKH FRX 5 Ph, RQ
7KH GHVLJQ RI ZLGH ELWH DQDPBMG&I ' 2 PPhyOH N
EUHDNWKURXJK LQ WKH GRPDLQ RI SDC o onl: v N )]
UHDFWLRQV DQG UKRGLXP FDWDO\VHG L= _8 | Ph,
FDWDO\WLF DSSQLWBRWL.RQNOG VXEWO ;
GLSKRVMSYRLWH DQJOH DQI¥ RHRWKHWOLJ 5
GUDVWLF HIIHFWV LQ FDWDO\VLV 7K 5 [PtCly(cod)], PPh, T
ELGHQWDWH OLJDQGYV EDVHG RQ WZR | : (ean 2) WKHU
E\ PHDQV Rl K\GURJHQ #RDIGNEDNVH VI ' .

DQG LRQLF PHWDO OLJDQG LQWHUDFW Ph, Phy, QVH
UHVHDUFK GXULQJ WKH ODVW WHQ \HD /,O—P\ A ethylens,  O—P_ =2 'D U
OLJDQGVY SUHVHQWY PDQ\ DGYDQWDJF H \/O\H —— H P I
VIQWKHWLF ZRUN UHTXLUHG IRU WKH No—p” Vo e
FRYDOHQW OLJDQGV LL E\ SUHSDUL B, P Ph, M2
PRQRGHQWDWH OLJDQGV ZKLFK FR®E| 2 y 4

OLEUDU\ Rl OLJDQGV LV REWDLQHG T(hetem.yﬁci,eavage) ethylene
FRPSOHPEXMDQY EORFNV WKH KHWHU o, Ph,  Ph, inserton

ZLOO EH IDYRXUHG 6XFK OLJDQG OLE o—p’ R P hycrogenolysis H
HQDEOH FDWDO\WW RSWLPLVDWLRQ X y Pt pe H 'LRQ
DSSURDFKHV EXW FDQ DOVR DOORZ IR V. ./ Moo “p—d /\n/\ F

UHDFWLRQV RU SULYLOHJHG OLJDQGYV Ph, , T2 Phy o JTTHUHC
UHDFWLRQV ZLWK GLYHUVH PRGHV F J)LJ 632 DQ HDUO\ HI[DPSOH RI VXSUMPROHFXO|

ELGHQWDWH OLJDQGV FDQ WKXVOVWL 7pXxWRPHULF HTXLOLEULXP EHWZHHQ SHQWDYD!
FRPELQDWRULDO VWUDWHILHY DQG D( 3UHSDUDWRRWIURIRUP\ODWLRQ DQG KA\QWRJF
VIQWKHVLYVY RI PRGXODU OLJDQGV JRUPXODV RI RRQRIPHQE SODXVLEOH PHFKDQLYV

7KH UHVHDUFK RQ VXSUDPROHFXODU IRUPDWLRQ RIQSHIQWB\GHUYHG GXULQJ,HWK\C

K\GURIRUP\ODWLRQ 5HIV VHH KH W
HQRUPRXVO\ VLQFH VHKH E_Q-IEKR(EJN\R.IRHIQ’/OU j
PRQRSKRVSKLQHV EDVHG RQ WKH éiuﬂ"(i HT)%L% %’W’W R WG KGRV 3¢
UHFRJQLWLR@QRWPEWRI WKH H[LVWLQJ 'rr_'i'|9 0 ALYV Klf’ﬁ )LJ E7KH
GHVFULEHG LQ WKH IROORZLQJ VHFWLRQ IBBS\/OS'_”FLB% 'FF’E'F?(H % | 4 b L L
FDWDO\WLF VIVWHPY WKDW FD® EH HD 555@& HE 'KH QDWXUH RI'WKH DGG
$VVHPEOHG OLJDQG ZLWK D vLQJOH KYcURYH GEQ g WKH UHVXOWLQJ FRPSO
7ZR PRQRGHQWDWH OLJDQGV FDQ EH KYPIRNIRPAAXWMBRQRI DONRREYHP QG WKH
E\ PHDQV RI YHU\ VWURQJ LQWHUDFWLRPLHIEHY uRW RDMLR 2B WY YD PW PR W RS (
EH DV VWURQJ DV FRYDOHQW ERQGV DB@WHURPEK B HE HRJ RO N WHFRR g DFWLR
PDLOWDLQHG LQ ZDVDHIQW ,QDWEMMGMmuAYE URSLRQ\O  0RVW OLNHO\ WKH UDWH
K\GURJHQ ERQGHG ELGHQWDWH OLJDQEWY UL UMK HRY! MNH 12UREWERY¥YP DFIO
HQYLVDJHG DV VXSUDPROHFXODU 0OLJDBG¥ HBMRRAHFXAHMDR Y H AR RAQH VEBEH RQ
VHFRQGDU\ SKRVSKLQH R[LGH OLJDQARRFLAF kKRIFERFHOVHRANPIRE32 OLIDQG
\HDUV DV OLJDQGV IRQ MQUDOR/EWAHR® PWWDWHHLTW 7KH XVH RI'632 OLIDQGV ZD)
E\ YDQ /HHXZHQ DQG 5RREHHKH G MW DHIHDSNORYKS RDPROHFXODU ELGHQWONMH OLJ
SKRVSKLQH R[LGH LV LQ HTXLOLEULXP AR WkR wiM YHE®FWHSCR\PIRIKLOR M PHC
DFLGJ BSRQ FRRWRLYRW\LRMQUD QWK VT RVOWRYOWZR 632 OLJDQGYV LQ D PRQRDQ
AV FRRUGBQDWHIEQGYV XVXDOO\ LQWHUD¥W PRQBHBHHRWEHE SODWLQXP 7KH VWU
K\GURJHQ ERQG HVWDEOGL$KR® EQ VRZ HF §R&AIpEPY QRW HVWDEOLVKHG GXOH WR L
632 OLJDQG DQG WKH R[\JHQ DWRP RPPORBBY R FRFRGEIER HE REWXAKHDQY DQ ROLJ

$FFRUGLQJO\ WKH 63RRQIRIDMLARQ DF V& ISR U X F 6WRLFKLRPHWULF UHDF
FKHORWMWEKH PHWR® FHQWUH HWKHQH DQG &2 OHG WR WKH XQDPELJXR
ZKH U HVEW BID Q V
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YLJ 0(7$0253KRV ODID/@XW R P HU L FE HWX HGIICE 8 HXRV D Y IQ H D Q& DARGH VK BIRPHBORIANG O L J DDGE
DUH DVWHEEVIHEI OH K\GURJINRHEBQ\® PHWULF KV& H RHRPEBWER QUBQ JBE®W HURFRPEDQGWLRQ RI
LV PRUH DFWHRPRVKDQHWRH ORJOLQGPR® PR PHWKDEHWDPLGRBFUMBBWHKH WH[W

632 OLJDQGVY DUH ERXQG LQ DQ DO WHUQROWL@U PRDRQGIKQ WMIQURXUKO+F ERRGNVGH D
K\GURJHQ ERQG WR WKH DF\O DQG 3K RMBKATHRREKDO @ FRMWPOWHG DV\PPHWUL]
UHVSHF®DWBOBWWDYXMIHIHUHQW®LQBRPXEVWLW X W LIRRR QR WU RQNVD F W LIRKFH Q W
SHQWRQH LV REWULOHG HWKHQH K\GVWDIRGA\PKQ DKCLIRIKKWY WKH YHUVDWLOH FRRUG
H[SHULPHQWRQBHQWIRUPHG E\ HYWRQWMEBQYRBUNLRKEAG QHXWUDO PRQROLJDWHG D
3W ERQG RISWRBLBW\O LQWRIQIRHWGLREMIGIWQJ K\GURJHQ ERQG DQG ELV OLJDWH
K\GURJHQROUMREVHS LQ WKLV FODHAHRWEBWIDO\YRYGHU ZKHWKHU WKH ELGHQWDW
HYDOXDWLRQ RI 632 DQG +$632 +HWHRRISGVRE L\VHD/\BXW XKQ/H @ KB 2FDWDO\WLF H[S*H
OLJDQGV LQ WKH UKRGLXP FDWDO\VH&E K\GUIRQR SRARWRQRLY DRDEWH RORBRHYHU Wk
DONHQHV KLJKOLJKWV WKHLU QRQ LQQRRHYWHPEWKGHS QKW OHILRSBHK LADLLID Q G & LWL R/@1
RI WKH BRQG WR DOGHKKGGWR[\LSHKRANZRIUM.QJ XQGHU PLOG FRQGLWLRQV
R[LGHV2ZLQJ WR WKH H[FHVV RI OLJKOGWRKXDOOWKEREQHQDQG LPLQH K\GURJ
K\GURIRUP\ODWLRQ WKLV VLGH UHDFMI® QQ LUV GIXFH VR WEKIHD WOLAROX QW RRAU  R1 WK H
DYDLODEOH 6BH@ ILIDQBR/GXFHG UDWHW RRGGLIQOMARQY IPRIGH RI 632V PDLQWDLQF
3¥632 FDWDO\WWV ZHUH R WIHN HHUMWHVSQR¥W V WHRGDIMORZRI G WKDW D UKRGLXP FRPS
LPSRUWDQFH %,12/ GHULYHG FKLUDO 632 OLJDQGV FDWI
5HFHQWO\ 632V DQG +$632V HPHUJHGVDY @V YHW \KAGILRIHQ WWAMRIYN R DFHWRSKHQ|
RI OLJDQSWOODGLXP FDWDO\VHG FURMWHARXSEHQJHRSIORWORQAWRSURSDQRO DV W
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YLJI /(83KRAB($KRV VXSUDPROB¥XBPEMMGLRPQGH K\GURBDQERQGV GHEURNGGHGPVKH K\GURJF
SURGXFIL WK 5HH(QHURLQ L P VMW GXAEMSKUH @%)%,1HDFNERQH RPLWWKIG HRRLEBIDD UJLH/G\
VW UXIFWHKSIH. QWHG ZUWRPSHMIPLYVISFRS\BKIKW OH\ DQG 6RQV

OHFKDQLVWLF LQYHVWLJDWLRQ UHY HDWNHWKDWK QWKIHQ J5 HDKA \GEURRELEMBY B IRIEDREAH F X C
LVRSURSDQRO LV DVVLVWHG E\ RQH R| DMXLIHR\R R\RH &5 IDQA\FRIR) RKIMY BE@ @ K R Q DRV UBR G L X F
632 OLJDQGV 7K SHRWRWLRIJIWKH 632 REWDI® HDE® &K \RKH SALRWKR QB WILFRMDLRH LQ FD
UKRGLXP K\GULGH DUH OLNHO\ WUDQVIHWUH G : \HRQ WHGH @ YBE RXQW € GJ DR/X B KRH SUHF
DFHWR SXHIRIGEHO L Q H® WREHIQH G W U D Q VALDWLIR@Q\WW W MW LQJ VWDWH IRU WKH K\GUF
$ VLPLODWSKRXWH UPHEBRY EIHHQ SURSRVHBRIRIOWKH 6 KERW WKLV W ICPHGEORWRQIBRW D
FDWDO\MWKHU H[DPSOHV RI PHWDO E L QHXW.RIIDIOBDRMS-OH [HRW WKW UKRGLXP PF
PHGLDWH WKH VHOHFWLYLW\ RI D FBWDKOGBNVIRIWE DERQB QLE\ RIEDNRYREGRSOEBHH Q
VXEVWUDWH LQWHUDFWLRQV ZLOO EH RKHGWR RHHBWLIHY \AWEXKL\R@R\EG HDF)W LY L W\
3SDWXHMIDKEHORSHG D QHZ FODVV RI OPRDQBR/ODX® IRQD@WERVHOHFWLYLW\ H
SKRVSKLQDPLGHV ZKLFE WDKNWREMUEW WRWDERY RQO\ WKH VRKLLIKICO © P RIJGGY HO H |
WR WKDW REVHUXYH® L&ESER®2FRRUGLQDVELRY WEZMFAZR OHVV7REW LPGD WK RQ OLJDQG V
GLIIHUHQW VXOIRQDPLGR SKRYVSKLIMP® 0GHS (RI5BKEREVR ZRQH WRKWKEDU DGDSWDELO!
RQH FKIWR 5K DFERQ®2 WKH KHWHUR FREPBPH{QLF 0(7$0253KRV OLJDQGV ZHUH S
IRUPHGWKH FRPSOH[ ZKLFK FRQWDLQV SR KH WHQRE P RVGDW §RQ (YRS 0 EFDIKRO \ VINQYG
OLJDQOBGQG7KH VWUXFWWXYHNHRIWY VRPHSPD@GGKWYRQBI® EHORZ PL[HG OLJDQGYV OLE!
UHPDUNDEOH IHDWXUHV L ZLWKLY BAKPWPHRMRPIOK|GURUHOPAWLRQ RI DIKEKDOOH!
GHSURWRQDWH®2DBRIGHDPWAH DVLD WKH SERVSKRRRELDWRRRQ JDYH HH FRQY!
RI DQ®UH PXWXD@WDQG DIQ®OHIDYWGHAEOHGQ RI WKH VXSHULRULW\ RI KHWHUR
E\ PHDQV RI D K\GURJHQ ERQG HVWDEOQWISIB5BKR\Z OHQDQIGH 1 + SURWRQ
RI DQG WKH UKRGLXP FRRUGL®PRUHEGLQJOHQ DWRP RI

@ >M R X U\ Bl OYGR@D @+
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)LJ $VVHPBOMGKRY OYIDEUG\GHLQURIWRAXRPSOH[ IRUPHGLEGUEBOWOQSS5 ($3KRV OLIJDQG ZL\
>5K DFDF@® BE&RPSOH[D @ F WALDW DRWKM K\GURIRUP\ODW YR/@ IR IEVEQRERBEW DV WKH ZDWX LVRPH U
PRGHUDWH HH 5HIV VHH WKH WH[W

UHPDLQV WR EH FODULILHG .LQHWLF K HFIDFR@QGEDW [FK® UDIPWHHE GHRKBHND Q@BRBRH V. H
PHFKDQLVP RI WKH K\GURJHQDWLRQ UHDIPMWK FQ FELORQON 854S B RS\ @ILIREDFHHKDE BW HD V
QDWXUH Rl WKH OLJDQGYV SUHVHQW LWVQ DWKB B WDMW R/ WHKRHY B @ SQURVDRUMDDY BRIQ VR R
ZDV VXJIJHVWHG WKDW DQ XQXVXDEORRGBMIWLIHID@GLWLR®/ IRH WKARIQG 85($3KRV LV
RIWKH 0(7$0253KRV OLJDQG RFFXUV LQLWKX}HGFD@® O\WLEFLGNHAH WR WKHDBKHODW
\LHOGLQJ D 5K K\GULGH VSHFLHV WKDWLBMYUDBROWFX KRB K\IC\GRRIQI @ ERFX DG  LL
KHWHURO\WLFDOO\ ,Q OLJKW RI WKH SUHRXIRYMHG FOGV VG W § R RP SRR @ W DWHEHPW D U +
WKDW WKH H(F$PR2BRKRRIOLIDQGYV LV PRWH GXBUWR MRFRHLGLQDWLRQ PRGH ZDV
HOFWURQLF SURSHUWLHY DQG WKHLU DHLGLEKWR\ OSWRY DKL RV KHIUWREREY B B DAKEHR [ \
WKDQ WROQIDDGGLQWHUDFWLRQV K\GURIRUP\ODWLRQ UHDFWLRQ WKH R[LGDW
% U HHKW S RUWHG WK IDWFKBBRRVS KR V SKIRH\DHP [SGIHFD WD O\VWV \LHOGVY D FDWDO\WL
OLJDQG GHULYHG IURP OHXFLQH DQG KYGDRKH@QDOR §33 $BHW ¥ HAILQ DMKG! 85($3KRV OL.
VHOI DVVHPEOHG XSRQ FRRUWDLIPHWHR Q8%/(BIKRYK ORGD@GYV ZDV LQYHVWLIDWHG
FLV FRRUGD@BWBWGGY DFW DV D FKHODW HG LRI RVUKHODKRIARX R VW\UHQH ZLWK JRRG
PHWDO FHQWUH DV D UHVXOW RI D K\G URUBRK® VE FEQ G HP\RVG DI/ QVL W IO DR \K K RAZHHEFEIWDK_NWLPW
1+ SURWRQQ@ WKH FDUERQ\DKRY\THOWRIQ FWOYHYV KHWHUR R WKFHOWIDR®UKPRE HQ W |
LQWHUDFWLRQ PHGLDWHY WKH VHOHFWLQY HRIRIUP B WR REK R Q WIKHEH B WUHIIFP IF @ WS O H [
RYHU WKH UHVSHFWLYHJKRPRHF ERPS\OHOWWSVVHPEOHG OLJDQG ZLWK VHYHUDO
GHULYHG IURPOMAW.GH RAMPHWK\O0 LQWHUDFWLRQV
K\GUR[\PHWK\ODFU\®WW®R K\GURJHQ Ef 6LQFH WKH VHPLQDO HIRUDQ®&YRSVIHQAW
SUHVHQW LQ WKH HQHUJ\ PLQLPL]HG K\GURJHQ ERQGHG OoOLJDQGV E\ WDNLQJ
LQWHUPHGEDWH@®BK. RQH EHWZHHD@@S\ULGRQH K\GUR[\S\ULGLQH WDXWRPHULF
DQG LL RQH EHWZHHQ WKH K\GURj&x UHVHDUFK KDV GUDZQ WKH DWWHQWLRQ RI
WKH FDUERQ\O R[\JHQ RI )(BBKRKLOHJEY\VWHPV KDYH EHHQ GHVLJQHG LQ ZKLFK WK
OLJBQREVWUDWH LQWHUDFWLRQ FOHD DVVHPEOH E\ PHDQV RI WZR WKUHHyRY HYH
HODQWLR GHWHUPLQLQJ VWHS *WKHDTERQGY ,Q VRPH VIVWHPV ZHDN K\GURJHQ E
LQWHUDFWLRQ RQ WKH FDWDO\WLF HIILQ WKH VROLG VWDWH DQG LQ VREXWLR
VXSSOHPHQWDU\ FRQW U RPGI W KSE D WAHI L QWH U D FAKIR/@VK\GURJHQ ERQGHG OLJIDQGV
Rl ZRXOG KDYH JLYHQ DQ LOGLFDWLRCELGHQWDWH OLJDQGV LQ K\GURIRUP\ODWLF
$QRWKHU H[DPSOH RI DVVHPEOHG UHDFWLRQ FRQGLWLRQV WKDW GRHV QRW ZI

K\GURJHQ ERQG LV SURYLGHG E\ VRPH$FFRUGLQJO\ D VLJQLILFDQW FKDQJH LQ
IDPLO\ 1RWDEO\ WKH FRPSOH[ IRUP XVXDOO\ REVHUYHG ZKHQ WKH WHPSHUDWXL

QRZ DYDLODEOH DV OLEUDULHV IRU FDWDO
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)LJ &RPSOH[DWLRQ SURSHUMAGHAR R 5 WK B LSOOI SRRRIBEW REAXLE LE UL X PDEXBNZBBQFRRUGLQDWLR
&U\WWDO VWUXFWXUKHFEWRSBWXUH LV UHSUIW@RFPHEHZLWK SRIS\WRPYYWRQQ &KHPLFDO 6RFL

YL %UNXWUDPROHFXODU ELGHQW DWW KQR I Q€ CS\CSER RN GROVW\R K I IDOG B B S\P ROMEKIEQ W LI\ WKH E
OLJDLAIBMPPHWULF K\GHRERQEWURROXY VXEVWUDWHY 3KVBKI SKWKDIORVWHELY SLY

7KH\ LQF®WEBR@GUR[\S\ULGLQH SKRVSKDWXHHQ GLSKHQ\OSKRVSKDQ\ODQGGUR
DPLGRS\ULGLQH LVRTXLQRORQH SKRVSKDQ S KHQQ 0 SKRNISK [>EDLSID MYAIDRQEEA [EIXLHOW F R
RQ WKH DGHQLQH WK\PLQH5@BBKPRBGOCGVRWYW FRPBOH[ 7KH IUHH OLJDQG H[L
GHULYDWLYHV 6XSUDER[ XUHD R[D]JROSQH GRQBEHQGBVLGRQH GLPHU ERWK LQ VRO
'SHQ3KRV EDVHG RQ SKRVSKBHBMLIGEHREH YHLLID XGRQ PHWIRRHRRUGGARWLRRO
SKRVSKDQHYV LQFOXGHG 6 X08U® SWIDQHWS RRPYV LQWR K\GUR[\S\ULGLQH
6XSUDSHSWLSKRYG 3KWKDODZBKRWSKDPRIFSOHPHQWDU\ LQWHUDFWLRQV HDVLO\ F
DSSHQGHG ZLWK SKWKDODPLGH UHVLGXH NFO® WREARHE [H] PSSO Y WK OWKEH WD X W
VXFFLQFWO\ GHVFULEHG ZLWK D VSHF 630G DVWWRNG RS RE \ROX W KHYVPRKRIZHBFWE&DW
UHVXOWV ! FRPSOH[DUH LQYROYHG LQ D IDVW G\QDF
*HOOHWFR@YHVWLIJDWHG LQ GHWDLO VBKIRFEHIVXW RPH BRPBIINDOLEWLRPY OHG WR
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DGGLWLRQDO HQWKDOSLF VWDELOLVDWILR(K WKW R B KWG RRJI A BVWER®D RIQENBRRGHV W
NFDO PROHYLRXV VWXGLHV LQGLFDWHIGHWHDRFRRELQPWXRIVOS URNHDWRGEH PRUH
FKLODRGV KDYLQJBBRRSKBRBBRMH JURPSEVDIVEWDKRPRBFRPELQDWLRQV LQ D  YDL
WR WKH S\ULGRQH PRLHW\ FDQ H[KLE LW MNWRWERQ@Y\ YRLU | HJ B B $0 6 RRAGEE. Q\DHOL ROV V H
EHKDYLRXU GHSHQGLQJ RQ WKH, B H/MIEY WV W K\HHERD BQBYQEKH HDV\ SUHSDUDWLF
105 VWXGLHV JDYH DQ LQGLFIRWPRRI RWHMKHH QUOQIWRBHUUKRGLXP FDWDO\VHG DV\F
S\ULGRQH PRLHW\ LQ WKH SUHFDWDO\WVMFWY R G\ QHMGREBA K B FIDME O \VBIGID QG V 2
K\GURJHQDWLRQ :KHDAWVRWURJHQ EMM@PGGRS\UNGLQH RU DPLQRWKLD]JROH PRW
FRQILUPH@QAOQ &+ WULIOXRURHWKIOHQ RQLIYRGXLQRORQH RU D]DLQGR)@H FRASMHPHQW
LV I1XOO\ GLVVRREDWHGFH QWKXHR[\S\ULWKQM [ OLJDQG OLEUDU\ LQ KDQG WKH
WDXWRPHULF IRUP SUHGRRIUQWWWPWY HW BAR IDQVROHUHWOWLYH GHFRQYROXWLRQ VWU
K\GURJHQDWRR®X1D LOLWK D FKLUDO SHRIYGKBWILQH HDFK FDWDO\VW LQGHSHQGHQ
OLJDQG FRXSOHGKQURV DEVEKWWARMQHR Q H[$OBLQRXBNKIBQG WKH FDWDO\WWYV REWDLQHC
EHWWHU HQDR®WR\IQGIIGF 2K @W)D MREAMNQWXDWHG WRJIJHWKHU 7KH OLJDQG VXEJUI
LQVWHDG Rl OHXG HWHVSHFWLYHO\ LQ WHUPV RI DFWLYLW\ DQG VHOHFWLYLW\ I

,Q WKH K\GURJHQ ERZDG/HGHGRID/QIBGUWRHEHE\ GLYLVLRQ LQWR QHZ VXEJURXS
YHU\ DFWLYH DQG VHOHFWLYH IRU WKHDRKGURERURXSDRQAQ FRIQWBUBVQD@H OLJID(
DONHQ#HWU\ UHFHQWO\ DQ LQ GHSWK PBHFKDQLWKHF QDWX®H ZZIVWKH EHVW FDWDO
SURYLGHG IRU WKLV KUSFHDHFWDRUAH3 I5Q Il UDIGWKRIJHQDWLRQ RQO%Y$ UHDFWLRQV ZHUH
DQDO\VHV I5KHQWLIL&PE@ >DV WKH FDWD OGMIQFWUHWWLQHH H I L L@ MW JF D W SOWMO/O H O
VWDWH RI WKH WUDQVIRUPDWLRQ ,Q WALWHARRSO HI WKH DVNBI\WBOMGNYLYDQIGGDW
EHKDYHV DVYQRH D IDVW WDXWRPHUL]DWWR® \§ HRFENFDXW RBWVKH YBBH FDWDO\VWV 2
7KH ORVV RI RQH PROHFXOH RI &2 JHQ®M UERMWKY ABKH VD FWWXH | RSB FRWRKUH\U DVF X\EL\WWM
>5K ++ &2 @ LQ ZKLFK WKH SKRVSRDBDOOMWNQEZHWUBUHRXQG EXW WKH QDWX
DS S UR|[L W)\DBIK3 f )7 RSWLPLVHG KHWPWWBRPELQDWLRQV GRIVHUWUQ HYHU\ F
7KH ELWH DQJOH FKDQJHV IURP f UHR/W D@QG VRUDWH WIRID QG RAWHWHRFRPELQDW
VSHFLHV KLJKOLJKWLQJ WKH IOH[LEOSIURKDGB FRAHKHR | H\@ B IQW DRAVHE EBW GY LW\ W
OLJDQG 7KLV IOH[LELOLW\ LV SUREDESURXWQW KWHK RW LWIKGH RRUPKHK RQHTWHH DFWL
FDWDO\WLF SURSHUWLHV RI WKLV OLJDQIG N QGN H.R) WIHQMDH WWRED B OBR/SW § DEER KR X
FRRUGLQDWLRQ JHRPHWULHYV DQG ELWSH DIRUPH\Q ZH VEK RIXW QYN KHQ Bl KIQKIOI\VHOHF
SHQDOWLHV ORUH H[SHULPHQWDO D Q GOAR BRWEN W IUDQOHO LEDWWL DEWLRORYEBQQRW
ZKLFK FRQILUP WKDW K\GURJHQ PRGG LVQKHHBDRWLRKYY EEWDHHQ
DUH PDLQWDLQHG GXULQJ WKH ZKROH FDWDO\WIF F\FOH 7KH HOFRXOWHIIHG
IOH[LELOLW\ UHTXLUHPHQW DJUHHV Y
FRYDOHQW GLSKRVSKLQHV LQ UKRGLX| v
QRW DOO OLJDQGV HRRLMERTPODILRWIKDE
OHDG WR KLJ& \DHB IUDWMHRREOHG OLMDQ

ZDV XVHG IRU WKH UKRGLXP FDWIL
LQWHUQDO DQG WHUPLQDOHRQD\G®V DA
VHOHFWLYLW\

:LWK 3G WKH K\GURJH®@ ERIMMEBIG\\H
DOO\O DMK R®W HRIR F\ D@ OZIFWKO FRKR OV

\LHOG (YHQ WKRXJK WKH PHFKDC
HVWDEOLVKHG K\GURJHQ ERQGUH®WH
SURWR@ RDQG WKH K\GUR[\O JURXDYR
SURSRVHG WKDW PDNHV WKH K\G UR/[NGI
)L VHFWLRQRWKH UXWDMIOXWHG K\
QLWUNOPIVODU LBRNWHADHQ WKEHRIQGH®JI> )L ;  GLVXE VB WIKBNGVHOIHPEOHG OLJDQGV I
DQBQ LQFRBMEHROH KBV SO NKMUEOH DVI\PPHWULF K\GH R JWOHD WKRIQW H[W

VHFWLRQ &OHDUO\ ZLWK D JLYHQ VX¢

$PLGRS\ULGLQH DOG LVRTXLQRORCGHSURWRQDWHG LQ SUHVHQFH RI PHWD
PRWLIV ZKLFK PLPLF WKH K\GURJHQ >5K DFDF@RRPSOBLHV IRUPHG ZXK($GKRWKH
DGHQLQH WK\PLQH '1$ SDLU 3KRVSKpDOLIDQGV EUH ELANHGQDWRPY BAHH
ZKLFK FRPELQH WKH DPLGRS\ULGLQH:Q VWULNLQJ FRQWUDVW WKH UHDFWLRQ RI
DQG WKH OLJDWLQJ SKRVSKRUXV DWR.OLIDQGV ZLWK D GHXWXDOR W KWGLKE BV
OL[LQJ SKRVSKDQH OLJDQGV WKDW SRVVHVV VHOI FRPSOHPHQWDU\ PRWLIV
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>5K Q@G )DOZD\V \LHOGV WKH FRPSOHQHAM IR NWK® G B RHSEDV B BMIQDI DAKLLDQIH P HQ
K\GURJHQ ERQGHG ELGHQWQWB X\®RPDMMEXEVWLWXWHGDUHQHWKQIXYR DPLQR D
SURFHGXUH ZDV IROORZHG IRU WKH IDV\@ HWREBXWLE® RFIODYPMOOFELEDDUWRI WU
85($3KRULIDQGY LQ WKH DV\PPHWULHQ KQGWRMODIFMRLY LWL LQ DV\PPHWQLF K\
LQGXVWULDOO\ UHOMHHDQYW ©XEN@ED \ZNYIS SOHPIIQMBU\ FKLUDO LQIRUPDWLRQ L\
ZKLFK GLIIHU E\ WKH QDWXUH RI WKH OD\@R Pl UVWEKINW EB W@ QW K A/ \K IDHDH | EQNFIRGR BIROH Q |
DQG WKH SKRVSKRUXV DWRP DQG E\ WKHFHKQW DO WXIEMWLON XIHREW 5D HEER FABKW M BUKH
RQ WKH SKRVSKRUXV DWRP ,Q WKH |LUNVWH g AUHHIQNMQZ LWKHWARMM DPRPRVDOUGY L
FDWDO\VW IRU HDFK VXBVWHDROHG ADAUIRBOWMH | KNGURJIJHQ DWHRIQ RHVXOWYV DUH
FRQFHUQHG WKH UHDFWLRQ FRQGLWLR &MRDKWH WHKG [RKL WEK®G LKL\ K \GM B DYAWHIEO | WR
DFWLYLW\ DQG VHOHFWLYLW\SURMLEGHGW KB WDOMRW W\ RI WKH UHVXOWV LQ WKLV
HH FRQYHUVLRQ DQG HH X EVRRIMHRXE RQV IRKRXOG EH ERUQH LQ PLQG W
DQG UHVSHFWLYHO\ 105 H[SHULPHQWYWHPWKH YSH RPRIBW P W\ WWR H[FHOOHQW H
DVVHPEOLHV DW GLIIHUHQW FRQFHQWDBPWHL®REH RR YVIXSBDRRKBHEXNEBDHQRHWRUDFW |
LQWUDPRO KRB URJIJHQ ERQGV 8SRQ FRRUGLQDWLRQ Rl UKRGLXPQRWY GSLC
SKRVSKLQH IXQFWLRQDOL]JHG SHSWLGH C

FRPSOHPHDWDONHG SKRVSKLQH IXQFWLR

FRXQWHUSDUWY DQG WKXV VHOHFWLYH

6XSUDSHSWLSKRV OHZUDROBFLQR DFLGV LQ

FKDLQ DUH HQRXJK WR GLUHFW WKH DVVH

DQ DQW ESUKHHWO MW UXFWXUH DV D UHVXOW

HVWDEOLVKHG EHWZHHQ HDFK PRQRSKRYV

VWXG\ Rl D VHULHV Rl VWUXFWXUDOO\ L

GHWHUPLQDWLRQ RI WKH VWUXFWXUDO II

DVVHPEQQWHUHVWLQJO\ K\GURJHQ ERQG

FRQWULEXWRUV WR WKH RYHUDOO FRPSO}

+31#11 K\GURJHQ ERQG SDVUWDELSRMNWWHRQ

KHWHRRSOH[ 6XFK DQ LQWHUDFWLRQ LV S|

LQ WKH VROLG VWDWH VHH WKH 3/$721 SO

RI FRPSOH[J E $VUMVXOW WRRSIOHWHUR

ZKLFK LV VWDELOLVHG E\ D ZHDN K\GURJHC

)L /HIW *HQHUDO IRUPX®@L JFOIQMBK/H SSHIQWKR%%LHV#&'VSHFwes E R WKRFRR B @ UR/

VWUXFWXUH RI D PB& @HRRRBUH[ HPSKDVY Kyl O DIFQWWM KDV WL R (B X $ UTLEHIDWL SKC
K\GURJHQ ERQG LQWHUDFWLRQV EHWZHHQOWK P RERK H Y Ib@>XN W\HPER-HIHBUWMAK K/ M RIRUP\O |
VWUXFUWHKSIH QWHG ZLWK SHUPLVVLRQ IURPVWHIUHQHRS\ULEKW UDWLR IRUJDDIGL F

$PHULFDQ &KHPLFDO 6RFLHW\ KHWHURFRPELQDWLRQV SURYHG WR EH PRI

JLXWUHBRUWHG FSHIDBR R R ®HQ WpiapwP - XRERFRPELQBWORRQWLYLW\ HE'Q ORH

VHDVVHPEOMER K\GURJHWKER Q BEV)CO\Y EVWFHDGVZ EV)V(\éVHDJSI';gWLHWS\;';'TNXLOGGH 'f/'EGNHH
OLJDQGV FRRUG RO WR\HBYMWR S5KHLOHDFKL UGB 6 Q U

SKRVSKRUDPLGLWH OLJDQGV SURYHG WHMPEUWYRDVWHHSHAMEGY WKRY (RYHDOO Wi

DVIPPHWULF K\GURBHODWDIERIQVR[\ DFU\ODWHTIBI@GERQGLQI 2DV IRXQG WR EH SUL
( ED\O LWDFRQDW HIGHRE WL Y g WK i DWDOTWLE HIILFLHQF\ +RZHYHU WKH H[D

S U H F D WADKEH VWH VIR IQ WIBMHY H PG DSHCR U KK O LIpQGHUDFWLRQ 2DV QRW DOZDIV FDUHIX(
LVRI 7 ZKLFKPRUOHWKMKRQH REWHUVHEPSRY KLIJKOLIKWV KRZ WKH QDWXUH R

VWUXFWNOD®®G SKRVSKRUDPLGLWH oESYHE BR¥NRE)RRRLEL SYRFNGBOHBOURG |
ERQG GRQRURKXS? 7KWURJIHQ ERQG LOMYHYOFRARREHQWDWH SKRVSKLWH OLJDQ
FRXSOHW@ZQWKUDWLRQ RI WKH OLJDQGVFE(EWQL@%POF?IK—W(?'?—@éBD?éL@kﬁU'-PDU\ D
HIFHOOHOW RDW DI SSHE EOR YD 0 G vo K WKDOD3IKRYV OLIDQEV H[RLELW KLIKHU v

%UHLW JURXS GHYHORSHG D (DPKORYRIHQADWLRQ RIGUKEYRGOWKYQ D FKLU
PRQRSKRVSKLQH OLJDQGV WKDW VHOI DWHPESH e HWb! REw WPRNER Ry UHIE
ERQG LOQWHUDFWLRQ EHWZHHQ WKH sHOWFEHE BYRRIY HGp Y& pHVHC
QDPHG 6XSUD3KDQH3KRV EHFDXVH WKIﬂG’km‘]d_'LQ-'DEORQ(QgU 'ﬁ”ﬁ"g'%"ﬁ% WKH FDUE

R[\JHQV RI WK KRYKRGLX®GS/UH
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1++4 UHPDLQLQUJIUHMRZHYHU FRQWUROPHNMKUWPNWB® WXEVWUDWHY JDYH ORZHU FR(
ZLWKWH DQDORLDQBERFDWHG WKDW WKH VDPH VHOHFWLYLW\

HH DQGLWFHWIREWDLQHG ZLWK WKLV OLJDQG IRU WKH
K\GURJHQUWHERWQUBIB/GLWLRQDOO\ KXGURJHQDWLRQ RI

YLJ 6XSUD 3K DI)PG KRB U D S H S W D SHK@N UDLO) DRIGA/X OD RBIXSKDQKBRRBIORMGOLIDQGY E &RRSHUDW

DQG ZHDN K\GURJHQ EIRIQGGXF HEU AR QINRHHIERBORE 7121 SORW RI WKH VROLG VW.DRRHQ VW D ® AW X L

UHIOKHFEIVR X FK WKH | R P DWHRERQHF | HADKIDRFSIIBUHG WR D VWDWLVWLEDRBREW Y LERRW@RQ . I:RAH
VWDWLVWLFDI$GTRYVEORMK WY RIHSULQWREG DHWK SHYREVEMLIKQGL OH\ DRISIGROWH WKH WH[W

YLJ 3KWKDOD3KRMV@HQHYGD VW BKW RN QU JW.GE OH % HVW FDWDO\WW IRU WK H IDMWPHW ULF
5SHSUHVHQWDWLRQ Rl WKH KIBWRIG\D R Q6@ ARICAHDHD IDREG MAKIHURKIBIROX EVW @D W H
>5K + @REVHUQHRS W ILPWUKFWRIMY NFDRRBRO/W D EOBHHWKOHH WKH WH[W

&OHDUO\ WKH FDWDO\WLF HIILFLHQF\ Rd\3BAWK\DUID/E K R\Q &/ IHIDIFGAVL R\D V R KNG QRICH Q E |
E\ OLJDQBEVWUDWH UDW OHUDW &DQQ @& HIEHEWR BRW KH VOE\GWRBWER Q\O R[\JHQ RI

,QGHHG ')7 FDOFXODWLRQV FRQILUPH® Q\FK D\® DWK DRV LRI AKRNSD DR EIR@EIDIW Q G\
K\GURJHQ ERQGLQJ EHWZHHQ 3KWKDODBKRV DHUD FOQ SHHVHB@WUDQ® WKHQG RI W
SUHFDWDO\VW LV ORVW GXULQJ WKH F DD O QMM ZF\ WE HDDE\H QY KOHP HE$IH QWL B IX @ L 1LIQY/G
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VLPLODUO\ LOQWHUDFWLRQV IRU WKH DVVHPEO\ RI W.

