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OROHFXODU &KDUDFWHUL]DWLRQ RI ORQRI
,QKLELW $FHW\OFKROLQHVWHUDVH E\ 7DU
6LWH DQG %DFNGRRU 5HJLRQ

<YHV %RXUXK5RYLF 5HQDOROMW KgqQH (YWRQERRLUH OR@B®MWHOLFILD /DPRXUHWWH
'LGLHU %RTRAWXHV *UBMVEDOH ODUFKRW

$UFKLWHFWXUH HW )RQFWLRQ GHV ODFURPROpPFXOHV %LRORJLTXHV $)0% &156 $L[ 0Q Up/HILHOUWOLHH 83H W H U
SURWpPLQHV &156 $L[ ODUVHLOOH 8QLYHUVLWp )DFXOWp GH 0& GH AL H BeH FEHHXYUW FIHR GG  DHOWYRHD. OROGHR J)IUHD @ |
63, /DERUDWRLUH GYf(WXGH HW GH 5HFKHUFKH HQ ,PPXQR&®IQQWWHGHS55HFKHUWBKH<NQWWXUREDRERILH 1H:
ODUVHLOOH &51 0 &156 $L[ ODUVHLOOH 8QLYHUVLWp )DFXOWp GH BUESHEMQAAHF6HBWHXUFHRGB 3KDW\PHIF®RG
,PPXQRORJLH 63, /DERUDWRLUH GY,QJpQLHULH GHV $QWLFRUSV SRXU OD 6DQWp /,$6 *LI VXU <YHWWH )

$EVWUDFW

7KH LQKLELWLRQ SURSHUWLHV DQG WDUJHW VLWHV RI PRQRFORQDO DQ\
DJDLOQWRMFWURSKRUXD R HOMHPWKRPXQHVWHUDVH $&K( KDYH EHHQ GHILQ
PXWDJHQHVLVY DSSURDFKHV (OHF DQG (OHF ZKLFK ELQG FRPSHWLW
LQKLELWRU IDVFLFXOLQ DUH GLUHFWHG WRZDUG GLVWLQFWLYH DOEHLV
VLWH ZKLFK VXUURXQGV WKH HQWUDQFH RI WKH DFWLYH VLWH JRUJH (
QRU IDVFLFXOLQ WDUJHWY D VHFRQG HSLWRSH ORFDWHG LQ WKH ED
FKDUDFWHUL]H WKH PROHFXODU GHWHUPLQDQWY GLFWDWLQJ WKHLU EL
JHQHUDWHG DQWLJHQ ELQGLQJ IUDJPHQWYV )DE UHWDLQLQJ WKH SDUH
IXQFWLRQ UHODWLRQVKLSVY XVLQJ FRPSOHPHQWDU\ [ UD\ FU\WWDOOR
DSSURDFKHV +\SHUPXWDWLRQ RI RQH (OHF FRPSOHPHQWDULW\ GHWH
GULYHQ VHOHFWLRQ WRZDUGV UHFRJQLWLRQ RI WKH $&K( SHULSKHUD
VWUXFWXUH RI )DE DQG RI WKHRUHWLFDO PRGHOV RI LWV )DE DQG
WRSRJUDSKLHY DQG DQLVRWURSLF UHSDUWLWLRQV RI FKDUJHV FRQV
SURSHUWLHV )LQDOO\ D YDOLGDWHG GDWD GULYHQ GRFNLQJ PRGHO R
DW WKH 3$6 WKDW IXO0O\ FRUUHODWHV ZLWK WKH IXQFWLRQDO GDWD
SHFXOLDULWLHV RI )DE DQG )DE DV WKH ODUJHVW SHSWLGLF LQKLH
RI )DE DV WKH ILUVW LQKLELWRU GLUHFWHG WRZDUG WKH EDFNGRRU
Rl QHZ VSHFLILF PRGXODWRUV RI $&K( FDWDO\VLV

&LWDWARQUQH < 5HQDXOW / (VVRQR 6 ORQGLHOOL * /DPRXUHWWH 3 HW DO OROHFXODU
$FHW\OFKROLQHVWHUDVH E\ 7DUJHWLQJ WKH 3HULSKHUDO 6LWH DQG %DFNGRRU 5HJLRQ 3/R6

(GLWRVKOH\ 0 %XFNOH ORQDVK 8QLYHUVLW\ $XVWUDOLD
SHFHLY®#S®LO $FFHSWWHGWHPEHU 3XEOLVKHWREHU

&RS\ULJKW %RXUQH HW DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WH
XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RU|

)XQGLQ@XKLVY ZRUN ZDV VXSSRUWHG E\ WKH $VVRFLDWLRQ )UDQoDLVH FRQWUH OHV O\RSDWKLHV
IXQGHUV KDG QR UROH LQ VWXG\ GHVLJQ GDWD FROOHFWLRQ DQG DQDO\VLV GHFLVLRQ WR S

&RPSHWLQJ LQMWHUBMXYWKRUYV KDYH GHFODUHG WKDW QR FRPSHWLQJ LQWHUHVWYV H[LVW
( PDLO SDVFDOH PDUFKRW#XQLY DPX IU
1 7KHVH DXWKRUV FRQWULEXWHG HTXDOO\ WR WKLV ZRUN

"D &XUUHQW DGGUHVV &DQFHU 5HVHDUFK 8. /RQGRQ 5HVHDUFK ,QVWLWXWH &ODUH +DOO /DE
"E &XUUHQW DGGUHVV 3IL]JHU ,QF &DPEULGJH ODVVDFKXVHWWV 8QLWHG 6WDWHV RI $PHULF

VLERGLH
HG SUHY
LYHO\ ZL
V RYHUO!
DHF Z\
FNGRRU
QGLQJ VI
DWDO LQ
JUDSK\
UPLQLQ.
O VLWH
YDE F
[ VWHQW
| WKH )D
7KLV F
LWRUV ¢
UHJLRQ |

&KDUDFWH
D 1 ( H

UPV RI WKl
LJLQDO DX

$)0 KWWS
EOLVK RU

RUDWRULH)
D

,QWURGXFWLRQ WKH VXEXQLW DW WKH HQG RI

D @HHW DMKXGE QD

HQ]\PH VXUIDFH DQG HQWUDQFH RI WKH DFW]
$FHW\OFKROLQHVWHUDVH  $&K( (& SHULSKWHD®LMPWRKMMYF VLWH 3$6 HQFRPSDVVH
FKROLQHUJLF QHXURWUDQVPLVVLRQ E\ UDFHEIG OR UF DWUWDIDA PLHQ R 1K UG RIQ\WLLE/O HOL KOG L W R U
Rl WKH QHXURWUDQVPLWWHU DFHW\OBKR®LQHKRDWQ H H & URQE/DD QBRQER Q/GIUNE RQE LY J
QHXURPXVFXODU V@QIKHHBFWLYH VLWH BS$6$DSESHDKYWWR OLPLW WKH FDWDO\WLF UDW
FRQWDLQV WKH *OX +LV 6HU FDWDO\WLF WWHIDLG DQG EHLOHFW BRFMMDWILWLEERFNDGH RI
UHYHUVLEOH RU LUUHYHUVLEOH LQKLELWRUHYJRWYJ B FORDGV B'G DIDW MUKLH) F WKW HOF@ LY H FH G