ORVW RI WKH H[DPSOHV UHSRUWHG VRULEW DBOSRUWHNGS UDXFBROER{ODWHULHV RI

J)LJ 8VH REE®Y VDOSKHQ SODWIRUPV EY\DRW WRZKROD\W HGI\FOLE MAKWSENSHIEH POV DD WY 8 NV § O Bl W\M LIRRU v
IRUPDW L K®! WHRIMBSKHDHBHOHFWLYH K\G FRWRBEWHO@QWWHRWBRBIMW KW )REPNPDDWIIR\WRHG E\
FRPELQDWLRIQBK>DFDF @&RIV VHH WKH WH[W

OLJDQG&RRUGLQDWLRQ FKHPLVWU\ VW®RBOQHYD@GE8 QMKHLHGFRPKSHOH[HY ZLWK D =(
IRUPDWLRQ RI ELV R[D]JROLQH FRSSHLW HUYGIG DI\ DBRIRSKRISEHOHY UHIHUHQFH
*RRG VHOHFWLYLWLHYV ZHUH REWDLQB@DORWHW KR Q ARSI VBE W DMOIMEMAL R QK R\
EHQ]JR\ODWYRR GRROV .LQHWLF UHVRPRWLRER UDIW WG EIPLRH FDWDO\WLF UHVXO
K\GUREHQ]RLQ XS WR HH D QG DO HFWMQLGAV WA[ KHLB/IHDHHE VKILY KW\ LQ DONHQH |
GHV\PPHWULPHWRRQ REHQ]JRLQ XS WR DQGHBO @MDVF DON\ODWLRQ UHDF2IHRAY FR
DFFRPSOLVKHG $ FRYDOHQW %R[ DQD/OKRH XPGYDQMDJIHMHRLQVKMKH V\VWHP LV Wk
UHDFWWURPE KRIGUREHQ]RLQ EXW PRUH IFRPHEOWM DWW DY MAWURISQDWR®G GULYHQ +1
R[DJROLQH PRQRPHU ZLWKRXW K\GUR ZHY H REGLMLIQ HGQ ZWHR QRIOWWURVZRPELQDW

JDYH HH S\ULG\OSKRVSKRUDPLGLWHYV RU S\ULG\OS
/HZLV BFHZLV EDVH DQG LRQLFFREMMIMDWLRROBLWK ELV =Q HLV WBIMWSKHQ
LOQWHUDFWLRQV +3105 DQG +3 ,5 VWXGLHVY HVWDEOLVKHG \

Q WKLV VXEVEHFWALREH H[DPSOHVIRM WKH fKHWK HP b WO\ DGRARIKDEUHQD WHG WR
WHPSODWH IRU WKH DVVHPEO\ RI WZR @YW B ¥RUOHDORYEERQ LV WKH FDWDO\WLF
9DQ /HHXZHQ DQG SHHN ILYYMZLXWH® VAN I PFP®ODWLRQ RI VW\E HQUBDWLRERQYH!
LQWHUDFWLRQV IRU WKH FRQVWUXFWLRQ Rk H XSWDLIRAM FXP DY B IR WRN!H 0\
OLJDQG¥QSIRRSK\ULQ SODWIRUPV OLQNHGYEYWY FRMPPE Y ¥RBOIYQJ WKH QDWXU
ZHUH XVHG DV D WHPSODWH IRU W{H cRYYREVBMLER BOHGWEB PRVW RI W
S\ULG\OSKRVSKDRE®)VXFKIDVLG\OSKRVBAHRPEOLHY VKRZHG KLIJKHU VHOHFWLY
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UHIHUHQFHYVY +RZHYHU WKH RYHUDOOU i# &RV NG L\FACHLIZH HELHIDICNH B | SWRWSKRUDPLG I
FDWDO\WWV UHPDLEQHBHRRWGHVWHHN DQG FR ZRUNHUV

)LJ 6XSUDSKRWOIBMWI®E®HURFRPELQDWLRQVFIRWQG\VRHE VKKGHURKRGDXWPLRQ Rl WKHDFKDOOHQJ
IRU WKH SEIVODG\WVAHG NLQHWLF UHVROXW L REDRIGUIIRAH WIKFAVFOBR K M BH R\ G UIRA R WBWS B WL RQI IR | Vv
WKH WH[W

WKDW SRVVHVV WZR SHULSKHUDO S\UBKRMWEKRILDQUEDVHBLODEOBQGRU WBFK R
FRRUGLQDWLRQ Rl =Q ELYLYDOSBIKMHKW SRPSWREBPQYWBQSRUBKSIL) SODWIRUP RU D S
&RPELQDWLRQ RI VDZFGHTXR YH TRRHG WRR D7KHW\PHWKRGRORJ\ KDV HQDEOHG HIILFLHQ\
UREXVW ELGHQWDWH OLJDQG 8SRED MRFAWGILXGIRKHEDZHY EEGHE K QW DW H& DLIDQGYV FDOC
VXSUDPROHFXODIDVRIRIUPHIG LQ ZKLFKXWEH HFKHRBGIX\WERHG ARONHHOHFWLYH ELQGLQ.
DWRP ZDV FRQILQHG EHWZHKH Q MVZF0 WQ @RBRW B OMRWWKH JLQF DFFHSWRUV LQ DGG
H[KLELWHG DQ XQXVXDO VHOHFWLYLWWGRWLQUHVWHK HK GAULR IIRQP\RDMHAR QR B IWKH IR
WUDQWLDPQ®ONHQHV WKH LQQHUPRYV W RPG®HIKMHYEZ FINW GRWR B XFIH®QGV 7KLV VWU
SUHIHUHQWLDOO\5 ,QQDQ@GILRPRIQ WK MW KIRZB O GHX VBRIROVWKDW KDV OHG LQ VRPH FD
REWDLQHG ZLWK KLJK RSWLFDO SXAWLYLWRUR WHWDRISEHWDOKUWY GHULYHG IU
K\GURIRUP\ODWLFEQVUHDFWHA® KRHUIRUPHGRDWKHZAGURJHQDWLRQ RI WKH FKDOOH
\LHO®Y HWK\OKHSWDQDO ZLWK HH DOEHLW DWKID PRGMVOLIDQG KHWHURFRPEL
FRQYHUVLRIHIWJI 7KH DFWLYLW\ ZDV L Q% UKBYHEG B \FRYDIRWE@WQBL G IS & RADSKH. \8 K ROASIK
WKH UHDFWLRQ DW 7& DW D ORZ FRVW KD W HKBR) DIDSS €& RIDE® WL RKHOHHAWQ L WW R
7KH VXSUDPROHFXOD W OMDIWDM\GRXWSHWRDBNGR WHRKMHL ®RQWJIH DURPDWLF VXUIDFH
FRPPHUFLDOO\ DYDLODE®MH '&43 53BIDQYCFR®MFXOH OLNHO\ SOD\HG DQ LPSRUWDQW |
ZHOO DV RWKHU VHOI DWHPEOH® GHUDGEWHFHWN WKH VXEVWUDWH H & N WEHHWSLIFOWHD\
VDPH UHDFWLRQ FRQGLWLRQV 7KH UHWR{OWDFEBRUF W|50RK®EHEED WHKHI WIVWH L FW K H
HIITHFWV H[HUWHG E\ WKH =Q VDOSKH[® L BSIOMW DR U AP D&KW K O § WD\WIKHIDKIRW W K H
HQFDSMEK FWWDO\VW 6HQDQWRIRPHWRKH[HQPERDAHVWRMWHUVLRQV |
$ PRUH HODERUDWHG VHOI DVVHPE KW WKMWHP FIRW K HVAQEGRKFSNREUWHR D X V X D O
SKRVSKLWH OLJDQG FRYDOHQWO\ D W BHKXHLER XW RF D/QK B/ K HOD WRIGSWRIWEH G\QDF
SODWIRUPV ZDV VWXGLHG IRU WKH |RUPIDWIGRQ, QR IWK HV XS G DRROHFODMLRQ RI V)
ELGHQWDWH ER[ OKNH HOPFOMHFXOHV RRGISIHERWLRQ RI RQH RI WKH FRPSRQHQW YV
GLD]DELF\FOR> HDFEREQD YBQ G ZL FK H-® \& B W AWM HRQ UMHARKTWM YUKRGLXP FDWDO\VWV C
SRKSLQ XQLWV DFW DV VXSUDPROHFXODWLRR®XKQVD OKEX DVNRKRPVOLRQQGYV SURY
FRQVWDQVS RUSKKHLCQQSODWIRUP ZLWK WKKH VS %E D PRIOHF XWKM OLQHDU DOGHK\GH L\
LV VWURQJHU WKDQ WKH RQH ZLWK WKH S\UIZ®LYSKRNSKL\QHVHBWVFUWEHGY XQS
DERYH 7KH IRUPDWLRQ RI D FRPSOH[ BIKWRK ISKRKHPDWMWVH SHBYKKKNISEHVEHGHQWDW
OLJDQEBOMBUO\ GHPRQVWUDWHG E\ WKXQE®INROW7? RH DKW KSREDINQDAIA RVRE WH & QWK B WW
K\GURIRUP\ORMM/RQHRID O E UDWLR Rl DURPDREW DIURXGSDW| WKH 6XSUDSKRV OLJD
7& WKH VXEVWUDWH PD\ VORZ GRZQ WKH PLJU
5HHN DQG FR ZRUNHUV GHYLVHG D VPOSU DR RIBMAKGHD B MLPIDWIKR QRUQ WKH EUD
SUHSDULQJ ELGHQWDWH OLJDQGV E\ VRXSM\HMDR@YHWWERJBWG”KPBUQREEUDU\ RI
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OLJDQGV IRU WKH UKRGLXP FDWDO\VHG

)LJ 7DNDFV OAHD@WGOLIDQG FRPELQDWLKQW DRVOBBHRUGW R B RURRGUERENY R WHQWIM G RVUUAWK H
S D O O F®MXIPD W P BHIMPULIGD W L BQ SKIH Q MADKO O \ BDEJ DRXED MR W KB W B BBIPEHKN G URJHQDWLRQ RI VX

F ,@KH ODWWHU FDVH G LCDQ/GWWHKIH/R REOL FGARIQHILY BY DAMW HR Q B MQWIKIM H @ IPIHKMDHID W VHOHFW L
WKH WH[W

K\GURIRUP\ODWLRQ RI VW\UHQH WKH EIN R FXIR® LIQIHR PHWR XBVIRRUPBIGLUHFWHG
SUHIHUHQWLDOO\ EXW ZLWK YHU\ FR®W D LRGHELBDRR Q IRUPIDMLRQDOO\ ODELOF
&KHODWWH PEOHIGR®ASDRSESY KDYH EHKDYHW RV OKLIDKNDMDY '2UBXSMYHG SKRVSKLWH
HIILFLHQW ELGHQWDWH OLJDQGV LQ W KH DERSHGPW R VE L R G HIE WHEF B.Q G| IR b VID/OL R IO \
IRU D ZLGH DUUD\ RI VXEVWUDWHYV DO WK R XJHOLU D B VI Z E\OS HFFU RIFFH ¥ B WHAOR M IBHK L J K
QRQDVVHPEOHG PRQRGHQWDWH 6XSUDSWRVWOQJIDIQRGP \B6U SBGREBUE \RID]JROLQH |
RXWSHUIRUPHG WKH DVVHPEOHG ELGWRN BWWHORIPRRS OLHY LWHIRR\P BSI ZIKQ 6K FF
HQDQWLRVHOHFWLYLW\ RQBI6 ELV R[D]JROLQH, @ RIDKQHBU ZRUGV LQ V
7DNDHFW DIQJVW UHSRUWHG WKH XVH RIVIVGIPR QWK HP HUHWDEWLRRQBHWZHHQ WZR
LQWHUDFWLRQV IRU WKH FRQVWUXFWQRDD QG VE LW Q\U B KMHG V X\SRJ D B RO RE B RO Q +
OLJDQ@R'W FRXQWLQJ WKH QXPHURXV RRREH UJS X DOVLFSMVHRIQYDRQQQWKHO B WHDX D Q W L v
RI *ELPHWDOOLF" FDWDO\VLV LQ ZKLFKHNGWRFRPELQPIWLIHRY ROBUPHQUDWKH OLJI
IXQFWLRQV DV WKH DVVHPEO\ PHWDO DOQG DMK RWKRNXSRQHQIVEWKB FDWD 0N HE D
PHWDBO 7KH VIQWKHWLF URXWH RI 7DRRENK KLUK®G \H ILIQFYRIMWH G QDQWLRVHOHFEW
VHOI DVVHPEO\ RI WZR DQLRQLF $QDIO\VENV RI[DYRKOLEHWY IRU WKUHE UHD]
ELV GLK\GURR[D]RO \0 PHWKDQH DOW\PPGIGMLBURRQG\ODLF=QDRRGDWREQWDO'
FHQWUH DFWLQJ DV WKH PK®DOWWRIKRIOIRYH Q D WIQRQ
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JLJ &RQVWUXFWLRQ RI VXSUDRRORARQY LR E DRE BYDIFE PIHOWDHDENH W KRGV X AHRG W DNOQM @ ¥
ELGHQWDMW 1D @EIDDHE S U H | R MDDV IDEDEEANR | R U PP OR @M RB WRHQ H3BYYKBWOH VWUXBPWXHPEIRWGWKH |
SUHFDWD& DM S BVIVHIRRWW F K LU D OGIHMEX FUHRIP\ G D RUHEADHADHE W LY H O\ HH S5HIV VHH WK

UKRGLXP FDWDO\VHG KWYUHERLU®D WIKPQV SGIH VHHOMD WQVWWM SKRVSKRUXV DWRP )XUW|
RI KLWV ZHUH RE WTDLN)HG/ GIR\DWQHYV LGHQWLRROOL]H WKLV UHVXOW EXW LQLWL
OLQNHUV EHWZHHQ WKH SKRVSKLWHUHFIRIDQUMQAR QIVRESYVQLMQG LWKMIOXHQFH W
ELV R[DJROLQH UHFRJQLWLRQ VXE XQLVD\D G7 KK X ¥ RIGKEX R ¥ B WDO@OVWVBKEMWXHEH RI W
IURP )LJ SWRYLGHG EHQ]J\OLF DOFRKROWKZWWK WXKEK WRSDWHDOGXULQJ WKH FRXUVI
SXULWP HWRREVWLWXW HG WAWURQFR'S L F YRWXIEQ W VADEX® VIDUDGVH LQWHUDFWLRQ LV R
Y7 FDOFXODWLRQV FRQILUPHG WKDW GAHWH JRURIIFDBWDDOXWW Y VZ IDN EKX OV XDO VHOH
GLQXFOHDU FRRSOTH{UDQIHPHQW Rl WKH S&W K &K R K X¥DDIEMRHHID (DVVHPEOLQJ VW
ERXQG WR WKH FDWDO\WLF UKRGLXP DWRPHRBWIHYHEX WR\ VKHVEDWHR EH@/HQWR ARR S O H
OLJDQ®JDLQ ZLWK5D7BKRUBRRBSKLWH WK WHEBRIJQLWLRQ VXE XQLWV WKH V\QWK!|
JURXS JDYH WKH EHVW UHVXOW IRU WKW GR\W O/GLXP KW WRUZ\VHE DPRIQOWILRYHS V
RI GLSKHQ\ODOO\O HWK\O FBDYERQDWBQ )IHHXZHE® DQG FR ZRUNHUV GHYLVHG
SKRVSKLWHVY SURYHG S5WR7EH/VRYIBULRDVWIRPEO\ SURFHVV Rl VLPSOHU GLWRSLF PR
%,3+(3 SKRVSKLWHV IRU WKH DV\PPHW ULW HKS GV R WHQDWL IR QRR BRI ERVIAWIERW. B HED DI P F
yLJ FKH VDPH WUHQG LVREVHYYHBWKHIQHWEWVHPEO\ SURFHVV DQG D OLJDV
SKRVSKLWH LV LQFRUSRUDWHG LQWR 7PD\WBQ\®LYDDIGY QLKH RP B Q RMOGU R{DIBHEK D W R
VXE XQLW Rl WKH DVVHPEOHG OLJDQG R Q WHAK P RABWD G\K\H.GDS\HHU MR K IR DRHAMDZD ¥ H Q W U
VFUXWLQL]JHG DQG DV H[SHFWHG WKH]Q@WRUHVRWD®HX® L QINGI® \E K W BHKRY SKIRK X V
OLJDWLQJ JURXS DQG WKH ELV R[D]ROLRQ®LWQLFRFE-OBORDH DO RS RO HQ ORYBUUDQ
VXUSULVLQJO\ WKH FKLUDOLW)\ DURX@® RWIGH QDDN WRHP SO WAHK HD OADRV B D YWIIIR P HW C
LPSRUWDQFH )RU H[DPSOH ®LDEMMHHRWHYEWN ®UHNYQREIVWKH DV VH P EPRIRUG L DIDAA\R
VOLJKWO\ GLITHUHQW VHOHFWLYLW)\ LWKXRZADANY QU LD ERCHNV F IBHG L K MVIPQRHRK HEEH W Z H +
UHODWLRQVKLS EHWZHHQ WKH FKLUDOR®\WKRIFOUMMBSRE QOLKBQE® DQG WKH RQH
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LI 6HOI DVVHPEO\ RI LRQLF SKRVSKLQHV E\ PHDQV R3I3A 6 MPEIXERNRVY DWIHFG B®& WEILOD § WR R R
'HQGULSKRV OLJDQGV 7B3B6DQUDYEMPEIOYRIIK K\GURIJHQ ERQG LQWHUDFWLRQV ZLWK EULG
7KH PRGHO KDV EHHQ SURSRVHG IRU VHYHUDO FDWDO\WLF UHDFWLRQV F 7KH HOHFWURYV

DPPRQLXP WULSKHQ\OSKRVSKLQH OHG DOPRVW H[FOXVLYHO\ WR WKH IRUPDWLR

HPSOR\HG 00 FDOFXODWLRQV LQGLFDWKRGWKH BRPSDBIH QEMW IR WK ) BWXKRDSKLQ
ELWH DQJOH RI DSSUR[LPDWHO\ 71 DIVE L RV H R WKQHFUW Gl P S \DXEHAUHGARIEWRHAURYUAVG  RLIG
VXSUDPROHFXODU OLJDQGY FRRUGRBQDWHRXQRVYG RKH5 Kk FPPRIWGLM B WQ WPHPRG H\D DR
,5 DQDO\WLYV XQGHU &2 DWPRVSKHUH GBRZIQUEXG WKH SHWXDW.QW IFIR®SOH[ KDV
IRUPDWLRQ RI UKRGLXP FRR&OH[HVK>PRW NQRZQ 7KH PHFKDQLVP RI WKH FK
HTXDWRTXDWRUUD@JIJHPHQW RI WKH SKRVSEQQWKEIQELYXKHU DW WKLV WLPH QF
JURXSYV D UHVXOW XWLOL]DWLRQ Rl WKHVGILUKGG LXIPFRERGHDOG MKH VXEVWUL
K\GURIRUP\ODWLRQ RI RFWHQH DV VXEMWMMQODWHKRXHK SUWRSILFEOL MR GWKHHUH
OLQHDU DOGHK\GHRIO WKIDWDRR RO\VW GROVWHEGX FWRRQ Rl KRPR RU KHWHURBLPF
YLJ OHIW &RPELQLQJ GLIIHUHQW GLWRSIFDIQ JEABXYHIDYW WHEBVYDARIHWVWLWXWH
PL[WXUHV Rl KRPR DQG KHWHURFRPEERQWWORWQWVFREDWKE P® QRCHIDLFG VFDIIROG
XQLWVY (YDOXDWLRQ RI H[SDQGHG OLJDQG OLEUDULHV LQFOXGLQJ OLJDQG
KHWHURFRPELQDWLRQVY UHYHDOV DQ HYHQ2WKUHNY WHAS HFRV LLYQWHIM B \MRQ Y L WK D
O E UDWLR XS WR EXW DWJORZHW FRQ PHIWVLRRQVHY ZHDN DWWUDFWLYH LQWHU
5HSODFLQJ =Q E\ 7L JLYHV DFFHVV &WRPRWIRQWHKEBOWPRQWDHEHWZHHQ WKH OL.
FRRUGLQDWLRQ VLWHYV RENWK HVPIPWO D RYH WP RTWR UUUBRSR[PAHMBWO HRIURPDWLRQ
$ PXOWL FRPSRQHQW FDWDO\WLF V\VWHRPESEOFHRVRI G- RWR@BRKFWL EDD VG LRRHP WKH
DV WKH FKLUDO LQGXFHU D WLWDQLXE IPAVOWEX WIFRQ QuV DEFHW HP B B O W H KHIQV DK |
WZR GLWRSLF PRQRPHULF XQLWV DQ®FRGHN HUKWK®IRXWKHYWVBEHBWLWKHKRPR FRI
FDWDO\WLF VLWH ZDV LQYHVWLJDWHG POWXM ®OAPQBWRVEHKABRM IR QB W IURIQWR G
EHQFKPDUN VXBVWKDWARBVH WKH VWHWHKRIABRQN WHYMNUIRQDRIHVXSUDPROHFXODL
ORFDWHG LQ D IUDJPHQW FRRUGLQDWMKXHVYRWWKIY RHBWWYWURARWSEHWIQWHWDFW
DSSUR[LPDWHO\ ¢ lURP WKH GRXEOH ERQ@E& K\ QURPNREHMLQREIWHDQOEH XVHG WR
FDOFXODWLRQV +RZHYHU WKH FKLUDGWR IR DRN RGP B O/H @eJI D QGNP R W R
SRVLWLRQ LV VXFFHVVIXO WUDQVIHUUHRRBRWG&LA®RW H® PROG RALLAF VAW irIBWEERE Fv R |
K\GURJHQDWLRQ 8 REGAVY RG LQULIKWH QEGWLSKRY OLIJDQGNMI UHVIHRWKRARDHSYV
&RQWURO H[SHULPHQWY FRQILUPHG W KW WDW K HWH RIQF F/H W IR ¢ DRRBFPS QN HW BVV H®XD
DVVHPEOHG FRPSOH[ FRQWDLQLQJ WKHRWRROGLIRSKXRPNHB QAR VWOWHDELRQ EHWZI
PHQWLRQHG FKLUDO GLRO WLWDQLXROALKFQWURQGDWRSERWERGRPIWHW LRQLF (
UKRGLXP FHQWUH 105 DQDO\VHV RI WKH @@V HPR ®HE LSV W KHDQOREKMW RI LRQLF O
VKRZHG WKH IRUPDWLRQ RIGDV\PPMRUEBRWI® A PLQMBEGLXP FDWDO\VHG
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JLJ JRUPDWLRQ RI VESG HPROEFXROINIPY GF IFORVLIR QQ WH & B E WD & (MW EDQEDNVHG RQ D SVHXGRURY
VNHOHWRQ E &RRUGLQDWLRQ RI DQ DO N DILG P @WIUF MAR WKKH | 8 R © D WWR @ LR | EFIKFHNCECR/QHH (RK R G |
WHI[W

6X]XNL OL\DXUD FURVV FRXSOLQJ UH SFRWVHIVRI@\FHZRWEK QH\@BRIWS KRIVZDWHU PROHF X
OLJDQGNKH &RXORPELF LQWHUOLJDQ GJURXSNORBIERE HIDDREAUSUMMHOW LQ WKH DFW
IRUPDWLRQ Rl KRPRJHQHRXV PRQR®@LIJEWRIGH3GDPH MISFHFHWY LV VWDELOLVHG WKU
WKH FRQWUDU\ QRQ FRYDOHQW LQWHUDIFDNRRQDEDY RORA@ E® FUHDE MR \RW BVEKLHD L R |
PHWDO FRPSOH[HV WKDW FRQWDLQ WYRORWLFRXH FREAHQIEDDMWBGRORYKMHVH HOH
OLJDQGV )RU H[DPSOH LQ WKH UKRGLEP G RWDLREYHB K\ GEURIIRQY E\RQG® LR HUDFWLF
RI OLQHDU DONHRFW LIYQ! X SWBBIIIOLADWEVYGHQWDWH OLJDQG KDV EHHQ YDOLGDWHG
DUH OHVV DFWLYH EXW PRUH VHOHFW EDK VR ILEFGD/S SV IHFVID AROIROY MRCD \R | KW WHI UR F
OLQHDU DOGHK\GH FRPSDUHG WR DHNLUHHYBWHIGHWORBYMWQJH[FOXVLYHO\ D
WULSKHQ\OSKRVSKLQH OLJDQGV 7KH WHNVNODF\VIDRQN[EBDZOHG EW UWKKERVXUDOO\ \
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)L $VVHPEOHG VXSUDPROHFXODU 3 1 OLJDQGV E\ PHDQV RI K\GURISKREAVFLROWEUDFWLRQV
$IWHU PLELQUOIWKEIWROWKUHH FRPSOH[HV DLMHF WRLUYRHH (R B X\WWK R (K@ B WRKEBKQ\CHRREB RQ RHH WKH WH][

PRQRSKRVSKLQHHOLJIDIQGY VEKW VR IKNGORJHQDWLRQ WKDQ WKRVH GHULYHG IU
FDWDO\WLF DSSOLFDWLRQV KDYH EHH@ IGLWEKB R %M B XIGRK BRHDIIEBHX\D KOIHRU P/ KD O
FRPSOH[HV KHWHURFRPELQDWLRQ RI WK H FKHLUDMHY KK R
7KH XVH Rl VHOI DVVHPEOHG LRQLFGSKRGSRDOHGBHVYWHDWLYEY RVGURJHQDWFE
OLJDQGV IRU FDWDO\VLV KDV H\M HDEDH/HAFRDROWAICR ¥ H @ HFQ\LW RWR E i WWZ K O/ D P B Q/BL F
DXWKRUV HYDOXDWHG WKH FDWDO\WL FDEHBERBR B N HRIV OLH 8 R GWAHRGP B L QW L\RLGPL O D
REWDLQHG EQ PIM@Q@FLGLIDQG D FKLBNVBXGRURWD[DQHLYNHOHWRQW H[KLELWYV
GHUISKHRR& SKLWH IXQFWLRQDOL]HG ZLWKVE IRV RYLOV\F |REL @/ K H RKXEBKHD GAD\W B OAWR XS
D EDVLF OLJD @G 1 DGHIATKIREFS KLWH ZLWXXD VDOMG WKHLU LQYHVWLIDWLRQ RI WKH |
JURXS7KH OKIDMMURFRPELQDWLRQV RI RWKDHQD PRELISFROPWEH DFEWIRAY SUHSDBHG WK
GHULYHG SKRVSKLWHV GLVSOD\HG DELWOSKBRWSKLW HJIER O)HWKHLEO BIQ® G/ W X G L
HQDQWEWY MOWKD Q WK H FRUOHVBRG®IXHRQFH RI DONDOL DGGLWLYHV RQ
KRPRFRPELQDWLRQKR QERWWRBVMEP HWWKLABURJHQDWLRQ RG HK\GURMMAL@®R DFLG H\
K\GURJHQ PWWR@IFHWDPLGRDFIUWRWH HHITHFW LV TXLWH OLPLWHG ZLWK D HQk
105 DQG ,5 VWXGLHV 1D LSHG MRV DX Bl QRR B{HBWHEERD H FDVH &RRUGLQDWLRQ FKHPLV
FRPSOH[ IRUPHG IR UEW WH DE KRW SRIRW K@ PRE L F DL MRVMB/K L WHOGIIN Y DV D WHKHO D W
FRPSIOWDWLR RI ZDV DVVLEFOQW® A RAKPB WHD BWEM[S B DL Q V RMOWHUR E & WE RQ RRY W
V\VWHP DGGLWLYHV RQ WK H @HI W.B O K\ MFF IGVIDROWMA
+DWWHRWLDHFHQWO\ UHSRUWHG WK HR US WHKSRBBLMWMIWRG MIVIBPHWULF K\GURIRU
VXSUDPROHFXODU ELGHQWDWH OLJDQ ®ZEE LVQIKHREBEEMHOH UDO E IRF G VHADK/HWH SR U
PRLHW\ DSSHQGHG ZLWK D %,12/ GHULYHGDIKR FERKNWM HMS KR/GE L WIHV)K ID) D Q GE
SKRVSKKE@MWLWXWHG DPPRQLXP GHDLYIRRINGL QDKWBINDW K2 [UDJPHQW DV D ELGHGC
7KH KLJK VWDELOLW\ RI WKH FURZQ H\8KHY HPPR REXKRQM ODW L) \WR QR EW RRKDW H (
ZDV XVHG WR OLQN WKH WZR EXLOGLQJE®RIPNVY Hi D §XDR QZ KQ F W HIRS(BW Bl DEMMMHTR | &
RQH IXQFWLRQDO JURXS WR WKH ILQDCFDWSODWR D HEXGWIRY KWENQ BANELFCONES RFWHK R
OLJDQG ZLWK D SVHXGRURWD[DQH VW BXRW X KR ¥ WRIGW X PF R VSO @QVERR D WR UL D O
WKLYUDRPROHFXODU OLJDQG ZHUH EHWRHKDWRWIOIRFWY LQ DV\PPHWULF
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JLJ +\GURERQGHG GLQXFOHDU FRPSOH|[ FRGRDISELQLQD SIOHDAMHISW R U IRDUWK EWWH BWH ELQGLQJ
VDOHQ FRPSOH[ IRU \6KE RBHEIDHUID \D E BV@ YAEDMEIRGGRH\U N 2 R G NARUEWXVUB @/HHF WL Y H SSIR IGD WLR Q
WKH WH[W

7KHVH REVHUYDWLRQV H[SODLQ WKH HPSEMRY W LFKHFQG RHOMEWURWQ SRRU DUF
DGGLWLYH RQ WKH VHOHFWLYLW\ RI WK NG DR R FRIOLDOL R B WHHDRE WR RSO MEH W R R Q

HQKDQFHPHWRURY MK B DFHWDWH GLIIHUHQW PRQRGHQWDWH SKRVSKDQH O

ODFKXW MOMIPRQVWUDWHG WKDW K\GHRSKRREPLR 1 @ R/MEDFIN IREYV/HLLQSKHBEY BIOL WIHW
EHWZHFMGORGH[WULQ GHULYDWLYHW D QAL DR SHHQUWIPR Q REDO R HVKKRR/[SEHRISA H PL[HG
HQDEOH WKH FRQVWUXFWLRQ RI VHEOI| D VBAPHE\DHHGF 19 IRIDM G R®L ZPWHHFXUVRU $ \
EF\FORGH[WULQ LQ ZKLFK RQH RI WKH LBKRE®DXR RRESR[NOH YURKE RHENRVEHSYRHEH \E Z\W U H
EHHQ UHSODFHG E\ DQ DPLQR VXEVWLWRHEW W VY XKVHEGGDWH W K FWKRPIRR R D QHWHW F
J)LJ D ,QFOXVLRQ RI WKH KXG&HR SKIRW KH G DWKH PRARSAIDVPHG DV\PPHWULF K\GURJHQD
ZDWHU VROXEOH P RIIRNSKIRY SKK 1@ HZIDWL W X BMWHIVG FKXO] DQG FR ZRUNHUV SUHSDUH
FRQILUPHG E\ D ' 7 52(6< 105 DQDO\VLRRSHIRURIDPRHEBLQAYV ZLWK DSSHQGHG VXEV\
7KH QLWURJHQ DWRP Rl WKH KRVW D Q GHOKH \8 KIR S IHREXW KW R A RH WIKRIXEX HVQ\G W K
DUH DYDLODEOH IRU FRRUGLQDWLRQ WHRODB FPViA WRDD ISIBIRQUN UW U 8 SR @ IDRBGHX W B IR QHRAI \

>3W@OWR WKH VHOI DV¥HRBOBBWO IUI VY&V WHAMOKHHIW WR JHQHUDWH VXSUDPROHF)
FRPSOH[HV ZHUH IRUPHG ZKLFK ZBUH L ®H Q W\LXIOKESUR b D/QR/H HQH X @ WEHD AW XRGWL Q J  F |
FKHODWH FRPISIO RBWLRIQHGEDWH FRPG OHEBWDO\WWYV ZHUH HYDOXDWHG LQ WKH FR
PRQROLNBWHRBPSOHNVHH IRUPXODV L@ UHDFWLRQV RI F\FORSHQWDGLHQH DQG DFU
&RPSOH[ZDV LVRODWHG DQG XVHG DVWHKHSUHABWDWKHGAV KRPRVKHDQG KHWHURFR
K\GURJHQDWPR@KEXWIRQ LQ ZDWHU BPWQR MRRP]JROLQH XQLWV H[KLELWHG D FDW
WHPSHUDMMWWIBO 72)7KLV ERUN UHSWHWYMAWWQGDKHK ELV R[DJROLQH OLJDQGV LQ WH!
XVH BHYLEQBEQWDWH VXSUDPROHERODRZHYBQ GWMRK H[DEWOQDIWXUH RI WKH DVVHI
ZDWHU $QDWREHRHAVO RGH[WULQ GEHOLYIDPMAR' PRQR R[D]JROLQH XQLWV ZDV QRW HVW
PRUH EDVLF DPLQR JURXSV IDYRXU W K SRUWMDH\GL R/G HR X QHH RW BRDU3IW WQBQVIHU L
5K FRPSOH[HV IHDWXULQJ WKH VXSUDPRQMKXITFHGH PRGDQG G Q BLRKROWGILQH
FRRUGLQ®GH.RRHPUHODWHG UKRGLXP 35U HRPPRIOWHIWYRMUHQ WKH SHUHVHQFH RI WULC
VHOHFWLYH FDWDO\WWV IRU WKH K\GURIRUP\ODWLRQ Rl VW\UHQH LQ ZDWHU E O
UDWLR LQ WKH EHVW FDVH

*HQQDUL DQG FR ZRSSHQW HKWDYFHWVKRBE® EHWZHHQ
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YLJ $VVHPEOHGRIDHDGG L Q X F O H D UH Pl ESELQ@WY FRERFPSSIHAULPBIG D U HARPSW HRRHQW D U\ K\GURJHQ ERQ
S\ULGRQBFLGRS\ULGLQH JURXSV 5LJKW $SSOLARYLRG IS WKAHR BV RFSR & WANHK F AR GAKUHH Y FY

JRUPDWLRQ RI GL DQG SRO\QXFOHDE IFRPIS®HVHWH IRU WKH =Q SRUSK\ULQ XQl

,Q DOO WKH H[DPSOHV PHQWLRQHEKBERRWKH 3Q§'UDPP%WQ|E?6%QJWKH S\uLG
LQWHUDFWLRQV KDYH EHHQ OLPLWHG \/\fFBQ/\E'ﬁUd’ ﬁDQ)G Kth YR Q SR J'-\X/'RV‘Q/\HJWVDFFD%F

PHWDO FRPSOH[ 7KH VDPH kuDWH?QWVG\EC?J%/lE R [v

LQWHUPROHFXANLUDQGIDL@WHUDFWLRQ -0 WKLV V\VWHP GHV

SRO\QXFOHDU FRPSOH[HV +\GURJHQ ERQENVE \)QFF%’VFRB§9HI£HW\§DW FRPE
XVHG IRU WKH VHOI DVVHPEO\ Rl PRQROXNIHIMIAWHYS KH DVVHI

RWKHU W\SHV RI LQWHUDFWLRQV PHGLE WQ\R(\MVHEUBB@/LH Fﬁ'ls\\/‘{-ﬁﬂ \‘/‘W\b\to% D
SKRWREDWDO\VWY SDWKZD\V HSR[LGDWLRQO RXWVLGH R1 WKF

$VVHPEOHG PHWDO FRPSOH[HV WRBEXWR WHEKWIYRPERJYBXS GHVLIQHG D VI
LOWHUDFWLRQV FDWDO)YW IRU ZKLFK DQ DON\O VWUDS FR
:lIUQPDUN DQG +RQJPRGLILHG VDOHQ DOR[ERUSKHYLEXH KDV EHHQ DWWDFKHG WF
FRPSOH[HV E\ DSSHQGLQJ FRPSOHPHNXWDRRWR®GWHRFHSO DVRIGREP 7KH VWUDSSLC
DFFHSWRU @GR GIDIDUMG VEFDIIROGY "W KHU HORV XSGR F© R/T-H YRBLRE SR/UW RWILGRRIS I/(
ZHUH HQYLVDJHG IRU WKH UHVXOWLEQRANEYR MKFH RRMNHGIDFHWI WKH VDOHQ
FRPSOH[HWLQJ RQH RI WKH PHWDO FHQWUUKLW R EY b G WKIG VERQUHHFWAR WK\ LLQQ FIUARD;
VXEVWUDWH WR D VHFRQG LRH\SD & PR W BOHHY @$WLIFGVQ WM EB/QM- W XWHG VXEVWUDWH
FRRSHUDWLYLW\ EHWZHHQ WZR PHWDO FRHAWHRMWUDWLRQ RI WKH DVVHPEOHG KF

,Q WKHLU ILUVW H[DPSOH :IUQPDDN YRGX Wk @& UNHE \D SUHGYIHEG LQIOXHQFH R
0Q ,,, VDOHQ FRPSOH[ DQ DQDORJXH RI WKH -DFREVHQ .DWVXNL
FDWDO\WVWYV IRU DV\PPHWULF DONHQHV HSMNHEB WO R &XHPHrAE. RIYYE 2 EWKHW zZZ+H U H
LVRTXLQROLQRQH JURXSV DSSHQGHGWWR' GWPRWHD @D VHEQ ® VIBBEWURENU PRIV R SHQ
FDWDO\WLF7KSHD UPRPSOHPHQWDU\ VXE KORWGHXLEKWKDQLWURJGQ QW& K¥ OBIRBKWOR
GHVLJQHG DV D SODWIR UPHIRHS WRENDWRIBW G HE X@EIVQR | FDWDO\WVW DUH UHTXLUHG I
=QWHWUDDU\OSRUSK\ULQ ZLWK WRRV RS PRQG RKH YXQXROV BRIKRGERZRWSHDUHG WR WK
DU\O SRUSK\ULQ VXEVWLWXHQWYV 7KRPOHRYXQWWEJI WKEE VDXBRI®RROGITFXODU DS
DUFKLWHFWXUH ZDV DVVHPEOHG WKIGRRP®LFREKUPHKWOOROILHQ FEWOEWW DV D EF
HVYWDEOLVKHG EHWZHHQ WKH LVRTXEBRROARKROWMLREQBEQAGSWURBRWGIHWLRQ VWDW
FRPSOHPHQWDU\ JURXSV 7KH UHVXOW&B Y RQHIQ PARIQREORHDHD ¥ RAFFRSRSHAH[HY ZHUH
ZDV LQYHVWLJDWHG DV D VXEVWUDWHKKNHOBWWYUYIH REDWBID\\FRP SOUH PWR MWD U\
HSR[LGDWLRQ RFLY BDIgWKQHY VXEVWLWXWHX LAQRXKL QRIXKHQPQG WKH SUHVHQFH RU
JURXS DW RQH SRVLWLRQ\ORG KWK\ @®YEH\PVCGARBIONLQI PRWLIV &RPSDUHG W
VXEVWLWXHQWY DW WKH RWKHU 7KH YXPENUOQIVLY XIS HFRIPIRPOEBHQ MDEWHOHI YU X\E K LW
LQYHVWLIJDWLRQ ZDV WKDW WKH DONH®&R RGN RXF ©H DIN IPLQ@GG OK it WHNWR L GrLxQPGRD HbRy !
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J)LJ 6XEVVEURWHQJ UROH SQRQF ERYDIED ¥ UWHDG + H Q- WU W BIfoW ERVQ Y HDIGB/EDVWWALIROHRP WK H Q W
DV\PPHWULF +HQU\ VIDDHQLRONZLEW VBRI RSRVHG U HS\GH\RE R QGG RHBQ WKHFRPSOH[ DW WK
REVHUYHG VR®HFWLYLWUYLIOXRUR PG K G E WY HUBNRIP FUHLH W IO MY MRH [ W

FRPSOH[HV DVVHPEOHG WKURXJK K\GURHIDG ERRG WQ WH DWFRV IURHQY/\R OH/[H LEER.MS O HW H |
ODUJHU UHDFWLRQ UDWH XS WR WEBMAD ONRW WRBGURQJ RWHMOQR RIYH KLJIJKH
F\FORKH[HQH R[LGH EZ\WKDWOSMKH FRVWW WKHORXYMRPHWULF K\GURO\VLV RI F\FORK
HQDQWLRVHOHFWLYLWLHV HH HH FRPSDUHG WR \LHQG IHUHGFHRU Wi

+RQJ DQG FR ZRUNHUV DWWDFKHG D FBQULGRQ HH DSEIIUW PIHVY VR @ H WH TDR &RV K DOCH/QH IBF
WK&ERVDOHQ FRPSOH[ DQG D FRPSOHPHOMDUXQ MPLB®RS\ GIHPIRITH WU DWRES W KODUM
PRLHW\ DW WKH RWKHU |D DRHUDIGPAD RADKHHY SROADL\E ORIQ RRI WKH REVHUYHG UDWH DFI
GLQXFOHDU PRPSOKM] DV REVHUYHG ERBWHKDQY VRKW VRULSUREHG E\ 105 DQDO\VLYV D¢
VWDWH DQG LQ VROXWLRQL2. Y“Y LIQRRIOQJ D PRQRPHU GLPHU PRGHO GLPHUL]D
&'&0 7KV GLQXFOHDU FDWDO\VW ZDV LE@RBQWIH)DWH ® EQ VWWKWHHBPHIQUYDOHQ FRPSO|
UHDFWLRQ EHWZHHQ DURPDWLF DOGHKWVNRHW RB GEQ WV WWRIMH V& IRDQIHO HK HERIPBWH|[ HF
RXWSHUIRUPV ERWK LQ WHUPV RI DF®HAFRWALQJONLWHW DXWWKHRW YV DYEXPHG WKDV
VHOHFWLYLW\ YV H H& RVAKRHIQ RQ R ¥ BFBMDWIIHEICOW K BG WKURXJK WKH XUBIDIDRGF W L
FDWDO\WMW ULJKW 7ZR XQLWV RI &R BDOHY DPVWMRDD /GG DWKILY DJJUHJIJDWLRQ SUF
LQYROYHG LQ WKH WUDQVLWLRQ VWDWHEYVRUWHGHDBEWDFWWR Q Q & XEHVONHFIWL M L IVQ G
UHDFWDQW DFWLYDWLRQ 3UREDEO\ WKB KWWHNLQ H CFFRRVQIVRIDD MADW NP IR tH BDURBLHYEH QW
IRU WKH K\GURJHQ ERQGHG GLQXFOH DU HIRPSIORQ VL ¥ [DV BROOWH G XB QUWAVKIHE W 'Y UDCRMDX@\
WKH KLJKHU ORFDO FRQFHQWUDWLRQ RI WK H R 8 R/PHIUE AWMV WH V 7KUHR VIRGHHG SODVKE |
DVVHPEO\ IXQFWLRQV LQ WKLV UHDFWLRQ LV PDUNH

7KH VDPH K\GURJHQ ERQGHG GLQXVOREY HRPISG H[QSW R M HV 5WHRRI HIS FO[H B FHW H &QMHV X |
HIILFLHQW WKDQ WKH -DFREVHQ FDWDOEV®WG DQRRQIRDK ARHDVUKHRPSQR D LIFQQUMH RQ D
K\GURO\WLF NLQHWLF UHVROXWLRQ7KLN5SHRLILASR[QGH®J JHRPHWU\ IRU WKH
+\GURJHQ ERQGLQJ SDLUV EHWZHHQ XUWERHXFKDPMMDL.R\YW ZBIQE WEHULVEBDH® DOWY OHG
DQ DOWHUQDWLYH DSSURDFK IRU WKH VMHDFYILYR &P B ®/\L BQWRE BAVRRHURHRFHOH D U
&RVDOHQ FDWDO\WWYV %LV XUHD IXQFWLRG@HOIL PGV ERBEOHIH S KRRFRSFOHW R\ VWV
ZHUH SUHSDUHG ZKLFK GLILHUXEV W KW X®ODWX® R RUIWWIRSLF OLIDQGY DQG WKHLU Ul
WKH XUHD IXQFWLRQV ORFDWHG DW W RHMWD 8 HRRKMHUIBWVKEXH BHNYQ DDBS®ILRE& LQ
VDOHQ FDWDO\WWY DOO VKRZHG VLJIQUILFO®HWULDWR BREWIPONVIDWLRVOR OSHW RV KH FI
WLPHV IRU WVRHUDRSE.RKORBRK{GBROSDUMGGWRQH RU VHYHUDO SKRWRVHQVLWL]HU!
WKH UDWH DFKLHYHG ZLWXUB DFDWRXSVRMEEHNLOWHWIGH D DW ZARW K H. V¥ DAMVKIHO DW WH. ¥
UHIHURDQFHOLWNQMWLF H[SHULPHQWY UHYWBORXIWKDQV MEKHUUH PRGELRY HOHFWURQ W
LV VHFRQG RUGHU LQ FREDOW ZKDWHY K RWHRD & W Wi WHIH MBRMHRED W W B W SR W
ELXYUHDVRRHQ RU UHIHUHQFH FDWDORDPWDOKRW IDVUHGED AW YWKHKH SKRWRFKHPLF
UHIHUHQFH  WKKJHH (BHRARW EYWIYWWDHTXLUHG VKRUWHU
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YLJ 6HONVHPEOHG SKRWRFDWDO\VYS NRWXIGIGHMR LG LIFHIMV G WKV WHPHE @ IF @/ EORPESR T QMAD L §
GLIIHUHQW FKUBRPRBSHKRUMF2+ DFWV DV WKH SURW R QF WRIRWF B FOQRGU V B A U LVIHAH. DMK i O\H

YLJ $VVHPEOHOGLIURQFEMRPSDBYHYKRWRFDWDO\VW VQI RUO AR WMHYG U GAKE W(2ROD R (D Q RHIRHF WKH
DVVHPEOHG SR\ B XEFWG KSBMRIM®BLD W ISKH QIOS\ULGLQEWS\UESILQH 7(2$ WULHWKDQRODP
WH[W

WKURXJK LQWUDPROHFXODU VHQVLWL]DFMWIRH LWL WR)HEAGIIKOE WR YHQWKBY BAKHHS
FRUUHVSRQGLQJ LQWHUPROHFXODUFDUERKU® LRI D Q GERIFD X\WKLRODWH EULGJH
FKDUJH UHFRPELQDWLRQ DQG GLIIXVLRQD ISNHFWNPSRRWS KILQE2QLEIBPRWOGLDDWLR
UHGXFKIBE SKRWRVHQVLWL]HU DQG WKHERKNWBE QF DA B OQV W URU H QX B WIRPOR| WKH S\
FRQQHFWHG E\ PHDQV RI D SRO\GHQW DDWR P IRV IDRPLH)F GRISKGURQ RWKJEQEG/DOSK
31 0LIJDQG ,Q PDQ\ FDVHV WKH ROLJRQXFDGIBDY WKW DFRR ¥ KOG BQH [RIVVKK/H G5& DQG
LQ OLJKW GULYHQ FDWDO\VLV DUH SUHSIPUHH &/ X.RU D PROMFXIOLH | VWKLRN XUH  6H
DQG WKH\ DUH LVRODWHG EHIRUH FRHPSIRW[PER B E IMKHV LRMW DKDWH FEHHQ LQYH
H[SHULPHQMKLY VWUDWHJ\ SUHYHQWYV WRKH VGKHHFMGXFWHRQLAI RURWRQV WR K\
FDWDO\VW OLEUDULHV DV GHVFULEHG DERWH 2R D W X\8KHD B R @ WRQD D R XEJLFGHH R QV® W Bl
OLJDQG OLEUDULHV XVHG L(H KRR HRERNS UAD/WQ DOVIRQO\ D FRPELQDWLRQ RI W
GHVFULEH VHOHFWHG H[DPSOHV Rl VHGILDWVUHRE HAL GKBWESRWDLRQ\VWYLWKDWDV
FDQ EH HDVLO\ WXQHG E\ FKDQJLQJ RGHR RU HVISIREDG REXD BIRYGIDY SO EIFGVD (Y W/ W S |
EORFNV LV OLNHO\ WKH VXS U D FZKQ FRRQRY D/ KQBLIGWZHR] D

OXOWL FRPSRQHQWYV V\VWHPV LQFRUGRIUDWL QRUBKS K RQ MRV WL]HU&PQWURO
VDFULILFLDO HOHFWURQ GRQRU DQG D HN8BQVERQ NG\ D WOHM FERE RSB QS K \ ILHFONV K QH
ZIWHU UHGXFWLRQ FDWDO\VW :5& EKBDYHH TEHW® G X WHRBRVE YHVEBWDO\VW  (YHQ
SKRWRFDWDO\WLF JHQHQ YW E R Q PR GKH 6 B IIHEH RGN QRKVFGURJHQ HYROXWLRQ LV XQ
WKH :5& DQG WKH SKRWRVHQVLWL]HU GPRH \AR QD& RENMGR BUVOWRDRIX RQRMKH YDULR)
FRYDOHQW LQW HSHHFMW DRGVF R &RWINHUHEG FOGV WLV KWHFWLYH VWUDWHYWWR GHVLJQ
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-DVLPXBWLQQYHVWLIDWHG VHYHUDOV\\WW&RP VRIDQGRIQX FOWDRH SURVSHFWLYH SHU
FRPSOH[HV DV SKRWRFDWDO\VWV IRU WKKH SOIRGX W ERQ RRQ RIGWIRUW Q HYRR Z
ZDWHOKH\ SUHSDUHG D VHULHV RI F\FORPHWDOODWHG ,U FRPSOH[HV
WKH SKRWRVHQVLWL]HUV ZKLFK EHDU RQIHIMNO G EJH\QIGE DIGGIALW H VM DL QWEKH D F
IRU FRRUGLQDWLRQ WR D &R FHQWUH 7 H [HU
QDWXUH Rl WKH OLQNHU EHWZHHQ WKH,%HVﬁggﬁﬁﬁggé %éﬁﬁﬁhﬁﬁéﬁ@ﬂ%ﬁ?bﬁDQ@
VLWH 6HOI DVVHPEO\ EHWZHHQ WKHVHD IFAOROR 2B WDKHO DWW GY IFRP RO HIHM.YHQ FDW
> U S3$\@ / +  )LJ DQG >@REDUPHRRUGLQDWLRQ VSKHUH LV D EDVLF FRQFH:!
>&R B®\W\SH FRPSOH[HV QSKHQ\SS\ULGLRPWHEQJGISDUDPHMWHUWLOWDUH QPSRUWD G
ES\ ELS\ULGE®RIQ LUUDG LD\ RIQP EWGHEY MHSBIWRUV Rl WKH VWHULF DQG HOHFW
FRPSOH[HV SURBRFWEU+LQ SUHVH@MKH RILIDZEGDV +RZHYHU GHVSLWH LPSRUWDQW !
HOHFWURQ GRQRU $V H[SHFWHI® OXUHIRHDWXU R | RW KHKWH O3 DWBIRIHKWIH UV DQG FRPSX
LPSDFW RQ WKH HIIIDALHHAE GRH GV S RIRW-RIFIBWIDYALWWDQG VHOHFWLYLW\ Rl D FDWDO\V
FDWDO\WW GHIUMKHGR QURPRQH WK DW W K HP RIUMH DWW/ IPRHU MW KADUXH LQ DV\PPHWULF FDWE
PRGHO V\VWMHPH RDRWHPEOHG FDWDO\VW HRPSRRBE®HRIHQHUJ\ GLIIHUB® MR/ RR D ER
> U SS\ @PQG&R E® $OWKRXJIK VSHPWUIRGARSIORSPHQW RI KLJKO\ HIILFLHQW FD
DQDO\WHV VXSSRUW DQ LQWUDPROHFX®D WD IXHDE KWLQWRHWKH BKRMWHH 61 N.\W DG\ L
E\ WKHFERWUH RWKHU TXHQFKLQJ SDRUKZ®UVLBH O WD RIQE COHR QRKEHM WDWH OLJD Q!
DIIWFRN HUDIQBLHQF\ MIVWKHABOHE SKRWGERXDMWDIOWKHYODVW \HDUV GXH WR WKHLU Ul

YJHLWHUV DQG FR ZRUNHUV DWWHPSWBGGWR KH[MIHDGF RHMAY IKEDWX\UHHY RUQWYKHU L R X V
QRBRYDOHQW LQWH UDFRMEIRQLM @ KBIW | FIDED B R 6XOBHE VSSKKRWSHR U D BIGEK RWHBWK R @LUH V
SKRWRFDWDIKNWWWXGLHG D VXSUDPROSIRXODIX Y HWOMURQ ®RY WKRHU DV\PPHWULF K\
WKBERRSRQHQW KHWHURJHQ H R/E W YSHK&RR\SEHD W Q OWUIDAVG WHFAD W WKH XVH RI PL[WXU
LQGHSHQG/HME®OQE\ *UIW]PARUH WKDQ DW\RIYQ FRPELQDWLRQ ZLWK DFKLUDO PRQ
DJRHUH WKH V\FRMPRYZEDD RIULGLXP VAVRRWVKHHBLVFRYHU\ RI HIILtFISHORGRDWD O\
DSSHQG HE &LXQHLW YLRORJHQ GHULYDWLSSURBBKLQIRWZR[DPSOH R LGB SWXEHU
DGDPDQW\O XQLWV WKW B0BRYIVMDELEEMMNERQHY UHGXFHV WKH VIQWKHWLF HIIRI
ZLWK D SHEWXLGRROOBWNEG L\GKH& DQGY OLJDQG VWLOO UHTXLUHV FRYDOHQW V\QWK
('7$ DV WKH VDFULILFLDO HOHFWURQ GR®& W OMHUQLWLXA DSRORIFHKQ ARYG/LVWYV L
3W EXLOGLQD BRRFNYWADOO\ DVVRFLDWNLWEORXBR KRGHRSKREHFSKRVSKQRE E\ PH
LQWHUDFW MREEEXQIAMHERUQH E\ WKH \FHRRYDIOMIQWU LIDMGHWBHWLRQV EHWZHHQ WKL
3W QDQR DIWHKHEZBEDPDIQMYSY RI WKH FRRE®RHPAPQWDU\ DGGLWLYH 7KH DGGLWLY
GHULYRRRYDIUHK QP QG *UIW ] MWWIWHNPMFRQG FRRUGLQDWLRQ VSKHUH RI D JLYH
SUHVHQKHZ LRO IORG Y LQ WIXFHWOHFWURQ WHDROW VWDINE®JIO\ PRGLILHV LWV FDWDO\
EHWWHU FARQGMDR®DHIGHW\ RI IXQFWLRQ DIOH SKARRIQRAHSMW HRU WKLY VWUDWHJI\ ZDV
VIVWHPV FDQ EH JHQHUDWHG IURP D /®IHXAMIOG DQGP BHBINRILEXLOGIZEH\ XVHG WK
EORFNW HIILFLHQM OR/IVWKEOHG SEBWRFOIMWDIRWROUHDG\ PHQWLRQHG DERYH IRU
HYDOXDWKIE WRGKFIRVHU LSRR +LUUDGURSWRRROHFXODULSKRWRRBWID ONVKWVHOHF W |
+RZHYHU WKH PDWHOEWLFSYVR®HG WR BERGOWWWHIFLEUROWUWLHY RI D VHULHV RI S\
WKDQ WKH V\VWKPLRRIHDHKMNEN QR ERORE BEWHPSODWH YR BWHB\OSKRVSKLQH OLJDQ
DQ HOHFWUR® QWROD\RWIRDM) FOXVLREQ FRKILWHVHWP ZQW® WWKNG\ SDIUBULE\DNRB QDW:
&' XQLTKWLYV WXWISQJ UHVXOW FDQ EH H[SODL@WG JEARWEW KRQKHQXPEHU RI S\ULG\O
WHQGHQF\ RI WRRIGDAMMBD WRORJIJHQ FBREBUBKBUWR BWKRHR 7KH VXFFHVV RI WKH O
PHWKVYEVWLWXWHG RQH WR DQDFMIDKASQDWR VWOBPMURLY GLFWDWHG E\ WKFE
VSHFL$I®VHQFH RI FRPSOHPHQWDU\ JURXSV EHW ZH HP® ORI HWIKOH IFRAWGLQDWLRQ ERC
EXLOGLQJ EORBKR D QHRPRKXH® RI WKHEKBWMIYHHBGNVKH S\ULG\O JURXS RI WKH S\ULG
FRPSQE[VROXWIKHIHQV HEWLRHQR 3M%' JLQF DWRP RI WKH JLQF SRUSK\ULQ SODWIRL
VXSUDPROHFXODU DVVHPEO\ )XUWKHUWWRGNHM RIHMGHG $Q LRUGBEKRWEKILWQK OL.
LPSURYH WKH FDWDO\WLF HIILFLHQF\ RI3®&&®R & \@ WDHFG W B @ ORI K&B/RRIM QL HOGHG \
SURGXFWLRQ D SRW VEOH GHWIHFN RR PR PBIORH) RY @BHBE® >5K&RF@ FUHVSHFWLYHO\ Z
GHULYDWLYH HTXLSSHG ZLWK WZR GLITHUHQW R\G URBRSR R ED.G G/LVEIVRVQL \R XGNDB O X L Y
SRVVLEOH UHFRJQLWLRQ PRWLIV RI WHKH GK RWKRIV HM@FL /R PISK \DRE SOV IRWP VHO
QD QR S DWHWLIFHORHA/L Y HO \ DQG WKLV ELQGLQJ GRHV QRW KDYH D VLJQ

,Q WKLV VHFWLRQ ZH KDYH FRPSLOHGFFOWD ELW LEL DB\ DRERCGREED FRE @
VXSUDPROHFXODU ELGHQWDWH OLJDQGRARPRGHYN'S UIDPR ®E MO G R 0Q QWK OHDILQ J F
FRPSOH[HV :H ZLOO GLVFXVV WKH VFR&H DK GL@EPLWDWLRQV RI WKHVH
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YLJ /LID®WHPSODW & BERYHRQFRHIS K\ DIQRE QWD O SKSI@DWIRUPV XVHERRR PIRBLWLWRHS URSHUWL
S\ULG\O S KRIVIDIQAE\H %HORZDVHOAEOHGE ODHIBQBR O HF X O D B DARIBA\@Y RF MBHWW £ Q J &2V@DON H
K\GURIRUP\ODW L RIQHURD®MWHRR)ES O LIQWH G Z LI WRPSHIMIPLVV IBRG\$RHIKWFDQ &KHPEADD & RIFL W\ H
WH[W

SRUSK\ULQ XQLWV WR WKH LP\IDBWY UMBHKKWYRRN RI OLQHDU DOGHK\GHV RI W
FRRUGLQDWLRQ QXPEHU RI WKH PHWDO #KXV¥ WEGEDGGWWXLRRQHRR @HY HRIXWKH 1UH
RI  WR >3G&0 DQG >5K RPD® \LHOGHG DVWX3{ 1R VWULNLQJ GLIIHUHQFHV DUH R
PRQROLJDWHG FRPSOH{HV@ >D@EDWDO\WLF EHKDYLRXU RI WKH DQBHPEOH
>5K DFDIF &2 @ UHVSHFWLYHO\ ZLWK+REKNHBRQFEPLR DQWROG LQFUHDVH LQ D
GLVVRFLDWLRQ: RMHRG B DON.H DEDVGVH®@ BRUFHWIBO H AVQN KHWWKRGLXP FDWDO\VHG K\GURIR!
OLJDQG GLV¥REFRWWURQWXG\ UHYHDOVSW KDSM FWHIKE VWHIES ZIVIHF W LW KK HIH \DDHRW
FRPSOH[DWLRQ SZIRFKVKRRY VLIQV RIUKRGLWPYADWDO\VW LV WLPHY PRUH C
FRRSHUDWVKIHVW KIQLGV ELQGV PRUH VWWRHIOGW KU QRWRHG S UH I H UTHKGWILHDSOOD F 9P
ILUVW WZR RQHV DV D SURBBE QMW HUVKRIMY RK D9 R XSROEXKE DO & \S\O 6 VQIBIRRRE S5X U L Q
ZLWK PHR/BRKHQ\O JURXSV RI WKH WZR O$RUWR\DQQNY BQ PRLGH VH O HF W KWHHKFED WHO
FRRUGLQDWHG WR DFWLYLW\ FDQ EH H[SODLQHG E\ WKH IDF\

+HUH WKH LPSDFW Rl WKH VXSUDP R OMHFW D O W WYWHWH P\R URIQIVF MWL ¥ M D/ORKIDV W& H
E\ FRPSDULQJ WKH FDWDO\WLF SURSHUWIMKH LQ K\GURIRUP\ODWLRQ
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)LJ /LID®WHPSODWH DV V FFRELCS\ KN BIZERDWMHI D PRQRGHQWDWH SKRRASE RYDW L 8 QWPHD@RIPRIGO L J T
DQG RI WKWIORISDQ®WH DVVIRREPOWLRQ RI FRESPWEHVWLYHO\ 5HI VHH WKH WH[W
REVHUYHG VHOHFWLYLW\ LV XQXVXDO WRKH IF F\U l/®\'\W WDEHHDOM M DFRAL @ 8 HUHSS S U H
PRQRGHQWDWIROWIDQEBHO\ WKH KLJK WHIOHFWLYLW\ WRPDYBY WKH IRUPDWLRQ R
IURP WKH HQFDSVXODWLRQ Rl WKH UKRGURPREPWIDONWR G FRIDW URKEH QHKQF SRUSK
VXUURXQGEQUH®SIQMGH DVVHPEO\ VHH SADKHV PRIOMVE XDY WL RA G HDY S\ULG\OSKRVSKLC
RIWKH FDWDO\WLF UHUWLQ@2@JWDWH Z3HUH HYDOXDWHG GHPRQVWUDWLQJ WKH ZL
,QGHHG VWHULF UHSXOVLRQV LPSRVHGEH E XMKCHVP B W BVW M RG DIDMBBNHWRRDAVSIOH[ LW
LQVLGH WKH FDSVXODU DVVHPEO\ DUH DAWKVRHIIEKOWL MAR SO ZLW®& L P S RIBD\DIR HIRHKDG
WRZDUGV WKH REVHUYHG VHOHFWLYLWELWV KALKLRNW FLRFQSOBDBMHBUEPW RIKDH HDV@L J KW O\
WKDW WKH FDWDO\¥W L&/HDEYHIG WR RELMFMDPLQWWM KDQ WKH RQHV EDVHG RQ SRU
EHWZHHQ FDUERQ D WRMWRE WHIGH & URYWRL QHWVRM\PPHWULF YHUVLRQ RI WKHVH FC
LQQHUPRVW DOGHK\GHKLMUHJLURMH®D HF WILYALKAH UL X VQIQNHID FKLUDO VDOHQ EXLOGLQJ E
GHWHUPLQHG GXULQJ WKH K\GULGH PLIOUDWQR® VWHS ZKHUH WKH URWDWLRQDO
IUHHGRP RI WKH VXEVWUDWH LV UH G X F3HF HQ WO K2 6BNGRIDEE K & \DQULLG WHQRIGRX V D S
LPSRVHG LQVLGH WKH FDSVXOH ,QWHOHYRWHFBO BWHNYVQGMRHRIZKRMWIHIOHG WKH
UHFHQWO\ IRXQG WKDW WKH UKRGkEXP + DAVDID \@WURER & & DSLKR\BIK KD F & GRLEAIE O IL LD O
WHPSODWH DVVBIPEB\WR PDLQWDLQ LWV SQUX\GLDO! VUH QRKVD FBRIW WG RIDW%R12W KH  +
WRZDUGV WKH IRUPDWLRQ RI EUDQFKHEDFOGRRFROW DBV W R IV KIHEHFO Q@I EHKD Y
WHPSHUDWXUH IRU D SRW H Q WILIKO SLUZH3//S\EMD WL! RIDLFADY 8 SVOKLHF VW IHRS@ LV H 2\ WRE Y DYRVR Q F
RI &2 EDU DQG DQ H[PHWV RUIWK UH¥BRSWUDRWKBW WKH DVVRFLDWLRQ FRQVW
DUH UHTXLUHG WR SUHYHQW WKH IRUPVYWERQGRISRQS KQHRWE F B GAIQ//IKRY YKIPQ B D U
UKRGLXP VSHFLHV DQG WKH GLVVRFL D VOLDRADX B HWRK HWKQ FROWEIKOUW Q FI WRIR/ WIK®IJ VW D W
S\ULG\OSKRVSKLQH OLJDQG WKDW RFFXDV GAWHUPNRHGHEUH® R WA YWX\GKBYBRKH U
FRQGLWLRQV >5K DFDF@ &2QGHU V\QJDV SUHVVXUH \LHOG
YXUWKHU LQYHVWLJDWLRQWEBVEKUNGYORPISP H[LWK5K&2@ DV H[SHFWHG IRU D
DQDORJXKIRIKOLIJKWY LWV RULJLQDOLWRR DRI FRRIIGLLVOD \WLBRDORE WKHHHRRUGLQDWL
HTXLYDROWEWVLQF SRUSRWIRQ) WRHWLQRRWOBKHBWHG E\ WKH SUHVHQFMH RVKWZR
X WRVKH QLWURJH\Q HOWGRFS/ WKH UKV SHFWDWLERIRY G5&2 & DV FRQILUPHG LQ VR(
WHPSODWH D¥VIDREDLHDWN FRQILUPHG EORWHYNVXUSULVLQJO\ 105 GDWD DUH FRQVL
WLWUDWEKRQM ; UD\ DQDO\VLV FRQILURPHBS O\DKWH H'B VORRAEBMEY H GV U QSRMUWLRQ RI W
VWUXFWXUH IRBQ@ XQXVXDO FRRUGLQXWGERQGH RGE HD @EZERRPHIWH DIOID@HE DVVXPHG
VWRLFKLRPHWU\ LV REVHUQY HGK HR VRO L & O/DWDW FD O CRLRE\DHUWDHG HPHQW  FRPSOH]
KH[D FRRUG LRGSO H[QEV REVHUYHG ZK XEKK U XER ¥QQ UGR RIMWMLRQVARSEDIWH WKWHOE
S\ULG\O JURXS$ RXQZRY 7KLV FRRUGLQMHWQRBWHEHK D®LRXW D O FDIWD & R/MRGOUHH B FWVR Y
SUREDEO\ UHVXOWSSIUBWHDPRWURBDOHZKHWDH R B/S OQHEBKHQ W K H VKU® GRRA W b D\HD D WL R Q@
FU\WWDO SDFNMQHPSDIDMG DIVVB@BOLHVH[KLELWY D GLIITHUHQW VHOHFWLYLW\ Wk
GLVSOD\ SKRVSKLQH DWRPV OHVV ZHOMWHKQFOSYWDQWE GLY QR UWPKXGY ZRRKHD KLJIKF
DFFHVVLEOH IRU PHWDO FRR UGV QD WHREOWK 5Q HVFK D WOR | FRQYHUVLRQ D UDWLR
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)LJ & LUDOLW\ WUDQVIHU EHWZHHQ DQ DFXKRGBOHPRQRIGH@W B WHIOGIEVPRYET IVPEQDF BIKQ@W B G D F

HIILFLHQW IRU WKH D VDRRIWIRFFDVZD RWDIMQRDP ROHUD Y D RVAD WY QR @RQBQBMVK D FKLUDO SKR

DQLRQ LQVWHDG RI D SKHGERMDVONYHRQWICH FIDVE\ @ RWY HEQ RV BH®GI] DRWIDREFOHG OLJDQG IR

DOO\ODWLRQ R I+ER@IBWKU BYWFWL RQDOL]HG DB A\ MFK EDEEFR® 'WH VDPH UHDFWLRQ LQYROY
FDUERQDWH GHULYDWLYHV 5HIV VHH WKH WH[W

Rl PHWK\ORFWDQDO HWK\OKHSWDQDDHKWTXDMOW R RSUHSDWGH G HYGIRWKH HIITHFW
HWK\OKHSWDQDO LV REWR LE}H G RALSNDKIAEVER VWQN WLRS/GIZ W RIUFANG ZDV LQYHVWLJID
FRQYHUVLRQ D UDWLR RI DQG ,GIRUEZGMK ERWDHDIYE WKH VFRSH RI WKF
&RQWURO H[SHULPHQWYV FRQILUPHG WHKH@H IWW H URLFQ & K®J L R W MKBIF MLQRQ EHWZH
SRUSK\ULQ XQLW LV UHTXLUHG WR L Q FDMIDVGH WALKEHY PDWMDROA \K\WB YHHI IE.IF HIQQGM VE J Q H C
VPDOO VHULHV RI /HZLV DFLGLF SODWIR@PVWUE RV W DWIRURPQ & DRIEE RBEKRELF LQW
LQYHVWLIJDWHG IRU WKH K\GURIRUP\O DWVRI® B HY WXHIUPROP 5 Q WPIHQW D UD ANIRABYV F
DQG WKH VDPH WUHQG ZDV REVHUYHG GRERWH BWWFLVH LQYHVWLJDWLRQ RI
WKH V\VWOIGBLFDWHG WKDW WKH VL]H REOMDKNH ODWHBDBHQGHLWKFHKLUDO SKRVSH
LQIOXHQFHG WKH FRRUGLQDWLRQ PRGB PQRR Q\DSHV R DWALIEQ WL PP FSIHHUWR UIP@® PHWV X G L
,QGHHG WKWHPASIORWH DVVHPEWUNQNVGERLG PRRFDWEGLWLYHWGPLGRED®WRI\VLELQ
WKH K\GULGH OLJEQRG LZXD WBYWQ HUK HR\URGRERURIUH ZHOO NQRZQ FRPSOHPHQ
EDVRGVKH S\ULG\OSKR VWK DFEN D0 BIDH\G DDF®OVGHILQHG K\GURJHQ ERQG LQWHUDFEW
JLYH KLJKHU VHOHFWLYLM\RREE® OPWEWQRMWKHRE OWKG OLIJDQG ZLWK GLIIHUHQW |
HITHFWV LQGXFHG E\ WKH WHPSODWH RWQRWKKHSRKRY B KR QYWD VW RPL DJGIGP BWRW LW L Y
OLNHO\ UHVSRQVLEOH RI WKH GLIIHUHQWHKH. QDV MHRORHWLLIYRE WK\ B BRH H © B & [ERIQV ZRHIH @
WUD@RMEYV LVRPHUV K\GURVLO\ODWLRQ RI IOXRURDFHWRSKH:(
7KH PRGLILFDWLRQ Rl PRQRGHQWDW HZE8 UMD QGCIMWEN PRIG VR F RVKSDO HID & WKH V;
+ WHPSODWH VWUDWHJ\ SURYHG WR EHDPRYHIIRAL WE\M RBRP® 8 RWWW R YHQYY WKH
FRRUGLQDWLRQ VSKHUHV RI YDULRXYV P H2\RDLODRIBN DR ARNN HAKH H® I FIHGWOL VG OIR W Q
UMWULFWHG WR WKH XVH S\ULG\OSKRKBKDQHWOWDRGVIHWY RBFXIWGAEHWZHHQ T
1+8& S\ULG\O VDIMEHR\ULG\O LLIFDL@EY )LDQG D FKLUDO PRGXOH DVVHPEOHG E\ PHD
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JLJ +\GURSKRELF LQW HW R FRARICR.Q\ VDK/HDF W RRRGR. B\W WO RSK RSB K LENG BRBE @ H [HFVLQWHRQEWLRQV |
HTXLYDBH@QWORG RQH DGDPDQW\O JURXS RI WKH '$%3 OLJDQG LPSURYH WKH VHKMHEWQMNMDW\ R
DOGHKEEKNPDWLF UHSUHVBIQMWDWICROHRIPWE HDSKHYV LQ WIKE LIQ S D B ERU K HDEWHLIRWL B/ DXORY ER @ RH |
LV VWURQJO\ VKLIWHG WRZDUGYVY WKH # R BFCDMILAR\Y VR | G K H YLHRR DB RAPHROH EQVK HBIIW K B IOX P
FDWDR\EHRIR U FJB D FRI EFRQN 8 H® WH QR EWUDWIRRE O E UDWLRU '$%3 GLDGDPDQW\O EHQJ\OSKRV:
5HIV VHH WKH WH[W

LQWHUDFMKHR GWHSDUHG LRQ SDLULQJ OXIDKQREUN PRR SRAMRBR RH DQPHFKDQLVP 7KH U|
DFKLUDO FDWLRQLF DPPRQLXP SKRVSKLRUHP KQEUH %HQIW BLE/GSDIRE DERSFKIIVIDOE HDU L Q J
EQDSKWKRODWH PRQRDQLRQ DUUDQJHSDIUX POQRY@KEURJERKRO WBRROHRI WKH ELC
DQRWKHU 7KHVH VHOI DVVHPEOHG OLJDVGOIGVWKH K\ R WHIGILLQD EEROPIE\HWEGD I/ LIFRIX FL D O
ZLWK @GBD IRU WKH DV\PPHWULFD DOGXODQILREH FDWDO\VLY ,W LV LQYROYHG L
QLWURFDUER[\ODWHV ZLWK FLQQDP\CD FDLWER QKIHH QEHKIW IDRVA YWY DQLRQ REVHUYF
&RQWURO H[SHULPHIQ WWKHQIRIUFIDMHKR QV RIKE R IJKRQWSD LQWHUDFW ZLWK WKH QXFOHR.
EHWZHHQ WKH WZR FRPSRQHQWV LV UHTDWDB8OBVWR I\WFWHHQDQWLRVHOHFWLYLW\
DQG LL WKH VSDWLDO DUUDQJHPHQW RIK K KB PHDW\WVRKH/P PXXMVONG EQIJVDOREWD\ DG D S
GLFWDWHG WKH FRWD@RVHFQHOERRNVGRWERENROHWULF DOO\OP WRIQRIYVEXILEBQ]RIX U
DPPRQLXP EHLQJ WKH PRUH VXLWDEO%, FDOWRIQY W\GH 8 WRIGS K,IRPHS/DD UHQRRUH VXL W
OLJDQ®URYHG WR EH SDUWLFXODUO\ HKHLWHHQM \SFRUBHM. B MREGCE QIR J D Q ®M\Q G

HH .LQHWLF H[SHULPHQWY DQG WKH REBWRIWDGN MRR) RH DWKRIV IP\R UHH H)IRLGFQ HQRWD WD L J
HIITHFW LQ WKH SDOODGLXP FDWDO\VHBEH Q[RIXMWDWRIORY ZHWEWXREWDRAQRD L\MKG D O«

>MRXUQBO®@0 @



-RXUQDO 1DPH '"\QDPLF SUWL¥

&LWH WKLV '2, F ([
ZZZ UVF RUJ [[[ILI ARTICLE T
VLPSOH DOO\OLF FDUERQ D W H VD &HHVEHE BN OH'W H G ", 0( DQG GL

LV SUHVHQW RQ ERWK WKH FDWLRQLF DQDBPD@VROLE HIR PG REBNE/KQ GED W/IHID Q G
7KH PDWFKHG fXQURQ FRMERIRWSK®WHPY FRPSOH[HV ZLWK '$%3 WKURXJK WKF
DDRQ DBQG SKRVSKLQRSKHQ\O FEIWXQOYDFRARDQWXPDGDPDQW\D PRLEMMHDYWHG UKRG
PRUH VHOHEFWLYH MMBRBHWKY RBLDPDMHRREGH[HY FRQWDLQLQJ WKH '$%3 OLJDQG
FRPELQDWLWRH RQH KDQG D OLPMWKDWKRQ RIRW R HOBMWRQIHRSW REDEO\ EHFDXVH R
WKIHR SDLULIQD KDYH WR EHIRVURODMHBWRHQOLIDQG $GGLQJ EQH( HHQYDDWBW
FDWDO\VLWKHY WREMRZRUN GHPRQVW UDRRQR®YKDDWKIGI KU RRG HOP S KBWVSWKLYGHH | R D WL
RI VWHUHRFRQWURO FDQ EH DFKLHYHG EN PHYPOQR/QR | PGIMRD 6 H® WD O WRFY (BRARIQ R
FRPEIZGIB ILQHG VHFRQGDQG LQMARIVDHDIWKRHPE®\ $GGLWLRQDOO\ WKH VHOHFWL
FHQWEKLWDO DQLRQRPGWKLIRY HEF®FNERQHTXLYDEHQWDREGHG D KLIJKHU VHOHFWLYL
QRZ XELTROLWREVUDPROHFXODU FDWDO\YLWK WKZR BIUNLXDOG QWY R| F\FOWKRPW U
FRXQWHUDQLRQV IRU FDWLRQLF PHWD/XJBRFSOWKDW DAXH ER{E FFIRW PN GOLE D QF QW
LQWHUPHGLDWHYV IV IR WV HFQRRIQND ODWYIGFRPS@OHWK WKH '$%3 OLJDQG FRRUGLQDWH
1IDWLYH RU PRGLILHG F\FORGH[WULQWSH&'IVH VK DAMKHH 1'RW 8 G L P DIQ\DIIAID QNI HHP[EI@Q\W
DSSOLFDWLRQV LQ FDWDO\VLV SHUIRUIPH® X/ Z\DKWH IR LGAHDSMIDRAY \@J LR KHADHRHD 8 D D'W
UHDFWLRQ SDUWQHUV HQFDSVXODWHG LQDWKHLU K\GURSKRELF SRFNHW
7KH\ FDQ DFW DV L PDVV WUDQVIHU SUSRSFSROLRD W LLRQ FR V s KRR WSKEDVQWHU G WIHHIVY HG |
WKDW DUH SRRUO\ VROXE\DW ULDQV EDMWOHWHRBBIFWMR@®J LQ ZDWHU LV XVXDOO\ KDPSH
LL UHDFWLRQ IODVNV E\ ELQGLQJ D VXEWWUD WH RXSVK IOR FDUHH G  RI)Y WM HD G& R V
RULHQWDWLQJ LW WRZDUGV D FDWD O\VFLFORHWW H L&R F B QWG \D W RIQK B L H UX D RHEU FF
&' + VXEVWUDWH LQWHUDFWLRQ IROORZQIQMWSDWKADWKHHPLOUREHQW\RWR UHY]

HQJ\PH\3DUHM LLL D SDUWQHU IRUPRRH G RQVWIURGEWLRKHUH RI D UKRGLXP F
RI VXSUDPROHFXODU ELGHQWDWH LGIWBQBKWRRIBXRVSKLQHLRR GLILHW DB VEMEZRQ
yLJ DQG LY DQ DGGLWLYH WKDW BR@WIILRE DWR A RERFEWDGLDD W 0 R QIP[G HWUX B HDF\A

VSKHUHVY Rl PHWDO SKRVSKDQBDRRGP SCWHWYY YRQ PHE® VX UHPHQW WRSRIVW BUD WRIKHI
LQWHUDFWLRQ +\GURSKRELF LQWHUD RW ISRI@ VY HEGIW Z ¥HH BRID \FEKHO R GIO[RVGH.[W D RG LV
WKH UHPRWH SDUW RI D SKRVSKLQH GKIMH®DG BEHRXNSLOQRPMHGH® RRQ@ WHKWDIKRV SK
FRPSOH[ FDQ EH EHQHILFLDO RU GHWU LRBAMHWDE VELHRIHHE ZRIIDR Q@ Q/ERIXS DIWXWHD G L
Rl WKH FDWDO\WLF VA\VWHP VWXGLHG DODGDPDQWDQHFDUER[\ODWH H REKRGL XD GO W
,W KDV EHHQ UHFRJQL]HG W R\F\W RIGH)]GFUALQ\Y MW K\WIR BaOEY LRQ UKRGL X D RIGPWE®H |
LV DEOH WR IRUP DQ LQFOXVLRQ FRPSOHIWOH&XAOL\RBUFRPEDEQW SKRMSKHQ@W VHO
OLJDQGV OHDGLQJ WR WKH GLVVRFLDWIU\RB®Q RIRW R D O WILLRIG UIBE®E WVLIKFEQR B Y P\ WAIKRE
Rl ORZ FRRUGLQDWHG )RHWDIOHVISKIREGHX R \F MR WODFHFEPPRGDWHG E\ WKH F\FORGH[W
K\GURIRUP\ODWLRQ RW K#H Q-H DHF W OLFM L\@ MDFROPAO B WRIGL GEIW R KLJKHU VHOHFWLYLW\ \
DQ LQFUHDVH RI WKH UHDFWLRQ UDW HWEXWO DQH ZIS/HDG & M REGHE OVH H HWHKGDHAE R L WIVWAL
WRZDUGY WKH OLQHDU DOGHK\GHV EHWZHH@QWKH EUDQFEM® IIQWHUPHGLDW ¢
7R SUHYHQW WKH GLVVRFLDWLRQ RI V&ﬁ'&L%L%VﬁLKIJ\’Q.ﬁIOEIIJ(PKQ(%\JVDWHROLJDQGV
VWUDWHJILHY ZHUH HPSOR\HG L WKH JURXS UHFRJOL]JHG E KH
F\FORGH[WULQ ZDV ORFDWHG IDU DED\ FUKmkiP Oa W BIEKRO/BW H WW UMW\ PHQWLRQHC
D FKHODWLQJ GLSKRVSKLQH VXOIR[D&WRKRWW IZHW RIVEG LBKD WXEVEWXWHG P
VWURQJO\ WKH FDWDO\WLF, QKRR K FF b MW QM KUS)S 2D WE UWR  E LSGHHENW DB/MHH SR UBIGG U
F\FORGH[SKRMBKLQH FRPSOH[ UHPDLQVGEIBKRMIWARE GKIDQG WHRWUXF WX Z® DK KUH
FDWDO\WLF SURFHVV DV GHPRQVWUDW M B\ @/KRH W URPIL I0¢ OIUHRXISH BRI\ K 1B @0 O E
DGGLWLYH RQ WKH VHOHFWLYLW\ Rl W&HSHHRQFWNSRROVISHKUR, RHO B EWR LRU RO R WWKR®
VXOIR[DQWSKRY UKRGLXP FDWDO\WW WREQUGH WHKWWRQ P DWIDROHRL WY R B VGHLQYHHIEU L C
DOGHK\GH LV LQFUHDVHG LQ WKH SUHWRRIGHL RDWHQ GVRRP ®WK K PISHKRINDOBIBHIE®R D QW K
F\FORGH[WULQV LQ WKH K\GURIR WKW BKRYS KRIUD PO E DW HRGWHIIVQRY VEE i tH QKA GOURLFDHV F
HOHFWURQLF DQG VWHULF LQIOXHQFH8®RD IMIKHZKIFW REOHSHQIHG BWKRY FSRUQIR/GNQE W Df
F\FORGHMWXEN®& UDWH LQWHUDFWLRQV HVWREORWKHGLGLWRWQFKRR MHMKOGIGFRRUGL
FRRUGLQDWLRQ VSKHUH RI WKH UKRGLXRGDL\VQDOXWHE FFHD § LH[GSIA b E D QWQ\Y WIKAH/ YO0~ WY L
/HFOHUMT DVONXGLHG WKH FRPSOH[DWRYD BYWYHBRWRPHVELRHQWDWH K\EULG OLJ
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LI /LID®WHPSODWH VWUDW H JS KIRS/SSGILHGIMAR FED\G B Q WALLVIVHE ) RUSKHRUGW. X R VG R B K R I 8 K L& W DV/R\PLFDHD]
PRGLILGH® KH S UHMHEIXR/R'BEXR U S KVBIPG ODW HV ZKHKIF KF B RGNS DAROH P E O H Gt OZ DY QUK N HPGRIJFHW L Y H
LOV\PPHWULF K\G URIRARE\BIMNWVERWYLWXWHG VW\UHQHV 5HI VHH WKH WH[W

)L /LIDQWHPSODWH VW UDWHIQ D SO BGQBR QJ RI WZR HTXLYDOHQWRYVRK HVEHJ IVE DS KB R)X W W |
\LHOGYD YHU\ DFWLYH DQGCQ@¥2H @/HEM Y3V AD WHD@HVRBE 8 R DSVALHRWLH BIWAL IRIQ W H[W

UHVSHFWLYNIORSORWH DVVHPEOLGWKHEH UHG IHRACCORKD WHIBG D KLJK OHYHO RI VWHUHR
DV\PPHWULF K\GURIRUP\ODWLRQSDHD FYWHLIRFQVLRQD DA DLHWVROW RI HIILFLHQW FKL
VXEVWLWXWHG VW\UHQHV 16HO)ILDVVHMDBBEHLO LYHD®PE DQ DFKLUDO GLSKRVSKLQH
SURYLGHG WKH EHVW UHVXOW WKH EUHBQPKG® G LDYHEH R ROH ¥ RZYAKGHH TRFEKVIL D VEHED 5 WR |
ZLWK JRRG UHJLRVHOHFWLYLW\ E O UODMIDRZ®V GHYGE JPRIGHHGDRM RFEIRRRIE EQWINF H S W
HQDQWLRVHOHFWLYLW\ HH H[DPBSODAHNERQH )LJ8SRQ DGGLWLRQ RI FKLUDO

7KH VWUDWHJ\ LV QRW UHVWULFWHG FRP SQ IS KRV DKLH iR DWINLQGNG %BKVFIKP IDQHH W F
3G FRPSOHRIQWDLQLQJ S\ULG\O GRQRU JKFXBRIJARY \WRBQIRHE ZUMKXY VXEVWUDWHV
YDULRXV VDOSKHQ PROHFXOHV DQG WKWWWRQ I E Q6 H RH Q\GWH RUH WKGIWQEW >OULH CRQ GV K |
+WHPSODWH DVVHPEOQIQ&? ZVEXMN O 0 WERHIBF WRLWY RQH RI WKH EHVW FKLUDO LQGX
FRSRO\PHUL]DWLRQ UHDKER IFFDQVLRQLF BDRFO DILKHP HH IRU WKH DV\PPHWULF K\
FRPSOHPORQHLWKRXW VDOSKHQ DGGLMHWKW ZD FHVWDFVEIREBPHOOWH PRGHOOLQ
SUREDEO\ GXH WR LQWHUPROHFXODU MRRUHPEDPHELRRRE D M[@HYKIRIZH S\ WIK®WV) KR Q H K
JURXSV WR SDOODGLXP ,Q VWUREW®QL ER@EUDN W URKE EBWRBMQVWKH VXOIXU DWR
E\ DGGLQJ WZRRHWKHY DDO MHQWROZDNVIFRUPWKH FKLUDO BiQS$ RRWRINDCE WK BRR/GW UR O
YHU\ DFWLYH DQG VHOHFWLYH LQ WKH[FRSROHPMYL FIRQLROP tG DNFKADLVR VK WV HO HF
SURGXFHG WKH KLJKHVW PROMFXODU ZIHL BKWWIRE R G \P WMWKV W FIRWIHEF WRWHUDFWLRQ

J PRQUUHSRUWHG DW WKDW WLPH DW U RRP WKHP RHUD W Q& ZV WKURXR @HKFHX ODU PR
XVH Rl WKH VWDE L&+ GD WR OWKIH) WRESRUFRHEHG DERYH JLYHV DQ HDV\ DQG UDS
REWDLQHG ZLVBKVVDODDBE/W KLIJK GHJIJUHRI RQHAQBREBWDH® LFLMM\QGY ,W DOORZV IRU
ZLWK D SHUXKRMQW DIV RHTXDOV WR
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*HQHUDO FRQVLGHUDWLRQ