3/26 21( _ 2ZZ SORVRQH RUJ 2FWREHU _ 9ROXPH _ ,VVXH


http://www.afm-telethon.fr

6WUXFWXUH RI ,QKLELWRU\ $QWL $&

7KH PROHFXODU DQG HOHFWURVWDWQOQRYDWHGRW WVKHLHQ]\FMDH&$6 ZKHUHDV (OHF
FRQIRUPDWLRQDO IOH[LELOLW\ RI WKH 386l JXIDYOHVEHHYGLMKD OBFWWHIGIH®@ WKH %'5 DQG
WKRURXJKO\ EXW WKH PHFKDQLVPV RI LRWFROD@ERWVW H)WLIQD OXXQFWORIGLQJIDWR (OHF DU
DOWHU WKH DFWLYH VLWH JHRPHWU\ UHPCHSR KQ FZKHDW >(OH® DOVR LQKLELWV DOW
1RQ FRPSHWLWLYH LQKLELWRUV WKDW BEH[®/G QG\H 3WEHR | BERERR QEQKNBHV %IXIRFPD WKKH V Q
VPDOO RUJDQLF FDWLRQV VXFK DV SU®S LIG V¥R RUMDK O DRKQRISK D IXV +ZLOKY K&O X HV
RQH TXDWHUQDU\ JURXS Rl ELVTXDWHURID&\ QOQRQEL®W R QY W KN W@ FXWHMEE WKHVH WKI
RFFXS\ WKH JRUJH DQG ELQG ERWK WKH PB®Y YH BH & WHQWD QBZWKUHRB$H LQJ SHSWLGLF W
VXFK DV GHFDPHWKRQLXP DQG@%DQ& WHKHXODWLRQ RI $&K( FDWDO\VLV WKURXJK VXU
ODUJHU FDWLRQ DQG ILUVW SHSWLGLF7R&RKDUQRWEHUWN R WHRH EFHROHFXODU GHWHI
FKDUDFWHUL]HG WKH WKUHH ILQJHUHG QXOBNWMRUWWR[LU@HFOVAFEMOLOQG SURYLGH Vv
> @ &U\WWDO VWUXFWXUHV RI IDVHHXDWORQVKDSY PLUKXPHQWY LQWR WKHLU EL
FRPSOH[HV UHYHDOHG WKH ODUJH VXUPREGH BUBHFWHLRE REXOMDSMHHORQHG DQG VHTX
HOHFWURVWDWLF DQG K\GURSKRELF DQFWKHPQJIJBRHOWWHROBKUWHG G\ MKKDHJDFWHUL]H
ERXQG WR[LQ DW WKH 3$6 DORQJ ZLWK INPIFPHRGW RFFEDX V IR RHEGVIRHFU\VWDO VWUXEF
$&K( JRUJH E\ WKH )DV FHQWUDO ILQJH@HVARRHEG, KRRRORIDWRGHOV RI )DE DQG )DE
EHLQJ FRQVLVWHQW ZLWK WKH QDQR WG IYHRPRODVHGE A O WL RO HWE&RFNLQJ DSSURD
FRPSOH[ ® +RZHYHU WKH VWUXFWXUHWIDPLORE WR BSBRHEXPRRIWH][ WKDW WLIKWO\ FRI
WKH PROHFXODU RU G\QDPLFDO IHDWXU WY DUHODFRGY L BEORF WRUR QIK® aGDWD 7KLV FRP
UHVLGXDO DFHW\OFKROLQH K\GURO\VLV CRAMPHOQOWY R IDW RHKHDYWRLKF OHYHO WKH PR
FRPSOH[ REVHUYHG LQ \@R ORNWPLISFDQW t E L O L V@HE HMWRRMPIO IRU H[SORULQJ DOORVWHULF PRGX
WKH VROXWLRQ DQG VWUXFWXUDO GDWD)PFV VRIGVREG WRVUWKXL @R WIHWVRH BHSWLGLF
FRQIRUPDWLRQDO IOH[LELOLW\ RI WKH WHRZDIEEGHM WEKEHBHEL QR QE )5S DV WKH ILUVW
EHWZHHQ WKH HQ]\PH VXUIDFH DQG WKWRERNGEGWKIVHLEXOLQ RU
RSHQLQJ RI D EDFNGRRU GLVWLQFW IURP WKH JRUJH HQWUDQFH DQG
ZKRVH WUDQVLHQW HQODUJHPHQW ZRXO0®@ BWUHWWDIONFQREQ D &l WXHRGNM DWH
SURGXFW WUDIILFNLQJ @Q 6WKW WRB SIOHMNH>PRWLRQ RI
WKH DURPDWLF VLGH FKDLQ Rl HLWKHU&ORQLAXHDQUGS VHIKHQIVLGXIRI WKH )DEV
7\U 7TRUSHGR FDOHERUQEF®B&K( QXPEHURRY WKUHH P$EV ZHUH SURGXRP GPYOWLQH
ZKLFK PDNH WKLQ ZDOOV EHWZHHQ WKH DEWYLERPMBIWBKIRENHBW EPREUMKYEROGLQI WR W
RXWVLGH VROYHQW LQ WKH SXWDWLYH gRENSBRUL & HWIKRQ K D5\ BBEH OLIKW FKDLQV
EHHQ YLVXDOL]HG E\ PROHFXODU G@DRIGRY WbPR P BWERIQYI >W KHHU VFSHHEF L | L F$*& **& &$*
[ UD\ FU\ZVWDOORJUDSK\ > @ UHVSHFW{¥HOAg *$8 « FRPSOHPHQWDU\ WR WKH VHTXE
,Q DGGLWLRQ WR IDVFLFXOLQV YDULRXYHFREBXHORQDO DREG VPRI RRO BHXKIMER® PIQ & KWK H
DQWLERGLHV P$EV KDYH EHHQ VKRZQ WRHYED-EGELWSPE&RHE\ ELQLL QY7 &7 *&$ &&$ $&7 ¢
WR *PRGXODWRU\" VLWHV RQ WKH HQ\PH¥XP1RFAHY g R « SHARPEQFEHMQWDU\ WR WKH VHT
>6 6 @ LQ )LOH 6 7KH WDUJHW VLWHVyRVNMWXRUHH Rl WKRIP WWPIL ¥ H GFIKDLIR@ >R7 KW K H
DIDLQVYWO MRVWURS KR U X\ &KQ H EMBRIKHX W XERQ WX UH FRQWD RQ LS1LE Ja O RI G173 ILQDO
DQG QDPHG (OHF (OHF DQG (OHF FRGHHQWODBQWRQDI ®I SULPHUV ILQDO FRQFHQ
XVLQJ FRPSOHPHQWDU\ ELQGLQJ LQKLEPWKRQ DRE&GPEWDISHPNVHLYUHH ZDWHU ZDV KF
DSSURDFKHwW > ,Q IDFW (OHF DQG (OK& IRELQ®LQ 3ULPHU DQQHDOLQJ DQG UHYI
(H$&K( FRPSHWLWLYHO\ WR HDFK RWKHUzZRQSf8 WRUMDHG ZHKAXWHLBQWRHRS BHYHQRMHRBVH
(OHF DOVR ELQGV FRPSHWLWLYHO\ ZLWKUW 8N FRIU SRED\PHSS 68RUIDIQBM LQKLELWWRU 8
SURSLGLXP GHFDPHWKRQLXP DQG %: & PRQGRWKHPUXEVMKWOWBPOOH FRQWDLQLQJ WK
ZKHQ LQ H[F@®VV7KH (OHF DQG (OHF sSURB&KWYV ZDVi VIMRNEW LIDWXVH 3&5 DPSOLILF]
FRPSOH[HV GLVSOD\ UHVLGXDO DFWLYLWLKH oRI D EHY/ SHURHQWHVLXVHG SULPHU PL[W
VOLJKWO\ KLIKHU WKDQ WKDW RI WKH )D¥ @ &Ky ERRSOHN KA KD@EWMK H R QW RU QILQYV W
(OHF (H$&K( FRPSOH[ GLVSOD\V RQH RUWBHINQRBIFPIBIRLWHEN DQG IRUZDU® RULPHUV
JUHDWHU UHVLG®DQQXAWLWILWRQ>RI WKH UBY1LEXDO DPWIRILODQBIO RI [ EXIIHU ZDV KHDW
WKH (OHF FRPSOH[ E\ WKH SRVDWLYH®IURWFKPUIHD QG WKHQ VXEMHFWHG WR
RUJDQRSKRVSKDWH LQKLELWRU HFKRWKRIRSKDWH IRRQG WKHf&URQVLMWILRQLQ SUHVHQF
VWDWH DQDORJ 707)$% RFFXUV DW ORZHU1YDMHE WKDIG BREOLEHWLRE RLQQJ\PHV 2\ )L
WKH XQERXQG HQJ\PH ZKLOH IRU WKH 7{RHFUHDFRWPRIHZRQ O®WRSSHG ZLWK D f& VW
LQKLELWLRQ E\ 707)$ LV UHGXFHG DQG MRWQWKHR(OHFFK FRP HOBFWLRQ ZDV DQDO\]HG |
ERWK LQKLELWLRQ UDW® V7B U N HX QDIDWXHI MWD BORQJZLWK HWKLGLXP EURPLGH 7KH VHT
ZLWK GHOLQHDWLRQ RI WKH UHVSHFWLSWHR EXOWY @H WK WIDEFHY HEY HQURILQV 0:* 2SHU|
PXWDJHQHVLV RI @H$@&HKG WR FRQFOXGH WXWDM) JOMKH DQE7 9 48(67 @ RRAKH> QXFOHRWLG
(OHF DUH GLUHFWHG WRZDUG GLVWLQPRMTEHWQ FRMWHKOPHESERH (HBIHVERYHWHG ZLWK 7KF
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Fig. 1

JLIXUHB6HTXHQFHY DQG QXPEHULQJ RI WKH WKUHH DQWHKWHS&WRBDENVQG KHDY\ + ERWYV
GLVSOD\HG 7KH UHVLGXH QXPEHULQJ DQG VHFRQGDU\ VWUXFWXUH HOHPHQWYV GLVS(
&RQVHUYHG UHVLGXHV DOUUHENRRIQRRQGE DQG QRQ FRQVHKYWBFMNHVRGRIBY RCHD&'5V GHIL
DFFRUGK@MWSR ZZZ ELRLQI RUJ XN DEV FI )LJXUH 6 LQ )LOH 6 DUH KLJKOLJKWHG DV
GRL MRXUQDO SRQH J

6HTXHQFH 'DWDEDVH DFFHVVLRQ FRGHAN J(URXS DIMBD FROOHFWLRQ DQG UHILQHP

+( +( DQG +( DQG +( D\QXPPDUL]HG LQ 7DEOH 6 LQ )LOH 6
+( IRU WKH 9/ DQG 9+ GRPDLQV RI (OHKH IL@BIGE VWUXFWXUH RI )DE FRPSULVH
DQG (OHF UHVSHFWLYHO\ UHVLGXHV IRU WKH / DQG + FKDLQV UHVSHFW

7KH )DE FRPSOHPHQWDU\ GHWHUPLQRROHRMXOHMRQ &'®'/5 DGRSWV D FRQIRUPDWLRQ
ERXQGDULHV ZHUH GHILQHG DFFRUGLQJFIW®R QYKHD Q0 VWUWPW % @Y GMBODVR'5 /> DQG

JLIXUH 6 LQ )LOH 6 +RZHYHU WR DYRLSE +Y LIVWORDQY PRV QQVWKH &'5 + EHORQJV WF
VWUXFWXUH FRRUGLQDWHYV DQG LQFRQVEVINHQ LRI UBRRWW 6 ORKR) JG HVIRQ LWL RIQGGHQW L IL
RI VWUDQGV WKH FRQVHFXWLYH QXPEHUWRP RH WHNVKOKHD DMRBUWBEE ZHDN HOHFWURQ

OHWWHU ODEWOD@GRABEQGFHV ZLOO EH X\VM&K KHMHRQQOWV *OX /\V 7KU  7KU I\V
YLIXUH JHX 7US DQG *O\ 6HU LQ WKH + FKEC
UHVLGXHV $VQ $0OD LQ WKH / FKDLQ

%LRFKHPLFDO DQG IXQFWLRQDO DQDO\WWMUHRFKHPLVWU\ Rl WKH VWUXFWXUH ZC
BURWHLQ SXULILFDWLRQ DQG SUHSDUBAKERYD.7EEBRFRAPLFDEKDHBQGUHVLGXH $0D ZD
IXQFWLRQDO DQDO\WHV DQG 1 OLQNHG AMHHH FBERV\GIUDOWRY UG RN 8 QW RE WKHLBDR DFKD Q
VWDQGDUG SURFHGXUHV DV GHVFULEWEYLGXYHVEeRYSIOHRNQALBNVDY SRVLWLRQV D
([SHULPHQWDO 3URFHGXUHV LQ )LOH 6 GRPDLQ DQG DW SRVLWLRQV DQG LQ WKH 9
WKH &/ GRPDLQ DOO VL[ SRVLWLRQV DUH FR
6ROXWLRQ DQG UHILQHPHQW RI WKH )DEPEVVWUXPFWXUH KH DWRPLF FRRUGLQDWHYV DC
7KH SURFHGXUHV IRU Fu\vwpooL]DWLRO)RE )pEPYHpBEHE HWFRVLWHG ZLWK WKH 5
FROOHFWLRQ DUH GHVFULEHG DV 6xsSBOHPHGRBIREGEHGLPHOWDO
BURFHGXUHV LQ )LOH 6 ,QLWLDO SKDVHV ZHUH REWDLQHG E\
PROHFXODU UHSODFHPHQW ZLWK WKH@$0RKHRURWLEP @ PARMHALLI RI )DE DQG )DE
XVLQJ DV VHDUFK PRGHOV WKH VWUXFW&IHVIRE&K K FRPSABEOH DG
FRQVWDQW GRPDLQV RI )Y +XK $D DFFHVWVKIRQ)PRGH PQG DQmE PRGHOV ZHUH EXL
)DE( DFFHVVLRQ FRGH :(- UHVSHFWLYROV/(BKtV@SDREH®NUBM WHPSODWH WKH VWUX!
\LHOGHG D FRUUHODWLRQ FRHIILFLHQW RIUDJPH@W B VBKBFWRXWRQAXWUDOL]LQJ PSE 6
RI LQ WKH ¢ UHVROXWLRQ UDQJH 4$&%WRPDWIGHRXMWIOGLQVHRIHFWHG XVLQJ WKH 71
WKH LQLWLDO PRGHO ZLWK $53 Z$53 \LHOEHEHHG YHUBWKEKHOD FRPBODHHWRRW PHDQ VTXDL
PRGHO FRQVLVWLQJ RI D VLQJ@H 7PE P RRERDMBI¥XNOHEHWZHHQ WKH )DE DQG )DE PRG
ZDV LPSURYHG E\ PDQXDO DGMXVWPHQW IMHWPIS VIKWMHIDDSKLFV S DRI BP ¢ UHVSHFWLYH
&227 >@ DQG ZDV UHILQHG ZAWRFIHIBDODWREYV %HWZHHQ WKH WKUHH )DEV WKH YDO:
UHILQHPHQW ZLWK HDFK YDULDEOH DQG FRQ YNV DROW DRIV QZ GW KL QUK KOLIJKHVW GHYLD\
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6WUXFWXUH RI ,QKLELWRU\ $QWL $&

IRU WKH VROYHQW H[SRVHG &'5 + DQG &'51+ R@)DPDQGDSRX P$&K( 6HU $OD PXWDQW
)DE ,Q WKH )DE PRGHO &'5 + &'S5 ++$&'5@ EDVHG RQ WKH UHVSHFWLYH $&K( \
&5/ EHORQJ WR VWUXFWXUDO FODVVHV&227 URRAKLEOHDQ 5VFXDUH GHYLDWLRQ YDOXH
DQG &'5/ GR QRW EHORQJ WR DQ LGHQWLILKG FORRY WKIXUHGHHUH JHQHUDWHG X
FKDLQV Rl &'5 + UHVLGXHV 7KU 7KU > 7@S &'5 +