(QKDQFHPHQW RI WKH UHDFWLRQ UDWH E\
EH H[SODLQHG HLWKHU E\ GHVWDELOLVDYV
PHWDIODQG FRWV\WO H [ GRWDKH RQDQVLWLRQ
‘440 3<'= LI ODQG UHODWHG ELV FLQF
FRPSRXQGY DUH YHU\ HIILFLH@ARWDOQIDHE
DV\PPHAMUWMBLK\GUR[\ODWLRQ RI ROHILQV
GHEDWH DERXW WKH PHFKDQLVWLF EDVLYV
UHDFWLRMQNURQJ HYLGHQFH VXSSRUWYV WK
SRFNHW VXLWDEOH IRU WKH DFFRPPRGD\

VXEVWUDWHY VXFXLDVOWW® S KHMEBD ODHQKGE
KRPRDOOD@IFRKRO GIBSLWWBANIHYJ DQG VYD
:DDOV LQWHUDFWLRQV EHWZHHQ WKH
PHWKR[\TXLQROLQ H LUQRKR G WKH B8GVDV Z|
WRGJH LQWH UDFWOREY W 9\E MHKNGU RVKHQ D W F
Rl WKH SKWKDOD]LQH HQD 8§ QH GADPIDN WS IDR
VWBWBELOMWDWERXQQWY QRW RQO\ IRU WK
IRU WKH HIWUDRUGLQDU\ HQDQWLR¥HOHFYV
UHSUHVHQWDWLRQ RI WKH SDWKZD\ WKDW

IRU WKH GLK\GWRUBODDMWK RRQRIL Y D

7KH SUHIHUHQFH IRU RQH HQDQWLRPHU R
)LJ &KLUDOLW\ WUDQVIHU EHWZHH Q Qi) DFF?WDO%LV b ¥ (Y8 O%é H[SODLQHG E\ VI
FKLUDO SREEWOHPRGLILEFDWLRQ RI DQ DFKLUb‘%Vé)L%% @&E@lﬁwﬂjﬁ%é %6<ZD\ LV XVXDOO\
FKLUDO DQLRQ WKDW ELQGV WKH UHFHSWRHSXOWKIR Q L JPRBVERWNHRBDIHY B HORWHUDFWL
OROHFXODU PRGHOOLGQH VW @XFWKH P ROFBKOPRPLQJ VR VWHHDEWRIKW B OL Q WHIQ G H® KBIW
PRGHO LV UHSULQWHG ZLWK&RBULPLLMWRQMJ_BB@J@L\, GXULQJ WWHKWVUBQMEWLRQWWW
$PHULFDQ &KHPLFDO 6RFLHW\ : UHDFWLR DOW R U DI WE L

HOHFWURQLF VWHULF SURSHUWLHYV RF WK %Bvél{ﬂ,lzlﬁ My B WKH
FDWDO\VW 2Q WKH RWKHU KDQG UHFRY YR RL DpR%0 %%%P,%ﬁquwx BREWR R B w K

ZLOO EH PRUH FRPSOLFDWHG WKDQ w KRNE L&/FE%W F%% 5 dprbe
FRYDOHQW OLJDQG )RU PRVW RI 1y SURBERYVHY Q/W%% [ DEFI-PFYVV'HG B\ W
FRYDOHQW V\VWHPV ZLWK JRRG SHUIR lg(?l_ D'%E Y Ve £ HEIQo U R OWHIG, BRB uLod
WKXV OLNHO\ WKH QHZ VAIVWHPV ZLOO QRWg %'ﬁ[?&%ﬁWk%D%M&N BLSRHG vHor
YDOXH SURGXFWYV @ DQG UHVSHFWLYHO\ &RQWURO HJ
DVEHUWBL MG VWAWKHDO HF W L Y L\ § R ®H UHYX OY
&DWDHOWBWVWUDWH LQWHUDFWILRQ :ppov DWWUDFWLRQV EHWZHD® GMKH

/ILIDEMXEVWU DWW ILRQVH U EHQJ\O JURXS /DWHUR &RIHIWH L QFKIBRDHDG
D]DER U RV D’OL‘HW‘DGIRU UHUKW‘LRQV

,Q HQI\PHV WKH HQWURSLF SHQDOW\FFg))y B AR W Con WL*?N\Dé%M_ ; GRIENQ
VXEVWUDWH V SUHRUJDQLIDWLRQ DQGPeil 4k rRUIR S LY B SRR k Y b B& Iﬁewr
LV SDLG E\ WKH LQWHUSOD\ RI D VHW RIWIERRQEP ﬂm.,ﬁ ——
HVWDEOLVKHG EHWZHHQ WKH HQI\PH uggw%éw QG WKHg W DYV v w L J
JURXSV ERUQH E\ WKH VXEVWUDWH 7KHVH LQWHWRAW ng BEQQR% N F
VWUXFWXUDO FRPSOH[LW\ RI HQ]\PHVL#éﬁgmlﬁlY_'Klﬁl be)K R[Ev{{ mWWUD

VHOHFWLYLWLHV REVHUYHG LQ HQ]\PIR R% RF UL% fo wi
SURILFLHQF\ LV KDUGO\ DFKLHYDEOH YW 5 - w RZIKBI&@ RID
P AR SO BEG LW

G ﬂ W"P(é IDFH RI WKH GLH
VWUDWHJILHV H[LVW WR FRQWURO WKH FY\%IOY PRY [g \WL HO,L'GF\Hﬁ

ELQGLQJ SRFNHW WKDW HQWUDSFHQRHY VFVI\_.S%D DU RI
HQJ\PH PLPIBMWWHH GHVLIQ DQ DWWU SVK WhHEbERR R0V OVR SOD\ D LIL OH L
VXEVWUDWH LQWHUDFWLRQ WKDW ZLQQ gGhUrbF ™o WV S LD R WY ) SN %
VXEVWUDWH DW DQ LGHDO GLVWDQFH Rl WKH PHWDO FHOWUH

VWUXFWXUHVY DQG PRGH RI DFWLRQV DU) IDU Vv \'7"H
FRPSOH[ PDFKLQHU\ H[KLELWHG E\ HFQI]WHM "L'E
i
LW
Q

Ir"_
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YLJ ([DPSOH RI ZHDN DWWUDFWLYH LQWHUDFWLR®NVEDG ER R S O HB/Q GED=0BAL WEE \KW UKD I AWLLQY
DQG VHOHFWLY IF\D WIRDVWPHEH WW2 F G LK\G UR[\O D3MLISRIH RH @W B RACRQHRLIRW WD QIEOH 24/ 2
WKDW OHDGV WR WKH REVHUYMBIKE DQW L® P B (RR D/GIGHI\W RRUX BBARICA DL\V UHSURPWHG ZLWK St
&RS\ULJKVBPHULFDQ &KHPLFDO 6RF WM FKE U DIOHDXPVOX.DH \RLQIOXHQFHY WKBQGI OWR BN QW \ |
5HSUHVHQW B BLLRDHRID WPKIKER. @\WHYWOHFWLYLW\ RI WKH UHDRBWGRIQ URDMEBEREBEEEHQY LW\ R
R[D]DERURVDHGEQBILQHG E\ 5 $REEGQRWHA ERQG L PWBUDFMH BQEHQ]RSKRVSKROH PRLHW\ LQW
DQG LWV GHULSBMQWHWDWVFRUFSQ K 4'° GLK\GURTIEEGLGULQEDH 5HIV VHH WKH WH[W

'LWK WKH SKRVSKLWH SKRVSKOL@H KOBU ZBK\ LERPBLQDWLRQ RI K\GURSKRELF LQ\
IRXQG EHWZHHQ WKH HH YDOXH REW D IDQAVEU DRAUN WKHH LEQWDHYUFIKFVBL R Q @ HDKOG R ZV IR U \
SURGXFWY DQG WKH YDOXHM RRI WWHH U HD\PR HHRIWMIE WIRVQ\DWIHQW ZLWKLQ WKH LQQHU VSDE
VXEVWLWXWHG V)WJIU HQ H 7\KX. &/ VDD BAWM W B I/ B WG 5HFHQWO\ WKH DURPDWLF U
W RS 5L Q W H UDFFAX ILRIQWZH B @ WRADWLF UL @INWVRIQWKG OLIJDQGY KDYH EHHQSX\DH® WR |
SKRVSRRDHRV\ DQG WKH SKHQK® YWRXNS/@IURXQGLQJ WKH PHWDO FHESRHENRAMH F|
GHULYBWUN®Y WK HGHMHHAL QYIQU\V W H S HRQ DAEKOHH ¥ DWOHD \@LVFFULPLQDWLRQ DQG VHOE
F\FOBXFK LQWH U D FWLLEQ @ HRVERHRFEG KRMHRYGG DOLSKDWLF DOGHK\GWM W RJIHIVRALD DK M
WREKEVWUDWH ZBVYHWRER®ISKHWPIBWAR RGIRFANHW HIILFQHHWOD URHFFRVLFE VXEVWUDWH
RISODWERWPR B\GHW® IRUP\ODWLRQ RI VWHVKOW RDWKRRBBEWER QWHUDFWLRQV EHWZ}
GLSKRVSKLQH)DOLJBQG

>MRXUQBO®@0 @
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)LJ ([DPSOHV RI ELIXQFWLRQDO PHIME UADMOOSI B IREQBMNHK OULH P R\S HE\W AN EIRRLEDW B U RKVHR Q D W H (
SUHVHQFH RI WK HVXER WO QWBKEH W B WHOWLQJ DP P RIILUXPHDBQ GKH.Q RODHFAM DRVWRWLF LQWHUD
FRQIRUPDWLRQDO IUHHGRP RI WKH HQ RIDIDFWHRD RMGOHURKENXE V FIVFRLEYR GREIRMBROIDRG W BIH
SRVLWLYH HIIHFW RQ W.KHWHHO HFOWIEVRIW H B EMVPD W HEQVRHIITHFW LV@QRKAVKREVRUMB OWKIERQ R

HOQDQWLRPEH RGLDVWHUHRHRINU LVH H [ WHNHVW H [ W

SKHQ\O ULQJV RI WKH FDWDO\VW DQG WIQHF ®XRPO WHRIMWLQJ RI WKH DOGHK\GH

,Q WKH SUHFHGLQJ H[DPSOHV WKH DWRW FBW.DYH WIFMHY VP VRQHNO D W HB KMR  F
RULJLQ RI WKH HQKDQFHG UDWH DQG V MXHIF WX.EVY WU ZWHHZXDXODGBS GGG ROPWE HGQ |
D SRVWEDVRGLRQ WULDO DQG HUURU OWKMQGLYB QBH QlLQ O \FWHIGH & DD/HG /HZLV EDVH
H[SHULPHQWDD\ GDWUXFWXUHV XVH RI EP@EHWRQ FR OQFWBDRWRU ,Q PDQ\ H[DPSO
HWF«Q WKH IROORZLD G HJUMSHORN OLID F®EBOLWVWVZDRQYFRUSRUDWLQJ D /HZLV EDV
UDWLRQDOO\D@K EHBRHMWRG DQG XQGRHW VO PEMIIORIRLG FRXWWH IXUWKHU DFW
WKH OH\ODEMGN UDWN Z & WH WOPWLBBRKLHYMBEVWUDWH RU GLUHFWO\ UBBFRWYGEZQW®
%LIXQFWLRQDO PHWDO FDWDO\WWVWKHVH H[DPSOHV ZLOO QRW EH GHVFULEH(
OHWDO OLJDQGV ZLWK D SWRWRQ SRRV H P FREAMNRIFPEERQG DFFHSWRU IRU
$V D IXQFWLRQDO JURXS RI WKH OLJD QG wWR WY B EW i RicHMWIHSEI VGUE Y WP W B L
GXULQFDMWIOD\WLF F\FOH WKH WHUP *RRWE QG RGRDAPK bW EFDOVLRRAODFW ZLWK V
FDWDOZDWVXVHG WR LPSO\ WKDW LQ D GG LWHRRL WRDW Kb bW DOWRHAW R SRV VHV
RI WKH FDWDO\VW D IXQFWLRQ SOD\V BRURAH o MR U0 M 5D VELF F) DN MO8 [y
PDMRU JHQHUDO GHILQLWLRQ JELIXQRMWIERQRQ (FONLAQ Y VG HARRGL FERW H My PEKHY,
PRUH WKDQ RQH IXQFWLRQDO JURXS L@ Kb FPMAROOY WMyhY W R ¥ RO X @ ih@m s B \
UDWH GHWHUPLQLQJ VWHS OHDGLQJ WROWMKH BEWT RBNWG KRNk HRK DREFHE HOMG R U
7KH IXQFWLRQDO FDWDO\WWYV FDQ EH B RRRAW DR LIVR ¥S oMb WKedd G oY Rx B Fw

PHWDO FHQWUH E DQ RUJDQRFDWDO\\ WA YER Wl HRERRRY Ih KBWBODWEFDH QRYwW
DFWLYH RUJDQLF IXQFWLRQV VHH VHRWBRQvHU\DRE bsJUhWhobdRke]\PH PLPI
KHWHURPXOWLPHWDOOLF FRPSOH[HV WHKD Wk Vdiew@ WRHRXYAY BRMLY RWEo WER 0\
UHDFWLRQ SDUWQHUV 3URWRW\SLFDO | QRAPAHBOBMAVKH ODWWHU FDVH DUH WKF
PXOWLPHWDOOLF V\VWHPV GHYHD@GHGy &\ 665bPRYBNIQG B DDMWK IO D HS-RUWWIE E
-DFREVHQfV FIRWDWWHVDVIPPHWULF UtRQwW pRIVRWYAIKBW RSHUDWH WKURXJIK VHF

HSR[LGHV ZLWK QLWURJHQ QXFOHRSKUGHR Wi RHUGHR R Wik IRIBo I8 R OwE et
GHILQLWLRQ RI VXSUDPROHFXODU FDWDO\VLVY WKLV WRSLF ZLOO QRW EH

>SMRXUQBO®@0 @
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IRXQG WKDW FKLUDO IHUURWHQVDISKRVBRLQR EHIIRUORQL DQG FR ZRUNHUV IRXQG
JURXS DW WKH WHUPLQDO SRVLWLRQ FRIP ®/®&H[F\H FRIOWD LEKDNLIQ EIRWHK YBIUS KRV SK L
HIILFLHQW OLJDQGV IRU WKH JROG FDVODRODDHGE/ DV FHW U DF WIRQHS AW DWLRQV R U
RI LVRF\DQRDFHWDWH ZLWK.RWGHR\G ABRVKBODMWLQJ GLDPLQHV ODFNL Q& JWKRK VG UR.
GHULYHG IURPZELFBQSRVOWMWHWPLQDO PRBRSARWLQRFHOHUDWH WKH UBIK@LRIQHFRPS
JURXS SURYMBUHEQ WR[B]ROLQH SURGXBWN AWK HKHBRW  ZDV IRXQG IRU DV\F
VHOHFWLY&ERQWURO H[SHULPHQWV ZLWK\GQRIHRIXWVRRI UHDFWLRQV SHUIRUPHG
ODFNLQJ WKH DPLQR JURXS LL ZLWK [FKWG®ORYKOEHERRMBBIDTY BI(1D@ DPLQRVRV\O '3 (1
SHQGDQW JURXS LLL ZLWK D ORQJHU GWSEW KVUO ENVKZ 6 H QMK B POHEMY FZ D'V RISV LR Q D
DQG WKH IHUURFHQH PRLHW\ DUH OHV\B BIHN.IFQF O VR IOR JDGGERIRQ RRQEBY IS D\WWRRQV K
,Q WKH SURSRVHG W/KHQ IOMERVQ RAMWORWHWK H QMPHQBIF WLRMQG DQG WKH FDUERQ\O
EHWZHHQ WKH HQRODWH VXEVWUDWH>5FREHGLQOMW BIG<SER WKE RRAG MWRPGURJ}
WKURXJK WKH LVRF\DQR JURXS DQG W KH H PIPGRERKKFPOSIE @ BX0MP YR BIBRX S R IERQG DQG
WKH OLJDQG JRYHUQV WKH |DB E B OD WHNVIDHRWY O WLLVE\ EHEQRHO@EVHE 64 @GFRPSOH[ DFWLYD)
7KH VDPH VHQVH RI VWHUHRVHOHFWLRIQH LNVM RIR \DEHLZH GK \GLUNRK HEOX G RARRGV K VW H SV
HQRODWHYV ,W LQGLFDWHV WKDW WKH SHR HIFWERNLW\HIP\E ISUR G D BV\OAD&H/W W U R DQ WGV B \
WKH DWWUDFWLYH LQWHUDFWLRQ EHWEHHOR WKH ERRPR QQYWH DRBWWR & HIQWR DIDRWH W
UDWKHU WKDQ E\ WKH VWHULF UHSXO V,IQR\H B HWW& H & QOW KLHY WK & Y @/\. MWK LHEV VRV DWVKHHY/
HQRODWHY DQG WKH OLJDQGV RUVWKRIUBIR G PRIKRPHIW LIEIDQG HK\GH ¥4X BNV @W B WHRAV DR,
HIILFLHQW WKDQ IHUURFHQ\OSKRVSKL@HWZAHBQ GW K& D BNH®H WKHE WHWPXQQW R\
DPLQR JURXS LQ WKH UKRGLXP FDWDOAXE\GW KWXURIW QRIIWW R \RXENKWODWH LV DW
VXEVWLWXWHG DEHFOWFRDAMDBNLF LQWHUYDFWLRBQQEHMEIKHQ QUMH. DO GLVFRYHU\ RI 1
FDUER[\ODWH JURXS Rl WKH VXEVWUDW 5 DIQ@BKWKEH BHEBWQ® MPWRQLKWY PDLQO
JURXS RMVKRXJKW WR JRYHUQ WKH HQ DFRDVIHR/I DPRHG G2 VI HADHYQWE B WQ RQHRFULEHG WKI
WKH ROHILQ DPLQR 1RU DPLGR 1+ OLJDQGV IRU K\
5KRGLXP FDWDO\WWV GHULYHG IURFGHKKEURKHQDW LRIQSREWSKRQY Wi RKGHURJIHQ
OLJDQGVDQG DUH VHOHFWLYH IRU RWKWMD ® VFPRPUGWITFWHG DPLQR DPLGR JURXS\
K\GURJHQDWLRQ RI WKH GHKI&EHRSHGGEERMWERRSHUDWLYH3DEWRWD&LR,Q Rl ¢ ERQG
WHUWLDU\ DPLQR JURXS VHHPV WR SOR® ®\ NB\DUR O i BAHEGIVBW IRWWKH HFW O\
VHOHFWLYLW\ RI WKH UHDFWLRQ ¥LWRPHW KQDRMOR FOMH D L DDRBFKDQLVP VLPLOD
&+ &+ SHQGDQW JURXS LIQA Q/HI\D\G \RH AL FEADLWY 18 URB RAKHKG! LQYROYHPHQW RI VL[ PHPE
FRQWUDU\ IRU WKH K\GURJHQDW L R HRY WVIXW H&/H K \ CRUR &/IKSHH B VBELURIG Q PRVMUL QP B H BIF W
HQDQWLRPHWKRH HOHFWURVWDWLF LQWGHHUWBWARG GWVFRWSQHRIQVRDPHWDO ELIXQI
VLQFH OLJDQGY ODFNLQJ WKH WHUPLQ B +D Pl QHF WU ROQS V MWNR\BSUR YZB HI KLGK WKH

GHJUHH RI VWHUHRLQGXFWRAGQ J)ERPSDUHFHIWQEWLHZ E\ 'LQJ DQG FR ZRUNHUV
E 7KHLR\RUL ,NDUL\D FDWDO\VW DQG UHOD
(YHQ WKRXJK VRPH PHFKDQLVWLF G HDWFFH®W WIMIHO BVKNHL QFIR QRVUX MDKAHH/ HD G GLW LR Q
VHPLQDO ELIXQFWLRQDO FDWDO\VW\HO HFWH\RS KTHJIB RS PIHG/R PQHDQG\ GHSURWRC
GHPRQVWUDWHG WKDW WKH SUHVHQFRXROBRERNVQFA DDRWHWK®G WHWXOWIMIGDPLQR
EDFNERQH FDQ EH EHQHILFLDO LQ RUGHRQWR:ROWUYW R i MIKIHF W XVEK MW QXWEHRGE L O
LQVXUH DQ RSWLPDO RULHQWDWLRQ RIFRRH G/XEDWH® IO ISEW R B /KR QHH DV MPLLROD U O\
ZLWK )LJ SHFHQWO\ :DQJ DQG FR ZRUNH
FKLUDO 7) %LSKDP3KRV GHULYDWLYHV DUH
WUDQVLWLRQ PHWDO FDWDO\VHG DV\PPHW

DFWLYDWHG DONHQHV ZLWXK D]RPHHWKL QH
DXWKRUV SURSRVHG D P HMDRDIDAWRM GR UL MKK
UHDFWLRQ EHWZHHQ DON\OLGHOQMQGELVSK

DJRPHWKLQH \OL/7GKMVDFWLYH VSARPISQH[V D

FRQWDLQLQJ WKH 7) %LSKDP3KRV OLJDQG
DFWLQI1DVFRHODWH 7KH QXFOHRSKLOLF DC
VSHFLHV WR WKH HIHHQFHNWUWDRSKL OWKH FDU

LQWHUPHGIZIKWHK LV VWDELOL]JHG E\ D K\

YLJ 2ULJLQ RI WKH HQDQWLRVHOR!IN\Q_D{WWFFR,Q,,, WHORY | \

UHDFWLRQ ZFIDMKD ORWRISWLLP K MR PREWU\DW WK WED MAORS BN #'EHHQ wKH 3 2 R[\IHQ D

')7 OHWY®I DAVSDEWUDFWLYEHWEWHEnNHew Y RXS D& BURWRQ RI WKH FKLUDO OLJDQ
OLJFRRBUGLQDWHRBQMRM WK B XY XEVWUDWH ERSDOHKRMRQ WKHQ PLJUDWHV WR WKH F
7KRSWLP U¥R P HMHSBWULYWHG ZUWRPSHMWIPLYVVLGYW HUPHGLORRHUGLODWLRR WKH FRSSHU F

&RSVULJKWRKQ :LOH\ DQG 6RQV UHJHQHUDWHY WKH DFWLYH VSHFLHV 7KH S
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YL &X7)%LSKDP3KRV ELIXQFWLRQDO FDWDO\VLV IRU WK H RQA K DG DGR MM R QDEHVDOPER® D C
PRLHW\ FRRUGLQDWHORPWR BNHD FIR&EIHRUHPVBRRQG GRQRU DFFHSWRU GXULQJ WKH FLC
WKH QLWURJHQ OLJDQG LW FHRIGWRX QG B VS HAL WK RWZDMVBIEE QWHUDFWLRQ RFFXUUL
H[SHULPHQWDOO\ UHDFWLRQ
3\ULGLQH DQG WHUWLDU\ DPLQH PRLHWVH@JKWKH KDEH RPH\Y KRGRIBRVR UEL I X Q FW
FDSDELOLWLHV WKDW FDQ EH EHQHILEHUDJQRG IRLUXQKN KRWDW ER Y RO\YLWULO
"KHWKHU WKHVH JURXSV DOVR EHKDYHLJDVE®DURDVGHVYWKEH BBHEHVSURGXFWYV LG
PHFKDQLVWLF VWXGLHV DUH UHTXLUHGKVLKQ F¥HESRWRW XHPRW B & JERRYWRFIDWHE NH
DUH KDUGO\ GHWWHFWRFEPGBILF FRQWDLQLQJ BEKRNLSKOQHAMR XS RI WK K ISIKHRFAS XK LV KIH 02
W HEXW S LIRLG\O GLSKHQ\OS K RWHEKMD® RROHFXOH LQ FORVH SUR[LPLW3UMRLWKM
LPLGD]JRO GLSKHQ\OSKRVSKLQH DUH WKHWXYLESBXHAKME L | & Q SN LRRMDIOYELDWQGV f &
DV WKH\ FRQWDLQ D SKRVSKRUXV OLJDIWKIDQVW WUKRIXE\ED S0 EOGIL RD HBWS A QW VKL VK
VWDEOH PHWDO NBPSOW[RMQIWBP ZKIBK EDHRQIEBRG ZLWK WKH LQFRPLQJ ZDW
K\GURJHQ ERQGV ZLWK DQ DGMDFHQW @K @G RIWDQ Q. ®RF RPK B JR VRKAERQWAUEBQBISDA. |
JRU H[DPSBB\UWGH) GLSKHQ\OSKRVSKLYNEVYWDBE HIDEFLOLWDWW ZHUH DOVR LQ
WKH KHWHURO\W WFKR®RKD K DG RR 3 Q L QW B B\W ERQ\RKHY VIRDG. G VWDWH VWUXFWXUH
VXEVHTXHQW SURWRQ WUDQVIHU FLV FRRUGLQDWHG GLSKHQ\OSKRVSKLQRI
*URWMDKQ DQG FR ZRUNHD@GARXDGE WIKIKWGURJHQ ERQG ZLWK WKH QHLJKERULQ.
DDUH YHU\ HIILFLHQW DRDNVRD & RWQ\L NIRY DWXREHWZHHQ HDWVKS BMAKHHQWHG LQ VH
K\GUDWLRQ RI DON\QHV SURYLGLQJ DOGHK\GHKAGUWKHIQL EIR & QIQFHLUYIL FWY LORIG E H W
DFWLYLW\ &RPSDUHG WR >5X &0 &S G SFIP V@K HV K M RFTRM\@ FOFRQLKY HP RD MAD O \VQVG = W K H
DW WKH EHJLQQLQJ RI WKHDQBWMBKQIN\SWWE&HNY]HG WR H[SODLQ WKH JRRG DFW
DQG IROG PRUH DFWLDI® G BDWSHWWK HYUROVOGULLI@EDE VU H BAHUBOBRRUNHUYV UHSRUWHG
VWDWHYV ZLWKLQ WKHVH FRPSOH[HV W KH +ZSGAHHULL AEBRMIKHHAMHIEH Z VSO IR\XIQ GR/G EE \J U R
WKH WZR SKRVSKLQH OLJDQGV DQG LV RLGDR\EKID B RRIBMEEDWR @&/ KN GULDMUERIG ® | R U
DWRPVKBONPHWSFA®PSOHKDY EHHQ LGHGWIZR)HXESDWR IRUKDFU\OR Q)IZWRLL@AHX ODWLF
DQ LQWHUPHGLDWH LQ WRRRRUIBD O WH® XD GIDVIHLRRH WRHPDWLRQ RI D K\GURJHQ
EHLQJ HQJDJFAGDVYLERQ K\GURJHQ ERQYD ERWK\WLEWQRQWRKXSEKRI WKH 1+& OLJDC
WKH VXUURXQGLQJ QLWURJHQ DWRPV FRQB®KHDWHBWAR MWFHEL R BPRVES BYHE W R
LGHQWLILHG ZLWKLQ WWH BW DH DV KR P SWIK KW GELRY B OW L R Q 050 FYRVB\R\ M WH Q RORR @ 1 G5\
ERQG EHMWKHFHAURWWR RHRS\U LFRILGRK\W K HQ X FOHR S K L\ R FWIKWMVWDXFEW WUDWH EXW DOV
OLJD®EG MOKUHERQ\O R[\FR®R KRG L\GPOMWHG DFFRO HIFXROS WKURXJK W KA-H WRPE L R 8 GF RRIIG
&RPSOHLV IRUPHG E\ WKH DGGLWLRQ RD QB KWH W \W B RW K BWEERD® L @K D F
DQRWKHU LQWHUPHGLDSWHFWWRYWR SEHFROMIOKD DQG FR ZRUNHUV)URXQG WKD!
LGHQWLILHG )R CGHRSAMLR JP WRKHIVGI W/IQH. F) B/ OWKHB/LHEMMRLCP L G 5] E UWS ERWSREQHQJ DV [
RI WKH S\ULGLQH RU LPLGD]ROH PRLHWA BFKKODW\EHHQ\VFOEOH MR LVRWKHLVH DC
IDFLOLWDW HGRWEH DEOHOBIHWUDQVIRRP ERQRBY SIWRPLGLQJ(H LAVRPHLLY 1S O R BOK RN\ V
DQG LL WKH\ DVVLVWHG WKH DGRUWILRID ®RIFZWWEW W RERHGA\WP LVGIOHROH JUR
YLQ\OLGHQH FRPSWIR[ IURP %UHLW OLW®@EWY DV DQ LQWHUQDO EDVH IRU WKH (
EDVHG RPIREMULGLQH DQGUHFRIQLWRRRBGMWOKLMY D K\GURIJHQ ERQG LQWHUDFWLRQ
Y)LJ ZHUH LQYHVWLJDW H® WD WHIHG (KX BUDB\YQRW RHHQ SUREHG $Q LURIGPGPDFR® S (
QLWULOWVYLIMQRGEDQG LQWHUDFWLRQ KD VGENHRG WDR/F\HOUBKR\DIHKI QB WKIHD QG ZDV VKR?
VROLG VWDWH Rl WKH SUHFDWDO\VW WKLV LQWHUDFWLRQ LV SUREDEO\ ORVW DW
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YL %LIXQFWLRQDO FDWDO\VWYV B P B FE®MWIDRE DB/ZL VS D R MR QVBIHE BUSWNRRYY Q RNRW KB G N DQHMR Q R
D WKH K\GUDWLRQ RI QLWULOHV E WKH LVRPHULVDWLRGHRY D\DHNHH QHKWH W HDW@ G WK I

FDWDO\WH WKH WUDQVIHU K\GURJHQDWWR® @Y [EWALGRRK PIHMEIRQ AD WRDHY HW M/KBD UH O\
DFFHOHUDWLRQ SURYLGHG E\ WM D8] ROMIZKHQ G WOW RRR GHRVORU DFFHSWRU DELOLWL
DQG SURWRPIGH[HKDYH+DIJURXS ORFDWHAR DSW VDKM DW WKH RULJLQ RI WKH KLJK DF
ESRVLWLRQ WR WHUH \W K MWIDWO X KR ZH E L | RERDLLRYXHIEO ZA.BWKDIOL\ VNG & R HOHFWURFDW D C
KDV EHHQ SRRUO\ GHPRRWWURDWHEDYBGR[LGDWIRRMDEO\ 'XERLV DQG FR ZRUNH!
UXWKHQLXP ,9 FRMIDMHP\VHG WKH LVRPHUHVDRVLRIQFNMHO FRPSOH[HV LQFRUSRUDW
VXEVWLWXWHG DOO\OLF DOFRKROV LQWR HHW®RIQH\Q G QE R B NEHRIQ Bl WO\ IR RIUG W KIHL F L
DEVHQFH )RUED®H')7 FDOFXODWLRQV G HD B RWURFDHUMOD V QY V WKDG@HSS >1L GHSS
LI WKH DFWLYH VSHFLHV LV WKH XQ VD WXY/DGLHEN @ HXSWRIENEDHLFHRK Q RVUW GH I RVXSELHH[V

RU WKH FDWLRQLF 5XKBZMXI¥ HR MKOH O D RVGIHD\ WE HEFRW KH EDVH G XU LQUDKLGEBWRIBNG R
PRUH OLNHO\ LQ ZDWHU 7KH PDLQ VW HSBKHR K MWK i URRIDV\Y DFRWEEMD\E D RHP BRAMMDEE-K H
GHK\GURJHQDWLRQ Rl WKH DOFRKRO DQW HW R R OH\ SR HGRRINRRE) RODERAMN BV R
UHVXDEBVLQUDWXUDWHG NHWRQH :KDWHWKH WK H RF%0QRHVXSHA H\Q PRUGHU IWR PDN
EH RU WKH GHK\GURJHQDWLRQ LQXRGUYRYHD \SlRGIMEMIUREG RU D K\GURJHQ R
ULQJ WUDQVLWLRQ VWDWH VLPLODU WDRG GUKML ARQR HR DNBIGHDFER 7S @/ ZKKHF K1 RRRUALD L Q |
FDWDO\WMWQ/G 7KH GLIIHUHQFH DULVHVSH®® D\ WH WHUMMDINRD MLMYDKHGUDO 1L
WKH /HZLV EDVH LQYROYHG LQ WKH LIQRWHAKLFFWLRQH D P$\QUH JRIOMBHK RALJB QG KDV
K\GUR[R OLJDQBQEGRUUHVSHFWLYHO\ 7KBOBMNOPOMRQY VXJJIHVWV WKBOW FRE REH/H |
S\UDJROH DQG ZDWHU PROHFXOH DU WHI\PRIGLOWROLY® GKILBK WKH GLK\GURJHQ
K\GURJHQDWLRQ VWHS WHHK\G UDIGH. W CRIM R F MWEW BXHUWLDU\ DPLQHV 7KH KLJK DF
+ RU+2SURWR Q¥ WRVIYWHUDWHG NHWRQHRUQWE URYMQ RIOE DIMWKHRRY SAPRERIEO\WD UHV:
HQHUJ\ RI WKH WUDQWVIRZHRIG & \ERW®G D ZDKALNU IPRWHEBERPWLRQ DV ZHOO DV IDFLOL
LV FRRUGLQDWHG WR WKH R[\JHQ)DWR & [RVVWWK HE XX ERQ EBIWHHMBHWKH 1L FHQWUH

G 7KH DELOLW\ RI ZDWHU PROHFX®MKEYVWRX DG WHPHIFKMH. VRVLID § WAKGLHV VXSS
UHDFWLRQV WKURXJK K\GURHHDRERQED®RVIMWIZRQE A ORQ2GDQW EDVLF JURXSV LQ W
$OGHU UHIDF\A. RQVZDWH EXWWDOAPLOYDU UROH IRU
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J)LJ 1LFNHO FRPSOH[HV ZLWK SHQGDQW WHR®XPW\L RP® LIQHY MV GHDREIDRIQGRVHAM IRBEBRIGHGH L Q R
5HIV VHH WKH WH[W

)L %LIXQFWLRQDO FDWDO\VWYV &K YR FID & 1D Q QDAY RAV FIDWEDOAMW E  5HIV VHH W

VHFRQG FRRUGLQDWLRQ VSKHUH RI PHW®O HLRWP SI0HG H ¥ RDZURIU NPISJR/U WOD@XW \WRUD W H G
DFKLHYLQJ KLJK FDWDO\W LEKHUWHIBDY RIQOKR RIWB® DQ\WWM OLJDQG EDFNERQH FDQ E
SHQGDQW EDVH LV QHHGHG ¥ WHKR&R K- DRIRIVOM VRAD WD O VWK\W\ IRXQG WKDW WKH DF
RI WKH ELIXQFWLRQDO FDWDO\WWV UHSREWHRQWRL BBV BRBNSKH QY QDWH RYHQ\
JURXSV DFWLQJ DV SURWRQ GRQRU DFFHEWRKWQW. WHVDQAWZLEDWRB \VUWR GH[XF WD\
WKDW SRVVHVV EDVLF IXQFWLRQV EYL\VHOG D RMW IR\ JBIRIEGKRINDIBAVORMDKNHISO MLFQ.G
>3G 2%$F2 ,L3U @ IRU ZKLFK WKMHGURWHG LPHRIEGHFRQOH. DY O\ WK H) DL @ HMSOD OLGIEK Y GV
ERQEMOVKH VXUURXQGLQJ DFHWDWH O LUBDPWLREY B DSNVKZED\W DOJ X IVQIIRGL QVIKHP FD UE
DHURELF R[LGDWLRQ RI DOMRKROVZKIFAKNGLUHBWY WKH GRXEOH ERQ®&+ Rl WKH}
GLLVRSURS\OSKH®\OGHRHZMR D FHW D W i RIG DQBDGLQJ WR WKH PHWDSORWLRIQRRI R
DFWV DV DQ LQWHUQDO EDVH WKDW GMISH AR ERWOIN WHKBIQD R BR BR @ WRKE WWAILDIDV
SUREDEQOK WKKIHRXQWHUPHGLPRQEHOG X SMIKRHNEDQLGLQH PRLHW\ ERUQH E\ WKH OL
7KBKYR FDWDDOQRWKHU H[DPSOH RI ELIXGXEMW QR Q\DKOH FIDRXXO W \R | WAKKCHWEFDW D O\WLF U
SRVVHVVHV DQ R[\JHQ JURXS DFWLQJ VDKHDFB WR\WRQN GIRQ W DR FE BRRQVWUDWH C
VLWH 8SRQ KHDWLQJ WKH ESRHRWEXEBWMWEHEMIULYHO\ WKH GRXEOHS ERQ® QO RFDWK
PRQRQXFOHDU FR@S O HEKDHFWLYH VSHFDHNERRWLFE JURXS LQ FRQWUDVW WR WKH
WKHK\GURJHQRWLRQVDWXUDWH G Q GNXEYWKBWHROHFKOWKH HKHPRVHOHFWLYH WUL
GK\GURJHRDWRW®UDW HE WSHEMIYBIVW M VVXEVWUDWH.V UHVXOW LEJGKLGADIWH/U W WHIG |
$PRQJ WKH SRVVLEOH UHIMDFWRR 6 HSMWWHREZHBOHNME)/GN UDWH LQWHUDFWLRQ EULQJV
VSKHUH PHFKDQLVP VLPLODU WR WKHSRYHWIBRRLQRSOWKH ZLFAFRPIRARVKPHQW F
FDWDO\WWYV VHHPV SULYLOHJHG IRU @/HW HWRID®MMQ B K \ & URPRIMA MIDHWAKRIDQ RIVWHKH G
NHWRQ@®WG LPLQHW SRMVLEOH WUDQVLWEREVWWDWH LRWMKMFWLRQ DQG LWV H[DF
WUDQVIHU K\GURJHQDWLRQ RI NHW R Q HAVD@LIWIKF VE KFHO BIKLY B HF G WM DLAAX®W WR DVFHUW
D &DVHHW DBWSRUWHG WKDW WKH .Q|ONHRWY VURMHFRPWEHPHGLDWHY ')7 FDOFXOD!
FDWDO\VHV WKH K\GURUIBQDWERID RQ NWMMHSBHIHVW WKDWSRVVLEOH WUDQVLWLRQ
K\GURJHQDWLRQ RI| VIRDEARYND FHREWWER VG RIJHQ ERQGY DUH HVWDEOLV KQHBQEHW Z
VSKHUH PHFXZ&L¥R WKH WZR K\GUWRRHQ ZRVRRPY QLG WOH KL HWLHY  RQH 7KHRWR G
WKH DQOWRPIVWKH FDWDO\VW DUH WU DKQ8 UHRIMHDG BRR) GWK S RIYWQGLUHFWO\ WRZE
DQ FDUWBRRPY Rl WKH FDUERQ\O FRPSREKQGE RNE DWHD @KHWVARRS OWDWH RQ RI WKH
+ LV FOHDYHG KHWHURO\WLFDOO\ ZH\WKKWMZRHVXOWHRG RQ RDW XIXDWQHGLQH PR
)H FRPSOWKURXJK WKH LQWHURHGLDF\ WKHDJXIWQE®IHQH LV SUREDEO\ QRW OLPL
FRPSOH[ $QLRQLF)632 DUBDRGRWKHU EDWHIRUWRALSDWLRQ LQ WKH RWHKHU FDWE
ELIXQFWLRQDO FDWDO\WWYV LQ ZKLFK XQWPWWHDR(HGIQ JURXS SOD\V WKH
UROH RI WKH EDVH
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)L %LIXQFWLRQDO UKRGLXP FDWDO\VWYV DLWIKJD\OHE K RW B VE D \LIOAVHUBIRVBUREHY LIERW B AFHW L F D
HQDEOH YHU\ DFWLYH DQG VHQMFIVE RN \K\EOR NRW B XTEMMLIRIOR LEWLIRIA HAM D/EHESHLERHOMW L Y H
K\GURIRUP\DBX\Q\RIMWRIU D W IDE LRDW E RMPD B E R [\ODMARRD EH BERGOXPKBY S KLK\RI UR O H

DF\0JX BQILEL@ED W DWKHHK\G URJH QD W LR @ DRI @HPGKVGGRIM UP\ODW LR QZ KWKE RPEQQ WWRRQF RW D O\

DQG S5HMHH WKH WH[W

DFLGV DUH XVHG DV VXEVWUDWHYV DRDGNDO\&3 IGHIW LDY FB@R V LR HWHKIHHFW RQ W

DF\OJXDQLGLQH IXQFWLRQDOPHZL BW R BIKRENE OL EFBIGOGXVH LW LQFUHDVHV WKH FRQ

UHJLRVHOHFWLYHDIRUPDOWLBRBLGR/I ZKLEKUHBWAIQU JURXS 7KH JXDQLGLQLXP FDWLI

GHFDUER[\ODWLRQ JLYH OLGHDKLD OMIHRMHGEHWYRO\WLF FOHDYDJH RI K\GURJW® RU L

WKH FDUER[\ODWH JXDQLGLQLXP LRQ SWKH GKRIGEWR W/'WRP5KRIDWWDAS BEW SWRKVR Q

DSRVLWLRQ RI WKH FDUERJP\OHD \WHHFQVRPEIMMMUIBHYHUDO K\GURJHQ ERQGV RFEFXU

RI WKH OUXPQWUDWH LQWHUDFWLRQ KDYURKW RHHY@KHYWREVSKNKAB 10Q JDIQIBN DQG W

FDVH EXW WKH FRPSOH[DWLRQ RI WKHD GBK\ER{\O7XWMHDIQQW & UD\F WIZRQV OLPLW V

JXDQLGLQH PRLHWLHVHMPRLODDOR QDEE OGIH[LELOLW\ RI WKH DOGHK\GH VXEVWUDWH

JROORZLQJ WKH VDPH DSSURDFK % UHNRZDURXSWIRKMS®H AIGH SKIRVBRLWOW SURYLGHV

+ S\UUROH DF\OJXDQLGLWKHOUBKRGGX M FKD'W DDGYLHGK\GURJHQ DWRP IURP WKH JXD(

K\GURJHQDWLRQ RI DOGHK®GHWKLY FDWKWORGWXFE FHQWUH UHVSHFWEXHOS\WHROH 1

UHDFWLRQ BOURNB®G WR EH IDU PRUH H{ISBRM\QR/Q) WRDPR ®DUMWQELSDWHY WR WKH EL
(OHYHQ DOGHK\GHV DUH UHGXFHG ZL@WHUDG &V R® @ D\ G EGIDMAH A R\
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)L 7KWHOHRVQLSDWYEDWDOROVHGOGDWLRY GHBPWWWRGYEG ULSRCOHJVLEORKNARRIHQ ERQG LQWHUDF
DQG HVWDEOLVKHG EHWZHHQ D WHUPLQDO JURXS RI WKH OLJDQG DQG WKH
OLJDQGYV VXSHULRRUWRKH UHDFWLRQ RQWIKHK H\QRIODMN ) WKRGLBWREH 1QR¥SBF)
VIQJDV DWPRVSKHUH LV UHTXLUHG IRUHWXIHUKEG DR GHPOPGWLBRON QUGK M K/AV H U HR F K
FDWDO\WLF UHVWLQJ VWDVWH @V SKREODBEMNOIEK + &RH HQDQWLRVHOHFWLYLW\ RI
WULJRQDO ELS\UDPLGDO K\GURIRUP\O DRRLGRH)N WHE/XWL. QH W W R UMAH $FHAROMGTERDEIDM OFHR Q
OLJDQG LV DOVR DFWLYH IRU LWIORFDWEBGGHMWRFDWEZD\WUR P, RWKBIO F!
K\GURIRUP\ODWLRQ K\GURJHQDWLRQ RILSRONH@WHUBRWHREY EHWZHHQ UHPRWI
FRPELQDWLRQ RI WKH VHOI DV¥H P ERUGY X E R WSIOLVQHIV OAH D I, GX R WBKDHZD P X B1@ RINGI® VER
K\GURIRUP\ODWLRQ RBWKRGHKR\DFKOPRVEUGHYHR| FKLUDO IHUURFHQ\OSKRVSKLC
QIDQG IRU K\GURJHQDWLRQ D@G \RIPREMPFPFHWEHU PRLHWLHV ZHUH HYDOXDW
HIILFLHQW IRU WKH WDQGHP K\GURIR UF®\WD W\RHEG KD G ORIHR DWDR QLRE® Q) $ FRPHEG
ROHILQV \LHOGLQJ WKH UHVSHFWLYH OW®& HTHJ VAR R KWFROQ \P R BHKREVIKGRLLHIQ /KW KTDARO \ O
G +3,5 VWXGLHV UHYHDO WKDW DW Q@BDVW HHK DIH IXLO OHIUBIR QW HAUDIY B Q\GV IL ©
UHVWLQJ VWDWHY DUH LQ HTXLO LE ULPRP EIQQ DWKIHR @ G IMX 5E5 K B-OW V H DEEWV DYQHG |
&2@ ZKLFK FRQWDLQV WKH ¥ HOUVD VD/GI® EOTBNGLRQURING WRQHYV 7KS WRW X WHHH R1 |
UHVSRQVLEOH IRU WKH KLJK K\GURIRUPODNHILR B HIWAMIHYQ. WK R | /BKHL D @G MWK H [ H |

FDWDO\WLF V\VWHP WKH FURZQ HWKHU LL WKH FURZQ HWKHL
OHWDO OLJDQGV ZLWK WHWKHUMMXKH QRO RWHKYEERW D VERD®® O LQIOXHQF
GRQRU DFFHSWRU JURXSV IRUPDWLRQ RI D ZHOO GHILQHG WHUQDU\ |

7KH LQFRUSRUDWLRQ RI LRQLF RU K\GYWRHIQ WFRIRGECRRREDETWRAYRYWLRQ RI
JURXSV LQ WKH EDFNERQH RI FDWDO\V\Y¥RKQRFHOWN SNAPE L kiR WL DWH- RR N H K|
EHWZHHQ WKH OLJDQG DQG WKH VXEVVyURWH Riypdydsv! 7K HODFRYISRIH b QW EH B HW ER W
DQG QR SURWRQ H[FKDQJH EHWZHHQ yWKHYHWKHDEWRRR HHAKHW QYY WH VLIH F
VXVSHFWHG ZK\ WKH FRPELQDWQBQRRWSHUIRUPV WKH
ORUH WKDQ  \HDUV DJR UKRDWE MH[DR&ERLHfHZRHQRODWH FRXQWHUFDWLRQ FRPEL
ZKHWKHU WKH VHOHFWLYLW\ LQ SDQREYGHKE REWRGYHES vRYHERHMWEWA zDV sL
DOO\ODWLRQ UHDFWLRQV RI YDULRXV @X{HOHRSKWR HVHDR® EWHLBHY RVHERR DG W
PHDQV RI UHYHUYLEORVWULDWRGCLQWHYDE WS ROMyK H UKSKRVSKLQH OLIDQG GLFW
GLSKRVSKLQHVKIHIDQG\OLF SURGXFW RIGWikih B R ANVE Rk B HWFZS'BIR 0 01 6 B B WRIR RH LK
WKH HQRODWDIFBWLER\ROREE [DQRYH F DFHWDMEURYHQ ERQ G/ H\OWHEEDEWKIHREDD W K
REWDLQHGHADWKFRQYHUVLRQ %HFDXViyRypO@G®WE X S WRUR FH Q \ OB KFMBR\QGH
GHULYDWLOBIFRILQJ WKH WHUPLQDO HVWH JERNKGHLY OHVV VHOHFWLYH

WKH DXWKRUV SURSRVHG WKDW WKH FKHODWLRQ RI WKH VRGLXP FRXQWHUFDWLR(
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)L +\GURJHQ ERQG LQWHKHDRWERQV RE) RH RS S R V L WMBH-MPDYWPLER-PM UGF FREOWRBPIE GLWLRQ RI D]R
\OLGHV 5HI VHH WKH WH[W

VXEVWUDWH DOVR VHHP WR GLFWDWH WIGH ROWM B UHRFE HRWFIDOD RWWRRY HE HRW ZHHQ

SDOODGLXP FDWDO\WHG DV\PPHWULF RD GQ\DIMEVR @D Q HDIDFPWRLRQVOXHQFH WKH V\

,QWHUHVWLQJODQ OLHPKLEYWHG R S/RRV LWKHR VEHIWBO\VHG DV\PPHWULF K\GURJHQDW L

HQDQWLRVHOHFWLRQORKHWNE® A\ PORBAVPHRIERPHTILQH OLIJDQGV ZLWHK RXBW W D DK HGQ FWN

WKDW WLPH WKHVH UHVXOWV ZHUH R IWKH/A H UEHRVBN BEREIMAK G R) i GAURHFLHQ L QSKRRDIDE L QHH
GHVLIQLBDQUXEVWQBMWHDFWLRQ DQG IRU )WKH KRR IWRDWHLF DRLGKFHOYLQ\O

H[FHOOHQW VHOHFWLYLW\ REWDLQHG GRS KMIQN® §KRKZGDG QWIHD D ® V\P PHM ULV SHF

DOO\OQUHDEMQ RQV (YHQ WKRXJK PRUH HNGBRHRY ERQD®DO BHWZBHE WRB &K \W& KR [£02 J L

NQRZQ IRU WKLW KHDHFWLWVRQGLHY KDYHRBBYHB[\WHKAVZ®NWKH VXEVWUDWHYV PD\ GLI

WRZDUGV WKH LQYHVWLJDWLRQ RI ELPDQFVL\RVQEBOU IFDMDIORQWVDIRQ BRGLRR\VZRUN

FDWDO\WLF DSSOLFDWLRQV OLJDQG KDYLQJ D FKLUDO GLRO OLQNHU

,Q SHQJRXQG WKDW WKH IHUURF H& UWUREBISRM K. Q H TVOHANV K \ GWRIMH.GBHWLRQ S|

DQG \LHOGHG RSSRVLVWMKHQURMWIEFORMH®ZLWK KLJK RSWLFDO S$XUMMOL]DWHRQ R

> @ F\FORDGGLWLRQ RILW}R BH WK WEMNOKGIMERHWDWW HUR XSV OHG WR D OLJDQG WKDW :

yLJ 105 H[SHULPHQWYV LQGHFDRWMIQWEPMW WHOF W+ RQ HH +REAEHWPABQQRWHESR

LQWHUDFWV ZLW[KJWE HARKBRREFB.QRBWKX@ GRXEWHGO\ DVFULEHG WR K\GURJHQ ERQC

PDOHDVENWUDWH 7KLV LQWHUDFWLRQ DD FRIXEE WLKRHQ @ WRW DW K HR Q LRV/[K QI B & & HW K H

IDFH RI W KGR YQBRPHHW KE& B H AIDH) L J VXEVWUNWWLSHSRIITHFW RQ VHOEFXLLYQW\ ZI
$GGLWLRQDOO\ K\GURJHQ ERQG LQWW KB FS\WKRRWBK RRD Q W @IMAHICKE/\FPLHBMKERD R J X H

SRVVLEOH ]JZLWWHULRQLF LQWHUPHGLDWH BRBEVW KBEWKHUGQRIMQRQHGWAOWHK 7KHH

GLPHWK\ODPLQR JURPDR ARW LIRDUPGK\GURJHQ+ERWDBIMNMQ ERQGHG OLJDQGV VHFWLRQ

DQG NWHBKOVLRQ EHWZRHMEQDVDIGHGILORHH W EL &/ R DMOKHD WHE VW UDWH GXULQJ WKH FRXUVF

FDXVHV WKH DWWDFN RQ WKH ERWWR@GBBRVWIRQKH REHGRD WEHBBKROKID QG LQWHUD

+VXEVWQWWBDFWLRQ GRHV QRW DIIHFWZWWHK WIKHFKHQUR[RO WKRIXBSDRM DVOKWW X E VW U D

EXW GLUHFWV UHYHUVDO RI HQDQWLRVRIOWRWIKMGWRIJHQDWLRQ PHQEWLLIRIG W\ H X K

RNLJ 3KWKDOD3BKAE® %HQ]MIKRMOPLOLHV F

K\GURERQGHG OLJDQGV WHOOL\WDQRSV HQW/KIH DR

DW WKH H[SH@VNKERWAIDWRA G QWHUDFWLRQ D

F\FOH VHH WKH WUDQVLWLRQ)YWDWH VWU

$OVR LQ WKH H[DPSOH SURRUWBHGVE \WsKHH B Q

XVHG DV FKLUD® QB GXGHRIRQYERQG ZLWK W

VHH WKHWPRRERXOD 7KH DELOLW\ RI XUHD |

WR ELQG DQG GLUHFW WKH VXEVWUDWH GX

UHDFWLRQ KDV DOVR EHHQ PHQWLRQHG LQ

7KH VWUXFWXUH RI D SDOODGLXP KHWHU

%UHLW OLJDQGV EDVHG RQ WKH DPLGRS

FRPSOHPHQWDU\ JURXSV VHFWLRQ 4

)LJ 5KRGLPCANDO\VHG DV\PPHW ULSKRWGURFOPWYREWLERR DQDOVWLV  7KH FRPSOHPHQ

OLJDQGYV WKDW SRVVHVV RQH RU K\DAR SCHPRWBH. & RES\RJ LGS 1l QRIX SMU R XFSLW BB 8 HW GRIGH GV RS K R

FKLUDEBLMUURFHQH PRLHWLHV DQG FHQWUDQ FKQE0 DW\H 18U ORAHR HFVRIWRWHIK D) VILQJOH k

SHIV. VHH WKH WHI[W ,Q DGGLWERBYRWRK RI WKH LVRTXLQROR
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YLJ 1XFOHDVH PLPLFV WKDW LQFRUSRUDWH SHQGHLQI/PD BRQIRGDIENIKR G FOPICADI Y RN S D FWE Y
FDWDO\WWDMNIWMRH %DHDQG GRXEOH VWUDQG '1$ 7KH PRGH RI LD/F WH S DMALIRQWRH G6R B BN KH G
WKH SHQGDQW DPPRQRXRVEWRKGHPIYDIJH Rl SKRVSKDWH HVWHU ERQGV KDV EHHQ H

GHULYDWLYB®B¥WLYDWH SKRVSKDWH GLHVW
HIIHFW RI DFLGLF FHQWUHV DQG/R\GRMRLIHQ

HWWK®RZHG WKDW JLQF FDWDO\DWW L KB 8 R

YHU\ DFWLYH |RUEWWY@E RAUHRBSKMHIH R ISKRV SK

DQG DOVR SUHVHQW WKH XQSUHFHGHQWHG

FOHDYDJH RWRIWK PRQRQXFOHDU DQG GLQ
QDQRSDUWLFOH VXSSRU WBHIGHFBRWH DWW L Y

PRQR DQG ELQXFOHDU ]JLQF FRPSOH[HV V

HQKDQFHG DFWLYLW\ LV WKH UHVXOW RI W

WKH SKRVSKDWH GLIFDWHB Q LZA WEWADIOH W IQF

DW WKH VXUIDFH Rl WKH $X QDQRIDUWL

JXDQLGLQLMIMRXSV ZHUH DOVR SODFHG DW

)LJ +\GURJHQ ERQG EHBIRWRRHWKkH LVRHYPERERGHFHQWUH RI QXFOHDVH PLPLFV
PRLHW\ Rl WKH SKRVSKLQH FRRUGLQDWHG WRRWEBK 3G XD WKWMKH FROHPIY DAB\&RIF SKRVS
DOFRKRO OLNHO\ IDFLOLWDWHYV WKH DOO\O@@/XRQG@\A@W}QG[}){QGYIIIWLZ’RIMN5-HJVVG|;I\M(/P<H1
WH[W Rl WKH SHQGDQW DPPRQLUXPLOURXKE RIGURC

ERXQG WR D ZDWHU PROHFXOH WKDW ZPYHPUHDVIFHQM WRKWIKH 6 I\ YBewa. & xR Mg R
SURFHVV 7KLV VWUXFWXUH LQVSLUHG ph\ bW\ DG FRP ZBYNE W\ WIR W R M HRVYH- REWWH
UHODWHG SDOODGLXP FDWDO\VWYV IRU Wkt @ @D ENPW WK Bip bR 6 RRMWRIHMKLSY RN\
XVLQJ DOO\OLF DOFRKRO GHULYDOMHHGIY) DYyWXs RPONOP VEEYFHOHFWURQHJIDWLY
FRPELQDWLRQQBIKD®DO\O FRURYAGHGspERGLQJIJO\ WKH\ HYWDEOLVKHG WKDW
UHVSHFWLYH DOO\ODWHG LQGROHV ZphWKo WMRCGWWIR RPROPKRWURXOGEYRX U\
+\GURJHQ ERQG LQWHUDFWLRQV EHWZRtEU ®KHE HK PONR MG HURXSORR ®KHOH EXW ¢
LQFRPLQJ DOO\OLF D CURMRR CRAGVWHKHHYRINURBPRQVY LQWULQVLF EDVLFLW\ $¢(
PRLHW\ SUREDEO\ PDNH WKH K\GUR[\O Ry §E MOV K HvOW R ¥ LOH Y HORE. ®REHYDW LY H
IDYRXU WKH IRKPDWRVOQSPIOWRIELXP LOWHHPWEORRWDHDWLF DQG RU K\GURJHQ ERQG
7KH SUR[LPLW\ RI RQH RU WZR&OFLGLRyKHQW U W x®WV KHOS WR XQGHUVWDQG

RU &R DQG DPLQR JURXSV LV LPSRUWPRMR MR FERKEN HbllHRWVHY DQG QXF
QXFOHDVH P&REBWYWU DQG JLQF FRPSOH[HV RI %$3$%
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)L &RPSOHLY YHU\ DFWOAHHAHWRLQFE FEWDO\VW |IRU WAKUHERW\ IR-REAMOHFR/F RVQ Q W KHMLS/RRAHKGH PLHRRK D Q L
SDGUUHFWHG /HZMW8 HJ F V& HF DWKIHOWAMH [ W

$Q XQXVXDO H[DPSOH RI LRQ SDLU GLUHFWHXYL/GZW\. FOF L 8 | F DWIB\D[\WMEIED QR/
ZDV SURYLGHG UHWHRBFRRQBWWEWWG WHKDWKWKNFUREHRO DFHWRNHWFBGDFH LOQ
$0 FRPSOH[)LJ ZKLFK SRVVHVV WZGR\SMMUSRMHDEFWLYH ZD\ BWERW@BKHHPRW
S\ULGLQLXP JURXSV LV D YHU\ VHOHF VWY& DAVDIVRIO \&/WR GRAF WK i B VGRRHVOUDK G FD
> @ F\FORFRQGHQVDWLRQ RI DF\O EURREGWYW R M QU BQ M SUHBRWMRHMYW LV WKF
DQG DOGHRK&NVFOLWDO\WRUH DFWLYH BQG)MHOHF®IAKHH SUHVHQFH RI WZR UHFRJQ
WRZDUGV WKH |RWRPDW VRRKREROLDWKWHR G H \F DWKD@QWIWNHY SRVVLEOH WKH IRUPDWLRQ RI
UHODWHG WRORSHIHBOV EHDULQJ GLIIHUHQWE WEENVW BD WHH B RROOM[HV ZKLFK FDQ DF\
DPLQR JURXSPRQIKBHXUHG HQROQWHEWXIDRHPHG WKH FDW IVOKYGURWH @ ERHUEGHCH OL.
UHDFWLRQ EHWZHHQ WKH NHWHQH D Q GV WEKWWEJLDR\PH. (DN \FIR XEXWHHYDDW R Q LEDR QM SUH'
S\ULGLQLXP JURKISVRHQRODWH IRUPV D@ AWRQYSDLIUWAHLIMHRBEBMVKH\ ZRXOG UHDFW XQ
SHULSKHUDO S\ULGLQLXP JURXS RI W KH @G\ DHMGN DBDGL WKHE B IQWZHUDT WIKRHD & 22 + J
OLNHO\ GLFWDWHY WKH VWHUHRFKH P L RXMH RXXVENRFIHD W H WK (PHDLIRWLIR@ H® GWKHL Q.
SURSRVHG PHFKDQLVP WKH LRQ SDLU DANGD EVKOH. | Vi OWI MG IDNRHDYRIPA. DRV HQRRZHDUN H Q H U
WKDW LV QRZ LQ D VXLWDEOH SRVLALMR(RXMR PRQEGRKNOP UWKHFRIQ@WLRQ $GHT
F\FORFRQGHQVDWLRQ ZLWK WKH $0 FRREBSQ B WHEGWDWG RYGHIURXS DQG DQ DSSUR
&UDEWUHH DQG FR ZRUNHUV ZHUH SWREDEBLGVKIRXSUDWGZ WK KX WHIBUJHWHG & +
PROHFXODU PRGHOOLQJ DV D WRRO WRFREBBM HAGK M § H RPHIWLIO \RM DHE) G5 WIR) FRROPFO@YERHO |
ERQGHG HNVXEY®UDWH *FRPISIDH [GVVLIQHG SRUSK\ULQ FRPSOH[ DSSHQGHG ZLWK IR
WHUS\ULGLQH OLJDQG GHFRUDWHG ZLWIBXSHULVBREDDGVE A2 K H5 FHER[HGDWRRQ R |
_HPSTV WULDFLG 7KLV &22+ JURXS LV GXBWWW BEMFRZHDG \F REERMBEGHGE WKH UHV!
SDUW RI WKH WHUS\ULGLQH SODQ DW HB5 RPLIGMIE DG BRR/G WLR CH [IRHO U K DWW UG V
UHFRJQLWLRQ 7KH GLQXFOHDU 0Q FRPSORUSK\UWWRLV FRPEIOHS ZEUYV SRRUO\
HYDOXDWHG DV D FDWDO\VW IRU WKH ®I D& IWHIURIER \RH OLHERVE IURLWQ LIVQUED R\WK H WO R Z |
VXEVWUDWHY ZKLFK FRQWDLQLD &22+ PREVREDEGH UHVXOW RI GLIIHUHQW SRVVLE
'LWKLQ WKH K\GURJHQVEKEY &G WH JDDIGA PE RN PDMHD O\WLF SRFNHW
EHQ]\GLERQG RI LEXSURIHQ LV ORFDWHGUREBBAV K GWR[UAGWE\WRKH ZRUN RI &UL
WKH 0 2 JURXS $V H[SHFWHG WKLV ERWQHY HV B3O MW BQW WO IOD YR{ LEHHKMGGHVLIQH G
FRPSDUHG WR W IEHR @G RYW BOPH &HRXS 7RIGURJHQ ERQG LQWHUDFWLRQV VR WKDW |
VHOHFWLYLW\ IRU WKH EHQ]\OLF RERIQGVRIW\WL\DXO IR[LEMRB BRFFERQGELWK KLJIK
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J)LJ HO®HVLIQHG ER®GRUGHY XENVWG DW H DRRPVBDE WY G H WFYGIEF WIRFH O\ R[L GH\VEBRERE KH EHQ]
LEXSURIHQ OROHF¥®RPS$ PHGHOLRWWERAH EHDRIRQ @& HVW B (PIDRR BQH V A KKHVRRPOIHW X ODU P RC
UHSULQWHG ZLWK SHUPLVVLRQ IURP UHI &RS\ULJKW RHR B D WFLORAD SRKHDPA R @/ B @ PL\M VD\Q
7%%$2 DV R[LGDQW 7%$2 WHWUDEXW\ODPPRQLXP R[RQH 5HIV VHH W
DQG FR ZRUNHUV SUHSDUHG D GLQXF ®HWDGRBRBEGHY HF PRERWIGERW DIWVKH HQDQW
FHQWUDO FKLUDO -DNVRBWHQ F.DWVG NWO RS SHHG VGEX MWK WH VHOHF WY YIL WH R E U WUR
DQ DPLGRS\ULGLQHLWRXSD7\KHHIRUPDW DEQCRIW\ WR IR ER QGR\GSIRIHFILWKOEHQ]RLI
D FRPSOH[ EHWZHHQ WKH DP D®RS WL B FKWR DB ROWKE YROHQ FRP MK
FDUER[\OLF DFLG RI YLQ\OEHQ]RLF DFIHUEZB K HRI LIUMRAGEEH UT¥HG  \WMKRIP
/ PRO$SOVR FRPSXWDWLRQDO VIVPDEILHVFDRG L FRO@FAF DWHIIE KH HQDQWLRVH
ZLWKLQ WKLERQGHR MHNNBQWUDWH FRR$IOGHDWWKG RBLIVXOIIERHDWDO\WW GHULYHG
GRXEOH ERQG LV DW DQ LGHDO FHROM/ R HR[Q &ZLL)\M K& H ONGSH F \@ WROMKAVRQ WKH UHVSH
XQGHUJR R[LGDWLRQ c ,Q D FRPSHWAOMRRIQGGM[E®@GLPEQW ZHWK$SDVHULHV Rl FR
PL[WXUH YRQ\OEHQ]RLF DFLG DQG VWRBBQHPHFG WKDWWKH K\GURJHQ ERQG LQV
SUHIHUHQWLDOO\ R[LGQ]¥W DIOK/HR I\RHPKND FMRMPDJURXS RI WKH OLJDQG DQG WKH T
RSSRVLWH HQDQWLRPHU FR POOFNHLE J WRKKEFVMWUDWMMWHUH VROHO\
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YLJ 6DOHQ RU SRWEBOWOL@\\PWV ZIX ISFKU B KK N U U @ XIEWRMHSIWR BRQGLQJ 7KH UHVSWKWLYH FDWI
HSR[LGDWLRQOEHQ]R ILRYVKFL B [ L5 DVEHRGER! @ W RIQDHLQIQUEKH HSR|[L CDOMIRD BRPMVQBEBIV VHH
WKH WH[W

UHVSRQVLEOH IRU IDFH GLVFULPLQDWI RO +R7HYHII WKH VXFVWIIDWH VFRSH
ZDV VRPHZKDW OLPLWHG VLQFH VXEVW XS
ZHUH QRW VHOHFWLYHO\ R[LGL]JHGX7K
SRUSK\ULQ FRASMKH[DQ DS S HROFGHIGK YU
PHWKDQRLRRHQGRHOHWR F&RPSOH]
FDWDO\WHG WKH HSR[LGDWLRQ RI DO PV
DQG VHOHMPEBORI\WQHY HEGXEXKGRURIS\U
R[LGH DV WKH;®YIRGDMKH GRXEOH ERQG

LV R[LGL]HG VSHFLILFDOO\ HH
WUDQVLWLRQ VWDWH WKH TXLQRORQ WHUDFW
ZLWK WKH ODFWDP YUBRX\SZRISRKW KNG ). J 1++ HIIHFW REVHUYRDAN RO WHIGH FARORSURSDQ
7KLV LQWHUDFSMIDFQ IDW RIOFWRRR WM F ROHILQV 5HIV VHH WKH WH[W

WUDFF@QIRUPHU RI WKH VXEVWUDWH 7KH FDWDO\VW_H[KLELWV D JRRG
GHJUHH Rl IOH[LELOLW\ EHFOXMB\®@saUERRIW PYH DQRG VWDELOLVH WKH IRUPDW!
GHULYDWL YHVGLYHGDDMRK KLJIK VHOHFEW YRl Vx & ik HH

HYV DSSOLHG D GLSKRYV

ZKHUHDV WKH VHOHFWLYLW\ D\eaqmm@u—%"k'w\bpgﬁzﬁﬁﬂﬂm
GHULYDWLYH HH OHXWUDO DQLR®O UHFHSWRU LQRIUWW KED F |

'O WKH FRXUVH RI WKHLU VWXGLHV R<§U R WE)\8R/WI§/BW%%DWSP WRYERI\OI
F\FORSURSDQDWLRQ RI HOHFWURQ SRRINBYBNIF W”V( lbg] ééPFRFI% QIQH\(W ZKLFK

IRXQG D UHPDUNDE OH !DFEUIBQGJLI—QIH)FLW 5R2’ ke QH FWLYHOV WKH OLQH
SHULSKHUDO DPLGH Jl)JLRJXS\/XVV()DF(J(OD‘GL WhtH '-Q WKH KA\GURIRUP\ODWLRQ UHDI
KLIJKHU DFWLYLW\ WKDQ SRUSK\ULQ 5' E;Q/S'@Dvﬁxﬁ DWIPQrBB R/ ‘LWK RWKH
IXQFWLREBRDQYLVWLFE VW XG L H \k+HS WRDVE WDPW"% WKH DQLRQ DQG WKF

SDQ WKH GLVWDQFH EHWZHHQ W

RI WKH DQFLOODU\ DPLAGANKURKS PDUER
VHOHFWLYLW\ LV IDU ORZHU

RI WKH HVWHU IXQFWLRQ RI PHWK\O GLD]IQBVFLWN Ht
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YLJ 'HVLIJQHG*UKEV®E D WAWLERWYY IRU VHOHFWLY H HKIWG URWUUXFRW R WHKHBQY OHRDFQWEVR/GY DQ DQLF
LWV EDFNERQH 5KRGLXP FIDWBONXBWGHJEDNBLIYHHR® WR WKH IRUPDWLRQ Rl OLRNDQ\DOGHK
EHQ]JRLF GHULY DEWMYEMWRW XWEIG VY Q\O7 DK KQGBWRIRBR\DYWLR QU BERBXFEW HRI VHH WKH

SKRVSKLQH OLID@GV)LYHHWKH KLJK VHOHé:)Y\éLUY[}Iy\h\OHFXODU RU J OR WDO\VLV

D@ DFWLYLW\ LV H[SODLQHG E\ WKH VWDELOLVDWLRQ RI"'WKH WUDQYV |_ LRQ VWDW
GXULQJ WKH UHJLRVHOHFWLYLW\ GHWHUPLQQ@y\k\F@;IUE?DJM%\dM/\NLR vw S 7KH
VI\VWHP ZDV IXUWKHU H[SORLWHG IRU WRH B/QRHEWR @ W kY WRI R P B DRV L\RRP R P RU

YLQ\O EHQ]RE$FVOELIGWO\ PRGLILHG OLHb¥W&HAD & WMRDUVHIAR Q RUKDY WIKWM QWY HE
)LJ  WKDW OHG H[FOXVLYHO\ WR W4HQWHRQ\PHH W HY & URH @k \OHLQHDWKH \HDU
DOGHK\GH XQGHU PLOG UHDFWLRQ FRbBGLRWIRWGHV YHSHRIOEKS | CklG § QREGIQQWHO
FRQILUPHG WKDW ZEWKLEN WKIHW B L DY FE@VEIG H@RHLQH FDWDO\VL YV P DR REQ LODLRDH
FRQIRUPDWLRQDO ODELOLW\ RI WKH GRERPVOIIF EROBLXP FDPVRU\Y LYW FBPREDBWLR
URWDWH LQ WKH GLUHFWLRQ RI WKH RREH &H DPRWU B RW RDQWA K b/ W R ¢ \WWHOHY F
ZKLFK OHDBYKWR\WBKBN\O UKRGSXM GRPBDOHIR7KIRXEKLFK ZHUH UHIHUUHG LQ WKF
LQWHUPHGLDWH WKDW LV XVXDOO\ IDYRXQHEWHiDYH RV R REPHMHREO YW LD Y WNH PV
FDUER[\ODWH LV ERXQG WR WKH SRFENHRWHKDFWDAMIPOKWW K H/\ VY REPWUDWHWR UHI
HIILFLHDWXERVWLWXWHG YLQ\O DUHQHW RXhbWW IHFRQHV B RKR 6B YDPOWRWo b@WHUDFWL
GRXEOH ERQOGLNHH 7KLV FDWDO\WLF WHRHBLREHDHKDQLVPV WKDW DUH SURSF
GHPRQVWUDWHYV WKH XWLOLW\WRE VDRI VIOH & QO R®GQE PDQ\ UHYHUVLEOH
LQWHUDFWLRQV VLQFH QR FRYDOHQW BUIPQEBYTDDNRONGRY P W VAR R RAR @KL &H
UHDFWLRQ WKH\ XVXDOO\ IDYRXU WKYWSROPBRORYORM wKMWREHHKKLEIJ D FO
DOGHK\GHVY DQG WKH UHVXOWLQJ DOGHKY®MR DWHRQHBMW B IR LRWIPRARHFEVHINH V \
WRZDUGV ELRDFWLYH FRPSRXQGV PHDQV Rl UHYHUVLEOH FRYDOHQW RU QR
7KH H[DPSOHV GHVFULEHG LQ WKLV VHRVEXRX K LWYRY NJ K LK HUSIR v/ HORWL P& RQ FF°
PHWDO ELIXQFWLRQDO FDWDO\VWV DVDMDR YN Ly FRAKRIRARBMIX Bidh R | WO N HR pRdP WL
FDWDO\WLF VIVWHPV IRU GLYHUVH WUDBQ®RWEKHWRBQVLWHRG Y WHINRE wikdsy LV @ ¢
F\FORFRQGHQ—VW\XNLIRQ)NV[&RQ(\BLR:{UBQE/\NI_R%\@DO\WLF VI\VWHPV WKDW FRPELQH D
K\GURIRUP\ODWLRQV DQG DOO\OLF VXEVWDBPXWLRBY WHERQ R DRLREBYWND RN V. Q
KLJK FDWDO\WW SHUIRUPDQFHV DQG VVQHUNRRHIHRFWIBR®HAY UHD\IDFYW WKI
VXEVWUDWH DFWLYDWLRQ DQG RU GLUHEPRPRERFDYRQW WW L RS RY DWkH  WHKHRRB 6 v
DURXQG WKH FDWDO\WLF VLWH E\ VSHEFLKDEOYEYV FPPWHYO MEK N HERMGPTWMLRQ R
LQWHUDFWLRQV EHWZHHQ UHDJHQWYV BHEFMOWBbWIVRY Y BWDERRDIQOBIWH RSB HRI)Y RKV
FDWDO\WLF LQWHUPHGLDWHY DQG VHOHF® LB WK RMHY YUMHPRELD WSV R PRQF Wik §
DOVR SOD\ D UROH 7KH DIRUHPHQWLR®RE UHbRD @ bi 0 @G/ W A WAL YRUMHKR g% 0K VW UL
VHOHFWLYH EXW DOVR KLJKO\ VXEVWU®RRREPRSHQWHIQRW HHRFW PRQ W\ KKHN HHIXE®
VDFULILFHG IRU VXEVWUDWH VSHFLILHERPERUWRQW HO ERHQY rRRSIP & B WA JEX R\ WK H
IREXV RQ WKH LGRHV IPYXQOWLIXQFWLRQDOHPEWEE&HG ¥ QW BT RPLP QRFDWDO\VW EDF
WUDQVIRUP FRPSOH[ VXEVWUDWHV LQWKXLWkBR PO WIS sEIREBQ@EW ¥ XOWLIXQFYV
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)LI &ODWWHR/I ZLGHO\ XVHG VXSUDPRMHDXW R \RWH D) REQIHARBQINIHAY W RO DV IR RA R H WIHRYGH D\DLCE
DFWLYDWLRQ RI VXEVWUDWH V DQG UHDFWLRQ LQ%HHVIRHGALIOMWWHN[WRU WKH VWDE

KLIKOLJKW WKH IROORZLQJ FODVVHV RV RENWQRRMMMWD OD¥WUYWKLWRQ QPRSBRQIV B |
RQH RU VHYHUDO RI WKHWH [XQ FK\GR® BI®YILOR XSWH G L FW D E 0345 Z&+DN YLIQV B bl D F\D DRV
ERQG GRQRU RUJDQRFBWDIO\FWIW 3O SKRVBKRUWAFQ SO@W SIROGFRPLQDGLFWDWLQJ WK
DFLGV DV RUJBQRFDWDIOAVWEBLIXQFWLRERWHARPH @LRUJDQRFDWDO\WLF UHDFWLRQV
FDWDO\WWV ZKLFK FRPELQH D %UiQVWH® EMXULIVF FIRRLVQR[W U RWKH DA R ELQGLQJ |
K\GURJHQ GRQRU JURXS LQ WKH VFDIFKQGDRI W KERXUKIFOYD KIDWN EGIRQG H[SORLWH ¢
GHULYDWLYH L¥ RUJDQRFDWDO\VWKN EBUYHEWRYQLWQLRQDV\PPHWULF UHDFWLRQV
UHFHSWRUW PROHFXODU WHPSODWHV DRUPIDMIQRE RDVWBRLWWO MRRIQ VEDPSOE VS KAL
DUH FDSDEOH RI HVYWDEOLVKLQJ K\GUR $BDQ LERRQXGY L QW HQ.D E QY DR BYUARYVO R Y/ BQ LR G
WZR UHDFWLQJ *SDYW QHUNWHULRQV DV FPWIDR®R FDWOLARWWHYBAX UHDFWLQJ '0$3

) * YLL FDWLRQLF FKLUDO SKDVHGALBH®XNOWPRQ RSQRIFOVOMHO MWK DG KOLFLDEO DLC
* DQG YLLL DQLRQLF FKLUDO SKD$HLWUIDKQ FRQU HRUWW B G RIFDWRD QWK W WXISRIQH S D L
+ )LJ GHSLFWV VHOHFWHG FRPSREIHDBLYQJIRRIHDEK FOUWRHODWH DIQLRQ WR W
KLJKOLJKWHG FODVVHV RI RUJDQRFDWD&H WXSWRPRW K A X OZLWOK\E K BVGY H B E0JSIOHEMMH. ¢
QRPRYDOHQW LQWHUDFWLRQV DVVRFLDWKDE M WHK S\DKUHH QWP RBKILERD O FDWFAR SYRUG L QL
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)L ([DPSOHFRWDO\WLF DS SPUEQ@QMRIYI BVWWRKKHD DFKLUDO DF\O S\ULG lYQIDR Pl FADORW YWAD WH R G B
EHWZHHQ WKH FDUER[\ODWH DQLRQ DQG D FKLUDO WKLRXUHD E LAKHIFIRAALEEH@W WRBR QVRH "
UHVROXWLRQ RI EHQ]\QLF>DPMILQHNHV @DFWRU HIN @ ZKHUH & FRQYHUVLRQ DQG HH HQDQ
SURGXFW 5HI VHH WKH WH[W

7KH ELQGLQJ RI WKH FKLUDO WKLRXUWL ZQ WLKW MR VRDDUVE R [KONYWEH) DYH@R @ KH G H'
VHUYHY WR UHGXFH WKH HOHFWURVWDWLPLWW RU D E®% RBVEBIWDNEHAMYOMKH YDIF Q/LLAR@M !
WKH DF\O S\ULGLQLXP FDWLRQ PDNLQJ WKIRGXWONWDY ERVHIQBAE PUKISRDRROIHF XO|
&RQVHTXHQWO\ '0$3 LQ FRPELQDWLRQ 7DNLQJ LQWR DFFRXQW WKH KLJK QXPEHU |
IRUPHG DQ HIILFLHQW FDWDO\WLF Vv\v FDQ EH FRQVAMXBWHE® DYHBEXODU RUJP RRFD
EHQJ]\OLF DIMIFWRU X$LWR 7EH QDWXU WR KLJKOLJKW KHUH RQO\ WKRVH UHIHU!
S\ULGLQH GHULYDWLYH KDG D PDMRU RUJDQRFDWDO\VWV 0'2V 7KLV WHWR ZDV
RXWFRPH RI WKH UHDFWLRQ 7KXV FKI&RQIXL DQBRERHWAMR GHVLIJQDWH FDWDO\
SURS\O DPLQR S\ULGLQH LPSURYHG WKVB3UDPROHFXOHV FRPSRVHG E\ VHYRUDO F
WKH V\VWKIR VDPH W\SH RIUMKILE®DHD WMRKHOG WRJIHWKHU E\ QRQ FRYDOHQW LQV
SURYHG WR EH XVHIXO IRU WKH FDWIDQDORJLHV WR WKH VXSUDPROHFXODH V'
UHDFWLiR(QRQ SDLULQEFODMDOBY WKLY CLFDWDO\VLV WKDW ZHUH GHVFULEHG LQ VHF
VWUDWHJI\ KDV EHHQ LQWHQVLYH@MGINK8S WR QRZ 0'2V KDYH EHHQ GHVLIJQHG DQ(
FRQFHSWXDOO\ UHODWHG FDWLRQ ELIGLVWLQFW REMHFWLYHV L WKH FRQVWU
H[SORLWHG WKURXJK WKH VHOI DVVHPEO\ Rl WZR PRQF
WKH PRGLILFDWLRQ Rl WKH HOHFWURQLF |

WKH FKLUDO HQYLURQPHQW RI DQ RUJD(

FRPSOHPHQWDU\ DGGLWLYH 7KH LGHD K

FRPSUHKHQVLYH IRWHWMBY HEZVWLQJ 0'2V EX\

LOOXVWUDWH WKHLU DSSOLFDWLRQV DQG !