UHVLGXHV 7\U  +LV  7KU 7KU &'5 + UHVLGXHV $UJ

$VS 7US $VsS &'5/ UHVLGXHV 63V XIWYV DQG 'LVFXVVLRQ

$UJ 7\U  &'5/ UHVLGXHV 6HU DQG $VQ DQG &'5

/ UHVLGXHV $UJ 6HU 7\U SRLQW WRHRLHQW Bl ¥ RAMHAMO FIQJI RI PSEV (OHF (
WKH )DE  PRGHO &'5/ &'5/ &'5/ DQ@Hqc's +

EHORQJ WR FODVV DQG &'5 + WR FODVV GRIV\QRW UDO LOGHSHQGHOW FOI
EHORQJ WR DQ LGHQWLILHG FODVV %‘S%ﬁ@LHJxFMQMQ@hé‘v@((/ QXFOHRWLGH VHTXH
UHVLGXHV 6HU  6HU 6HU 70U &'5 / oUH¥RGHIYPURI HDFK RI WKH WKUHH PS$SEV
6HU  &'5/ UHVLGXHV 71U  $VQ +LVRPR§‘H?HLW\ LQ WKH UHVXOWY YDOLGDWHG W
UHVLGXHV 7KU — $VQ 7\U  &'5 + UHVLGRRY BB '"DYFLG VHTXHQFHV RI WKH (OHF 9/
fAv. 71U DQG &'5 + UHVLGXHV 3UJ &Y H I@(HUL\JNKHU YDOLGDWHG GXULQJ UHILQHPHQ
SRLQW WRZDUGV WKH VROYHQW $00 9/ DQG 9+ UHJLRQV DUH DVVRFLDWHG ZLW
$ PRGHO RI WKH (H$&K( VXEXQLW GHYRAEEHBH WKdle (HW&KY OLNHO\ WKDW WKH REVHU'
VSHFLILF LQVHUW ,OH  *0Q DQG & WHERLRHP /| 1EBEWL PBWRODWLRQ SURFHVV DVVRF
/HX JLIXUH 6 LQ )@OHZBYV GHVLIQHG X¥bQH WEWILRQ SURWRFROV XVHG @R 7KHQHUDV
VWUXFWXUH RI D 7F$&K( VXEXQLW DFFHMVLREOEREHRI (WKHPMH DDQWLERGLHY UHYHDO
WHPSODWH DQG WKH VDPH SURFHGXUH DYHQEBYHVCHYFWKEHG sRUWKHW FRPELQHG zL
JDE PRGHOV 7KH DYHUDJH URRW PHDQ VLXREHKHIHYLRVOHFX YIX@XWLRQDO SDUDWRSH!
EHWZHHQ WKH PRGHO DQG WHPSODWH LVpow¢ JRE UHERYHVWERBYZLWK KLI® DTKHLW\ C
7KH PRGHO RI WKH )DE  (H$&K( FRPSOHREVRYYHRHHPMBCRI PXWDWLRQ WKURXJKRX\
E\ IOH[LEOH GRFNLQJ XVLQJ@*+3DQ&. GHIPX®MUDOO\ FODVVLFDO > @ H[FHSW IRU (OHF
SDUDPHWHUV DQG DV SRVVLEOH LQWHUYRENNHG xIHIW- Yz ® OMNEERH VvRB@H HQWLUHO\ P
UHVLGXHV RI WKH )DE &5V IRXU IURP )WKH ¢ FKBLPRGEURVH KRPRORJ\ RI WKH QHZ
IURP WKH / FKDLQ DQG WKH WKUHH LQWHUDBPWLORRHEU Z7RFK BREGV DW WKH SHULS
ITHX UHVLGXHV Rl (@$&HHL3IKERULQJ YRWYDQWH LQ WKH )DV $&&( FRROHILIXLQI (|
DFFHVVLEOH UHVLGXHV IRXU IRU )DE \WKRXJIRXNALARYDHISHK(XHQFHY HLWKHU VWUDL
LQFOXGLQJ WKH SRWHQWLDOO\ 1 JO\FREMJIVHE x VR oDWHWE-WORR®HLQY K\SHUPXWDYV

SRVLWLRQHG IRU EHLQJ LQGLUHFWO\ LOMROMHFH @ DN KEHERVHL@DUBRHERODU DGDSWD
GHILQHG DV SDVVLYH UHVLGXHV )RU HPEK (HXOK (W& WRS

FRPSOH[HV JHQHUDWHG DIWHU ULJLG ERG\ HQHUJ\ PLQLPL]DWLRQ ZHUH

VXEMHFWHG WR IOH[LEOH VLPXODWHG DQQHRPEREQPVRHBLBE P NREHWISPEHO FKDUDF'
DQG WR IOH[LEOH ZDWHU UHILQHPHQW LG @PUWHVLDQ VSDFH DQG WKH

WKUHH HQHUJHWLFDOO\ EHVW PRGHOV VFBEHG EherS 20 ZHBE  ZHUH JHOHUDWHG

FRPSDUDWLYHO\ DQDO\IHG SDUHQWDO ,J*V E\ FOHDYDJH RI WKH + FKDL
G

W
7KH PRGHOV RI WKH )DV. PRXVH $&K( RARKHHYB )@MRFHGXUHV DQG DQDOVIHG XVL
(H$&K( FRPSOH[HV ZHUH JHQHUDWHG XVLQJ X YLPLOOU ASSYRDFEy, ~7pEoH 08/ 4
DQG D UDQGRPO\ RULHQWHG )DV PROHFXQH, Hio@W V\\;U\WB VK Hg RS 8K4 DQDOVWHY  VKF
DFFHVVLRQ FRGH .8 DQG (H$&K( VXE&KQAEWNp 6 '?I@/DRD(’T)_'G KLJK KRPRIJHQHLW\
DPELIXRXV LQWHUDFWLRQ UHVWUDLQWYZHUH oG L\Q:I-bQNV{/ BFSE WUDFHY RI XOGC
SDUWQHU FRUUHVSRQGLQJ WR ILYH DQG {RXH PF \ng* YH Vd\@/%SUVuW oWKE ZHOO GHILG
LQWHUIDFLDO UHJLRQV RI P$&K( (H$&K( RP§pEHILR R % GalBMiuL o2 LQ, WKHLU QHW FKD

ORRS ,, UHVSHFWLYHO\ DVVRFLDWHG WR by HHpREY HRWQ @Ho®R Y Wkth DQRrRGH 1RU

UHVLGXHV IURP HDFK SDUWQHU )DE DQG )DE ,VRHOHFWULF IRFXVLQJ DQ
VLPLODU PLJUDWLRQ SDWWHUQV WR QDWLYH
EWUXFWXUDO DQDO\VLV DQG FRPSDULVRRQMIDIH S, YDOXHV RI a IRU )DE a IRU

(OHFWURVWDWLF VXUIDFH SRWHQWLDOY RIIRMKKHD & KU RHH PIOOEDWU DIQRS VRKH WKHRUHWLFL
(H$&K( 7F$&K( DQG P$&K( ZHUH FDOFXOIDWHGWXWLQYHBBHGFHY 7KHVH YDOXHV DUH DC
> @ ZLWK WKH 3\02/ $3%6 WRROV 7KH PEQHBXQDWRIVXWHBPFH MDQAEHPOHF EXW QRW (OHF
EXULHG WR D c UDGLXV SUREH DW WKHH®P&ZK( (BH$&GERFRREOFHDWLRQLF LQKLELWRUV )I
LQWHUIDFH ZDV FDOFXODWH® X¥%WQYXF$BHIDEPRIOQ H> > @

VXSHULPSRVLWLRQ RI WKLV FRPSOH[ Z)IWKFWLRHQDDVDPB&KYLY Rl WKH WKUHH )DE

DFFHVVLRQ FRG@& .%:>& 7F$&K( (@ >FDSDFLW\ WR ELQG WR DQG LQKLELW WKH
GHFDPHWKRQLXP 7F$&K(@ $&URSLGLXP PREFKYADWLFDOO\ SURFHVVHG I[IURP WKH QDW
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6WUXFWXUH RI ,QKLELWRU\ $QWL $&

7DEOH %LRFKHPLFDO DQG |XQFWLRQD0<”§H1L|W35H\N|9&\9N§9 AMPUFRKIGUDWH UHPRYDC

SXULILHG )DEV DQG WKHLU (H$&K( FRPS

)DE )DE )DE )DE

7KHRUHWLFDOPDVV N'D

ORQRLVRWRSLF PDVV N'D

7KHRUHWLFDO S,

2EVHUYAG s,

(QI\PH (H$ &K ( (H$&K( (H$&K(
%LQGLQJ VLWH 3$6 %'5 3$6

& ,3* Qf

,& )DE &%

N)DE QRLQ

N )DE PLQ
&DOFXOPWHGQO
5HVLGXDO DFWI°YLW\ JDE
5HVLGXDO DFWLCYLW\ ,J*

D &DOFXODKMWHWSIURIME H[SDV\ RUJ SURWSDUDP
%\ 0$/', 72) PDVV VSHFWURPHWU\

%\ LVRHOHFWULF IRFXVLQJ

9DOXHV VKRZQ DV PHDQV *“ 6' Q!

I o mm

| 9DOXHV LQ SDUHQWKHVHV DUH IURP > @
QG QRW GHWHUPLQHG
GRL MRXUQDO SRQH w

GRGHFDPHU@> FI 5HIHUHQFH >6 @

(ISHULPHQWDO 3URFHGXUHV LQ )LOH 6

LVRIRUPV ZHUH IRXQG WR ELQG (H$&K( H
D QDWLYH 3%*( PRELOLW\ VKLIW DVVD\
ERWK QDWLYH 3%$*( PRELOLW\ VKLIW DQG)D

9DOXHV VKRZQ DV DYHUDJHV “ WKH YDULDWLRQ Q

G

YLW\'DQG )DE ELQGLQJ

7KHUH DUH VL[ FRQVHQVXV VLWHV IRU 1 JO
VXUIDFH RI WKH (H$&K( VXEXQLW )LJXUH 6
31*DVH) WUHDWPHQW RI (H$&K( LQ QDWLYH FR
E\ 6'6 3$*( DQDO\VLV UHVXOWHG LQ ORZHU DS
PDVVHV IRU HDFK RI WKRDWKUHB @E® QGN'DRI
W\SLFDOO\ REVHUYHG IRU WKH UHGXRHG VXEX¢
GDWD QRW VKRZQ 7KH SRVLWLRQDO VKLIW
REVHUYHG ZLWK D IXOO\ GHJO\FRV\ODWHG (H$
DVVHVVLQJ IRU RSWLPDO UHPRYDO RI DOO 31
FKDLQV GHVSLWH WKH PLOGHU FRQGLWLRQV
VKRZHG QR VLJQLILFDQW PLJUDWLRQ GLIIHUHC
DQG GHJO\FRV\ODWHG HQ]\PHV GDWD QRW VKR
D ORVV RI QHJDWLYH FKDUJHV SRVVLEO\ FDU
JO\FDQ FKDLQV > @ ZDV DVVRFLDWHG ZLWK W
&RPSDUHG ZLWK QDWLYH (H$&K( WKH VSHI
GHJO\FRV\ODWHG (H$&K( ZDV IRXQG WR EH Y|
GDWD QRW VKRZQ EXW LQKLELWLRQ RI GHJO
YDE  OHG WR QHDU RQH ROGRBH&R I YADDIQH W X G |
ZLWK QR FKDQJH LQ WKH UHVLGXDO DFWLYLW
FRQFHQWUDWLRQ )LJXUH & 7KH VDPH REVH
ZLWK )DE SUHSDUHG IURP ,J* WKDW ZDV L«
DV 3VLPLODU LQ > @ PDQ\ UHVSHFWV' WR ,J*
> @ 7KH JDLQ LQ DIILQLW\ VXJIJHVWV WKDW RC
FKDLQV SUR[LPDO WR WKH )DE RU )DE EL
3%6 UHJLRQ KLQGHU V SURSHU UHFRJQLWLRQ |

D%Wé(§ BR/(B WKUHH J)DEV ZHUH JHQHUDW|

é%ff f\% Wi iﬁi‘é%iﬁ S,

SDUWLDOO\ RYHUO
é< '-:D'-éN'-RIS?WDM/ Eﬁ 346 UHVSHFWLYHO)

DVVHVVHG IRU PXWXDOO\ H[FOXVLYH ELQ@HQ#M}@H)Q@RPD@@H)D@LQGHULQJ 1 JO\FDQ V

WR (H$&K( ZKLOH HLWKHU FRXOG ELQG VERYAVORNRYY LW INWEWH IRU )DE

LQ WKF

WR IRUP VWDEOH WHUQDU\ FRPSOH[HV RI7M$&R (DIHURRHQ)ERWY ISGH DQG UDTFW $&K(V

(H$&K( VXEXQLW GDWD QRW VKRZQ

8'S R Q VHHTIXUHOOLFEH) L X6AH EWQ WL QL WK (H$&K( DQG EHD!

DQDO\WLWD@XHV LQ WKH UDQJH DQG YDOXWRWODWLRQ VLWHYV DUH LQVHQV@WLYH WF

UHVLGXDO DFWLYLW\ DW VDWXUDWLQJ )X WRQ OHFE®ROQDQH\RWYN UIDY HV KBRP KXPDQ SODVF
UDQJH IRU )DE DQG )DE DQG RI a IRD )DENHTXHQAH LGHQWLW\ ZLWK (H$&K( DQG

REWDLQHG )LIJXUH VEPIDBOHWR WKH YDOX®W RHOPWARQGRBUYHAKEFK WZR $VQ DQG $V
WKH SDUHQW@O .LJOMWLF DQDO\VHV UHYHBBH I HYSHE WIORHUORFDWHG LQ WKH 3%6 UH
DVVRFLDWLRQ NL FRQVWDQW DQG a IRORBFMWHVRIRHIPELEFVRELE W WRQHNWVKHY QDWLYH RU
)DE  FRPSDUHG ZLWK )DE  7DEOH  VXBYHRWV g%Yé'Pllﬁ\élH D QDWLYH 33*( PRELOLW
OHYHOV RI FRQIRUPDWLRQDO DGDSWDWLRRRV u FRGEL WB?"\‘?L@\FW WRCH VHTXHQE

WKHLU ELQGLQJ VXEVLWHY DW WKH (H$&}y( g%geQ L\I@XWéH\W% (?E]\PHV
DVVRFLDWLRQ UDWH RQH RUGHU RI PDJ

LWV WZR FRQJHQHUV DQG LWV GLVVRFLL éé%ﬁ)g\%% I}%%cg%g\gl)(S%Q/&H % SCRllJ?vae

ORZHU UHVSHFWLYHO\ PD\ GHQRWH JHQXL FRP Il?J$ A WKH ILUVW NQRZ

)DE FRPELQLQJ VLWH ZLWK LWV ELQGLRI }_'])/ % ' BQ &K( VKRZV W K
DOO WKUHH FDVHV WKH FDOFXODWHG GL Fd_ﬂ\,/\fk FB8¥W§§(¥V QJOH RI

WKH ,& YDOXHV 7KH UHYHUVH UDQNLQ.} x&’ﬂ?*é\rSGY%?%v UkFé%(%‘iQJ WKH YDULDEOF
UHIOHFW WKH )DE )DE  DQG )DE  FD$RRLMIHIYWW R E 5% WKHGRPDLQV RI WKH WZR
(H$&K( VXUIDFH UHODWLYH WR WKH UHVLGOD PRBPEWEY bYW LH WY K VF KRUBICHEW WKH VL[ &
WKH )DE FDSDFLWLHV WR LQKLELW WKH (@& KY(DRF Wb YL WSO HY GRREDULOAW HQ WK U H YLIXL
ZLWK WKH 3%$6 DQG WKH %'5 WULJJHULQIGRRLYWG QWWHYH. EH FKDQIQWPRI &'5 / UHVLGXHV
IRU DOORVWHULF LQKLELWLRQ Rl FDWDO\MIW DQG RI DOO &'5/ DQG &5/ UHVLGXHV I
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6WUXFWXUH RI ,QKLELWRU\ $QWL $&

A Fab403 47 534 +/- 1 300 Da 1, FAD410 48 703 +/- 1 400 Da Fab408 48 714 +/-1 250 Da
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Fig. 2

JLIXUH 3K\WLFDO DQG IXQFWLRQDO FKDUDFWHUL]DWLRQ RI WKH $SXWUILHG) )PEVV W\SLI
VSHEWURPHWU\ SURILOHV VKRZLQJ ERWK WKH GL FKDUJHG DQG PRQR FKDUJHG HQWLW
ODWWHWHFWURSKRUHVLYV SDWWHUQW ®RWQDULIQPGFFEQ IBWL BH*FKDVW*HO OHIW DQG QDWL
3KDVW*HO FHQWHU ZLWK PLJUDWLRQ IURP WKH FDWKRGH WRS WRZDUG WKH DC
3KDVW*HO ULJKW 7KH WKUHH )DEV DUH PRUH KRPRJHQRXV LQ PDVV WKDQ LQ FKDUJH
WHUPLQXV JHQHUDWHG E\ SDSDLQH FOHDYDJH RI WKH &+ FKDLQ \HW DOO LVRIRUPV E
PRELOLW\ VKLIW DVVD\ QRW VKRZQ 7KH QHXWUDO DYHUDJH S, Rl )DE DQG&DWLRQLF
,QKLELWLRQ RI QDWLYH (H$&K( FORVHG V\PEROV IX0OO OLQHV DQG 1 GHJO\FRV\ODWHG
YDEV 7KH KLJKHU UHVLGXDO DFWLYLW\ UHFRUGHG DW VDWXUDWLQJ FRQFHQWUDWLRQ F
5HPRYDO RI WKH VL[ 1 OLQNHG JO\FDQ FKDLQV RI (H$&K( UHVXOWYV LQ IROG KLJKHU C
VDWXUDWLQJ )DE FRQFHQWUDWLRQ 'DWD SRLQWYV FRUUHVSRQG WR WKH DYHUDJH YD
OLQHDU ILWWLQJ RI WKH GDWD SRLQWYV XVHG D VLIPRLGDO HTXDWLRQ OHDQ YDOXHV R
UHSRUWHG LQ 7DEOH
GRL MRXUQDO SRQH J

WRZDUGY WKH VROYHQW ZLWK &'5/ EHLQHIV@WDELD\L]WE&HE\&VWXR LIVR @RVIWQOL\R QREMH O D W H C
LQWHUDFWLRQV LQYROYLQJ WKH +LV ERDGEG QMR OHJ XU PH OHF KK RXEHDIMMKL FIRQIHUV RQ W
FDUERQ\O DQG WKH 7KU K\GUR[\O ,Q WXH 9+ FRRPDAQH ®HBFOHDU DQLVRWURSLF GLV
SURYLGHV WKH RQO\ VROYHQW H[SRVHG ¥KOMH JHIWD EZOQWIQ &'BRGHAKLWH GLSROH PRPHQW F
WKH QHLIJKERULQJ 7\U DQG 3KH DUH WYRW /GRO\ REXUIH @IS HA. WIRLZ@ WK VKSR ¥ LAVKID LMDR 1 WAKH
PROHFXOH 7KH WLS RI &'5 + LV EHQW LQ@ZDWG K&6 +tV FRROYVYLVVWYWHQW ZLWK WKH )DE

RI D ORQJ UHVLGXH ORRS ODUJHO\ H]IBRMHG WREO&EH WROQOQMPHWDFWLRQ ZLWK WKH
H[FHSW IRU UHVLGXHV 7\U DQG 3KH ZKDWK LW VUHEDPRWHWKDRPRUH WKDQ f TURP WK
FRQWULEXWH WR WKH WLJKW DVVHPEO\ RUMNMLKE XHD QBS/ FKRRRRORJIRXV WR P$&K( 7US

,Q )DE DOO VL[ &'5V GLVSOD\ ORFDOUBYL/@®OXIBHWUEHORSB&K( 6HU DQG URXJKO\ D
JLIXUH 6 % LQ )LOH 6 $V D UHNOUODVF HBALISR GeH YHFWRU RI WKH VXEXQLW FI EHORZ
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JLIXUHBWUXFWXUH RI )DE DQG KRPRORJ\ PRGHOVHRWFEUDDQG$)BE¥ Rl ZLWK D OLJKV
EOXH / FKDLQ DQG \H®QRE + FXIDAWR D YLROHW / FKDLQ&DREE RUDQIWHK+DFEDUQ EOXH / FKI
VDOPRQ + FKDLQ GLVSOD\HG ZLWK WKHLU 1 WHUPLQDO YDULDEOH UHJLRQ RQ WRS DQG
&'5/ DUH GLVSOD\HG LQ EOXH OLJKW JUHHQ GDUN JUHHQ DQG &'5 + &'5 + &'5 + LQ
+ LQ )DE LV FOHRHQWHWIORFBHKS YLHZV RI WKH FRPELQLQJ VLWHV GLVSOD\HG DV PI
FRORUHG DV RQ WKH OHIW SDQHOV DQG ODEHOHG 'LIITHUHQFHV LQ WKH VL]JHV RI WKH &'
JDE YHUVXKMWHQGHG VXUIDFHV LQ )DE DOQBLYBBL VWIWE XYWL RW WKH HOHFWURVWDWLEF
WKH )DE PROHFXODU VXUIDFHV DW N7 H UHG WR N7 H EOXH VDPH RULHQWDWLRQC
FRPELQLQJ VLWHNHWWW¥H HOHFWURSRVLWLYH FRPELQLQJ VLWHV LQ )DE FHQWHUHG LC
FHQWHUHG DURXQG WKH + FKDLQ &'5V

GRL MRXUQDO SRQH J
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6WUXFWXUH RI ,QKLELWRU\ $QWL $&

$W WKH FHQWHU RI WKH )DE FRPELQRQDLODW B H WKG EROWMAWDYMH WR WKH VLWXDWL
EHWZHHQ WKH 9+ DQG 9/ GRPDLQV IRUPV PRGHIOQ ERFMHWHRI (H$&K( FRPSOH[ ZDV QRW
¢ GLDPHWHU OLQHG E\ VLGH FKDLQV IURP WKH SURWUXGLQJ &'5 +