VWUDWHJILHYV XVHG LQ WKHLU FRQVWUXF

)L /LVMMDUERRN WUDQVLWLRQD\X/\YI\U]DN\HHICEWUDQVLWLRQ PHWDO VXSUDPROHFXODU FL

DV\PPHWULF DOGRO UHDFWLRQ 5HIV VHHOWRH RUMPPEON RI WZR PRQRIXQFWLR
7KH FRRSHUDWLYLW\ REVHUYHG EHWZHHQ

,Q RUJDQRFDWDO\VLVY WKH GHVLJQ RL GEAKRQDWLRNIDOR HF GAMS BID \\WIIEYGILY/HIRIO V € H

XWPRVW LPSRUWDQFH %LIXQFWLRQDO FDW DXGIWW\WP SRR VOIRGWM RAGRD 1B GEMALARUH DIQLR K
WRIJHWKHU WKH VXEVWUDWHYV UHDFWLR® QM HWRH ® DDV BAXKNH DEHARL JOK R\ FVDXG
VWDELOLVH WKH WUDQVLWLRQ VWDWHREN PS8 RENWIOYWERQIGD WL 1KQON HEHDVFMULDREDOWH
ZLWK RQH RI WKH WZR VLWHV 5HJDUGDG3 OMKHD WHRIVQRIVWKEVSQWEZDPRO\ Rl RU
SUROLQH FDWDO\VHG DV\PP/HWW LFQEO @RABRNYAWLRRN FRQVWW XKW LRXE URIP RIDLHER
SURSRVHG D PHWDO IUHH YHUVLRQ ELIX\KHVLREPE RRIQ JR PHMDMDAN RVEO WE RALIQ)
WUDQVLWURQ VMVODBKLFK WKH FDUER[\OAVWUDWRHKIS RHQOVMKHRQHG LQUWBPWWRQ ZLO
SUROLQH LV K\GURJHQ ERQGHG WR WKH&ER[QIHIXDWREB RR VWRHYNHUMEBQHBSDUHG D
HOHFWURSKLOH )XUWKHU HYLGHQFH IRRLIMREWPRGBO RDYDEHRFD WDRYLWKHG RPSR
WKHVH DXWKRUV DIQH SFRRIALELOLW\ RI QX KOHRISEL KH J O AWK \COURURIQ BOR®EG GRQR
UDWHV DQG VHOHFWLYLWLHV IRU UH D FYOLHRARAU W & R MO IHQINFRLIHHR WH BRI GR \R K B D QEL\V P
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)L 6HONMVHPEO\ RI WZR PRQRIXQFWRL®R QQ OV KBI\WD/GP\PW W ULFS OLSERDMHLOS D GVEEDADIMVE GQVRLUR @Y FRAMLIRA H
OLFKDHO D EGWDMARD ERQY W U R @Y RIGKIQIRQU L QI FEWBOGNVWHH WKH WH[W

K\GURJHQ ERQGV SURGVQEHUROLQH RUKDW LV SUROLQH GHULYDWLYHV DUH GH
SKHQ\OJO\FLQH FRQWDLQLQJ WKH D FIRXRN FDQWMO\WUFZEM @WVH FEBWHH D S\UL
FRPELQHG ZLWK WKH FLQFKRQD VDCH\W KRWGE HFHRWPIHWD BULRWRQDWHG E\ WKH FDUEF
VWHUHRFRQWUROOLQJ PRGXOH DQG WRH DHWVKIORWKLUHIL G'R \D EHG H 7H ¥IDROHWD MRIGR O R J L
IRU WKH DV\PPHWULF OMIFKIDRDO/ INREVWR\QBRVE RRQJ JXL DQG ;X PDNH SRVVLEOH WKH VF
XQVDWXUDWHG QUWUR FAMS RXQBKRQD MIONDWROGWLF FRPELIQDWERRRWY E R V WK \W Z
GHULYDVBRWHWHVVHYV D WHUWLDU\ DPLQ H RGRXOIH VZ WIKFDKWL ¥ LFORQ F H UMKHHGFRPSRQH QW V
LQWR DQ DPPRQLXP JURXS XSRQ SR RRUDWQR®G BN IWK\N VD P 7R DFEBHUYDWLRQ RI
LOQWHRQ@FBHW Z IDHRL QRK FDUER[\ODWH DERRBDLODQWLRXH EHWZHHQ WKH WZR FKLUD!
FLQFKRQD DPPRQLXP FDW LFR® 8D RW XFME VIBPEIRNGI FDWDO\VW VXSSRUWYV WKH IRUP
'KHUHDV ORZ FRQY HUZ{ @K B UFR B E OHV YIHEY XX\O-D&/V RI 0'2V FRQVWLWXWHVY DQ DOW
DORQH IRU WKH UHDFWLRQ KLJK DFW H[MWHQDBQ & KWH O/HFIR\S HY IDVP\G D V RIOR EIW WV IK®IH G L P
ZLWK ERWIK WRK ¥ LRQ SDLUV $OVR WKABORLR® BIDIXOFWLRQDO RUIJDQRFDWDO\WL
SURYLBHSRVLWH VHQVHV Rl HQDQWLRVHDHFWPSRWHG BQGQ RUIJDQRFDWDO\V
G L DN RAHHUO HFRALLYY R\E \CH UY DUWDIMRL R Q DO L ] H B GEG LMAYPA Q 3
WKDQ@ WKH FDWHR®RIQH WKMWHWDFN RI WKH KBURYRG 0°'2V KDYH EHHQ GHYHORSHG WK
ERQGHG OLRQRWNQWHEWD PHU ( RHQ RIHOMUIDQRFDWDO\WW RSHUDWLQJ WKURXJIK HQ
LQWHUPHGLDWHQGYOBYEXUMB WKIW\IRUPBIRWVOHR Dlvk® /HZLV EDVH RU %UiQVWHG
GLDVW H BRRFYHIW VH GK H R W0 MW KRILPD W L R KOW LPSURYHG LWV FDWDO\WLF HIILFLHQF
WIHHQDPLQH LV IDYREGDVEWDF&AEIIRIHY KH DGGLWLYH GHSHQGV RQ WKH SDUWLI
ERQCQHLGVURRW\XNH‘QH‘HWFU.WBVWHU"H%B'B@OH WKH DGGLWLYH PD\ DOWHU WKH H
VHH D SURSRVHG WUDQVLWLKRHR voumwarPd &2 &P P¥ WEKK FKLUDO HQYLURQPHQW RI
yLJ 7KH VDPH JURXS DS S OuHHaD WHAEULGWX PV R @ DM WEHD GGLIQGEH FRPSOH
VXSUDPRBHRFQFWLRQDO RUJDQRFDWDAAYWY AWLRD Qe HWkIYE6QH WKH H[DFW U
DGGLMERQ]DWLRY DWDFWI® DV DOGRAIVWHLDFIWRBY RI WKH QRQ FRYDOHQW LQV
KRZHYHU WKH VXEVWUDWH VFRSH zDVYHOPFIWMHEWM\QCRWRHKPEBVRY $WHS UHTXL
LPSURYHG VXEVWUDWH VFRSHHZD D@ BWEQOHEWVEY B REK p@\DGGLWLRQ GLUHFW LQ
DV\PPHWULF OLFKDHO UHDFWLRQ RI REFo WK YZROWURPWIKZKLFK DUH SODXVLEO
QLWURYLQ\O SKHQROV DOVR FRPELQIRRIPGVYRYLQH ZLWK D FLQFKRQD
DONDORLG GHKHYDMAKDHO DGGLWLRQ URBRWXRJFDINRUEHY LV SDUWLFEXODUON LQ
KH[DK\GUR[DQWKHQRO GHULYDWLYHV zPWkRQVYIVKRS &P QHHR Wd'd Wy HloMy WKH FD
+H[DK\GUR[DQWKHQROV DUH LQWHUPHELOWHY HOY R R H I R GWMNKOEPEMY: WRKRHQ LVRVQ DS\DH
PHGLFLQDOO\ UHOHYDQW FRPSRXQGYV DV FDWDO\WW LY REMWDQDRG EQ DPLQR FDWI
7KH JURXS Rl :X DOVR LQYHVWLJDWHE® WERHGV e W \EGHAEQ WY DWE WKDW LRQ
PRQRIXQFWLRQDO FDWDO\VWV E\ PHDQV LB FPW-R\Rw BW CFY KGKWMRPHP R KEYD V\ F
7KH SUHSDUHG LRQ SDLULQJ FDWDO\WRXRWHYRE PR QUELYHHAMH G ERWROI\VLY $&'¢
GLVWULEXWLRQ FRPSDUHG WR WkKH V\\BAR¥rDURKRUHB AR QRHIW xR DWDO\VWYV
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)L +\WRJIJHQ ERQG GRQRUV HQKDQFEDWKE BEHNOHWBEDIRWLRLBEIROCXELQRQH FDWDO\WVWYV LV H
RI' D WKLRXUHOH O PG BHH UL Y HIGV ILIRRRU WLPHY PRUH DFWLYH WK DEH RAIKHY HPW® EXOGRDANHA H Y HL
FRQWDFW ZLWK WKH WHILI®MNR UROH MWWHDW H DQLRQ

IRU D YDULHW\ RKWHREWLWQRQ RI D FERRWKAR@QFRPWQURMOHFWURSKLOH 'HPLU D
SDLU EHWZHHQ WKH LPLQLXP LRQ DQGDVIGH VDIGREQ W LR/IH LW KUHH T XA RKHUGL MR W B WW K L
KLJK VHOHFWLYLW\ 7KLV DSSURDFK PERWVFW UW KHX RVWFORGHWY I UO R@ FKKHL Q000 WAL R X U
EHWZHHQ D FKLUDO DQLRQ DQG DQ DPRWUFOWRDVQIGR QHP HFHW LY Q GFRRW KDV RIOH O IF
H[HPSOLILHG E\ 7TRVWH DQG RWKHUV SHHIRUHFWGERIQ QRQ GG MOWRWRODYHQWY %
GLIIHUHQW RSWLF ;X DQG FR ZRUNHUVRENHHQYW®W\ KO PRIQY W U DFRHPG O DIVR UWPKIKE E
SUHWH @I WKLRXUHD DGGLWLYHV LQ LIPQOR®PRFBW R GHNIHFORBOWWHREGVRXUHD W
IDFLOLWDWHY WKH IRUPDWLRQ RI WKH SURYRYHDBWWMKDIW L\@ K X PVIWFWRLQYH B/FSQIG LB Y
E\ VHOHFWLYH ERQGLQJ ZLWK WKH D Q WR@WFE E@ X\ DMWAHLLREIHURE D W RKAD\WWRR Q@& HLL
DQLRQ $V D UHVXOW Rl WKH HQKDQE®W HAULPHMRIW WY RRU RW MH W ZB QM HW VROV
LPLQLXP FDWLRQ Rl WKH LRQ SDLU EHWRXHUG \IDHEBE HIHBIHDRE WIDH BW GRZ LW KRR\ H
VLIJQLILFDQW ORVV RI VHIOQWKEM\YPIPVW UFERW BIODPSGHSHV\PPHWUL]DWLRQ RIKSURFKI
JULH&UDIWY DON\ODWLR®HWHKDE M) BWEHERSRVHG D WUDQVLWLRQ VWDWH LQ ZKLF
FLQQDP\O FO®HIO\WHHIGE B)IRERXP W ULIO DBHW ZHH& SWKRMRIR GAK H BV BIQRGX WHKH R[\JHQ DV
WKH SUHVH@GHKHO®ED ELV WULIOXRURPHWKMOF®@ SERQWLF JURXS RI SUROLQH L L
WKLRYXHWOOWY LQ D IROG LQFUHDVH FIUWKHOUW A DIRMRIXFBSQD QBWHL ZKMWDHELOLVH Wi
PDLQWDLQLQJ WKH VDPH HQDQWLRVHQOHYWDLY ERK N PRPEMHWH G DUNLRO \WWMWD QV LW LR C
DQG )LJ 8SROQHLQYHVWLJDWLRWOWRF \§ KW KZHRK KDIPI R
"HPLU +C0PGRMWDD@UDYHOHG D PRUH FRPSO

WKLRXUHD DIGGBLWKYRXUHD FR FDWDO\VW

VROXELOLVDWLRQ RI SUROLQH LWVHOI L\

VROXWLRQ RI WKH)LPLQDXPUHFXUVRU RI W

HQDPLQH VSHFLHV E\ VWDELOLVLQJ DQ

R[D]ROLGLQRQH L QWWIUFPLHODUWD WROH KDV EF

JL) 3RVVLEOH UROH RI WKH W DO B ELIX( FWLR DO [ XUHDV XVHG WR LQFUH
UHDFWLRQV %LQGLQJ RI WKH R[D]ROLGL%L% LEQ\PSQ)E&Q/WHFXWLRQ
HTXLOLEULXP WRZDUGV WKH IRUPDWLRQ RI U NV(BELLR%L%DWK/BIQ Wkl WKHy WUDQV
SUHYLRXVO\ P\QEPBLRIVQQRW EH UXOHG RXV

(QDPLQH FDWDO\VLV DOVR EHQHILWY NWKRPDWKH BUFHMHIYRH BERQBFIGRQRUV DU
DGGLWLYHV EXW WKH HIIHFW LV SURE DER LW PV HEGUWRR WK H G L EIHFOMVD & WR & DOH
RI WKH HOHFWURSKLOH/EDWKGHDOL B Z& W i avteMoERORQWUDWHG WKDW WKH DGGLWL
GLUHFWHG WR RYHUFRPH WKH FXUUHQW K- PLMPINL BO ¥ R H BHERMX MMAMRIGHIA R R B R &
DV FDWDO\VW KLJK FDWDO\VW ORDGL®J] b8 EXKYENGOIIE-HW BK VL IGRH RO F VG- RRQ \b Q
SRRU VROXELOLW\ ZKLOH NHHSLQJ LWFRWBRWHGVEY WRKH EDO R [ XETWH RORRKRS R
DUFKLWHFWXUHW®IORZHKRMKDW WKH HDOWWULRME OBWW LDYd & \WR HWKPHP S Q RXAPR QKXW
GHOLYHUHG E\ SUROLQH FDWDO\VW IREDWHERQ YHRE WEBQ B vz UR 8 KB BH AG K
E\ DGGLQJ VLPSOH FKLBDW,1@LROY WMFFWREXIK VXSSOHPHQWDU\ PHFKDQLVWLF

SURSRVHG WUDQVLWLRQ VWDWH WKH EHWRAUWGKBG HY VNG BRIWR H R FWG URRO W R
&22+ JURXS RI WKH HQDPLQH LQWHUPHGLDWH DQG WR FDUERQ\O R[\JHQ
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LI 7KH HIILFLORFIERHWHG WIVWIQIODY) FHG EERBAHRG HE G SWLY HROWES DO FD WIRQ\WMG W K UR X JK
WKHDAMOHPEO\ RI FRPSOHPH@\WB U\5 LEDUHPHQAWWDWLRQ RI D S WREKE D HE W X D DYWW GRIQ\ GWROIW B E
WKH SURDU®GH WKIBWIRO\VW DQG WKHH \Q LWVAHUHR W/RKHE WWAHU YW H

)LJ 7KH HIILFLHQF\ RDGHB (ADPLQO\VLY LV HQKDQFHG E\ WKH S&NQWHHQ EWWIKR BIDIA BW R RS KWR K H
DFWLYDDVEIURD@RKHG HQDOV ZLWK D FRPELQDWLR Q@  GELRLMF KSK@RY DHOENLOKARD. BLGRHER WHDGEV WYUHD Q V
5HI VHH WKH WH[W

VWUDWHJILHV LQY FO@GYALIQNL B RFORLREH. Q D AR W Q ¥ W\PIGQ KALIEHWY WKH UHYHUVLEOH OLF
H[WHQVLRQ WR RWKBEDYBPWKR ZPLGWRSSBRRPGHM)D EHWWHU GHILQHG BRRQBO HQ
FODVVHV RI 0'2V YXUWKHU LQYHVWPLDWURYWVOREWKGVPRGXC
7KH PRGLILFDWLRQ RI WKH FDWDO\WLWV\SWHERNMU EDMW G IRQW B RUEPW. B/0RPEOGEIOR-BF® B/HARY
FRPSOH[ SUROLQH GHULYDWLYHV KDV NGYRWEWMGKIHDFR DWW WHE O PHDQWKH HT
RI WKH VDPH VWH\WOWIERRQUIWIDM HG WKION IR KPDRMKLIR® ®I WKH HQDPLQH E\ DVVL\
HQYLURQPHQW GHOLYHUHG E\ D SUROIURP &K biLYQWHW¥RHOEDBEQRQOKIOIWDYQVLWLI
RUJDQRFDWDO\WW FDQ EH PRGLILHG WKURXJR BALKXWKRRBWARDA QRER ®E DV HVWDEOL
K\GURJHQ ERQGHG DVVHPEO\ ZLWK DFPHKKHD G URGRIQV RYHW K H KBQ RIRBOMW K H DSRLRERL Q
UHSUHVHQWYVY D QLFH H[DPSOH RI DGHAHOIDBW.WHHP EFOH-GAVRKPNEFBEVAIMR &V FOQG R Q H
RUJDQRFDWD®URWLQH GHULYIRWDYOHQMAVORP RI WKH QLW URDHR ®F REHKSWRKQW.IFUD F
IXQFWLR QDO DREESQDISKK D\WREEQH LV D@D\ H[SODLQ WKH WQRDGQEHGW BRI O
XQVHOHFWLYH FDWDO\WW I|RU WKH HQF® VH Q \HHKHHERMIRREGD VE@RZBHG FDWDO\V W
F\FORKH[DQEQHWDA®BW{BZEB8¥HU D UHPDUNDBEBEDPLQHDFVWPDRQGIDW)\ DPLQH FDWDC
LPSURYHPHQW RI HQDQWLRVHOHFWLY DWDE XQR/®W XWRWH G HMHMZREW LBQR OGN LR |
REVHUYHG LQ WKH SUHMHWHQFHR QW IL@EDWLIBRMXAY HOHFWURSK L @HRW NHHWF K DR U UHH[ WD i
S\ULGLQRQH XQLW FRPSOHPHQWDU\ W RWK K HV K RBSHR RH QVE\RQERADE WAL QR MQXHCDUN H (
WKH DPLGRQDSKWK\ULGLQH ELQGLTKHVR W/GHKTEHSBQQ D FWIMDIDVVWQ ZLWK WKH F|
FDWDO\WLF WXUQRYHU DQG WKH GLDVWEHHIUHR\DMIFHWD E UW Q RK MG H QBIO ¥ VD IRHQY ONH G
DOVR LQFUHDVHG LQ WKH BKH \LIQQ WH. [ROSW R HWILG®L WQ SHNMVHQFH RI ELV  GLPHWK\O!
K\SRWKHVLV DIMNG WKKCHVD &G DW VHBLEYBH $ % U QVRLHGG LV U H f R HWHDGY W RVKIHU E W PEWQ R')
VLQMXEUDPREBAXODNW 7KMXSUDPROHGKODYHG DUFRARDO N\ OHOH KW O RS
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)LJ 7KH FDWDO\WLF SUREDHHGL ADUWABEAE BRE\QRH D QV R H O HERFER \D\D DAV BF) URQ REKLMIBIHL B @V L Y
DQG SRO\ DONHQH JO\FRO VSIR&®HRIUUBRRWD ROV \®31F S RIGWSUR BANOH QH [VMD\FRO  5H
VSHFLHV ,Q WKH SUHRMH®KH FKHUDE SUWORMSKRUABWFREDWDO\WW IRU HQDPLQH IF
WHKIDFRWLRQ LV SRRUO\ VHOHFWLYH FRMEL G R WEIREE/RBI3W R JH WKHHW WIKH EHVW FDV
VIQHUJLVWLE HIIHFW LV REVHUYHG DQGRWKB VE P FMWWEELEE LGIMD RQLROVYLBXYVOD W
VHULBBON\ODWHG SURGXFWYV ZLWK XS WIRPH BMWKKRH ¥R B8 H BUDAMHDIWHH/GY USXEBW R OD G
HIITHFW LV DOVR KLJKOLJKWHG E\SRWKHVVRBYHNYSHVULBRHUDIO LPLGD]ROLXP
PDWFKHG PLFRPEMRXIMWBLRQ EHWZHHQ WKHYV WKLG D G PN Y AKERMW\PPHWULF OLFKDHO
DONDORLG GHULYDWLYH DQG WKH FKLUWRIOXRKR\GIKDME BDIQWRQ HHIDREGEIRW KR \K B N2
UHDFWLRQ PHFKDQLVP WKH DXWKRUVREWRSRWGGMDHEI YRHHA G HRS HUKAHQW YV U
SKRVSKDWH DFWLQJ DV WKH DQLRQ L\WK ERSMWK WHKRFHLERQ R §D D M MWMKFKRHRE QVHK[HH \B (
SURWRQDWHG T X LVQKKHF QIRGYL GB LQ BL WX WHKRAD EQIQ KR GLQDWHG WR WKH FDWLR
FDWLRQL@URMOLY ZRUWK\ WR QRWH W IsDW R/EEIBGVKBURWWG WKRXEW\RFHSHUIRWHVY UH
ORFDWHGSRW LWHKR QIR WKH TXV QRITXQ HEWE BMRRALGDWH G
DFKLHYH KLJK FRQYHUVLRQ DQG VHOHEWI YI W\ $FEFRIIGIOIO\ N K\GIIR.IHO
ERQG LQWHUDFWLRQ EHWZHHQ WKH SI 0
JURXS VHHPV WR EH UHVSRQVLEOH IF
RUJDQLVHG WUDQVIWLRQ VWDWH
,Q DQDORJ\ ZLWK WKH H[DPSOHV R
SRVVHVVLQJ D ELQGLQJ VLWH ELIXQ {
FRPELQH WKH UHDFWLYH FHQWUH ZL
VXEVWUDWH HQFDSVXO DMLRW ZHCW® EC
RI SUROLQH GHULYDWLYHV ZLWKLQ
F\FORGH[WULQV SURYHG WR EH D VX )L 6WUDWHJIJ\ WR WXQH WKH HIILFLHQF\ RI D

EDWDO\WLE URIQZDW.HRQYVDQG JHQHUD &RPELQDWLRQGRALHOGHGSD WKIUFHOHH DVVHPEO\ W
FDWDO\V WYV KLIJKO\ HIITHFWLYM\ SRHUUHDFWIAKQYVY 5HI VHH )

;XHW ®POHSDUHG VXSUDPROHFXODU FDWRA\\HWY¥ &E\FD WHRdO IRMVE+BEO\Y QRW OLPL
SURFHVV WKDW FRPELQHG D FKLUDO S\WYRRbEbRHQRHRRREH CHONEHE B1ZWuDWH
EDVH D S\ULG\OSRHRORXKSKDIHRH*VYO\RROQG WKH VWH WRIFDK %QGQWVWHRG $FLG FDWDC
SRO\ SURS\OHQ@B*M@OFROHYSUHVHQFH RHRAREPIOHQW LQWHUDFWLRQV 7RKLDBWL Y
7KH VXSUDPROHFXODU RUJDQRFDWDO\V WM REMR L&H & Xd ki WiH VIR & L Q= bl OfvH
$OGHU UHDFWLRQV RI F\FORKH[HQRQHWR kWK WRSWE\RSED & ROV VR PIRYIFISRULGLQH ¢
H[FHOOHQW OHYHOV RI FKHPR UBI9LR QD i R DIRHVHLFRWIORAIAEM WIZHWEBH\G D GRXEO!
YLV 105 D@D aMWHNWKWHY AK®Y GXDOLURDI ULQJ FDWDO\WW WKDW LYORRWH | DE)
LW IDWRRWHWOWVVHPEO\ E\ PDLQWDLQLQHQviHy IHFOHFOHIERM Y RVBID DWW LRRY 7KLV VWL
LQWHUDFWLR®\EHWAHKRPOWBWEK R B R O\H WK HYVIRKON1Q I SUHSD UD WILRMK RAX®HNY LY D W L
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)L 7KH FDWDO\WLF HIILFLHQF\ RI D %U;QVWH® WFQ &HED BADW KWHWVS UWNHSAMVER HRSI H-MKYWHED M LGP L G L

EDVH UHDFWLRQ EHWZHHQ WKHVH WZR FRPSRQHQWY JHQHUDWH\W ODFRLRI@IOVBWRWR RF ¥ /I

XQVDWXUDWHG FEKBEFRARBRIH G B MWDWO LWWWKRXIJKW WR EW MK ELIPRAPRSURW RERX QWHRQLIOEPLGDW
LRGRVXFFLQLPLGH 5HIV VHH WKH WH[W

J)LJ &RRUGLQDWLRQ ERQGVY XVHG WR WXQH WKH DAWWWIUXK\F QG N/ RO IR LYE [FEARIBBRRIHZ \MMNV D F L (
&DWDOWWMRYLGHY DQRPDORXV V$GH W LULIVFWIRRIQWEKHW ZHHIDY F\FORSH QW DIGQ B § R ®XFGV PLHAW K
IRUPHG LQ KLJK \LHOG 5LJKW | RBUSW ¥/ V\ERHEIVIMY RR® DW]LHRQ W/HAD GRMRFEDRNKIAR O URD QWKMVLRQ VW D

UHSULQWHG ZUWRPSHBIMIPLV VLGRS \BRUKW 6RFLHW\ RH VK HH WKH WH[W

VXEVWLWXHG@ERVLWLRYY 2$WLPLVDWLRQ, @ WIK®VRDVDWL ¥VIHWVEBEWBG EfDPSOHV KDYH G
WKH SRVVLELOLW\ RI VFUHHQLQJ D KLWKR Y\DXUQH WAK R | DIFFIGLLIAD\OR V B ERROMWVE DY WGV / HZQ.
DPLQHV 7XQLQJ WKH DFLGLW\ RI %U|jQDWIHG PFWG® GDMWDOXWWD EH DGGHYHDRSHG E
ZHDN %U{QVWHG EDVH LV D ZHOO NQ R ZRWKWHWIVMKHHI \J U Q XBU RD Q¥ R LKRWK KVIENG WK LV
KRZHYHU WK H IGG ¥ DD RN\DW VF\K K D VO FRRGHRML WVHKWOH WKH HOHFWURQLF DQG VWHUL
LV IDU PRUH FRRQGWEIMDOHORSHG D VHHGWLERBRHOW RI D /HZLV DFLGLF ERURQ E|
SURWRQ FDWDO\VWV WKDW DUH UHDG L @\URDRPS EQ R QW Q B IRIBPHY R FF B WNEROWREOR |

D FKLUDO ELVDPLGLQHLOLIJDQG RQ4F K DHDWDDEQW Y ZHUH DVI/GIPEQW O JE\ RMDMKE® IRU
RI DQ DFKLUDO 7WWURQHSDPH® RUJDQWRRKBWIRMNR® % DPBHDWHY DQG LQFOXGHG RQF
ELIXQFWLRQDO D QG PRWYWKIDWW DLUH YHIRGKHOR®Y LERHURRILF DFLG D Q@WHAIR E® M DXQMD XX
HQDQWLRVHGHRPWLYHHDFWRAGV ODFQWRBRRDVELRDWLRQ ERQGV E¥VEZHFAROWRKOW DR
UHDFWLRQWKH ODWWHU FDVH WK®GFRPEIRQIHOVRY RUH FULWLFDO LQ WKH GHVL
WULIOLPDEKLHYHV KLJKO\ HQDQWLRVHOGIFMWEOH KBPWBH[7KHMH & FRPSRQHQW SOD\
ODFWRQLVDWLRQ UHDFWLRQV RI XQVDWEX D O HE KAHDNVREX O W QKIBLSENG UG ZWKHG G H
SUHVHQFH Rl LRGRWXRFLIQLPLGKH QDWKDHDUWRXQG WKH /HZL\FHRDRY GEEL WROWRQ

RI WKH DFKLUDO DQLRQ RI WKH LRQRBED LQ ZDNDX\HGG WWRH L QHALIVD U AL\S K W VOIRIYRMOI K F H
HQDQWLRVHOHFWLYLW\ WKDW WKH S U RMRRQ/DW B & HFEHRREGWPLIHMLEDROLGHY WR WK
UHDFWLRQ VHH WKH SRVWIXODWHG DFWLYH VSHFLHV
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JLJ &KLUDO VXS WO R WRGIMEIMIVWPEOHG WK U ERIKGD K GIHRNERQ NR W ULIDI ROHH WKH WH[W

GHPDQGLQJ URWDWISRQY GDBRE Q & RIGHVERHW ZHHQ D SDUWLFXODU MERFWWH D D
SURYL®HK®/XSUDPROMHIFWDZWWK D UHOMRAHWRBQHY 7KH D]JODFWRQH ZDV GHSURWR
FRQIRUPDWHREF@HWNGOGHU UHDFWLRQ BPHWIHIRRLQJ DV D VXSUDPROHFXODU E
F\FORSHQWDGLHQH DQG PHWKDFUROH LIQQRIDW WRIQ BIXF W BE RS RIUKBIWHIHLBQWHKH K\
RI PRO LQ GLFKORURPHWKBQH KDWKKHEVWLWXWH RI WKH SKHQR[LGH FRPSR
*DQRPDBRBBGXFW ZDV REWDLQHG DV WKL B RS\ URSU R G VAW RO WK HUHW X QW I HR 1P b
UHDFWLRQ LQ KLJK HIQHBIR® \LH®GS ZUWRP WKH XVH RI D SKHQ\O GHULYDWLYH
H[FHOOHQW HQDQWLRVHOHFWLYLW\ SHHR YBEBQ O \VOL YGH D WK U A R DRUH.BFD B Y WR @ VK
EHWZHHQ REHD])BORRWLMQIE RIKH F\FORSIRMWDEQHQH DGGXFWV DQG D HH IRU W
GLVIDHR XMKBISSURIRFIREBXUGH WKH FDY[W\ZDV DOVR GHPRQVWUDWHG WKDW WKH
VKRZV D VFKHPDWLF UHSUHYVHQBWIRMRIIR @ R WX R H GV WEKQ RIXWK RQVUWBPWXUDO PRGLILI
WKHQGRIOHFWLYLW\ &R Q Y$HOUBHAD \ U HDFRIPISREBGIY WV 3DUWLFXODUO\ WKH XVH RI
EHWZHHQ FGEEBRSHR@Y® DFUROHLQ LQ WKHMHISIWUAVABQWFHQRUHDVH LQ HQDQWLRVHO!
DIIRUGHG WKHHQGGRUIRFDCFW ZLWK KLJKRGHOHMIYR@M RI WKH FKLUDO FDWLRQL
,QWHUHVWLQJO\ %D1EEKW 8 JMRIGX ®MKHB GHPKLHYH WKH KLIJKHVW VHOHFWLYLW\ 7KF
QHZ FDWDO\VW ZKLFK JDYH SUHGRRL QD QWKG\ LEKD WKDRWPDORXRI" WKH FRPSRQHQ'
SURGXFW LQ WKH UGWPWLRQHRD §CF ®PSR OMERUWEAW UROH LQ WKH WUDQVIHU
JHQHUDWLRQ RI D VKDOORZHU DQG ZLWHD QRLLYWMRQZDW DSXMW | R i B DWIMESIMERP® MH F X
H[SOMWKMH UHDFWLRQ@DRK® FRREKHIVKHIOWWOG DQG)LJ HH,W LV UHPDUNDEOH WKD
SRLQWWGHRIXGW\W F® R QR@RYDOHQW LQWBGBEWLRQVRWRVKH YDULRXV FRPSRQHQWYV
WXQH WKH VL]H DQG RIXOLS\H R D P RQLQI ESHUBIBW RPSBHWRI WKH VHOI DVVHPEOHG F
RQ LWV FDWDO\WLFKSMUVRWPDWEH S UHYHEROWHW YRPBISLG VFUHHQLQJ Rl %UiQVW
DQDORJ\ ZLWK WKH HQFDSVXODWLRQ RIHUXRGWXM® & P\R B O\MWFIDFAWE RQWRJ HRQ B\ R W K
PHDQV RI QRQ FRYDOHQWLUQWHMWBDFWLRYVHFEE\ DW D WLPH
yLJ ZKLFK H[KLELW XQXVXDO VHOHFW L7KIHVH HDW § Q H/A B BRIV URPQBIBWLR @ KLV VHF W
UHDFWLRQV QRBRYDOHQW LQWHUDFWLRQV FDQ EH VXI

2RL DQG FR ZRUNHUV UHSRUWHG DQ KRQYVWD®FW DRSORH W KIDDWP LHQ BEIXI¥F W LR Q D
WKH ILQH WXQLQJ Rl WKH FDWDO\WLF SKHI|ROMFQRIR QLMD VMWOHIULRVVSIPESDHEW L HV
FDWDO\VW FRQWDLQLQJ D7 KRoU MXSWIDE REBWER DBREDWHBO\VWY ZKDWHYHU WKHLU PR
RUJDQRFDWIZOWWUHSDUHG WKURXJK /WEHV DHFQGDWWHBOE®HG DFLG DQG %UiQVW
SURFHVV RI IRXU PROHFXODU FRPSRQODWXUH REKL BV H GKRVISK ROLK DV SUHS
FDWLRQ WZR PROHFXOHV RI SKHQRO DRBGJRQWH PRGXIROOD WHWDDLARYY 7KH RXWVW
7KH IRXU SDUWLFOH DVVHPEO\ LV VWD BIXOXVHZH @& UR X JW KH G D RWH G HEYRI@ERE P H Q W
LRQLF K\GURJHQ ERQGVY DQG FKDUJH FIKBIOIH RIRVUHDRQRWDR@WD\VLV

7KH FDWDO\VW ZDV WHVWHG LQ WKH DV\PPHWULF OLFKDHO UHDFWLRQ
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JLJ ([DPSOH RtPHWDOOVEOVRQYDWH LQWHUDFWLRQV WKDW JRYHUQ WKH VHOHFWLY@\ RI D LU
RI TXLQROLQHV KLDNWK OBXAZBI(1@° WKH SKHQV0 JURXSV RI WKH HWK\ ®RPQWELDE LRW QDD QW
3URSRVHG WUDQVLWLRQ VW®KNVMAHIRRIL Q¥ K®IJ HVQADHDSA LSRN ¥ O WA I M/ MYKLIV W H [ W

WKH K\GURJHQDWLRQ DQG WUDQVIHU K\GUR

OXOWLSOH LQWHUDFWLRQV FDWDO\WW VHH VHFWLRQ $ VHUL
HISHULPHQWY EHWZHHQ SRWHQWLDO 5X LQ\

OHWD® XEVWUDWH I'QWHUDFWLRQéluRWRQDWHG TXLQROLQH VXEVWUDWH VKR.

&DWEPRHQVDO ZLWK DFKLUDO FRXQWHUTGIRIR D VWWIDQMHHU SURFHVV RXWVLGH
YRP D JHQHUDO YLHZSRLQW FRXQW HMEKGIUHPIMW Y LXHFWA REH @O PRWBHESHULPHQWYV
FDWDO\WWYV FRPSHWH ZLWK WKH VXEVWUJEWH WP witH $XRRQY R0 hWRHAG RPWKERMN IF
VLWH DQG DV D UHVXOW WKH IRUPDWLRDWRI®YROKYVN FREWDIHVWWH PESBWLRQ LV
GHWULPHQWDO WR FDWDO\WLF DFWLYMWDRYHHYRS H S Ui @WRWWR Q DRJ LK BHIVH! |
WHUPV Rl VHOHFWLYLW\ LV IDU OHVV LW xIbwHRH L &HDPORRL WW VI \H IR H Fw LR 1 VOIRMR W)
PHWDMRQ SDLUV KDV EHHQ GHPRQVWUBWRE PR\GYEYHQ IHRRS YWOEVR$ DQGWKH
ROHILQ SRO\PHUL]DWLRQ GHSURWRQDWLRQ RI WKH GLK\GURJHQ OLJ

7ZR H[DPSOHV ZHUH UHSRUWHG UHFHHQBIDM DGz k RMK WK QESE fM KM ¥ SHLFYIDAWH G
FRXQWHUDQLRQ GRHV QRW VLPSO\ DFW YWKHDSHRWERE BWH W JAUQRRWHW W HS0o %R L
LQYROYHG LQ D VHOHFWLYLW\ GHWH U P POIRFIGVG WiKHD HW DR 6 il wi@W ki 13 H/SHEQ A PNt
)DQ DQG FR ZRUNHUV IR XQmUWMQebW> SRSIHFRWRQDWLRQ RI WKH GLK\GULGH OL
7V'3(1@° LV D YHU\ HIILFLHQW FDWD &AW HglV BWLHR QVYWBHWUWKDW \LHOGV WK
K\GURJHQDWLRQ RI TXLQR®UQKEGAHU LRIEBrHMI xlit QW H DRHG LD WWKH LUUHYHUVLEOF
IUHH FRQGLQWRBQIWVQLF VROYHQWYV WKH WXBERW UtHvFHENERMMIOR RF WY BWHG LPLQLXP
HIWHQGHG WR DU\OTXLQROLQHV DQ®QER VWKXSFW VRKDY FHRQ X% KD RIHDINWL R
GLVXEVWLWXWHG TXLQ@RBLQHDBWURYD IR WLAWURDGORQ WKH HQDQWLRVHOHFWLYLW
DOWHUHG E\ WKH QDWXUH RI WKH DQLRBOERRY &R QbMrtc WP QMY 5 B R FOWDW kv W Y
>5X 2K DUHQH 7V'3(1 @ LV YHU\ HIILFLHOMWHZREYHHYRWHRH PLQLXP VXEVWUDWH
DQDORJRXV FKORULGH FRPSOH[ LV DO MRAMAI PREL B R WHD R ME Ry K\ S R/ ER Q C
LQYHVWLIJDWLRQ RI WKH PHFKDQLVP UHYHBIOR DR QIRFHFIFEG Wd\Hy RV 4 /4 WIRKQW K
GLIIHUHQW IURP WKH FODVVLFDO RXWHU WdH URL Q H ¥ RIZZXIEWBK | ERMHY RGO R U

@ >MRXUQBO®@0 @
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JLJ +\GURJHQ ERQ LQWH U DEDNAKRQ\D O\ BEKU FQUD \WHWADHOU Q DU\ FRPSOH[ PHGLDWH WHKINVV HO HF\

KLJK GLDVWHUHRPHULF UDWLR\FRENOWMHES L@QX\I DR RW K XEDEDRY GAOUMEFW WRW RV 5LIKW SUF

VWDWHYV IRU WKHVH 7LURWWD B R D F\¥ X R SS\RSRERVELDUHGK WR WWDELOLVHG E\ D VWURQJ K\GURJH(
DQG WKHDRQERIWD WHWKR[\SKHQ\OP HWEK \'\® HEMMI\D G715 KSHHQ VAHIHL @VOH W H [ W

)L &KLUDOLW\ LQGXFHR E\IRRXIMWMDOQYIHRQDV\PPHWULF UHDFWILRQYD FFKE FREBWA RDWH D FL
WULLVRSURB\@, 1 SBWK\GGLVO K\GKRMBRDQWH LV WKXVWRSHUWHELIJKW D SODPRVPISIR@HH QW U H
WUDQVLWLRQ VWHOWHRWKDWE R Q &RAGIHNAUD PWKIHR K RV I/KKEW W WM. R Q 5SHQ GVWHKHVKH WH ]

DVVHPEO\ IRUPLQJ D PHRPEHUHG/KH GLIDVWHUHRLVRPHUV E\ ')7 WKH DFHWDWH
HQDQWLRVHOHFWLY+WSLRWH UQ BW HEQMLEP\E DY G WEHK\GURJIHQ ERQG +# QWRWRBBW L
K DUHQH FRRUGLQDWHG WR WKH 5X P HW DK B Q& EW KWH D WIHQ 1+)RFZ WHEW WOUD WE G LW L
VLPLODUO\ WR ZKDW ZDV GHVFULEHG EHWARKQ WRKUH NVHWMR Q Bl WeHHBURFEWR R QEUO\G RAER/Ht
VHHJ IRU S5@WUDQVLWLRQ \S3®MWQES BW BB RVHW L¥
*DQGRQ 5RX00DQG DQG FR ZRUNHUW \8DWHIR V H)SUBY HEQIVDEQ R HIIDW WEREQ VW D
UROH SOD\HG E\ WKH FRXQWHUDQLR® URXQWILQ\UL RADK M WBRWH DI GRIX DQLVKHV WKH
LQWUDPROHFXODU 7VXML RURK WG HIHMHH/SIHRIQ PHQWD O O\
GLDVWHUHRVHOHFWLYLW\ ZDV REFHUYHGBGKEBXHLQIRWH B PREABV]DWYRRORWKH QRQ L
GLK\GUR[\O DOO\O DFHWRMWHHBWHEHQFHFRIXERWKDMLRQ FDQ SOD\ LQ PHGLDWLQJ
K\GUR[\O JURESRMWWWRB Rl WKH DOOFDWRQMHIGH W HIFAWIDRQ WKURXJK WKH IRL
FRXQWHUDQLRQ ZLWK K\GURJHQ ERQGWQD@ALWILMQ ZWBWRXQG WR EH
SULPRUGLDO WR DFKLHYH D KLJK GHJUHH RI VHOHFWLYLW\ 8SRQ
LQYHVWLIJDWLRQ RI WKH WUDQVLWLRQ VWDWHV OHDGLQJ WR WKH WZR

@ -RXUQDO 2\HDEIYAR O &
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JLJ OHWDO FR XM IE Y B/QIDRDHL RQIRIDIWBIDRW Y R QAU XD FE M/ ISR@W) D U KRS QWK DMV G\WR B Y RRKRIU G L Q D W L

Rl WKH SKRV 6 KB WWHRD\QA R QLEHUFHBXELLRWLRQ RI 9DVND 1@ ARPG O H> VL&Y i FFBAKSOBIFWRL VI L S

DQG VHOHFWLY HOIR D WKRH)FRDBIE/RIEW SURSRVHG VHAQUEYRE BV/Q W IHWIIRRIQ WWKMD W HK DR UE FIRIDS M M/SMDLARHEG
WKH PRGHO SKRVBKHDWHBFAYLWLRQ VWDWH LWREPHSHERSWH GJEMKIQ SHORLWILR BGRQV

&DWLRQLF PHWDO ZLWK FKLUDO FRERARHEDRQUBQ WKH\ IRXQG WKDW D FRPELQI
,Q FODVVLFDO PHWDO FDWDO\VHG DY¥\BRBWWYLE 3kt B FWIKR QN 0 PHEKAREE®™ H] RI W
OLJDQG LV FRRUGLQDWHG WR WKH PHWDO | RQH | WK H & W H R U RV KIQ HHWERR \ RE RNERIVLVF
RFFXUV LQ WKH ILUVW FRRUGLQDWLRQ W HKHUH R} W K B GRESEOW L R RV H M QB IAY Hv K
DSSURDFKHY ZHUH LQYHVWLJIJDWHG LQ RUYBHIUDVR RBRE 6 WKKzHD X ¥ N RPIRHURS DI KB Q L F
FKLUDO OLJDQGY DQG WR LQGXFH VHO$HWFWHPEWY IWRPE U@ BRER WS/ RAHERK BV IDRV L R C
FHQWUHY 2QH VROXWLRQ ZDV SURYLGH@GQ#YHHO RUIL Q §H WK A WHIDRWLLR Q 4 @XO VLR
D FKLUDO LRQLF C4OWHG® GBWYMHO\ FKLUIKHORLBRAMRBBQ EJO\ WKH DXWKRUV SURSH
XVHG WR LQGXFH FKLUDOLWXLER HF ROVRIVRAGIGHE FFHWROL FOWRQ\VSWH WK ZD\ IRU ZKLFK W
LQWHUDFWLRQV ORFDWHG LQ WKH VHFRRIGL BR B U)Xk (MWL RQW
,Q UHFHQW \HDUV FKLUDO LRQV KDY HZzE MHKQWXMH @ XIIRWWWHSHR #-aRIARNI & RIZ®R Gay
HQDQWLRPHULFDWBPQUHWR\RQ PHRWWBHO 7KH 7RVWH JURXS DSSOLHG WKH FRXQWHE
UHSRUWHG WKH XVH RI FKLUDO FRXQWNRWR@WHIY IIRY Wielsilsiso & BFrw WRIQD\RIH ROB® Q W
FDWDO\VHG )JUBDFWLRQW K\GURDONR[N\ODWALRPR DRGLEF HEWWHPYLGLQHY LVR[D]ROL

K\GURDPLQDWLRQ UHDFWLRQV WKH DFilHIWpP®WD & UGIFrRMD PN WVZLWKPFE DOMHQ PR LR X
RXWSHUIRUPV RO GHRRMS/ORIIHY BKHUDYHG IURP D

GLSKRVSKLQH VXFRKUDY PRU$BFKDOOHQ

SPDWFKHG WIRPE BQM$BQG DV JROG OLJ

FRXQWH WHYISREDWKEHONU FRQYHMKDRQ

XVH RI WKH FK& UDQMBQRRM ROKH SUHV|

RI # 1++iPf K\GURJHY EERVZGHQ WKH

FRXQWHUDQLRQ DQG WKHLYXEZWYD®/

K\SRWKHVL]HG LQ WKH LRUREDEQSDGSH !