DQG &'5 + DQG WKH VKRUWHU &'5/ )LIBHRBH® RIERDEFHQWQG LPSOLFDWLRQV IRU ELQ
H[SRVHG &'5 + UHVLGXHV 6HU 7KU  RIUGHS$&&'G +

UHVLGXHV 7KU IHX *O X DQG WKH &'f3wkH7BERGHO RI )DE WKH VLGH FKDLQV R
7KU  SDLU DUH ZHOO SRVLWLRQHG IRU [IQWiDRRFWLRRKALWK WK %SRLQW WRZDUGV
VXUIDFH W KDV EHHQ UHSRUWHG WKDW ([s R p® ®W Wb EBGR FRENAHAWY $QDO\VLYV RI W
ZLWK LWV DQWLJIHQ LQYROYH VIHRIYWM B FRYWURQQMDOVRD GLVWLQFWLYH UHSDU
7\U!$VSI$VQIBHU!*OX!7US VLGH FKDLQV vdoklvy IRBIeWKH g'5 + DQG &'5/ WKHVH YD
DQWLJHQ FRQWDFWV ZLWK WKH DQWLERG@GKRUH WULBHHHHAEO HSVRUVEGH:  &'5 / DQG &
FKDLQV & 2Q RQH VLGH RI WKH )DE SRENHW QMEKIHORQJ DRIQJIH )LIXUH JLIXUH 6 %
IOH[LEOH &'5 + ZKLFK HQFRPSDVVHV QHVQ@V&VS\N?(UJ—ISFJQ\IUEL(QLQJ VLWH RI )DE LV
WHWUDSHSWLGH L H IRXU RI WKH VL[ s\RSHPWD WaRGL@H VF RERYWY  Y)LIXUH %
GHILQHG DQG D QHW QHJDWLYH FKDUJHoRBWHRSYHVVRMKIDARPEWBEBHZLWK DQ XQHYHQ
FDQGLGDWH IRU LQWHUDFWLRQ ZLWK WKdiH ¥D %v IRY HGN\S KO ugiiE (RVA\G XHV ZLWKLQ WKH
FRRSHUDWLYH ELQGLQJ RI WZR RU PRPRQI&V®Y ROVWWKHD®'S PROHFXOH D FOHDU DQ
SHUKDSV ZLWK DFFRPPRGDWLRQ RI D SRRWNXYEDHY APROIUDPEY FRWK D PDUNHG GLSRO
ZLWKLQ WKH )DE FHQWUDO SRFNHW ZRX@G\HWOILGO WKH| RO EXLUIKRHHQWKIRY WKDW RI )1
DQ DYHUDJH DQWLERG\ DQWLJHQ LGW@UIPKEWR WL URRIRIO® DOEIJQHG DORQ@G RBKBDW WGV
,Q WXUQ WKH FRPELQHG FRQWULEXWLRQWRR ZDWRP WKL P RIGDAKD W I VI&HY REVHUYDW
FKDLQV DSSHDUV FRQVLVWHQW ZLWK WKHROXEQ WRRMR2DWK, & K RIRWKHU Y MIGI XUBK S, YD
FRPSOH[ 7DEOH $ OLNHO\ VFHQDULR7ERZAG LYROWHW BOMAPUBFWLRQ Z@WRVWKH 3
FRQWULEXWLRQ RI D IHZ PDMRU DQFKRUgRH W QWHUDPDAWLIRQAME PORQIRDHEKOH ZLWK LW
FRPSOHPHQWDU\ FRQWULEXWLRQ RI VRHWRHAD®GVPWRRUNVLGWDEILWKH SRVLWLY@O\ FKDU.
LQWHUDFWLRQV > @ 7KH WKUHH FDWLRQLF &'5V LQ )DE DOVR HQTF
OXWDJHQHVLV VWXGLHV SHUIRUPHG XVIMXLWBERHUPNURSURPRMLQI K\GURSKRELF LQW
DQG UDW $&K( ZKLFK LV QRW LQKLELWHBGRRSWKHD@AF, RBEMDWORRAHYHU WKH FRQIRU
ZLWK VLWH VSHFLILF VXEVWLWXWLRQV GSRHQVWHHRG WR | OHEHW (HW&KYHTXHQFH KRPRORJ\

UHVLGXH SHSWLGH *OX  $UJ ZKLFK BRRVHYSRQFH WRVIMKHHVLGXH VKLIW DORQJ
P$&K( $vVS *0Q DQG 7F$&K( 9DO  $UJUH\BHSWWGHMW  7KU LQVWHDG RI 7KU 7KU
LQ WKH . VXUIDFH ORRS )LJXUH 6 L@ 3LOHO®RRSDWRDPLPLF )DV ORRS , UHVLGXHV 7

ELQGLQJ VLWH IR@ (O®IFWKLY SHSWLGH 6 WKl )LHPH 6 $V D UHVXOW FRPSDUHG ZLWK
7KU VHIPHQW ZKLFK FRQWDLQV D FRQWKDPWK\S YRIWYKRQHN IRW WKH HGJH RI )DV ORRS
JO\FRVI\ODWLRQ DW $VQ DQG WKH QHLOKERWLQE DY\ DWHWIKGXEDVH RI &'5 + LQ D S
DUH ODUJHO\ FRQVHUYHG DPRQJIVW $&K( YSRFRWWH BQREWIQQFIWALEK(LQWHUDFWLRQV ZLWK
ZKLOH WKH RWKHU UHVLGXHV DUH PRUKH YORQPHEWHHGOROHRWHIRVWDWLF SURSHUWL
$UJ LV XQLTXH WR (H$&K( DPRQJIVW PROWUKEGBEWHN SHMIMHYXQFWLRQDO VLPLODULWLH\
DOWKRXJK LW LV IRXQG LQ +X%&K( )LIXMWH ELQE WK B8$6 ZKRPSIHWLWLYHO\ ZLWK HD
UHSODFLQJ HLWKHU /HX RU *OX E\ WKHYH UDOD FHFMWH Y BPO® D DIP@ GV DQG ERWK WK
$UJ FRXQWHUSDUW LQ UDW $&K( DEROLVBNG (H$EKK (FRPISIOFH[WVR®LESOD\ ORD BV L G X D (
(OHF ® +RZHYHU VKRXOG (H$&K( UHVLGX® %K®VHEHDWXUHY GHQRWH FRPSDUDEOH
JO\FRV\ODWHG DV DUH WKH FRUUHVSRQ@WJIVXHYHGWHG LR\ UWKRP E/I0QDRWO\ GLIIHUHQW
P$&K( DQG +X%&K( DQG LQ QDWXU@O IWIMIFEWLHV RI WKH WZR SHSWLGLF OLJDQGV
ZRXOG KDYH WR EH ORFDWHG RXW Rl WKBUPE LQEW®ELI®HE VUWIHRYLRFFOXGH WKH DFWL!
31*DVH WUHDWPHQW RI (H$&K( GRHV QRPW GDOWHMH QWK W/ X)P\VEWUDWH DFFHVV WR WKH DF
ELQGLQJ DQG LQKLELWLRQ SURSHUWLHV FIIPERYFHLIIHUHQFH LQ WKHLU UHVSHFWLYH .
,Q IDFW DW WKH WLS RI WKH ORQJ DQGUIMWM [(HEIRHK (& 'BKL PRUPMVE GHVLIJQHG WR PDS WK
*0 X LV ZHOO SRVLWLRQHG WR IRUP D VDEW EDWG WKHALWK KKHVUUIIDFH SRLQWHG WR
JXDQLGLQLXP 8VLQJ WKLV SRVVLEOH LP¥HKYDHWLRQGFPYK(D*BQYRWP@RRIE ORIRS E
DQFKRU DQG NHHSLQJ $VQ DZD\ DROYHRHKLARWI WKH JRUJH HQWUDQFH DQC
FRPSOHPHQWDU\ LQWHUDFWLRQV EHWZHRQ&KDE+LVDQG7FB&&K( 9DO DQG /HX P$
SRLQWHG WR WKH SRODU 6HU 7KU UHVEGXH SDEW&KYW $WKH WLSQRW&K'H IORRGJ URRBW
+ SRVLWLRQHG FORVH WR &'5 + LQ WKH FRPELQL®D WLMHH RMKHOH VLGH RI WKH JRUJI
VPDOO VLGH FKDLQV SURWUXGLQJ IURP &PRN W RBWSIRV IL ACHO WER. @G5 BK HS PRIWUHMBR O GLQJ P
DFURVV WKH FHQWUDO SRFNHW DUH VXWDE®&KS$RWMHWIRH/GDWR IFRRRAOYHG LQ ELQG
DGGLWLRQDO SRODU LQWHUDFWLRQV ZLWEKHEDPHWKRIXUWP ' %+RBHYHDQG $7&K@>
FRQVLGHULQJ WKH OLPLWHG DPRXQW R)L®DIHULPE QMDD PR VFODWW IRMHL RWV(H$&K( HQKDQ
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6WUXFWXUH RI ,QKLELWRU\ $QWL $&

DIILQLW\ E\ DOPRVW RQH RUGHU RI PDJQLWRGH O)LGRWH WKIDEGRFNLQJ SURFHGXUH ZH
VXJIJHVWLQJ WKDW RQH RU VHYHUDO 1 JORRD® FRKDH RQ WRHWSKUR [R PO W/ UXFWXUH DQG
WKH FRPELQLQJ VLWH 21 WKH VL[ FRRWHRVRVOLPLMWHG RAPEHU RI DPELIJXRXV LQWH
JO\FRV\ODWLRQ LQ (H$&K( RQH DW $VQ@[SHWISRHKQWNQ SURFHGXUHV 7ZR DQG WKU
7F$&K( 6HU LV ORFDWHG LQ WKH 33$6PBBH®RO 28068 WRVBWHKWMUYHO\ REWDLQHG IURI
WKHVH IHDWXUHV VXJIJHVW WKDW WKH | RUPRRIR E DG ERQXMLRW LRQRUDWHG E\ +$"
WKH )DE (H$&K( FRPSOH[ REH\ HOHFWURMWIQFEEY)DNVK PREKHF RPSOH[ VWUXFWXUH Z
DQG VWHULF FRQVWUDLQWY FORVH WR WNKWH GLFWBWYBQ@ MK HGIRRWP D@WRWQ VEKRE Q 5HO
FRQIRUPDWLRQ RI WKH )DV $&K( FRPSOHPREBIHOMG UFRPEXFWHR K ( FRE SOH[ ZDV IXUWKHU
UHSUHVHQW VXLWDEOH FRQVWUDLQWYV WRRPSEHRH VIREG 2% MVdKL &/ik\W HF B\ Y HP[@ EXOM U X FW XU H\
GRFNLQJ VWXG\ FI ([SHULPHQWDO 3URFH®PESPV DY ZEWKRYKH RUIDQLF 3@ DQ®QGV
7KH RQO\ (H$&K( IRUP DYDLODEOH LQ PXHWDR bKRB PREPAMW K JEKH ELIXQFWLRQDO OL.
PROHFXODU KRPRJHQHLW\ IRU VWUXFWXdE®D PREcLAYFOP HWWKERRRFBBIRQRLQG  (HS&K(
WHWUDPHU HQJ\PDWLFDOO\ SURFHVVHG IDRBSWWLWDWRY DD B\ HPHRG L A~ Q IDFW V!
$ IRUP FI 5HIHUHQOH 6BK&WQ KLJK 1o0FARYBEWZHUH REVHUYHG EHWZHHQ HDFK RI WI
KLQGHUV JHQHUDWLRQ RI ZHOO GLIIUDFV\PL% BAVW YV B kHEFH DQGK RFFDVLRQDOC
UHVROXWLRQ GHVFULSWLRQ R® D QK HB-EIR MXEkgLvF&XQG )DE WKRUHEN FRQVLVWH
EDVHG RQ WKH KLJK VHTXHQFH FRQVHU rRe gQDOOV WKH 7\U OHW F