L WKH ODUJH VFRSH Rl QXFOHRSKIOH 210G
FKLDR@RMWDO\VW DQWBDPH RDKADINO WK I

LQDFWLYH IRU WKH FDHE&RFHFOD PIBA QR

SURVSHRWUGH QDWLRQ RI WKH FK L UDICH

VW URQEV WDQMRIW HUDFWLRQ FDQ IDFL(

RI WKMBX ERQGEHUDWERRUGLQDWLQJ )LJ 1REGRYDOHQW ENKENW DMWRQ@E HWDODO DQL
VXEVWUDWH %DVHG RQ WKLV QDWW ( LOQWHUDFWLRQV PHGLDMDHND R HV ¥ IB/GUHNVIVAAN HRVQ \R |

FRRUGLQDWHG EHQJRDWH DQLRQ GL@HEWY WKH
SRVWXODWHG WKDW WKH XVH RI D VT) S Wwivmo gpwe VL W WRIOD WWIDMDLG V W R ﬁ»&ﬁﬁ

H[SH
WKH FRRUGLQDWLRQ RI FKLUDO SKRVS REVHUYHG HQDQWSRPHUQF FIXMD QRQV XVRE de W
WKHOARDQGYV QHLSRERLQWIDWION FRRU K\GURDONR[\ODWLRQ RI DOOHQHV 5HIV V

@ >MRXUQBO®@0 @



-RXUQDO 1DPH '"\QDPLF SUWL¥

&LWH WKLV '2, F (I

ZZZ UVF RUJ [[[ILI ARTICLE T

JLJ &KLUDOPBIGLR®/HG DV\PPHWWDE®N RRQEMELEROUH WKH EHVW FRPELQDWLRQV ROW MWHKGIHIV \F
DQG WKH R[LGDWLRQ RI VXK SIRGVHVHBRESIDF VRILY WEWH RI Il & W L REAWRK HVRKAR (SRIQLQRDHY B OEMWY U D W |
PRGHO LV UHSHU®IMHAE RQWHKKRPSUMHIIJKRKQ :LOH\ DRISIGROWH WKH WH[W

,Q WKH VDPH JURXS IRXQG WWKWDWQ EEDFRORGH @ HRIEM B DEMHIWEDHVR IDRORK EiF
VLIJQLILFDQWO\ LQFUHDVH WKH VHOHGFWERPWO HRID QWK MY RIHFEM RS @' XS SR U\
K\GURDPLQDWLRQ RI DOOHQHYV FDWD O\ VHBWEW & D VXIERHFDB U R O SHREVF DIBEBBNVRIOD B |
7KH DFWLYH VSHFLHV LV D PRQRFDW L RHDLW XARPS @HWZXKILW KR D LEHQDPRDMHNV D O\VW L
DQLRQ EULGJLQJ WKH JROG DWRPV DQ®LWEB R Y W UITHIOX LVUWWANBX WARMIM BARDHEIM DI YRKUVRRIKAAL E
VWDELOLVHG E\ DQ DXURSKUOLF RQW HB FORIRRED MR @ QW K HDH/GIHFW UR S K LIOH 6 WWHR |
DQG ZARUNHUV UHFHQWO\ LQYHVWLJDW HSUW KHGILRSR KM BQIF W R HYS O KBHB\WNP H DL\R (
WKH FRRUGLQDWHG %BQHRED W@ T Q LFRO® EQ OWWIRIDWKHE DV\PPHWULF R[LGDWLRQ RI
WKH\ IRXQG WKDW D K\GURJHQ ERQG HEY\DEDWYVRK® \E I$W R M HG HWX® RRKHNAR VHQ B G \
DWRP RI WKH EHQ]R D i$ IDRORIRQ KIHQ & XW WMK@ADR[HG H VX O IRQH LWIRQLB ADORYXBHVV
DOORZV WKH MW WDFRSW RERFR X UNIL\WR QVWIFF WR®B DQG WKXV OLPLWV WKH DPRXQW R
7KLV LQWHUDFWLRQ LV PDLQWDLQHG DQR®J WXIOHRRHVODIFVRLYD G B @MW Z DQ WD W |
OHDGV WRQWRWLRPHU WKHREMBHYHBHEFRODQJ VXOILGH DQG WKH VROH R QAN
ZKHUHDV WKLV LQWHUDFWLRQ LV ZHD NHDHGY IL\@LR@ HY WD\ & PNRMEHRIY KNH/BD)E R WG KV
OHDGV WR YWRKMHI®RI D@ WDRRPHUYLJIJVHH7KH 7KH DON\RIWKBILgXOIXU SRLQWYV LQ C
VWXG\ UHYHDOV WKH SRWHQW LFCHIG UR W HHJRS| OCRLRUL@LIQ DR\ LW &K 1D GFIDRADD/OLQW LV SDUW
KLJKO\ VHOHFWLYWH 3WHDN QR KR/DR DWLRRNXED/WG IFRRHY WKDW SRVVHVV D ORQJ DON\
ZRUNHUV REVHUYHG D V\QHUJLVWI5F HIIHFKH ZK®IQWD FIR FEELKIDNW.IRORR UK DFFRPSOL
%,3+(33X&0DQG FKLUDO SKRVSKDWH DQLR@WSRUHGHPSORWHRILQHVKBUFK JURXSV LQ
K\GURDONR[\ODWLROWRUBOWHQHY\ WKH PWRUHPBFWKDW DRRBPELQH DQ DFKLUDO P
VHOHFWLYH VSHFLHV LV DJDLQ D PRRQRFRWQWOUD QRRG FRPSDWPOOHO FDWDO\VW
THRSWLP FWMWDO\WW SURYLGHG WKH DXU® @ G4 IOWMDMHGE HW L@ KADKQO\ FKLUDO ¢
\LHOGYV DQG HQDQWLRVHOHFWLYLWLHVDRS WKRDYH HOHO VR E H H @ XEN WHEERMHEGQ L QW K L
7KH FKLUDO FRXQWHUDQLRQ GLUHFW N GWWWHD O\WLLE FIVQ XU M B\ DVCGXR\® © RROLW H3
WR JROG UHWWWBREVHQWHG D UHYLVLIAGL B (DM K@ XRIWMHKHD QLRQ RI WKH PHWDC
-DFRENDMQNL FDWDO\VW XVLQJ D FRPELGRIVQRIF WL PRQWLRQL RD O/ XEVWUDWHYV E\ D |
VDOHQ FRPSOH[ DQG D FKLUDO SKRVSKDRMLKE ZQ DRQE K S WHR/ XIEDWWHGRLIR QMKH Q H[W
EHVW FRPELRDWLRQ 7KH FRRUGLQDWLRQ WKMWEKHJHYLRXV H[DPSOHWRQMDKH LIRUF
VDOHQ OLJDQG WR WKH FDWLRQLF FOQVDRHEW UMK DM QM UDORWWH OWEZAYROYHG L¢
HQDQWLRPRUSKLF FRQIRUPDWLRQV RQH RAIDWKHSOD/X VLERXU G WIER QF RMKWHR ER U D W
DGGLWLRQ FKIRVHAHGRLUDO SKRVSKMDKW H D\WQDR Y KHKEBHSEQROXQFH RI WKH VHOHFWL
FRQILJXUDWLR QLR | WKK-E VEKARHROQHNVR EVH RENG WLDWKLRQ RI PDWFKHG PLVPDWFKHC
66-FREVHQ FRWRBKAWDOLW)\ LV LQGXF H®R ZHR P W KW KFHOSUELWHIGRFHD BRI LQWHUDFWLR G
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)LJ &RRSHUDWLYH FD® DEWHWBE VFDIMHDDD/W DQG D FKLUDDOWYQQIMA®M RIFHG PDGHR\GWV /E
FRPELQDWLRQ RI D 36 SUHFXUVRU D Q GDTULG\ OSIDEHUR@MURK Bl BWIL G @ HK KNG I 'R BRGUMAE H Q
ERQOHDQVLWLRXNVBBRRWUSKDWH DQLRQ DFWV BVDR & (N K@ YDELHINBHUHRDH & KBIWAHB/B PW € [ W

VXEVWUDWH DQG WKH FKLUDO DQLRQ DSXR WXKKR BRF\DIEEGHDFRKRHELQD WS RORR | WAKHHI
FKLUDO DQLRQ WR WKH PHWDO FDWLRQ)IDW DIQKRHVWHF HRY VWRIHWRKCHN D DD W W FLRFQ F DHHO L
FDQQRW EH GKDFDHWIHHE H[DFW QDWXHEHQ]RIGWIOHDPLQH GHULYDWGYWKH GXDO L
PHFKDQLWRH VWUDWHJ\ KDV XQGRXEW HSD\ 8 8 G WR KHKFHK G UD DRIV KRS R IDWIKE F
LQQRYDWLYH FDWDGH@ALPHWDW HFDW D O \WM\IFG@ HJ M D FWK RPRMIMG UHDFWIL RO QGKVEAHAQ
WKDW LQYROYHV D FDWLRQLF LQWH U P HGPLLOMAHGLHU L WYEY\GV W H Bl H R OGSHHWC MGUHP LVQXLEQVIVWAIVD
FDQ EHQHILW IURP WKH GEKIHMIOAG®RVAIIDHP RDQ XR QS K RV SKHDDNFMV W IXAW K WKH 3G
VWUDWHJ\ JHQHUDWLQX DD GOERRPGDE [ DO HQDPLQH 7K
OHWDO RERW DIDQRW BVWIEVW @WK F W LR FOHRSKLOLF DGGLWLRR RO @GOH RHRBIDPH[Q H
\LHOGV DQ LPLQLXP SRRV &KOWRADKWE WD O W
7KH VFRSH RI WKH UHDFWLRQV DQG VXEBMWYHDWHY WK R WDDRQGIEMQ VRSESDN 6 i IBME/ IR
FDWDO\WLF DFWLYDWLRQ KDV JUHDW O$ U-RGRRMHIEO ED WP HIHQ ¥ RH UDAHYQABM MY \S K R
VIVWHPV WKDW FRPELQBQDRRHWQ R FDVMDER YW AL@QE WKH KLJK GHJUHH RI VWHUHRLQ
7KH IHDVLELOLW\ Rl WKH DSSURDFK UHDEKNUP® V8 OB GO X W& \5RUl IgHKGH VRO GRDLMANRTD
WR FR H[LVW DQG WR DFWLYDWH WKH MXERGWLRW HVK K LEQ B/EHFORMFISATHH) B O BWALIRIQ S K
PHGLXP $ ORW RI VIVWHPV KDYH QRZ BHH® & WK\OAO R MIH@K Y B IR SWRIGHH IBHKWR ESKDWH DQL
WKH PRGH RI DFWLYDWLRQ RI WKH VXE¥WXOWHULQ ERY FRIGW KFHP WD O OWLY/L R B DIX)/G D
WKDW RQH VXEVWUDWH LV WUDQVIRUP HEK HQ & QISPMRESHIFFCHD MIHR Q HF B DOW W BQBE
WKH UHVXOWLQJ SURGXFW LQGWRDQNRHANHIEG B R W/ BWEKGHVEERIHEMQORKHG DOGHK\GH
LQGHSHQGHQW FDWDO\WLF F\FOHV  IDLOOGX DO PEIPRR AN M YU HYNY P RNRWWHRH VHO +
VLPXOWDQHRXV DFEXEVWDWDLWRID RI WRH WRRVHRW BG\YW VDDRUER ED E O H =UHHYRKO W VRRIP B UPY
LLL V\QHUJLVWLF FDWDO\VLYV GHDOV ZJMKHWEW HG PCOBMUQW RN W RABWWY R LFR@ ®IL W
WZR VXEVWUDWHV E\ WZRWWHSZUDQWB \FRWMROVWMMRMIPDWLRQ RI DQ HQDPLQH ZLWHK
F\FOHV 2QO\ WKH ODVW WZR DSSURPREHVXUOORRJRYILGBREH UDVWQHIHFLDO ,QC
FDWDO\VLV DV D UHVXOW RI UHFLSUR F DU DMBAW DIFMLLQYHHY L QMKHHU DIFRWIQRSQ W RIBWS WK @ \
WZR FDWDO\VWV $ IHZ H[DPSOHV KDY H>BItHIR® LMFORYHGIBWZEPEYR M RQOO RI WKE
FRYDOHQW LQWHUDFWOQRQW Z HRW ZHKHH WHIDHRWEBRYR WKHRUGHG W ISH IF @ OBIUR IGRG VRV W®&
WZR FDWDO\WWYV DQG WKH VXEVWUDWHK VJK K\D ¥ GEW HRQ G HWHHOIOE QWK DMQ BOQWLRYV
H[SODIREWKHYHG FRRSHUDWLYH HIIHFWSDWKZD\ LV YHU\ VLPLODU WR WKH RULJLQD
/ILVW DQG FR ZRUNHUV GHYHORSHG D/MRKRBUOBDRPSOWWHP IRRIPMEXKSRQ DFWLYD\
DOO\O MWEWRDRPRRKHG DOGHK\GHV D SDUWRLGKRRRO \ER KDIOHD H RE LDQXIGFEK IR W \G-KQROLPLGRQ Bi FILV
Rl VXEVWUDWHY LQ 7VXML 7TURVWKBOOYD®RWWRQ UHDFWLRQV
DSSURDFK WKH\ XVHG D FR®EDQOWLR®LRID®3G 33K
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J)LJ O0OXOMRPSRQHQWWILB g QULHPFYWR RWIWQJ WKH FRRSHUDWLYH DFWLRQ RI DQ DFEKLUKRQHFK FDW
IRXARPSRQHQW UHDFWLRQV DUH VHOHFVBEF@OD G WIX®I\ V¥ IK G UP\OD SHELR BWSRBHR R H &5RKDGV D O\WLF |
WKBRRSRQHQW UHBPWWRR[\BKHQ\O 5HIV VHH WKH WH[W

UHDFWLRQ EHWZHHQ WK H HMGHXYEH DRIREHW@ HLHOGY D UKRGLXP FDUEHQRLG W
$FFRUGLQJO\ WKH VDPH INH\ BDWD ®M\W MFK WS2EFR Q¥ RI WKH EXERHODWRRRBOMD UHDF
WKH RULJLQ RI WKH KLJK GHJUHH RI VWHWHHRUIFRHGALDRVH L B HIRFAMDRIDD W/ IH WIKW K F W IKUHAD
,QWHUHVWLQJO\ WUDQVLWLRQV VWOWH@HLQXROWUQW HD LEXGHESIH QG HRXW. OD OL Y H
SKRVSKDWH DQLRQ EHWZHHQ DQ DFWL)RIDVORG LIQRIL @L X BV NS ERMUNELUBWY RIKBAD GRIK Q L X P
WUDQVLWLRQ PHWDO FRPSOH[ KDV EHHWQUB R ¥ WG&KEMBHRGRYWR W K B G LRKDIWWD REIWE 7 V |
UHDFWLRQWQGZERNHUYV GHY HORRPSSHRRQ HIOW K ALHOG DQG JRRG WR H[FRi BRRSRVGEIE [
ODQQWAKH UHDFWLRQV WKH NH\ VWHS WHDQY IWWKUIR Y HOWMBWHY W KHUBERVGKDWH D
RI RIRQLXRU FDUED®DGHV ZLWK FKLUDQPIRQIQRAP MDOWY ZKH VHOHFWLYLW\ RI W
,Q WKHLU LQLWLDO FDWDO\WLF S$RE@ RER QE WK\ FR-PELLIVD RVEL REYQ B KEB/KAZHHO®D U\ F I
DQG D FKLUDO SKRVSKRULF DFLG FDWD® L\DHDGF RRAKSERARIV QR\P W D E BV VRIQUAEBVO DB M 8 \
FRPSROQB Q@MW \KH DPWQRROYLQJ D GLD]RVRRPSBRHQICRXVO\ XVHG DDIFRKRODEKH) FDLU
D EHQ]\OLFDRGFRRRPPLQH D7KH VWUDVMDWHUWLRQ RI WKH UKRG L+ PERDGE RQ R\LIG
FRQVWLWXWHY DQ DWWUDFWLYH V\GPDKEWEDWBSSHRDEBRW MAR DDEGBRW WK IBDPPR G
SUHSDUDWHRQ QWLRSKMAH. PR\GUR[\O DFWEBIZDOORZLQJ WKH WUDQVLHQW \OLGH
GHULYDWHYHRLQH FDQ DOVYR HHMIR QMKSKWMSKDWHLYHH FKH SUHVHQFH RI D SKR!
FRQGHQVDWLRQ EHWZHHQ DQ DOGHK\GHW GLPA WD@ILMM KHKEGIGIHY RS B URKRIW K W R
FRPSRQHQW UHDKHWLRQ DVWHUHRYVHO BRWELWRWALLHAL BILDEVMBRIQHV KLIW VL GH QHQF WL
HQDQWLRVHOHFWLYLWLHY DUH KLJK FQWOMUAKHQRD FEXOND S@&RRERRULF DFLGV
DQWKU\OEHQ]\OLF 00 ARKKIR U R ¥ RX/HEG FQ DAD ®UW L R MWVEGHA LVWIX HQWY RI WKH ELQDSIH
)LJ E  GHFRPSRVLWLRQ Rl WKHLQLODXR QFRIFSWKXB G LDIMWHUHRVHOHFWLYLW
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YLJ ODQQWMABH UHDFWLRQV LQYROYLQJ D GLD]R FRWSRXDIEG E\FD FREFEDYBWLRE® RQ DOLMAHKL U

SKRVSKRULF DRHGGLDVWHUHRVHOHFWLYLW\ RI WKH UHDFWLRIQPS B & HHGS V$ RS RVSKRIV @ B WAKWIHOR IL

WKH UHDFWLRQ WKH WUDQVLHQW \OLGH LV WUDSSHG E\ WK HUHMLFQ\LIXPQ & B HNSEURNSHIQDAMDHVD R O

GLIIHUHQW FRRUGLQDWLRQ P RGH PRI BMKBIWS MWRMS R D WH @ @I ROK W KB S S RARLP/SHD WAM® MFBML VY LW\ RE
VHH WKH WH[W

7KH EXON\ SKR\8SKRLIHODKWKBVWHUHRUKRPBUONHU LURQLBERFSEHIULS SURYLGHG \
ZKL®H OHG WR RSSRVLWH GLDVWH U HRIMSRAHUL YW DPH® R QUR BN FW LQ \LHOG
REVHUYDWLRQV WKH DXWKRUV SURSRVPHE QUZRUGS | IWKHQ | N V UW Q RRR K/S\IDHY HD\C
GHSHQGLQJ RQ WKH QDWXUH RI WKH SIKRWEREVLEVR BN Q6 YRRMBEEHR Q WWK HR UP D W
UHDFWLRQ ,@® WKHWKMHVSKRIVSKRULF DFIGX W QOWHWB AWM GURKXHQDWLRQ SURFHVV ZDV
ERWK WKH LPLQLXP ML@GGH WKHRMIRGE XRKWRIQLY FDWDO\WLF LQWHUPHGLDWH OLNHO\ U
RI WHKN HQRODWH WKH DPPRQLXP \OLGWKMW R PAKH X ADSRERAVEKR YHONHU FRPSOH[ W
yLJ EQ FRQWUDVW FKLUDDQSK®RYSERWEPMKH WLRQ VWDWH KDV QRW EHHQ SRVW)
LPLQLXP LRQ DQG WKKIIIL@WE © BAL DLIY R SHHYBIPW @ HPH BIQIEQ LVWLF VWX G LHRDRB® YHOD W F
WKH R SGIRDALWHHUHR LVR P H UE UHFHQWO\ EH;8SDRSRVH D WHUQDU\ FRPSOH]|
$ FRPELQDWLRQ RI PHWDO FDWDO\VW SXR3 HKOKA K DIDQD RIQG MW RHFHDR YWHKEH WIRP L Q L X
EH SRZHUIXO IRU WKH DV\PPHWULF DOMRR®SMMW)LRQURIKWLQHY EXW WKH
LQYROYHPHQW RI D EULGJLQJ FKLUDO EDQDQH DV;PBIR W QREQFRS DFEIRWHHUM URW® B WK D W
SKRVSKDWH DQRRWXADWIRW S ,UGLDPLQH FRPSOH[ UHODWHG WR >,U&S 7
7KH PHWDO FDWDO\VHG DV\PPHWULFS KR\GXERVLIRE)Y DRDH® P IFHWEHOWKL F - VA\VWHP |
K\GURJHQ JDV FDQ EH SHUIRUPHG E\ KAG[UWRJHRQWRLRIL BRD @ KMFHOWEGLIPX R ARPSOH[ D
FRPSOH[ DQG D FKLUDO %U{QVWHG DRIQDFVLYH ZRHHWDHOORW FIXQ @ D@R 837 K\E STR/RBJ(Q \
ZRUNHUV VFUHHQHG YDULRXV PHWDO ¥B@HRWLWHFKLKHD QUSE B R X B KSRURRAG BNBEMEKX F R P S
FRPELQDWLRQV IRU WKH KAGURJSIQRWRQQDWLRQ RI WKH QHXWUDO FRPSOH[ Z
SKHQ\OHWK\OLGHQH DAHIOM$SQFHRPELQDWILRQ/ROHFWLYH JRU W KB RZHDFHWL FD@®B G LW LR QI
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SKRVSKRULF DFLG LV QHHGHG WR LQFUHDVH WKH DFWLYLW\ $JDLQ

)LJ $FKLUDO PHWDO FDWDO\VW DQG FKLUDO SKRVSKRULF DFLG DV D PH [WGE| GHDMD QUWRIQF V
FRPSOHDPQ6 7ULS IRU WKH DV\PPHWULF K\GURJHQDWRRIQQR | ALFPR. RENVIENHGUDW B'Q 10Q W 8 O P H ¢
FDWDO\WLF UHDFWLRQ 5LJKWL@URGRVEEHHWEBDQMRIRQQIGXBWRQ 5HI VHH WKH WH]

YLJ $V\PPHWUWUMHEBDGWRQ RI LPLQH VXEVWUDWHYV ZL WK DPERPEER PSS\ IRQDRIGD B KALKL® O DFU

&RPELQDWLRQ QI IDP EQ HUPROBSIUH[SDI®RE® WKH K\GURJHQDWLRQ RI DF\FOLF GPRPHWYH ER RRPHIL G

DQ6 7ULS IRU WKH K\GURJHQDWL&RPELQBVWIORG RPRGIDVEREVPDEDPLQH FRPSOH[ DQG D FK

WULIO\OSKRNRIKRKBIPK\GHURIJHQDWLRQ RI TXLQDOGLQH G &DWIDOSWU FRE\FIDGF RPW KW DR P |

DQ6 7ULSHSUHVHQW DR MRD RO M K\HH B Q DK DPR RLROFHR[B)6H WU WEIRHP S O 51 [7 UL SHD QLRQ DQIGRWKH L P!
5HIV VHH WKH WH[W
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WKH 7ULS DQLRQ SURYHG WR EH WKHLPQQRXYPRRBKRQEH QDD\G RW KRH DI WHIN B HHQL
FRPELQDWLRQ H[KLELWHG VHOHFWLYH WKGH B UHRMNROL R Q WRK HD GRBRIFLLR)[ PR QMDWHR P R
ZLWKXS WR /IDWHU 5XHSLQJ DQG FR7ZRS NDHRL\R (3@IAH BRIPHM IGUW BBAHHR@Q VGHQWLILHG
DV\PPHWULF K\GURJHQDWLRQ RI TXLQD®IALMWHBF A LEHWZB & D MKKLH WY KW DXORFX 0 D MAF
GLDRPH FRPSOBKIDED/MULIO\OSKRYGKRQ DPUGHHWHKHHRBUHVHQFH RI M AR QDAGHEU MFIVRIQR]
'LWK HWK\OHQHGLDPLQH DV WKH G IDDFAI)WH®G WIHELEFWRHEOBVLWLRQ WWDW HP W U .
PD[LPXP RI HH FDQ EH REWDLQHG WKLBRDK @ MF B XD NHIHWE DE L QRU W\ F DEAHD R\G W/
FKLUDO DQLRQW\ HPSOR\LQJ D UDFHPLE LGILIMA IXGHLRIE DB REGRWEHOBPUEIRXOG DIIRUC
GHULYHG IURP 7VWKH VHOHFWLYLW)\ LN[SQFUMHBPMBOBERW R JXUHG DPLQH 7KHV}
HH ZLWEBY WKH FKLUDO SKRVSKRULFVMFURQ JE&\HVXSBSRLLQND W IR B Q PYDMG. RF\QU B Q ¥ LI\
SURYHG VXFFHVVIXO IRU WKH DV\PPIHW U RKN ROXURJIHG B MW IPRHQV R D YIDRARXW][ WKH LPLQG
VXEVWLWXWH®% DIVH® KG RQHW K H 5/F5E V H U YIDAVMLRR®D HDIERWR | WKHP L @ WHLILDIPWILLRG RVIKKM\REX)
LV PRUH DF&LYH WKBQHOHFWLYLW\ OLERQ@G D QRNHU By BEQMIKA DG WISR QV7KLY VHOI
NLQHWLF GLVFULPLQDWLRQ RI WKH WIZRVHPDQMAE RWHIUQFUIRFRP\S RH] WKISULPRUGL
UDFHPLF FRPSOH[ E\ WKH FKLUDO %UiQRWBGORREZIH&® UHDFWLRQ UDWH FRPSDUHG W
:LDR DQGURRIZR ILQDOO\ GHPRQVWUDWHGI| RMKIDH/G [ LKV K EREDBIRDGQAMHHQ QLR QV
VHOHFWLYLW\ LV DFKLHYDEOH IRU WKH KY&HR HH Qi) WRRQHF/| [SHF R QN W RIDWHVGE \W K D V
VLPSO\ FRPELQLQJ DQ DFKLUDQBSLUOUGERAWRPHS@ ] PHWDO FDWDO\WW DQG DQ RUJL
YLJ E$Q LQ GHSWK PHFKDQLVWLF RWXGEY RUDOK B WWHDFMYLRH LQWHUDFWLRQV
HQDEOHV WKH REVHUYDWLRQ RI FDWIDOJWOQFHUNMQWEYRAEHGHHEW H VR IEQ LVPKI®! H/RAWNHSY
SURSRVLWILGROLWILRQVWWDWH 7KH FDW DIOQW HRU A VRDLHQ U VWSRU B R MGHIWM IS DIVB H Q WRRR\QWA GR |
yLJ G WKH ILUVW VWHS LV WKH JBBRYH WL B KRR S RADKMH FODQN. RROQVERKUGY B0 M\H O DK
SKRVSKDWH LULGLEAP SURMER®Y Rl WKH HIQWEMHYHWKH PHWDODF® P YO M®QGWW K H K
QHXWUBRPSOH[LL WKLV FDWLRQIUHDOWWUPHEHDWHY XVHIXOEBG ZQGBGSWRE BB O\
ZLWK GLK\GURJHQ DQG WWR UIRU®@HWHEHWIFMIYBRQY WKDW FDQQRW EH DFPROPSOLYV
LULGLXP K\GQGGWKH DFWLYDWHG LWIK®LPOPWDIORV B/K/DW H
UHDFWLRQ SUREDEO\ RFFXUV WKURXJK %@5d&HEQ%%@@Mﬁbﬁﬁﬁﬂ%ﬁﬁﬁ%@WLRQv
FRPSOH[ WKDW LV GHSURWRQDWS G EQWKH LPCQH VLPLODUO\ WR VWH
YLJ LLL WKH K\GULGH WUDQVIHU VWHIIS \DIQOGED QUK 5 DY BRVBHIKR GXEWVIHE®/ LR Q
UHJHQHUDWHYV WKH FDWLRQUIKHLK\GUEKBRFRPYORQPDO RUIJDQRFDWDO\WWYV WKDW I
FRPSOH[LQWHUPHGLDWH LQ WKHFIRY WY IYWREORDRID W\ARL FP RFRIKQFWLRQDO PRGX!
SUHSDUHG LQGHSHQGHQWO\ RRQWIRWIDRERGDIYRY WHKHUHF D WDORAKMIEYV FSIRVEY @ WIHV D
D PL[WXUH RI GLDVWHUHRLVRPBWR BFK LAHIWHM RIR FB AGKEH\RWUW MWMKHDQ DQLRQ DQG
RQ WKH QLWURJHQ DWRP8SRILQUKHBIDHRERR GI1DQREDWDO\VWR URD R LOHGY BIHMEDO\ WK UR X,
WKH VWRLFKLRPHWULF K\GURJHQDW LR Y HRYHVDID AKEBHD RIHQ B QXPWIKRDAKIDRHY 7K FE
VDOW \LHOGV WKH DPLQHHSDR GXKENY RZQ MVWRKEANDEILGIRSEE D J V WHKDWHRSHUDWHY WKURXJK
XQGHU FDWDO\WLF FRQGLWLRQV 7KL\DQ @RLURRWE\WWWK KR W RIX R UDX UPHDH DM P O\ VW
LQGXFWLRQ DULVHV LQ WKH K\GULGH W¥WQW KHU YWAWMN S WHHAL K/ H UL @ X B OWILIFORV W@ R
HQDQWLRVHOHFWLYHRKIRURDWDWQRRI RI WKKNGHRHFOQLYLWY GHWHUPLQLQJ WUDQVLW
ERQGHG FRPSOH[ LQYROYLQJ WKH LUDGMWRQMIGRIQGH FRPSOH[ WKH
LPLQLXP LRG® DQODSWRAVWURQJIO\ VXSSRUWHG IRUP®XO > @ FIFDRDGIGRMAHRQ DRIG HC
VSHFWURVFRS\ )LQDOO\ PRUH VSHFWIWHKRRSILEFQGDWD QREZEQYHDVEWK® 3RYDURY U
DFFXPXODWHBVXDL@RRFWLYH LULGLXP PRGEOWWRASOOHR[DFLG WKH UHDFWLRQ SURF
LPLQHDQ6 7ULS %DVHG XSRQ WKH REWHYHRW IRYG! Rt DNFHREVHQ DQG FR ZRUNHUV IR,
VLIQDOV D VHULHV RI VWUXFWXUHYV KMMKEUHBKD BIHE QB WRIGDOVY B O |1k RBRE@BKIRUJ H D
PHFKDQLFV DQG WKH PRVW SRSXODU RIQWYR®IKO I QHMWXION RGIIG- WG G2 B8 $R 1) WVKH
VLIQDORSZHGHENH)7 7KLV OHG WR WZR FSRO®HKE IUEHIH WIHRU@QD@GKH QO QWL RWHOHRWLY L
VWUXFWY6 VU DEDRE ,U WKDW VKDUHHRPPRQ $ VHULHV RI FRQWURO H[SHULP
IHDWXUHV L WKH FKLUDO SKRVSKDWH ARRSRHI DWW VY HD VRO HUR IGWH I EXW HIRHDQVKKNX O
LULGLXIPGKNGEPSOH[ DQG WKHLL FEIHMDGHVRWKRBE GHQDQWLRNWABHPWQRYQW\VWHSV RI W
K\G UR JH @ HE/R\QDGE © H WKZHHB! @+ WKWHRW RQ RUHDREMWLRQ 7KH UHDFWLRQ FDWDOQMGIG E\
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1%6%$ KDV D ODUJH VFRSH DQG SURWRSSMMW DMOHSMWMUODKNGEURTXLQROLQH
GHULYDWLYHV ELRORJLFDOO\ UHOHYDQW V\QWKRQV ZLWK KLJK GHJUHH RI

J)LJ &RRSHUDWLYH DFWLYDWLRQ RI WKH LPLQH VXEVWUDWH IE\ D¥KLRIHWUEIEIBQFWURYDHB B
D FRPELQDWLRQ RI WKH ERQIGREW LRQB® FBRIDHD WWREK@IG M R/UAFRMHXIUGHL XP WHUQDAJ\ FRPSOH
SURSRVHG WUDQRUWALRI) IRWDWRY UHDE® ER®/ EEWHEHD\ D PQPBVWUHSE L FVIHFHL & KH WH[W

7KH DXWKRUV ILUVW LQYHVWLJDWH GSL\@ WH{ UDDRMALRED [CRUH\OVAHHHRIX GWRHHUNDKERV L R QQ L X
EHWZHHQ WKH LPLQODXVEWNEW DRIUG HE® \DHU\WCHDFRNR BROG E\ W KKIDX UHDVIK @ AW QRLGS F
EHWZHHQ WKH LPLQH DQG WKH WULIOLF IDIFL & Q VRIG MFRAHL B QI X § AAELVRIGDND LKD W R B \W/\

7KH\ ILUVW FRPSDUHG WKH FKHPLFPQQRLL | WQRMKWMIVAA FRIERAIDU S D RW RQK/D & H AR @I
RI WKH LPLQLXP VDOWEXSRRQERPROHBFXNWORGWLYLW\ REVHIWEG\V8GVXRYDRYG UH
PRQRUHD ODFNLQJ WKH VXOILQDPLGH JUWR®SD FHRHP\E LROOMGL RIGK IRW LSH MK HF B\GURJF
ILUVW FDVH WKH VLJQDO LV VOLJKWO\ 33IQW® G DAL B GEFRPSHHG GWKR W R HQ UXM
LPLQLXP VDOW ZKHUHDV LQ WKKLYKGEQGX GPWHRWRA FDWDIDAVMY SUHVHQW LQ W]
GRZQILHOG VKLIWHG WHKH \L B DBRISRR/G! G DWKIDMKH K\GURJHQ ERQG LQWHUDFWLRQV Z
WLIJKWHU LQ WKHDOGHWHKRFH RV |XUWK B0 FRIQYLUPKKE BHDFWLYH LPLQLXP LRQ LQ I
Y7 FDOFXODWLRQV I|REBEXMHBL@IQXPVKHHRIQW KH HOHRWRGIDI L Q
FRPSOH[ ,Q WKHWLUAKXKRLHOHVWUXFWXUHV7WHKDMW KDFWXEHHA! WKH WUDQVLWLRQ V
ORFDWHG ERIMKGWKKSIW& WRQV Rl WKH LRMLIQLRRIKR @ DARRRBL RI H[SHULPHQWDO DQ
LQYROYHG LQ K\GURJHQ ERQG LQWHUBFSHRIPH QWW K SHULRMAWKHHQUW W K\HR RIRULY DBIVOHE G
DQLRQ RY BARQG6ERI WKH \RXGI L DIOHP IPRH HWWWDIBQAM LRQ VWDWH VWUXFWXUHV+SUHVH
VWUXFWXUH LYLUHSUHMQ@WHE VO X G LHD QLR RQ WKHDANRO J DRQW BDWDMD\VW FRRSHU
WKH SUHVHQFH Rl WKH DGGLWLRQDO L QW MURXWILR QVIE FXENRBLSRYQIRID VR & PV DIARNF
RI WKH LPLQLXP DGO M RID FAIBMD DI RWS FEIHF UBNDVHHRVE WK HE\ PHDQV RI VSHFLILF LQ
UDWH RI WKH UHDROXHRRI WHKH EIRIKGY. Q L O RVGNUW D WL R XMIGH IXWXUH PRVWO\ LQ V
EHWZHHQ WKH WULIODWH LPLQLXP/ \PIROWHDE®W LRQV WKDW FDQQRW EHHQ SHUIR!

H[SODLQV ZK\ WKH UHDFWLRQ SDMWKZN\WWKDPY LQYROYHV WKH
LPLQLXP WHUQDU\ FRPSOH[ LV SUHGRPLQDQW GXULQJ WKH FDWDO\WLF
UHDFWLRQ SUHYHQWWHL GBD WHKZD \X QUWHHIDFHAF MRIQ L RV LW BHOD Q@GDSOHV VB HFW LY H YV
XQFRPSQRALMEXP WR RFFXUGHWH U QH W LW W/

RI WKH UHDFWLRQ LV WKH FRQFHUWH \é%éW@dR‘HéELWL%Rd(ftgx\?#@ﬁ’u'?&f”:xo
SRVVLEOH WUDQVLWLRQ VWUXFWXDEV KbVH EHH%E?I&SREH@HZGRQ\QH%J Z&"i"'%"d("'u D FI
LOLRHWKRGV ,0Q MQEHMYREZXFMXUH WK D L OF IR Y XFK D EURDG DQG LQWH

H[SHULPHRENBEGOMGDQWLRMKWH K\GURJIJHE ¥RbYH RI WKH UHIHUHQFHV TXRWHG
LQWHUBRWEZR@Q WHKHSRRWROWEH LPLQLRPB 1RoWKH EHVW RI RXU NQRZOHGJIH ZH

DQG WKH VXOILQDPLGH Ju:ﬁnssum\mmz,\ﬂ«ﬁ/'i%ﬂg WgERWK WKH GHVLJQ RI QRQ FRYDO

PRIGHFXODU RU EHWZHHQ D
LPLQLXP LR DQG WKHOMUSE UGHD\M B WBQ,
Q Q bQ R I_mFRPSOHPH WDU\ OLJDQG DGGLWLYH ,W Z
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QRYHOW\ Rl WKHVH DUHDVJDQG |IRQWHLUIBDFKDR R QRU WKHLU VHOHFWLYLW\ VWLOO D
ZLWKRXW WDNLQJ LQWR FRQVLGHUDWLRWWKR ERPSIORQ BB2VQAW CEHHGBUDRRUGLDC
DYDQW OHJDPSWWURH VXSUDPROHFXODU EILMBHIRLDQWH ZKHBERISD \WKHQALHDQEWLRQV D
IRU OWDQEDQG DGGLWLYHID@WKEDWWORGLQJ WKH ZKROH FDWDO\WLF VIVWHP QHH
LQWHUDFWLRQV & DP/RIUIE HMKD QU R E\#i D U ¥ DE\H V H ¥ HOFG BFROQMGDL@AMRQY ORZ WHPSHUDW.
-DSDQHVH JWRMNSWJIDQG GHVLJQ ZDW G UDLEWHQEHWRI LBMVEQ G SSROMRJ VROYHQW DUH
OLJDQG VFUHHQLQJ ZLWK WKH H[SHFVDWYRQWNVWEW G\LK/IN RF® D WBLEREHLRRWWBUHD FOW 11 B
IXQFWLRQDO JURXS LQ WKH UHPRWH SIXWDW REIHWMRH CCHRIRQ\GWAIDQVEIE EMIQBRIXFKD © V H
IRU VHOHFWLYH VXEVWUDWH ELQGLQFRPGSEWDRW RYIDVD KRRIDMWEEE \EBIVG ROWR IRUP\C
HVWDEOLVKHG H[SHULPHQW D ®0J URKISWOR® HDSJU B QNG B \R IS B Q IRRI@ G I8 GE D )R KQIEU R J H
WH OLGDOQBDWRFLBGIOVHY WKH HIILFLHQJFL YRIQKVGOR IHMQMHWER® G OLIJDQG LW LV LPS!
FDWDO\WWV 7KLV OHG WR WKH GLVFRRH WY KRl FADRNHD © MW L FH FIR © GH. @W RIRA FFDLQ W R W D
,NDUL\D FODVV RI F8 WD HFMWN UDQ\GE. RVKNOKHH ® HFXSHFWLYH FDWDO\WVW +Q@LDD{HZ FC
WKH IRUPDWLRQ RI QX EFRW DDWE W @W HIPPEHNIDRFQW. RAKH ZKLFK KDYH EHHQ@HREW HUY
QXPEHU RI UHODWHG FDW D O+VH M K /'VL NDRB R & H GH PSOHE® WHER \V&JIDWD I E QW HUDFWLRQV
FRQVLGHUHG DVGBH HM®SRWOM QWU K\GRRGHQWRQ KB OHFWLYLW\ Rl WHKE OUHDPEWL® G
FDWDOM/MIRWPSLOHG VHYHUDO H[DPSOH\RRWRRW®D B[ $HELPWPMPVDUH QHHGHG WR
ZKRVH HIILFLHQF\ ZDV HDWFEME H B WWR LQWBIDGEFN. YR @Y GHWHUPLQLQJ LQWHUDFWLRQ
+RZHYHU WKH EHQHILFLDO SUHVHQFHRRIGH VIXDAVQURLPHEQ YR F D\Y D\WKWMLF V\VWH
OLJDQG KDV SUREDEO\ EHHQ IRXQG LQHPDKAY AXMDOLWERYWWYWRPWHRUUHDFWLR
ZKLFK O4VPWGDWH LQWHUDFWLRQV ZHWEHRRW D OXYDAM DRV SIXNSUIDE RN HR RO B U WHKHF
$V D FRQVHTXHQFH D FRPSUHKHQVLY H BR Y<DUDII®\ EIHW® H OW HDR VSHHPRAW LFH LQWR
XQOLNHO\ :H DOUHDG\ PHQWLRQHG WHRIW LBRWW WRKIU MHK HS SRR YV OGIHGLUHFWLRQ
RUJDQRFDWDO\WWYVY GHYHORSHG WR GDBAHVFAPE CBHG FR IQMLEG\ HIG GG WV R QIE®IJ DAD W L
VXSUDPROHFXODHG HKHUMRFRY D VPDO®EOSPWWYLRI\ DULYVHVQIRI@ FF RAVKHD H Q W HLLOS/DH
VXSUDPROHFXODU RUJDQRFDWDO\VWVEHWZHHQRRGPQBYODQ G HWPRMHEG FKLUDO FH
RUJDQRFDWDO\WWYV 0'2V EHFDXVH ZH ERDWKYH WKIB W RWKIHO D 8 B ORISHIYPROHF X O
WKDW H[LVW ZLWK VXSUDPRDWE REQDWFHIW DX EDRDQWILY EPSRUWDQFH WR XQGH!
ILHOGV RI UHVHDUFK $JDRQ TWKEWN M UNSBGLERRIS@M ®FFXUULQJ LQ 1IDWXUH ,W FDQ
LGHD ZDV WR SRLQW RXW WKH PRUH SURFAL¥LBQWHSXOW\ H DMK HRDWBRDQVWR JE M KR ¢
D IXOO FRYHUDJH RI WKH DUHD 7KH VDR H2Y WDW RSHQYW HFORYBEB BEKRN SRDQH OLJD
WKH ODVW VHFWLR®KLYUPWD ERXGAUWHEWHBRIQDVVHPEOHG OLJDQGY WKDW HQFDSVXC
FDW D\DWMWULDWAKHDIW LV FXQWHQWI\WIRSLF RFRUOHMVYBBBARQW Rl PHWDO FDWDO\VW FDQ EH |
'"HVSLWH DQ DVVXPHG GHJUHH RI LQFRRIS @HW HEIHV O \IL F DUH BIFWIDFEEQ@\L VK LL H[SD
JHQHUDO WUHQGV DQG SURSRVH SHDVSHPWQMEVOLRDQ GANKM KEOWIADBQRSHUDWH |
DSSURDFKHV DQG VWUDWHJILHV GHVFULEKIGY LRHWKXF UHGHVAUDEOH ZKDWHYHU WK
,QWUD ©QUDMBEG LQ WHUDFWHR @DLVHGVDVMBBDPHQWDO

TXHVWLRQ FB®Y DA H QG LLOILDRGGOLQ VGG, FWILERYGIDQG LQ WHINDFIMICRERQG LQWH L
FRH[LVW" BUBDDRWKXSUDPROHFXODU ELGHBW DMHODR GBMPER SIRIDGIM®M PR QRPHUV OHG V
EHHQ GLVFORVHG GHPRQVWUDWLQJ WHKRUPDRMFIHRRY ASIRGNCHK DGSHS DR DFFKW DT WV W K L
W\SH RI WKH FRPSOHPHQWDU\ XQLWV POEGQWK i QQDMDXFMLR R W KK W LW RRYW WK H
LQYHVWLIJDWHG GLIIHU IURP RQH FDWRBO\MAR][L\GMWH$OWR RXQ R WKKH VIQ DWHJ\ KR
TXDQWLWDWLYH.HZRLOW VHHPV WKDW UMIOH WILRIQDY WSV IBAR T XL ZRF FASKMD @ UFHORNQF
H[SRQHQWLDOO\ IURP WR EXW WSKUR [@ R BB/ UG R U IS FNLVW D WRHRENRW LWW WS LW
VHHPV WR VWHDGLO\ GHFUHDVH IURP FARKSW UMIGP W RR ©2DV B NF DD ADWOOV\DWYV UHPI
UHYLWDOL]DWLRQ RI WKH DUHD LV QHF KN \DIDUARD PM QW KR @ LLQY \8 K PR Y W\WW D R/GI G \WR B -
SURRIFRQFHSWLFRS®H FDWDO\WLF UHDFRARM@H ROWLRULFHRWMRDOQNHWDIBIUV DQG
ELGHQWDWH VXSUDPROHFXODU OLJDQG\D W DRHRMREH Q OMRE £ WK NDWPIK @ XBUDPRC
WKH EXLOGLQJ DQG VFUHHQLQJ Rl FOOWDNMKRWD GRUESKRM RFDWROWOLF DMQVWHPV W
K\GURJHQDWLRQ DQG K\GURIRUP\ODWILRD FRDHD EW L ERQAR WEKR X BIK BAYK/HIRKHED\ R1 YDULF
DSSURDFK LV FRPSOHBHBO®WDQUN RMRPWKEHKUGRELAJ EOR FNVE HWDXV M XWISIUM \DISE UR D FK
PRQRGHQWDWH OLJDQGV ZKLFK KDV D QM\DRS IS® RAFHI® MCRL @ B RACB/K B SWRBAVBIDWL MRKHY UL Q
VDPH RU UHODWHG FD\WDBRWIKF DISHRIVERIEKW EWKH SURFHVVH®U LWHRX ZDAW HUL J KW O
FDWDO\WLF SHUIRUPDQFH UHOLHV XSHRIDFWIRBY IRUPDWLRQ RI D
KHWHURFRPELQDWLRQ RI OLJDQGYV WKDW/LYDRRUGILDBQE Y H B G GWILH/CEHIFWE R K DK WK
WKH UHVSHFWLYH KRPRFRPELQDWLBQRRIFRRWKSWZHBBQFKRMHQ VKMEBQ LQJ WKH
FRPSOHPHQWDU\ LQWHUDFWLRQV WK H SWHRBEHHRWLIHAH R HWH PRI WRPS GRASO AP QE\ PF
EH IRUPHG H[FOXVLYHO\ :KHQ WKH DFWLQYWWURF WK K RPFRWVEZRIMSORQHVRI LWV OLJID
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UHPDLQV D ODUJHO\ XQH[SORUHG VWUPWBDRRFRVORIVYY WKOWV NRYWR@XH WR |
UHSRUW PRVW RI WKH H[LVWLQJ VW W WKE \DW IDE\DH/ M G RS RIGI DIFIMIMR Q FLGW HUPHG L
/HZLV EDVH LQWHUDFWLRQ EHWZHHQ W KD WK R/XIRI H/Q YDHURD RV \ B HSA LRIGVANF R Q G D
IUDJPHQW DQG WKH PHWDO DWRP RI D PRIGMWL HRKWSK DUV QLR POIMW DS SWIRDHF® WR T
SODWIRUP+ Q/HMSO®WH VWUDWHJI\ QO LHEZ DADLVHA DRQGXWRDW XQH WKH SURSHUWL
VHOHFWLYLW\ KDV EHHQ REVHUYHG IRYUDNQRXY DBGEWLRBV NYB EHRBDEDM VWL
UHVXOW RI PHWDO HQFDSVXODWLRQ EWWH H IV HFOLHI)WY HPED H GY € RJ B Q GIVQ R\FKDHV D O
VWHULF FRQVWUDLQW H[HUWHG E\ WKHVKDIS DK W/H YOVPLRCY RVIK W KR QIREVPT WLRLRED 7
IUHHGRP Rl WKH VXEVWUDWH RU WKH RHH/SDH@ GR XRAG WKW ADWIDGL W WH W\ YWUHLRQ JH Q'
WKH VHOHFWLYLW\ GHWHUPLQLQJ VWH S UR{ERQW\ HRIDWE&EBHVHDFWR B WVRXBEWRH VHt
SHHNDQG 2RISRLQWHG RXW WKH SRVVLELWDWWHRY WIELOLIHDWLRQ WAKH UDOLW\ WUD
FKLUDOLW\ IURP D FKLUDO PRGXOH WRSD@ REK\\W P D\ CELH [IDAG VEK P RVQ VLRI I W K H
FRPELQDWLRQ RI K\GURJHQ ERQG DQW®KHO HDFAGLRWMW BW LE' 2VQ VKIDY BIF VEIHRH@V GHY
EHWZHHQ WKHVH WZR FRPSRQHQWV RWHD @SSLMRDGKW VHNPWWMAWV\ZKDWHYHU Wi
SURPLVLQJ LQ RUGHU WR PRGXODWH WRB G LR\ V RGIGF DFLG V WH U LG VSVWHRG HEDWV HIY!
DV ZHOO DV WKH FKLUDO HQYLURQPHQWURIKWU H PHLVAL 6 PRHOQMWDWO DWW Q MHWKE UL Q
ZRUN LV QHHGHG WR H[SDQG WKLV DUH B DVWRYOWGW P RUK-D WD OXDUEKDW FUKH DFKH. R Q VP L
WKDW FDQ EHQHILW IURP WKH SUHVHQFRURD &R FIOODWX\QLDE O K LD R GFDMANDHILV MWE GOHR D
LQWHUDFWLRQV EHWZHHQ WKH OLJDQGVXESWUPRPS UAREBWDU\ DGGLWLYH
/LID®BXEVWUDWH G®WIHUD AN HRQ@DVW GHBROGHS &/H H GPWRBEBWWRYM FDWDO\VWYV H
JOQHG D ORW RI LQWHUHVW EHFDXVH VDK MXHENMWRLB\PHA\ VRIP X D @ADDHR B OW LWFK R X JK
UHDFWLRQV FDQ EH LPSURWHDY VW DWH FROWMGHF @W SIBWHUDFWLRQV +LJKO\ RUJDQ
LQWHUDFWLRQV RFFXUULQJ GXULQJ WRKHE QF B /SIDO®\MYL WV KEMF @ H O KWW K HWO IRIPQHU Y H
SRVVHVVHV D IXQFWLRQDO JURXSV WHKHP CLWQN\DHEWDD FIV VR @ L € B W ZWHHHLDQ DAUK LV W U X F W
IXQFWLRQDO JURXS DQG WKH UHVSHFWLFMMLBR PI\0 BPHQWVED H\ EJHWR XIS HR)I WHKKHH S UR W
VXEVWUDWH GLUHFWV WKH UHDFWLYH BDWWORV W KKD @ DEAHW QU SLUR SRV HEGH DROU SR VL |
IRU DFWLYDWLFEQ WY HXRHWRE QDO JWRHMF WDR QO VFODERUDWLQJ D FDWDO\WW W
VWDELOLVH NH\ FDWDO\WLF WU RQ@\HUPHCE BAWHNY BYQ BHKHODDF RMKHWWWELOLVLQJ D WU
VWUXFWXUH E\FFRHYID@OWH @ WQLRIQV HU D FW L RIQDV N GLLYWIVQLIQ PWHRBOPOMQL. YH QDWXUH RV
EH PDGH EHWZHHQ OLJDQGV WKDW L QWHLSJRD ZK. WFD QV KMV Y R K © Y W Bl WEHR V& G WAKKHH QL
XQGHUJREDYBRLMGDFWLRQ ZLWK LW SURWR@® OMVYDQVIHU DQG OLJDQGYV
WKDW ELQG UHYHU V LKERXWV K HDVXVRQE U B WRHUZP@FOXGH WKH GHVLJQ RI VXSUDPR
HUURU OLJDQG VFUHHQLQJ XVXDOO\ UH®HPE VP WK \E KOQM | GRLIDAD WRKCHH DRV VWAHKGHN L
IXQFWLRQDO JURXS DQG FRQWURO H[SWRBLPE&Q WWK K HXLS/ LB CLIWIRRID PKHP LVFRID V
REVHUYHG FDWDO\WLF HIIHFW $ GHJUFRIQRILQKRKY®\L\ @ FWIKHHY DEDHWD GG FD G H
FRPSXWDWLRQDO V@KW HWW LKDH KK &/ VBRE PWKDWLRQW PR QWK UDWH IRU WKH O
OLJRQBEVWUDWH DVVHPEO\ DV ZHOO DV M KH HRBAHLVP DORGHHGEI WE EKIWZ WHYLHZ  :H
WKH IXQFWLRQDO JURXS RI WKH OLJDQgXBQ® PRIOH PX DU F DIWLKO WRADWWIRIDW QD Q
PLQG KGILKBIFWLRQDO K\GURJHQ ERQGHDG®LRQ HDRGURYWDQ\LEQVWDQFHV WKL
LQWHUDFWLRQV SURY HG] MRRQ E W WIHVD H ¢ BRYWAHSHID/G HQ\RZ\Q UHDFWLRQV ZKLFK |
E\ WKH JURXSV RI &WBHEWU4IDFK DQG &RQILQHPHQW Rl PHWDO FDWDO\VW RU RU.
5HHN 2Q WKH RQH KDQG WKH DSSURDMKRZY KGYKWKMDOIOEQH RKBEZ FDWDO\WLF
WKH ELIXQFWLRQDO FDWDO\VW LV DEOW KWR RRED Q B FRLFPS D FF@DRMW VRZ HVUXHE R & W D Wit
ZLWK D VHOHFWLYLW\ WKDW GLIITHUV |URW KWK HFR QD R\EWAM R H G/ QW K HFRLYFD B HI\E KR (
FDWDO\WLF VIVWHPV W LV WKH FDVH GRULWKB VW \GQ RVRUV\DODWDRDQED WD OD\OAD Q
GHYHORSHG E\ WKH JURXS RI 5HHN WKOQWH®HOG QWRRIHAY W K GBOVEHBEREBWDO\WLF
DFLG LQWR WKH FRUUHVSRQGLQJ OLQHDNO G OXCHKNG N FRKHHU MIK\H FSOUDWWALIEIDO L P
FDWDO\WWV \LHOGV WKH EUDQFKHQ@ @® O BBW DEH VLW WKH. WP DLIVQ QGRIVR BXFWDV\ WDUJH!
WKH RWKHU KDQG WKH VFRSH RI ELIXQNWIHPQR2DOPD WD CARWHN HYS BQRLWH OGN WRQ
VXEVWUDWHYV IRU ZKLFK WKH GLVWDQRMH EHRHAHBS K\RK B KUQFR PBQHPXQWD UFRPSR
JURXS DQG WKHLU UHDFWLYH SDUW VGIDIQWF XDRH WERL EW DUHFHR YEHHIMZH HUR RVB W/ X E V
IXQFWLRQDO JURXS Rl WKH OLJDQG DQGVWXWH B HWHYO V K\SHIQ RRKIRHGIRK OLDRLP LAY MDD W
WR NQRZ LI IXUWKHU DFKLHYHPHQWYV DWLP SOHV O E OBIQIGQ P\M KIDVO DVWN Y HPQF DG D RW
ELIXQFWLRQDO FDWDO\WW PD\ LPSRRHWRH PHWWHW EGMIJDEEDWRHQWO\ WKH FR
FRQIRUPDWLRQDO ULJLGLW\ IRU VHOHHWLYH G/X\EW WILHW K DI FWWYDIW QR G D VGI® W
WUDQVLWLRQ VWDWH VWDELOLVDWLR G KHRIOHVNHH'S [QQRWDR 6 BU WIBDD ®WGEHIO HRURD F
IOH[LELOLW\ DQG DGDSWDELOLW\ D SURPLVH IRU DSSOLFDWLRQV 7KH HOD
2UJDQRFDW VEBMWUDWH  LDX\SHIWDPRVOHREACCDOAVWY E\ GHVLJQ VKRXOG EHQHILW W
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HIILFLHQW FRPSXVWDHW WRXSHW® PRRFORHFX ODU PDWDIGNMMWNU 3 3 80PDQQIMHIG &KHP 0LQMIL QG

VKRXOG IRFXV RQ ZKDW VHHPV PRVW DSSURSULDWH JRY WKLY WRRO WKH
FRQYHUVLRQ RI PRUH FRPSOLFDWHG PROKFXQHM U@ pD sK3J k@I OH FihH armd pos
ZD\ LQ D VIVWHP FDSDEOH RI PXOWLSOH &#HDFWLRQV DV UHFRJQLWLRQ LV D

NH\ IHDWXUH 7 5 BBE &KHP 5HV
3 - 'HXVV 5 GHQ +HHWHQ : KKHPDQ® 3 &
1RWHV DQG UHIHUHQFHV "0 7 SHHWP SHF
P, QVWLWXWH RI &KHPLFDO 5HV|@WR|&W®®ML§DQG,%E4&R§VHULQJ > - 0 . "HERUQN DQC
7DUUDJRQD 6SDLQ . . .
E gXUUHQW DGGUHVV &KLPLH GHV 3RO\PqUHV 830s BTV bviwp 3DULIERRE SHY 0DIRUDO
DQG &156 805 ) sbULV JUDQFH 3 %DUEDUR D®KHPHBIXRUL
F&DWDODQ ,QVWLWXWLRQ RI 5HVHDUFK DQG $G¥DQFH & $MNRM V3 1&5¢5 o 3RBWHAIHXZHO DQG -
/OXtV &RWSD %DUFHORQD 6SDLQ %LRPRO &KHP
= :DQJ * &KHQ REGP HHYW
$FNQRZOHGJHPHQW 0 6WXGHU + 8 %OD3GN BPQLNE ERWDO
‘H WKDQN 0,&,11 *UDQW &74 DQG *WKWED¥P4 ) *ORUSRVHZQGBG&KHPVERMU (G
JRXQGDWLRQ IRU ILQDQFLDO VXSSRUW < . 3DUN - : 3DUMPRGEHP EXY
S5HIHUHQFHYV % %HFGLMZ &KHP ,QW (G
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3 : 1 0 YDQ /HHXZHQ 3 & - .DPHU - 1 + S5HHN DQG 3

‘LHUNHKHP 5HY % %UHLW DQGSQUIHILFKKHP ,QW (G
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DQG $ %SWERARDWEKHP 7 4PHMNDO D2 BQ RAHWBOOLFV
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4 ) ORNXROX 3 $ 'XFNPDQWRQ 3 % +LWFKBRON' & :-FOMRDQG &K RGO )HUUDQ
%ODNH / 6KXNOD'DQW®WR Q%W UMYW

- 0 7DNDFV 3 0 +UYDWLQ ' 61HHGG\ DQ& ODFK&XMDUN 3DWULJHRQ 6 7LOOR\ + %UL
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5H L@

_-RXUQDO 31\ HDHYAR O @
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JRQWHFQYHZ &KHP QW (G 3 1 0 YDQ /HHXZHQ BRBGE&XPLODWBOD\]!
0 *DR - + /LX : 1 -LDQJ 0 :DQJ / +%GUR CRIUPKIDVEHRIQSFDGHPLFE 3XEOLVKHUV 'R
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6 -DVLPXGGLQ 7 <DPDGD . )XNXMKP- 2WVXNL DQG . 6DNDL

&RPPXQ . 2KPDWVX 0 ,WR 7 .X{DWGDHD&ICHP 2RL
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0 :LOOLDPV / 'H &ROD DQUG 0 RUJ)HEKMHRUV
) +DSLRW 6 7LOORAKHPG FHYRQIOLHU

0 .LUFK - 0 /HKQ DQ%HOY3 &CLPY BFW D - %MHUUH & S5RXVVHDX / 993/ QBGIVFXRE DR

%LRWHFKQRO
.DO\DQDVXQGDUDP - .4+HO D&XA P $BWDHO &DURQ 0 &DQLSHOOH 6 7LOORXU+ -%ULFF

,QRUJ &KHP

- .LZL DQG 01 D'WNNW|H O ( ORQIOLHU + %ULFRXW ) +DSLRW 6 7LOO

< 2NXQR < &KLED DQG 2&KHRPQHEFRFVV XK HPX OMBY 6\QWK &DWDO

&RPPXQ & %LQNRZVNL ODFKXW 0 &DQLSHOOH + %L

& $ 7RORBP 5HY DQG ( ORMOLHUQRUJ &KHP
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( ORQIOLHU 6 7LOOR\ * )UHP\ < &DVWDBQHWZEKBE ¥XORUWUHX]|

7HWUDKHGURQ /HWW <0 /LQ - %RXFDX = /L 9 &DVDURWWR - /LC
/ &DURQ + %ULFRXW 6 7LOOR\ $ 3RQFKHKOUP D QDMUMD XHWWRXUPHQWLQ
DQG ( ORREVLHBUQWK &DWDO YRU D UHYLHZ RQ ELIXQFWLRQDO FDWDO\VWYV V
/ /IHFOHUFT ) +DSLRW 6 7LOOR\ . S5DPNLDRHQVK®DD DIONDGRHG VFDIIROG VHH / 6WHJ
1 0 YDQ /HHXZHQ DQGJD QROHMIHWOLFY - ‘'L[REKHP 6FL

$ %RUQHU - :DUG . .RUWX\HWWQIKHGURQ.C
/ /HFOHUFT DQG $2 5] DEFKPH W PO LFV $V\PPHWU\

/ % )LHOGV DQG THWUDKHREVRQ $V\PPHWU\
' 1 7UDQ ) ; /HJUDQG 6 OHQXHO + %ULFRXW 6 7LOOR\ DQG (
ORQIO&KWP &RPPXOQ YRWYDQW ODPBWWWHHRI ELIXQFWLRQDO PHWDC
5 %HOOLQL DQ&KHR @XWBHHN IROORZLQJ UHYLHZ DQG UHIHUHQFHY WKHUHLC
3 '\GLR & S5XED\ 7 *DGJLNZD 0 -/X$F DQG&KHIP +5HYHHN
&KHP BRF < ,WR 0 6DZDPXUD -D@B 7&KHDRDGRE

JRU WKH DQLRQ ELQGLQJ ®ER®ULGR RI WKH
GLLQGRO\OPHWKDQH PRLHW\ VHH UHIHUHQEHYWR 0 6BZDPXULRD URWUDKHBDR@L/HWW

=LHOL VNL DQ&KHP-X&RPPFXQ
3 '\GLR 7 =LHOL VN2UDQGEHWWXUF]DN 0 6DZDPXUD < ,WR DWUDKHBDRQL/HWW

+ & .ROE 3 * $QGHUVVRGQ DNPG &KBhP 6ERESOHVV
7 +D\DVKL 0 6DZDPXHW WDXKHGURWR

% 6KDUBWHIKNHGURQ

(l - &RUH\ DQG -0 $& XBKHHP 6RF 7 +D\DVKL 0 .DZDQR $PQXKHBWRRF

: 1HOVRQ $ *\SVHU 3 7 +R + & .ROB) *DWDQIR. ® £DPD 7 <DPEKIHRKLHIMWG 0 +LG
.ZRQJ ' 9 OF*UDWK $ ( 5XELQ 3 2 1RUUE\ . 3 *DEOH DQG
. % 6KDUS®PV¥KHP 6RF 0 <DWDJDL O =DPD 7 <DP®BXIOWKL&BEEAE 06 RHL (
$ - 'HOORQWH - +DOOHU . 1 +RXN . -%Q 6KDUSOHVV ' §

6LQJOHWRQ 7 6WUDVVQHHPD@BHF $6 RF/IKRPDY <DPDJLVKL 6 ,NHGD 7 (JDZD 0% XO@DJXFK
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( - &RUH\ $ *X]PDQ 3HUH] PR G&BEHR GRH 0 <DPDNDZD + ,WR-D@B %KHPROBRF
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< +D\DVKL - - 5RKGH B®G&KHP &RRIH\ -
%DUDWWD / )DQIRQL 6 ODJQR®WD- . B6LHJ
( - &RUH\ DQG7THWUBRKGHWRQ /HWW ,QRBKHP
) 'RUR - 1 + B5HHN DQG 3 : 1 0 YD@HHMRAHQ $ &KRXDOHE ' * *XVHY $ - /R
2UJDQRPHWDOOLFV ORRUBOWRQ 7UDQYV
/ $ &DVWRQJXD\ $ . 5DSSp¥PQ®RKHP &RWHZLWHUWROL $ &KRXDOHE $ - /RXJK % ORR
* *XVHAYIDQRPHWDOOLFV
) /IL = - =KHQJ - < 6KDQJ . = -LDQJ * 4 6BDVAXN -6DEFLIVEGBQGBHZ *&KKPHYQW (G
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+ 1IDNDMLPD 0 <DVXGD 5 $DDNHGRKHPG W/DEDUL\D DQG$FF- &KGIPF N
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6 J)UDQFH 0 + B6KDK $ :HDWKHUZD[ + :DFN,NDBL\DRINXGEEG PTULIER HY
/IHFW-NBP &KHP 6RF 7 ,NDUL\D DQG7RS *DWRAY
YRU UHYLHZV GHDOLQJ ZLWK FRRSHUDWLYH)R®&PRH DIFVA. KIHW HRIRS Y RWLP HW® GEPBSOH[HV V
FDWDO\WWY VHH UHIHUHQFHV 3XUHGKL DM NHIBQEQFEH6DVDE OLUDQGD 6RWR ' % *Ul
$SSO &KHP $ *ROHQ & ( ORRUH DQSQFHIZ 5&KHPIRDE (G
0 6KLEDVDNL + 6BQDHDQ@EKHPSUDW (G (QJO
. $EGXU 5DVKLG 6 ( &ODSKDP $ +DG]RYLF
0 6KLEDVDNL 0 .DQDL &P . &RFEPDEDVKL /RXIJK DQG 5 + BRUBKMP 6RF
& $ 6DQGRYDO 7 2KNXPD 1 8WVXPL . 7VX\
0 6KLEDVDNL DQ®&KHRRYKYNDZD 5 1R\RUKIHP $VLDQ -
0 6KLEDVDNL 0 .DQDL 6 ODWSPRQRIHPQG-16.X0PHBIPHF - ( %DFNYDOO 3 ®RKEOGHUVVR
5HV 6RF 5HY
5 * .RQVOHU - .DUO DQGP( &KHPFBREWHQ ' 'L 7RPPDVR 6 $ )UHQFK DD2&+60 $ &DW{

+ 6WHLQKDJHQ D@QJHZ HOKPHFKH@W (G (QJO 'L 7TRPPDVR 6 $ )JUHQFK $ =DQRWWL *HUR
3DOLQ DQG & 5QRU&D WIORKE

* . SRZOBQWGEDKHGURQ + < 7 &KHQ ' 'L 7TRPPDVR * +RJDUWK DQG
-$ 0D DQG ' BPKDURKHP ,QW (G ‘DOWRQ 7UDQV

' + 3DXO0O & - $EUDKDP 0 7 6FHUED ( $GGHEUEBQW PWRKD®GE VP ZDV SURSRVHG E\ )D
IHFWSNDF &KHP 5HV K\GURJHQDWLRQ RI TXLQROLQH GHJWN QW I@ HV
5 0 +DDN 6 - :HJHQEHWIKB®BP®PXQ.OHLM FRPSOH[HV ,Q WKLV FDVH D WUDQVLWLRQ VV

FDWLRQLF 5X FDWDO\VW WKH DQLRQ DQG Wl
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VHYHUDO VHFRQGDU\ LQWHUDFWLRQV VHH )8J ' :I@VRQ:DQJ BKRHRMXRHE $ OLHGDQHU

/L ) &KHQ = 'LQJ < +H 4 + )DQ - ;LDQIX%HRLEWDOO®G $3BRMHRIDIWO $FDG 6FL 8 6 $
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+ ORUDWIDQRPHWDOOLFV % / &RQOH\ 0 . 3HQQLQJIJWRQ %RJJLR ( %
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& 3 &DVH\ * $ %LN]KDQRYD -4$RBXEKHFPG ,
, ' *ULGQHY 0 :DWDQDEH +- :BPJ&KHP 7 6RMUL\D
6RF & 3 &DVH\ 6 ( %HHWQHUM®QEKHPY% 6 REEKQV R
YRU WKH XVH RI FKLUDO 7) %LSKDP3KRV OLJDQGVY LQ FDWDO\VLV VHH WKH
IROORZLQJ UHIHUHQFH DQG UHIHUHQFHV WKHUBR@®DY 9DQHV &* - 8 MOQIKEIDI RSP $l WDGIG Y MV
/LDUJDQRPHWDOOLFV

< :XH 4 + /L + < 7DR DQ®P&&KHMQERF + - .QRONHU ( %DXP + *RHMPIMNIQ &KHP 5
QW (G
% *URWMDKQ & ' ,QFDUYBSWRHZQG@KHP BKHBLGEIRMG DQG +% B &KBP 6RF
QW (G + + =KDQJ ' = &KHQ < + =KDQJ * 4 =K

) $ -DORQ % 5 ODQ]DQR $ &DEDOOHUR OD@W&DUULRQV / 6DQWRV *
(VSLQR DQG 0 GRPUKEBRP 6RF APHMNDO D®GJHZ %EUKHBV , QW (
" % *URWMDKQ PQ¥P' &KHPY6RF APHMNDO ' *ULENRY - *HLHERKHEP.HROHU |

' % *URTRMDKQ@WDO APHMNDO DR®GJIPLZ ¥RIKHPN ,QW (G

~~N NN

7 6X]XNL 0 7RNXQDJD DPQIG KHHWOWDWVXNL / 'LDE 7 APHMNDO - *BQHUZD QEHP %QWLW
" % *URSKMWPK QXU - 7 +D\DVKL . .DQHKLUD + 7VXFKKNDP DERGF 0
" % *URWBMWRQ 7UDQV &KHP &RPPXQ

% *U RESWNHIPK QH W W 0 6DZDPXUD + 1DJDWD + -6BRDBRWR BB <
7 2VKLNL + <DPDVKLWD . 6DZDGD 0 8WVXQRPL\D . 7DNDKDVKL
DQG . 7PWIDLQRPHWDOOLFV 0 6DZDPXUD < 1DND\DPD : 0 2ADIQBRBB <
© . )XQJ ; +XDQJ 0 / 0DQ 6 0 1J 0 < +XQJ = < /LQ
DQG & 3 /X &KHP B6RF 7 +D\DVKL $ <DPDPRWR 77HNUKOHL®UBRQG H
3 'DzZz $ 6LQKD 6 0 : 5DKDPDQ 6 'LQGD DQG - . %HUD
2UJDQRPHWDOOLFV 7 +D\DVKL . .DQHKLUD 7 +DJLXBKBMQG 0
" % *URWMDKQ & 5 /DUVHQ - / *XVWDIVRQ 5 1DLU DQG $ 6KDUPD
- $P &KHP B6RF 7 +D\DVKL $ <DPDPRWR < ,WR ( 1LVKLR
* (UGRJDQ DQG '- % P*USRWHMDERF <DQDJL$P &KHP 6RF

7 +D\DVKL . .LVKL $ <D P/HRRYDK HDRWERQ /H

" % *URWMDKQ - ( .UDXV + $PRXUL 0 1 5DJHU $ / &RRNV\
$ - $ULWD 6 $ &RUWHV /ODPDV $ $ 0DOOA®UL 7URVW 30 VT XODOAK DESHFN DEXGHB $HRQLFN
( ORRUH / 0 /LDEOH 6DQGV - ' *ROHQ / 1 =DNKDURY DQG $ /
5KHLQJR®® &KHP 6RF . ZHQJ * < &KHQ < * =KRXM®QEKHKP: 6RF
1 OHLHU ) ( +DKQ 7 3DSH & 6LIEXWLQJ DQG 6 5 :DOGYRJHO
,QRUJ &KHP $ %|URHU- ,QRUJ &KHP DQG UHIHUHQFHV

JRU D UHYLHZ RQ S\UD]J]ROH DQG SURWLF 1+& FRPIDOMK[HV7VHHVIE DRNED® OGO /HWW
DQG 7 ,NEBIP\D(XU -

/| %HOODURVD - 'tH] - *LPHQR $ /OHGyV 7) +D¥DNKH] .* . BOIBR XBDHOVUD K H GLPFOE DH W W
DQG & 9&KHPWXU -

6 2WWR DQG - % 3XUH $9SPHW&KMP 2 5LDQW 2 6DPXHO 7 )OHVVQHU @QUIDXGLI

&KHP

< 6 -XQJ DQG 5- $$FOD&KEKR 6RF ' &DUPLFKDHO + 'RXFH®KEBG&RFPYXQURZQ
© :X - JLX ' 'L 7RPPDVR - $ ,JJR & 5 $ O&DWORAML YDHWFLQ 8 7REHOOBWRPHQG
DQG - &KIHP (XU -

0 $ ,URQ ( %HQ $UL 5 &RIDFMOWRQG/UDQMOVMMIDLUQ- & ODUHTXH 5LYDV 5 7 0 GH 5RVD

- $P &KHP 6RF
* .RYDFV W DQKG* SMIODQARPHWDOOLFV * 4 )HQJ - & ODUHTXH S5LYRKHDR&RPPXQOO

0 5 'X%RLV DQG &KHPX%WBRIEV 5HY * )HQJ ' 1DWDOH 5 3UDEDKDUDQ - & 0D
0 5 'XERLV DQG $FF 'XERBV5HV LOOLDPRYHZ &KHP ,QW (G
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0 /LYLHUL ) ODQFLQ * 6DLHO@KHP &KIQ DRE & HRHAUMHAODWRLHZY RQ RUJDQRFDWDO\VLV

- UHIHUHQFHW , 'DONR DQG&QJHRL¥BKWP ,QW (G

0 :DOO % /LQNOHWWHU ' :LOOLDPV $ 0 /HEXLV 5 & +\QHV DQG -
&KLQ $P &KHP 6RF 0 - *DXQW & & & -RKDQVVRQ $UXF1DOO\ |

- &KLQ 6 &KXQJ DG® '&KHRP6RF ‘LVFRYHU\ 7RGD\

' 1IDWDOH DQG - &&EBBHERRPBXYDV $ 'RQGRQL DQGQY¥HEDWVKIHP ,QW (G

5 %RQRPL ) 6HOYHVWUHO 9 /RPEDUGR & 6LVVL 6 3ROL]]L ) ODQFLQ
8 7TRQHOODWR DQGR &SKMRPBRF 3 OHOFKLRUUH 0 ODULJR $ $QDHORQKHPQG *

QW (G
( .|]YDUL DQG-5 $RIDKHP 6RF $ (UNNLO! , ODMDQG&KHPQGEHY 0 3LKNR
< $Q 0 / 7RQJ / 1 -L DH@BWRQ 7UDRV DQG UHIHUHQFHY WKHUHLQ
/ =KDQJ D Q& GO HXRW

-+ /L - 7 :DQJ = : ODRQRYUG /&KHPA &RPPXQ % 5DPDFKDU\ 5 6DNWKLG&KHPDQ®BU. -6 6K
-+ JL - 7 :DQJ 3 +X [/ < =KDQJ = 1 &KH®RU=JHQHLMOQWAEHYLHZYV RQ FDWDO\WLF V\VWHP
/ 1 -BRO\KHGURQ DQG DQ RUJDQRFDWDO\VW VHH UHIHUHQFHYV
-+ JL - 7 :DQJ / < =KDQJ = 1 &KHQ = DQE@DR G&IGHN 16RF 5HY
-LLQRUJ &KLP $FWD & =KRQJ DQ@BU;, 6KIUJ &KHP

+ $LW +DGGRX - 6XPDRND 6 / :LVNXU - ¥ )ROPHULSDOAOSYH@ZIREHP ,QW (G
(9 $QWMIHZ &KHP ,QW (G

- +H - 6XQ = : ODR / 1 -IOPQLG %LBXAHP ( $0O0HQ DQG ' : &KHFDFAAIOODQ

= 'X DQG &KGKDRBRF 5HY
- +H 3 +X < - :DQJ 0 / 7RQJ + 6XQ = + OPR6DQG=KHIQG 0 * :ROO < TOFR.DQBH( 1

-LDOWRQ 7UDQV
5 %RQRPL * 6DLHOOL 8 7RQHOODWR 3 6BUBBINDDQED) 00 DEDALDPPDUD QG WWVKLKDUD
&KHP B6RF

7 .X0O - &DEUHWKHDR XU SHWHUV 6 ( 'HQPDUN DQGUN 7HWMUN
6 'DV & ' ,QFDUYLWR 5 + &UBEWHWOFMHDQ'G HRZ B QBG6LD OFHDOW

< 7DNH®RWPR 3KDUP %XOO
6 'DV * : %UXGYLJ DQ&KHP+ &RPPEWUHH = =KDQJ DQG 3 &K HbfF K&RIAL QFHY

< 7DNHPRRWBHLRPRO &KHP
6 'DV * : %UXGYLJ DQG %P +&KRHMEMRFHH 0 7HUDGQGWKHVLV

&KLUDO SKRVSKDWH DQLRQ FDQ DOVR DFW |

%DOFHOOV 3 OROHV - ' %ODNHPRUH & XEDAWDR®/ HY D QEUWEWULIDQW]VFK HV-WHU / 6

5 + &UDEWUHH DQUBOWRIQVAQN@HLQ $P &KHP BRF
- ) +X00 ( / 2 6DXHU & ' ,QFDUYLWR -)RU)BOGHUV*GHDOLQEYZUWK WKH FRQWURYHU\
DQG 5 + &UDFEWURKHP SKRVSKRULF DFLGV VHH UHIHUHQFHYV 0 4
3 $ 8OPDQQ $ % %UDXQVFKZHLJ 2 6 /HMHNL DQAHVIMMHUKDEERHP ,QW (G
6FKDW] DQG &&KHEL &NRIPP X Q ) 'URXHW & /DOOL + /LX2UJODNWRQ DQG - =
) 9RVV ( +HUGWZHAMN P Q&RP PXDFK

0 )OHLVFKPDQQ ' 'UHWWZDQ ( 6XJLRQR 0

3 )DFNOHU & %HUWKROGG$P &RWWY DERF 7 WVFKZIS@EHZ &KHP ,QW (G

6 - &RIQIRY &RPPXQ
3 )DFNOHU 6 0 +XEH®PDQ@®&HP 9%BRFK 7 ODUFHOOL DQGQW KHKMPYWUD

2KPDWVX 0 .L\RNDZ3MQEKRAP2RRF
< &KHQ . % )LHOGV- DRRG &KH P=KERF)

YRU HDUO\ H[DPSOHV RI DFKLUDO WHPSODWH)
< &KHQ DQG ;- RUKBKHP 'ROIH ' 1HPHWK $ &RVWHURSP Q&KH P5HERFN -
< &KHQ - 9 5XSSHO-D®B &IKBH P KORM

7 5 .HOO\ & =KDR DQ&P* &KPRILERF U
6 ) =KX - $ 3HUPDQ$SDQBZ &SKHRDM@W (G

7 5 .HOO\ * - %ULGJISP DEXGIE &RBR
6 =KX - 9 5XSSHO + /X / :RM®$MRBB ; 3 =KDQJ
6RF 3 7HFLOOD 6 . &KDQJ-DGB $&KHPDBRGWRQ
© . 'JLN ; ;X : 3 =KDQJ - 1 + 5HKR DQG % GH %UXLOQ
&KHP 6RF * 0 %DVVDQL 9 '‘DUFRV 6 ODKRQ$PQG - 3
3 '\GLR : , 'ILN 0 /XW] % GH %QXH@ DQ@KHP 6REHHN
&KHP ,QW (G 1 OF&OHDQDJKDQ & $EVDGR®PDABHP 06BMVV

3 '\GLR DQG - $QIHBH&WHP ,QW (G
% *URVFK & 1 2UOHEDU ( +HUGWZHFN
YRU VHOHFWHG H[DPSOHV RI VXSUDPROHF X GHIU HFD WBIKB\R L VQMQ WKH VROLG VWDWH VHH

UHIHUHQFHYV 0 3DWWDELUDPDQ $ 1DWDDODKP\Q ./ *DDIQPOOOHSDOOHQDYH - 3 'H
DQG 9 5D P DRIIU WHW W "XKD\RQ % +DVHQNQRSI| BIQRBWR BK D VAKIRWRE |
$ 1 6RNROR%XPDU - %DOWUXVDLWLV 6 6FL*X DQG / 5
ODF*LOOSQYUHDZA &KHP ,QW (G % *URVFK & 1 2UOHEDU ( +HUGWZHFN 0
% 5 %KRJDOD % &DSWDLQ $ 3DUWKDVD UDRKKN DQGEE HEDRRB X U WK\
$P &KHP 6RF 7 $HFKWQHU 0 'UH\S\QH®B 2D @K HP %RQRK (G
( (ODFTXD 3 .DXVKLN 5 + *URHQHPDQ - & 6XPUDN ' . %XFDU
DQG / 5 ODF¥@IHZYULKHP ,QW (G $ %DXHU ) :HVWNIPSHU 61PWPPH DQG 7 %D
% /LVW 5 $ /HUQHU D-Q@P& &K WD UBRFV |,
- L OL]JRJXFKL < .DZDQDPL 7 :DGD . .RGDP
$ $KUHQGW & - %RUWKV DQEP' &KHP 0BxMD0QMIDMQ G 24 J, QRXHV

6RF
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& 0°:O00HU $ %DXBQIHQEG KKHFPDFROW (G $ 6 'HPLU DQGHBWWUWPXKHGURQ $V\PPHWU\

$ % $XVWLQ ( +HUGWQ@HFN BRBP7 O®WFKG&RPSDQ\y * 9DOHUR / &URYHWAKRIP$ OR\I
(XU
& 0:00HU $ %DXHU 0 0 ODWXUL 0 & &XIXHOHOEPGRXQE QLEBR®SDQ\y 5&KHRV OXWG $
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" 8UDJXFKL . .RVKLPRWR B®RBP7 6L 6 /| 3RH $ 5 %RJGDQ % 3 ODVRQ - / 6WH
DQG ' 7 OF4XDGH &KHP
" 8UDJXFKL . .RVKLPRWR 8$QOHDNAKBRG GW2RLHOOD ' 0 6 BFKLHWURPD 3 3 &XVHOO!
(G &KHP &RPPXQ
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&DWDO
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( * .ODXEHU & . 'H 7 . 6KBR DXKGIP GHRIFGHO
- +XDQJ ; =KDQJ DQG $QJHFUPMMPRQQW (
& '"H DQG '- 6#PLGRHKMHP 6RF
& . 'H 1 OLWWDO -D@® '&KHPGIS@AF . /LX ' +IXVVLQJHU DQ& QOHWRUJIRQ
& 0LQ 1 OLWWDO & .&KHMPQERPPHHQRGHO $ % LD ' 4 ;X & :X /| =KDRKHIG EXU&, =X
- : /HH + <DQ + % -DQJ + . .LP 6 : 3DUMN ;X /6lH3 '/%R < ) :DQJ $ % ;LD + ' <
&KL DQG & HQBRDI&KHP ,QW (G DQG = <XKMP &RPPXQ
+ <DQ + % -DQJ - : /HH + . .LP 6 : /H® -0:1XDBQWQE $ <RGHU-DOB -&KIHP RERNW

& ( BRKQUHZ &KHP ,QW (G
6DNWKLYHO : 1RW] 7 %XL$PQ&K&P) ORFUEDBLQJK 5 $ <RGHU % 6KHGM @EXKHPL 6FRKQ

6 %DKPDQ\DU DQG &P 1&KRRN6RF 0 & 'RELVK DQG - BP-RKKHPVRAF

/ +RDQJ 6 %DKPDQ\DU . 1 $MRXKKBHOGE6RF/)JRW UHYLHZV RQ FRPELQHG DFLG FDWDO\VL)
,VKLEDVKL . ,VKLKDUD&REB SHEDPDPRWR

& $OOHPDQQ 5 *RUGLOOR ) 5 &OHPHQWH 3 + < &KHRQJ DQG . 1

+RXSFF &KHP 5HV + <DPDPRWR DQG$QIHAVIRKWRIL, QW (G

& ) %BQEBY &KHP ,QW (G

5 . .XQ] DQG ' : & -0D3WP0LSKIPQ 6RF 0 +DWDQR 7 OL]XQR $ ,]JXPLVHNL 5 8VDPL
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