VSHFLHV ZH JHQHUDWHG D KRPRORJ\ | CvieEYHy6 LQ JLOH 6  DVVRFEL

% |9 &
$QDO\VLYV Rl WKH HOHFWURVWDWLF SRW HX &\WB‘O(/L\W/QVW% WYKL RRY WKDW F
RI WKH (H$&K( VXEXQLW HYLGHQFHG D B'UNE'GQ% vRYWAYREY IRFH LQ WKH PRGHO —F
FKDUJH GLVWULEXWLRQ DVVRFLDWHG ZE Y% g\ ggﬂi' J%/ F'\HQQUWBRX%QW\ULEXWH WR T
DOLJQHG ZLWK WKH JRUJH SDWK DQG RU 5 (ﬁ AV OWR wR v H 3se
DV REVHUYHG IRU RWKHU $&K@ VS HWIHQR o

&K

K

VKRZQ 7KH SHUPDQHQW GLSROH PRPH?%A? é ! )H%HO/I ‘?%? LPSOLFDWLRQV IRU ELQ
IROG DQG IROG JUHDWHU WKDQ v, { BYEGKP
7F$&K( RI DQG '"HE\HV UHVSHFWLYRNKBPRGHY R )DE WKH VLGH FKDLQV R
W

DVVLVWHG GRFNLQJ RI WKH PRGHOHG )bf HR W Ho d fio®HaY SRLQW WRZDUGV
(H$&K( VXEXQLW OHG WR VHYHQ HQVHPEHRV Y WOLOHIARWAEDIGH 8V REVHUYHG IR
EHVW PRGHOV RI D FRPSOH[ RI zKLFk RIPIDAFYs§ &"% oV UHYHDOV D GLVWL
IRXQG LQ WKH ORZHVW +$''2&. VFRUHV , BHRP Rk iPEOIROHRY &5+ &'5 + DC
YHFWRUV RI WKH WZR SDUWQHUV DUH URx9H§< %L% (9[‘!‘6%' WKHJHgQJH ZKLOH IRU &

+ DQG / FKDLQV FRQWULEXWHIHVSHFWLY LA JH RQO\V &S5 [ KD

H
YD V\}_F XQHW DD BWDOHE  $V
WKH EXULHG LQWHUIDFLDO VXUIDFH DUﬁD ggé“ ﬁ)ﬁ ?Q & H RI )DE LV P

U
)DE WUDSV WIORPRQQ® (H$&K( HQFRPSD V%_%_'V\;Sg Gi'éN GLSROH PRPHQW RI "HE\
ZLWK UHVLGXHV 7\U 7US LQ WKH YHU U \ \kl/éj 85c VPDOOHU WKDQ WKRVH |

H

3
ERLQJ DQFKRUHG FHQWUDO WR WKH ELQGLRJ QMY quH "DJ ANerFLowRe zLwk D YHEW
FRQWUDVW WR )DV UHVLGXHV $UJ DQG D WDL Wv\(X/ " WKH + FKDLQ &

ZKLFK RFFOXGH WKH HQWUDQFH RI W®H IEQ/ ‘]/RHI'QHLQ &'5V DV IRXQG LQ )D
)DE UHVLGXHV 7\U DQG /\V LQ WKH Y K/RH DPWL LV ER VLVWHQW ZLWK WK
DUH VKLIWHG VOLJKWO\ RXWZDUG VR WK |D\5VD[§RUJl7IDBBFOX b%% L LQGLQJ DW WK

J)DE FRPSOH[ LV QRW DV WLJKW DV LQpWKd&, WAy KFRRICHIWPYDE U@QG QDD F WL QUGK. 1D
UHIOHFWHG LQ WKH VOLJKWO\ GLITHUKRQW oW H\GEXP PR SRR WILMALEN + FBSSHDUV DV
' QWURGXFWLRQ )LIJXUH % O9LFLQDO WR KK ¥ RREKRILRY YHWLLEX BYoHUI\ DQG suL
&'S + UHVLGXHV 6HU 7US DQG &'5S + WYhYLGKHUVWRH UuLP RI WKH JRUJH ZKLOH WKH
DQG +LV FRQWULEXWH WR WKH ELQSLRR WRWHMPFHA\WKURXIK UHVLGXH WULSO
LQWHUDFWLRQV ZLWK (H$&K( UHVLGXHV JyQDRNEBY IRKH WERQHY WHKHSURYLGH DGGLWLF
SHULSKHU\ RI WKH ELQGLQJ LOQWHUIDFH &yl skHYLGIHYKH 3$6DRKHUHEN HIWHQGLQJ W
7\U DQG &'5/ UHVLGXHV $VQ DQG PUKD BPYBYORKHEHU RI VWDELOL]LQJ LQWHUDF
DGGLWLRQDO FRQWDFW SRLQWV WKURKJKGEBPDU DQG QRQ SRODU

LQWHUDFWLRQV ZLWK (H$&K( UHVLGXHV *QQEBSHURRBQWKO LEKROPFHDWLRQ WKDW FDQ KHO!
&'5/ RQO\ PRGHUDWHO\ FRQWULEXWHYV WRQ®KpJ BLIQEH QWL QWHU(RE&K( VXUIDFH SRLQ
1RQ &'S UHVLGXHV 7\U 6HU DQG $0OD HRIQWKHI/ FARAOSHWDAYRQ EHWZHHQ )DE DQG W
VLIJQLILFDQWO\ FRQWULEXWH WR WKH EBQ6LQUIDQWWUIDFHD JUQRO®XDGORNMWLYLW\ RI
SUR[LPLW\ Rl &'5 + ZLWK 3$6 UHVLGXHFRPQOH[LWORDKWHOA\ KLJIKHU WKDQ WKDW RI \
FRQVLVWHQW ZLWK WKH JUHDWHU DIILQLMRPBOMNDELLLIRBUGWIGTFR VWROMBULEXWLRQ RI 6F
(H$&K( FRPSDUHG ZLWK QDWLYH (H$&K( /HX WR )DE ELQGLQJ )LIJXUH)BIXWH )LOH
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=
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6WUXFWXUH RI ,QKLELWRU\ $QWL $&

JLIXUHRFNLQJ PRGHO RI WKH )DE  (H$&K( FRPSOH[ DQG ¥ WY XM XOWD VL AR F SDIU MRS D H |V
UHSUHVHQWDWLYH GRFNLQJ PRGHO Rl WKH )DE  (H$&K( FRPSOH[ DQG WRS ULJKW WKF
f ITURP HDFK RWKHU 7KH (H$&K( VXEXQLW LV GLVSOD\HG LQ \HOORZ DQG WKH / DQ
UHVSHFWLYHO\ 7KH $&K( FDWDO\WLF UHVLGXHV DUH GLVSOD\HG L@ RR® QIH EDMR /0K B W N
VXEXQLW VXUIDFH FRPSOH[ LQWHUIDFH 7KH SRVLWLRQV IRU 7US 7US LQ 7F$&
ZKRVH VXEVWLWXWLRQ SUHYHQWYV )DE ELQGLQJ DQG IRU $VQ ZKRVH GHJO\FRV\ODW
DQG ODEHOHG 7KH DUURZ SRLQWV WR WKH HQWU\ RI WKH DFWLYH VLWH JRUJH )RU FRI
FU\WWDO VWUXFWXUH RI WKH )DV P$&K( FRPSOH[ DFFHVVLRQ FRGH .8 DQG ERWWRP
RULHQWHG f IURP HDFK RWKHU 7KH P$&K( VXEXQLW LV GLVSOD\HG LQ \HOORZ DQG )DV
EXULHG E\ WKH ERXQG )DE D/IQEKBLRKDLQcDQGCE\ )DV DUH FRORUHG DFFRUGLQJO\ WR
%RXQG )DE EXW QRW ERXQG )DV DOPRVWORRRPSS O7HKWM HO\PE R DHIUWXW KIHF B FDQUUH DV EXULH (
DQG E\ )DV DW WKH $&K( 3$6 GHQRWH VLPLO DU &SIRVHLQS RIHZK O HRWIRIHQKHI)DE  (H$
LQWHUIDFH YLHZHG DV LQ D DQG VKRZLQJ WKH NH\ (H$&K( DQG PDLQ )DE LQWHUDFW
YDE DQG )DV DV ERXQG WR $&K( VKRZLQJ WKH GLVWLQFW OHQJWKV Rl )DV ORRS , D
WKHLU VLGH FKDLQV DW WKH JRUJH HQWUDQFH 6WDQGDUG DQG XQGHUOLQHG ODEHOV [
DQG LWDOLFL]HG ODEHOV IRU (H$&K( UHVLGXHV ZLWK HQFE UFOR\GH6XI YLHEX R “DKQH ) DI
(H$&K( FRPSOH[ RYHUODLG ZLWK %: & VDOPRQ LQKLELWRU PROHFXOH (4 DQG Gt
7F$&K( DQG ZLWK SURSLGLXP JUHHQ 15 DQG $&K EOXH +$ DV ERXQG WR P$&K( I
3$6 UHVLGXH 7US LV GLVSOD\HG LQ \HOORZ R[\DQLRQ KROH UHVLGXH 7US LQ EURZQ
FODVKHV EHWZHHQ UHVLGXHV LQ WKH )DE &'5 + UHG DQG &'5 + PDJHQWD DQG HI
HYLGHQW
GRL MRXUQDO SRQH J
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6WUXFWXUH RI ,QKLELWRU\ $QWL $&

$ ZKLFK WRJHWKHU VXJJHVWHG WKDW )BRFXEHQ®Y RVXM RRGHFX®HDU SHFXOLDULWLHV
RI WKH JRUJH ULP RSSRVLWH WR 7US P$ KK H 0D UJHFWEKH SWLGLF OLIDQGY GLUHFWF
7US DQG WKDW QRQH RI LWV &'5V YORFOX®WVWWHKH LURWHBHSWLGLF OLJDQG GLUH
HQWUDQF® >0RUHRYHU XQDOWHUHG ELQBHKIQ IV RIUNXFEVX UHS RQ )DE DOVR SURYLGHV D »
GHJO\FRV\ODWLRQ Rl (H$&K( GHQRWHV $W®H GSRMLMWLRRQQ®ZI RXMWHRUILF PRGXODWRUV RI
WKH )DE ELQGLQJ VLWH )LJIXUH FIDV)IWKHHD SHXWKRVIHJHQWY WR WUHDW QHXURF
FRQVWUDLQWY SUHFOXGH )DE ELQGLQFRNRLWKYHHGILVRUWEHUV PMIVWKFHLDWHG ZLWK F
(H$&K( 3%$6 UHJLRQ \HW WKH\ GR QRW ®URXUGH HUX MWRIXFQWKUDO DQDO\VLV RI WKH\
LQIRUPDWLRQ DV WR WKH ELQGLQJ SRVLWERQ N& B XFOUE HRUWRDYWGRQ GRH WIDEOHG SLFWXULC
DW WKH SHULSKHU\ RI WKH JRUJH HQW U PRRHH FXCHUH IGRRWH PRIGHIDQ\QY PW WKH $&K( VXU
WKH )DE  (H$&K( FRPSOH[ ZDV QRW DWWH@SR®GHG LQWR UHJXODWLRQ RI FDWDO\VLV

,Q FRQWUDVW WR (OHF (OHF LQKLELWV %I$&K( ZLWK D

ORZHU DIILQLW\ FRPSDUHG @GVR$$PEMK(IBHRESRUWLQJ ,QIRUPDWLRQ
XQSUHGLFWDEOH VWUXFWXUDO YDULDWLRQV EHWZHHQ WKH WZR $&K(

VSHFLHV WKLV IHDWXUH GHQRWHV GLIIHUHQFE H FWL

QHWZRUNY DW WK 2R 356 UnaLrov ekl b e IRALERRE ((SHUF oo surrs
DQG %I$&K( VHTXHQFHV LQ WKH 3%$6 VX/U )$§ J6 §5/§—{Q) 3/ 6

7\U OHW 6HU *OQ DQG OHW *O\ VXEVWLW, (L\?V FOR F2< H

FRQVHUYHG 6HU DQG RQ WKH VROYHQW SRVHG IDFH RI WKH ORQJ
ORRS DQG WR D 6HU /\V VXEVW)IR\RSWDgI_Q LQ WKH VKRUW

OLNHO\ FDQGLGDWHV IRU GLFWDWLQJ %Qﬁ\ZQde—b%%QWF\ﬁPSOH[

LQWHUIDFH )LIXUH 6 LQ )LOH 6  ORUHRYHU. RL WKH ILYH  HISHUW DVVLYWL
FRQVHQVXV VLWHV IRU 1 JO\FRV\ODWLR'(? K] Llo?f'ﬁséfl?g \)l_aﬁ(N\Qng %WHJWR [SH)% Doety
$VQ FRUUHVSRQGLQJ WR (H$&K( $VQ %\/H é % »g 80\ ) SURV?/ELQ[SUISGXFWL
*O X DQG $VQ (H$&K( $VQ DUH OIQBHVM H E A S i
VLGH RI WKH JRUJH HQWUDQFH )LIXUH 6 \Aﬁ v 8 IPILRYHE GH R PLQ Q >
JO\FDQ FKDLQV DW DOO WKUHH SRVLWLR e 6’#&%&”&@9&, R/E%ﬁ\'% DOWLV DQG

(H$&K( ZRXOG SURYLGH DGGLWLRQDO F %}/VV'LBB L(S;WPQR%WI% DE DI (65) *UHG

SRVLWLROLQJ LQ WKH 3$6 UHJLRQ RI %|$zf+5t§ OH Q :H"WKDQN $ 6D[HQD :5%,5 VLOY

E
0 FRQFOXRPBQUDWLYH popo\wLy RI D EHH AP Y \N/J)Z(Gl—yWLEHVBFSO*HV DQ\G - ODVVF;X
)DE  ZKLFK LQKLELWV (H$&K( E\ ELQGLETWRCWRE 0% OLBRQR &(S LI VXU AYHWWH

PRGHOV RI LWV )DE  DQG JDE  FROIHGHY ZK%?QBL%_{ glfy "UDQLHU 61VGLDJ ORQ
(H$&K( E\ ELQGLQJ WkH 336 srLQwv WREGEIRRLAwivh RBUYHEROH TRU TUXLWIXO Gl

WRSRJUDSKLHVY DQG DQLVRWURSLF UHSWWR%Q& WGI?_LEWWL&\JQV\(/KHLU

FRPELQLQJ VLWHV FRQVLVWHQW ZLWK WKHLU UHVSHFWLYH WDUJHW VLWHV DW

WKH (H$&K( VXUIDFH DQG WKH GLVWLQFWRSHLYPMEC HRQS DEMAY IS VWRIH H[SHULPHQ
WKHLU (H$&K( FRPSOH[HV $ IOH[LEOH GRONAQ@FHBRGHD RI[sWMKHPHOWY <% /5 6( *0
J)DE  $&K( FRPSOH[ EDVHG RQ WKH DY D LQPFA i BX QF M- REPPDCDWP /5 6( *0 '% 30 &R

DQG YDOLGDWHG WKURXJK LQGHSHQGHQW, PIROMALR W U oS bo\WwLY WRROV "%
FRPSOH[HV SLFWXUHV D OLNHO\ PRGH pRKWPELswELQCQd 30

UHPLQLVFHQW RI WKDW RI WKH )DV WR[LQ 7KLV FRPSUHKHQVLYH VWXG\

S5HIHUHQFHYV

ODVVRXOLp - 3H]JHPHQWL / %RQ 6 .UHMFL ( ®OFOQHRWWH QG EXW\U\OFKROLQHVWHUDVH LQKLELW
OROHFXODU DQG FHOOXODU ELRORJ\ Rl FKROLQHVWHUDVH&RIBURJ 1BXURELRO3XEOHG
GRL < 3XEOHG %RXUQH < 5DGLF = B6XO]JHQEDFKHU * .LP ( 7D\ORU
7D\ORU 3 5DGLU = 7KH FKROLQHVWHUDVHV 1RV WHIBIWWH WIRQ S URWRHG XORW WUDIILENLQJ WKURXJK W
$QQX 5HY 3KDUPDFRO 7R[LFRO DQQXUGIRLSD DFHW\OFKROLQHVWHUDVH DQDO\]HG E\ FU\WWDOOR/
3XEOHG ELQGLQJ - %LRO &KHP MEFGRL
6LOPDQ , 6XVVPDQ -/ $FHW\OFKROLQHVWHUBYROHGRZ v VWUXFWXUH | .
UHODWHG WR IXQFWLRQ" &KHP %LRO ,QWHEIDFwW &ROOHW -3 JRXUQLHU UHHQEODWW +0 6WRMD
AXEOHG 6WUXFWXUDO LQVLJKWY LQWR VXEVWUDWH W
0, -
6XVVPDQ -/ +DUHO O )JURORZ ) 2HIQHU & *ROGP%'H“Q“@;’ZV;@SGLQHVWHUDVH (0%2 VM HPERGRL
$WRPLF VWUXFWXUH RI DFHW\tcu=s<|-|m:quHR/unn:H_u,cvrl.ﬂjyﬁ D HLQHU 7D\ORU 3 SROH Rl WKH SHUL.
SURWRW\SLF DFHW\OFKROLQH ELQGLQJ SURWHLQR® ‘?Dq#(pl'\:/ﬁOFKROL(QHVQ\/ DVH LOKLELWLRQ E\ VXE
VFLHQFH 3XEOHG GHULYDWLYHY ORO 3KDUPDFRO 3XEOHG
7D\ORU 3 /DSSL 6 'QWHUDFWLRQ RI IOXRUHMGERW VS YUREGHOBHWEHU :* 7KRPDV 3- SRVHQEH!L
DFHW\OFKROLQHVWHUDVH 7KH VLWH DQG VSHFLgKEMWUB WS YR DA LGP WIRE QEKIHRSHULSKHUDO VLWH RI T
%LRFKHPLVWU\ BRL D 3XEOHG HQJ\PDWLF FDWDO\VLV 6XEVWUDWH LQKLELWLRQ DUL
%LRFKHPLVWU\ GRL EL 3XEOHG
5DGLG = 3LFNHULQJ 1$ 9HOORP '& &DPS 6 7D\Q0MWBHQGHWKUHHHIOHWHY 7 5RVHQEHUU\ 7/ $F

GLVWLQFW GRPDLQV LQ WKH FKROLQHVWHUDVH FRQBAMX®R FRY I HDW WEBHFMMHYLSKHIRDLO VLWH RI KXPDQ

3/26 21( _ 2ZZ SORVRQH RUJ 2FWREHU _ 9ROXPH _ ,VVXH



6WUXFWXUH RI ,QKLELWRU\ $QWL $&

WKH ILUVW VWHS LQ WKH FDWDO\WLF SDWKZD\ %LRIPKHRLVWWRBEHUW < *UDRIL - &KDUDFWHUL]DWLI
EL R 3XEOHG DQWLERGLHYV WKDW VWOR®WR S HHRDBEKFAN WL F X V

-RKQVRQ -/ &XVDFN % +XJKHV 7) OF&XOORXJK OCFHWXIFEROWQBEWHUDVH (XU - %LRFKHRM
,QKLELWRUV WHWKHUHG QHDU WKH DFHW\OFKROLQHVWHDVIHKHOFVBELYH VLWH

VHUYH DV PROHFXODU UXOHUV RI WKH SHULSKHU®IOP RQ G5 D FNOTRVIL BQ MIREHHW W %LRODVVL - ODVVRXOL
&KHP GRL MEF 0 3XEOHG ELQGLQJ VLWHV RI LQKLELWRU\ PRQRFORQDO
DFHW\OFKROLQHVWHUDVH ,GHQWLILFDWLRQ RI D QR

%RXUQH < 7D\ORU 3 ODUFKRW 3 $FHW\ O FKRSX\VQBIWWYH) DEBIF NQERRUWLR@®LRO &KHP  MEF GF
E\ IDVFLFXOLQ FU\WWDO VWUXFWXUH RI WKH FRPSOH[ &H®XEOHG GRL

3XEOHG JUREHUW < &UpPLQRQ & &RXVLQ ; 5pP\ 0+ &KDWHO
5DGLU = 4XLQQ 'O 9HOORP '& &DPS 6 7D\ORU 3$FHW\OGRRU WAV WEODSVRMHDINRPYHQRPY ELRFKHPLFI
FRQWURO Rl DFHW\OFKROLQHVWHUDVH FDWDO\VLV ERXQRPIFNEDQ@ b QG RQRRBWLF FKDUDFWHUL]DWLRQ

GRL MEF 3XEOHG GRL 6 3XEOHG
%RXUQH < 7D\ORU 3 5DGLi = ODUFKRW 3 6WUXFWXUDO LQVLIJKWV LQWR
OLJDQG LQWHUDFWLRQV DW WKH DFHW\OFKROLQRKWHGHVH SHIOGEWG B0 )BQURQUAWEWH. HFKDF]\N 0 &I
(0%2 - GRL HPERM FGJ 3XEOHG (IILFLHQW DPSOLILFDWLRQ DQG GLUHFW VHTXHQFLQJ
%RXUQH < .ROE +& 5DGLO = 6KDUSOHVV .% 7DNORR BQMWPPRXQRJOREXOLQ JHQH IDPLO\ )(%6 /HWW
JUHH]H IUDPH LQKLELWRU FDSWXUHV DFHW\OFKROLQHVWHUDVH LQ DBXEQHTGXH
FRQIRUPDWLRQ 3URF 1DWO $FDG 6FL 8 6 $ (VWR@RB )UREHUW < *UDVVL - &UpPPLQRQ & %RTXHW
SQDV 3XEOHG PHWKRG DOORZLQJ WKH GHVLJQ RI ROLJRQXFOHRWLC
&ROOHWLHU -3 6DQVRQ % 1DFKRQ ) *DEHOOLHWDULDPEWWRIHIVRR & IHRP DL®PXQRJOREXOLQ F'1$ - ,PF
&RQIRUPDWLRQDO IOH[LELOLW\ ZLRUSWKGR SHULSKHGRD VLWH RI 3XEOHG

FDOLIRDPHWNOFKROLQHVWHUDVH UHYHDOHG E\ WKHURERSIOH | VWIUFYWXOH ZLXWKLFHOOL 9 L0*7 9 48 (¢
D ELIXQFWLRQDO LQKLELWRU - $P &KHP 6RF FXVWRRRHG DQG LQWHJUDWHG V\VWHP IRU ,* DQG 75
MD E 3XEOHG 9 ' - VHTXHQFH DQDO\VLV 1XFOHLF $FLGV 5HV
&KDQJHX[ -3 5HVSRQVHV RI DFHWIGBKRGRQH VW H U QMU | UIRE@ 3XEOHG
PDUPRUDMR DVDOWY DQG FXUDUL]JLQJ GUXJV 0RO 3KHIXEGRBEFR®L 9 %URFKHW ; /HIUDQF 03 ,0%7 9 4
3XEOHG VWDQGDUGL]HG DQDO\VLV Rl WKH LPPXQRJOREXOLQ
$XVWLQ / %HUU\ :. 7ZR VHOHFWLYH LQKLELWRUVQRFGKRWILGHYWHTMHNGFHY &ROG 6SULQJ +DUE 3
%LRFKHP - 3XEOHG 3XEOHG

+DUHO 0 6FKDON , (KUHW 6DEDWLHU / %RXHW ) FRHDGQHU 0 HW$DRSH DQ DXWRPDWHG SDFNDJH IR
A4XDWHUQDU\ OLJDQG ELQGLQJ WR DURPDWLF UHVUG 3O AP WEW DFMWMWH VEWNWROORIU $

Rl DFHW\OFKROLQHVWHUDVH 3URF 1DWO $FDG 6F& 8 6 $ GRL
SQDV 3XEOHG 3HUUDNLV $ ORUULV 5 /DPJLQ 96 $XWRPDWHG
JHOGHU &( +DUHO 0 6LOPDQ , 6XVVPDQ -/ E X6 MDUEH FQN XRRP RUQBIG ZLWK LWHUDWLYH VWUXFWXUH U

FRPSOH[ RI WKH SRWHQW DQG VSHFLMRFUB®KIRELWRU %:GR&L ZLWK 3XEOHG
FDOLIRDRHWDOFKROLQHVWHUDVH $FWD &U\VWDOO(RMD H\%E RARZWIVYDOORIULRRW PRGHO EXLOGLQJ WR

GRL 6 3XEOHG JUDSKLFV $FWD &U\WWDOORJU ' %LRO &U\VWDOORJ
.DUOVVRQ ( OEXJXD 30 5RGULJXH] ,WKXUUDOGH 6 )DVFLFXOLQ¥XEOHG
DQWLFKROLQHVWHUDVH WR[LQV IURP WKH YHQRXKURKXBRK JUHHIDJIJPRPBE 'RGVRQ (- 5HILQHI
'"HQGURDBOUXVWLFHSK\VLRO 3DULV 3XEPBIBURPROHFXODU VWUXFWXUHV E\ WKH PD[LPXP OLN
&U\WWDOORJU ' %LRO &U\WWDOORJU

ODUFKRW 3 .KpOLI $ -L <+ ODQVXHOOH 3 %RXJLW® 3( % L QBXRIHRI

, IDVFLFXOLQ WR UDW EUDLQ DFHW\OFKROLQHVVEKBBAKH D7 &H ARAS GE[ VWDPRQELMGR $ /HYLWW 0 6P
GLLVRSURS\O IOXRURSKRVSKDWH - %LRO &KHP &RQIRBPBOMIRQV RI LPPXQRJOREXOLQ K\SHUYDUL

GRL D 3XEOHG
5DGLi = 'XUDQ 5 9HOORP '& /L < &HUYHQDQVN\0®UWML@ B& 3 $FFHVVLQJ WKH .DEDW DQWLERG\ VHT
6LWH RI IDVFLFXOLQ LQWHUDFWLRQ ZLWK DFHW\O FRRGX@QHMWHUDBHRWHLRY &KHP GRL
3XEOHG 6,&, 3XEOHG

(DVWPDQ - :LOVRQ (- &HUYHXDQVN\ & G5RVHQHHUW\ ,7//HDYHU )D\ $ &KHQ 9% %ORFN -1 .DSUDO *
)DVFLFXOLQ ELQGV WR WKH SHULSKHUDO VLW H OR® 3AR-EW VW\F KCRIDD. @ MARPHER@W DIFQW/ DQG VWUXFWXUH
LQKLELWY VXEVWUDWH K\GURO\VLV E\ VORZLQJ D @XAO0H LB YIRALYGL\Q J IXFRWRE $FLBQVEHY QDU : GRL
GXULQJ HQJ\PH DF\ODWLRQ - %LRO &KHP JNP GRBXEOHG
MEF 3XEOHG 6DOL $ 3RWWHUWRQ / <XDQ ) YDQ 90LMPHQ +

+DUHO 0 .OH\ZHJW *- 5DYHOOL 5% 6LOPDQ , 6XV{PD@MXDOWLRQ&RINWRPSDUDWLYH SURWHLQ PRGHOLQJ E
VWUXFWXUH RI DQ DFHW\OFKROLQHVWHUDVH IDVFLFXOLQ FRRPISOH[ LSQURNMUDFWLRQ3RE®HG

WKUHH ILQJHUHG WR[LQ IURP VQDNH YHQRP ZLW&K GLQU W DAULIHHIH UBWS XFVBOWVHS 1 7KH ++SUHG LQW
GRL 6 3XEOHG IRU SURWHLQ KRPRORJ\ GHWHFWLRQ DQG VWUXFWXUI
5LSROO '5 )DHUPDQ &+ $[HOVHQ 3+ 6LOPDQ , 6X¥WWPDQ :-/ : SRL QDU JNL 3XEOHG

HOHFWURVWDWLF PHFKDQLVP IRU VXEVWUDWH JELBRQFH GRDYVRKEBLPURPDWLF &ORQLQJ DQG HJ[SL
JRUJH RI DFHW\OFKROLQHVWHUDVH 3URF 1DWOD RBHW B FKR.0I8Q 18 Y WHRWMYV RS BBOKKVLQJ SDWWHUQ RI W

GRL SQDV 3XEOHG H[RQV LQ YLYR DQG LQ WUDQVIHFWHG PDPPDOLDQ F}

*LOVRQ 0. 6WUDDWVPD 73 OF&DPPRQ -$ 5LSROO '5 )DHURIRQ &+ HWMEF 3XEOHG

DO 2SHQ EDFN GRRU LQ D PROHFXODU G\@RPRIQFIWKHILERX OMRMIOHD \RI5 %RQYLQ $0 +$''2&. D

DFHW\OFKROLQHVWHUDVH 6FLHQFH VFLHQFH GRIRWHLQ GRFNLQJ DSSURDFK EDVHG RQ ELRFKHPI
3XEOHG LQIRUPDWLRQ - $P &KHP 6RF MD GRL

:X < &ROOHWLHU -3 :HLN 0 4LQ * -LDQJ + HW D®BXEOHGRQJ URXWH RU

VKRUWFXW" $ PROHFXODU G\QDPLFV VWXG\ Rl WUDIDINHR| WKLBARBWOLQHRXHBKLG@® WKRIOVW 0- OF&DPPRQ

DFWLYH VLWH JRUJH Rl DFHW\OFKROLQHVWHUDVH (OHRWKRVWDWLFV RI GRLQRV\VWHPV DSSOLFDWLRQ
M ESM 3XEOHG ULERVRPH 3URF 1DWO $FDG 6FL 8 6 $ Gl

1DFKRQ ) 6WRMDQ - )RXUQLHU ,QVLIKWVSRO@WR VXEVVBMEWHG DQG

SURGXFW WUDURNRISRINIKHQRIDYWWUWFKROLQHVWE&DVH 7KH &&3 VXLWH 3URJUDPV IRU SURWHLQ |

DFWLYH VLWH JRUJH E\ HQODUJLQJ D EDFN FKDQQ#PWP(%BUAVWDOORJIU ' %LRO &U\WWDOORJU

GRL M [ 3XEOHG 6 3XEOHG

6DQVRQ % &ROOHWLHU -3 :X < /DQJ 37 -LDQJ + HWHDB\02/ ORUDHFR)GRRWL *UDSKLFV 6\WWHP O9HUVLRQ

RSHQLQJ PHFKDQLVP LQ DFHW\OFKROLQHVWHU®NKU|EDYHI R®@ ; UD\

FU\WWDOORJUDSK\ DQG PROHFXODU G\QDPLFV VL®%XODWNDOPQV6 HKDWQHLQ BFRQORXVH )$ 6KDR / 6FKDHIH!

GRL SUR 3XEOHG LOQWULQVLF FRQWULEXWLRQV RI W\URVLQH VHULQH
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6WUXFWXUH RI ,QKLELWRU\ $QWL $&

DIILQLW\ DQG VSHFLILFLW\ Rl DQWLERGLHV - OROR%RROWH / &KRWKL®R& -DQLQ - 7KH DWRPLF VW
M MPE 3XEOHG SURWHLQ UHFRJQLWLRQ VLWHV - ORO %M RBL
/H OLQRX[ ' ODKHQGUD $ .DYHUL 6 /LPQLRV 1 )ULERXGMBOIGHW DO
$ QRYHO PROHFXODU DQDO\VLYV RI JHQHVOULDIEFRGLQAUDBOWDDOWES 20VRQ $- 6WUXFWXUF
DQWLERGLHY ORO ,PPXQRO M PROGRR. SURSHUWLHV RI DQWLERG\ ELQGLQJ VLWHVY - ORO 9
3XEOHG ) 3XEOHG
%RXUQH < *UDVVL - %RXJLV 3( ODUFKRW 3 LU\&RQIRYPDSLICRRDIOD |, 6XVVPDQ -/ 6WUXFW
IOH[LELOLW\ RI WKH DFHW\OFKROLQHVWHUDVH WHWWDPHRODQIEMWWHBVE\FRBBOH[HG ZLWK ( SULF
FU\WWWDOORJUDSK\ - %LRO &KHP MEF GQRKH GHVLJQ RI QHZ DQWL $O]KHLPHU GUXJV 6WUXFV
3XEOHG GRL 6 3XEOHG
&KLWODUX 7 .URQPDQ & =HHYL 0 .DP 0 +DUHOD® GMQ DPRUQ +. 5DGLiU = ODUFKRW 3 7D\ORU 3

ORGXODWLRQ RI FLUFXODWRU\ UHVLGHQFH RI UHFRRERQBI@M FIDFCH I QOFX\R'Q W QRIV WK H DWW U X FWXUH RI WKH

WKURXJK ELRFKHPLFDO RU JHQHWLF PDQLSXODWRRQLAI WM (M PHWNCRFEK ROHQHOWHUDVH 3URWHLQ 6F

%LRFKHP - 3XEOHG

/RFNULGJH 2 %DUWHOV &) 9DXJKDQ 7% :RQJ &.)H®RGMR@(6(UWRWWIO6$ /LIVRQ 6 6LOPDQ , 6XVVPDQ
&RPSOHWH DPLQR DFLG VHTXHQFH RI KXPDQ \DHQXR. GWRIOQ@HVWEHBWHWRVWDWLF SRWHQWLDOV RI F

- %LRO &KHP 3XEOHG *UDSK ORGHOO G6RL
%UD]]JRORWWR ; :DQGKDPPHU 0 5RQFR & 7URYDWMGHWHG -HDQ / HW DO

+XPDQ EXWV\U\OFKROLQHVWHUDVH SURGXFHG %RWWL HBW )HIOGHW &XSEXWWHWPDQ -/ 6LOPDQ , (C
EDVHG DIILQLW\ SXULILFDWLRQ DQG FU\WWDO POMWYXNFWXDBKHY®BBQ-SURWHLQV ZLWK FRQVHUYHG HO

GRL M [ 3XEOHG PRWLIV BURWHLQ (QJ SURG®/RIL Q
3XEOHG

-DFNVRQ 50 &RPSDULVRQ RI SURWHLQ SURWHEZQ\DRWHIUDFWLRHYWHOQSPHOAWHRI DFHW\OFKROLQHVWHL
SURWHDVH LQKLELWRU DQG DQWLERG\ DQWLJHQ FWRHBOBPBNVRILBS OKHIDRHIR @ VGIRMHBAKHH 1HXURORJ\ 6 X!
SURWHLQ GRFNLQJ SUREOHP 3URWHLQ 6FL G BKEOWHGE. R Q S5HYLHZ
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