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ORQWPRULOORQLWH VDPSOHYV

BWUXFWXUH Rl PRQWPRULOORQLWH > @

B\QWKHVLV RI 3(W* > @

3RO\PHWU]QWLRO\BUROLGRQH > @

OHFKDQLVP RI SRO\PHUL]BIWOR@RHKF I0FIRQQ W I$\% @ROLGR
*HQHUDO SKRWRO\VLV RI GLDU\OLRGRQLXP VDOWYV > @
BWUXFWXUH RI ,5*$&85( > @

89 DEVRUEDQFH VSHFWUD RI ,5*$&85( LQ PHWKDQRO

89 DEVRUEDQFH VSHFWUD Rl QlBUPRRGEDBIR L XLFRQ

ELV> WULIOXRURPHWKDQH VXOIRQ\O@DPLGH > @

YLIXUH
JLIXUH

YLIXUH

SKRWRFKHPLFDO GLVVRFLPRMORWLEBH IHRRRGEHQH D UERC
6 WUXFMW/XGHPRIWK\OVLO\O ITIHUURFHQH

3UR S R VIH B WSLKRRQV R N FIQIVQ B/FPQRIIQWYKIUHIHWVERW RU ZKLFK DF

UHJHQHUDWLRQ RI &4 GXULQJ LUUDGLDWLRQ ZLWK YLVLEOH OLJ



JLIXUH 89 DEVRUEDQFH VSHFWUX®WIRD FMOSRROTXLQRQH &4 LC

JLIXUH 6DQGZLFK VWUXFWXUH RI WKH PHWDOORFHQH
JLIXUH 6HYHUDO PHWDOORFHQH LQLWLDWRUV > @
JLIXUH JRUPDWLRQ RI DON\O PHWDOMMRPKGH 0&8S7TLFFRORIHR WD

DON\O RW KBGWENDWRU

J)LIXUH , QVHUWLRQ =LHJOHU IPWWD SRO\PHUL]DWLRQ RI HWK
JLIXUH 89 (PLVVLRQ VSHFWUDO GLVWULEXWLRQ RI +DPDPDWVX
JLIXUH 89 DEVRUEDQFH VSHFWUXP RPROWQ HWK\O DFHWDWH
JLIXUH ,5 VSHFWUKR RDSKG SRO\HVWHU

JLIXUH + 105 0K] f& &VSHFWUXP RI 5XQ (3. EDVHG SRO\HVYV

JLIXUH & 105 VSHFWUXP OK]O RfF& X&' (3. EDVHG SRO\HVWHU

YJLIXUH 7*$ DQRO\V(Y. ED¥XHG SRO\HVWHU

JLIXUH ,5 VSHFWUMP RDBNG SRO\VHVWHU

JLIXUH + 105 VSHFWUXP 0IR]JO Rf & X&' '"OHEBRO\HVWHU

JLIXUH & 105 VSHFWUXP 0O RfF&XKQ' '0. EDVHG SRO\HVWHU
YJLIXUH $ F WILYRIDWRII PHOVD OORFHQHV

)LIXUH ,QVHUWWR® G RPOIFPKDQALVP RI '0.

YLIXUH , QU HRHNUILRDWSR Q RI '0.

JLIXUH $VVRFLDWLRQ RI H2EVHVMUWHD & RIRBWHOUM Y R Q6 © Bl RK ) QZLL\WA
JLIXUH 7*$ VSHFWUD Rl '0. EDVHG SRO\HVWHUYV

JLIXUH '6& VSHFWUD RI '0. EDVHG BSIR® HWHKHUN FRIRDW QWD W f &
JLIXUH 6(& FRPSDULVRQ RI '0. EDVHGHIR®NHEYVGDW LEFRQRUH DQC
YLIXUH '6& FRPSDULVRQ RI '0. EDDH\®HILR GHIWWBDW ERIQRUH DQG
Y)LIXUH 7*$ FRPSD WEIDARHG RIRO\H V VDHWW E ISIHRRIUUD B QW LR Q

JLIXUH 3RVVLEOH UHDVRQV IRU WKH GHJUDGDWLRQ






/ILVW RI 7TDEOHYV

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

7TDEOH

$QLRQLF KRPRSRO\PHUL]DWVRQ VXPPDU\ RI NHWHQH PR
$QLRQLF FRSRO\PHUL]DWLRQ VXPPDU\ RI NHWHQH PRQRI
&DWLRQLF KRPRSRO\PHUL]DMWLRQ VXPPDU\ RI NHWHQH P
&DWLRQLF FRSRO\PHUL]DWLRQ VXPPDU\ RI NHWHQH PRQ
6XPPDU\ Rl FDWLRQLF SR®&\PHWKDONHRDHPRIQGLWLRQV RI
6XPPDU\ Rl FDWLRQLF SRWKRBNHWMWQRQ FRQGLWLRQV RI
6XPPDU\ Rl FDWLRQLF SRMEKNQIDWHRG FRQGLWLRQV RI
6XPPDU\ Rl FDWLRQLF SRIONRHNONHWH®K® FRQGLWLRQV RI
3URSHUWLHV RI 5XQ & '3. EDVHG SRO\HVWHUYV
5HVXD@® 'Rl FRSRO\PHUL]DWLRQ

6XPPDU\ Rl WKHUPDO SURSHUWLHV RI '0. '(. FRSRO\PHU
5HVXD@W 'Bl PRSRO\PHUL]DWLRQ

6XPPDU\ Rl WKHUPDO SURSWUWLHV RI '0. '3. FRSRO\PHL
/JLVWLQJ RI WKH YDULR XYHDHFWHKR GW\XWBIWLRR HVWLPDWI|
'DWD IRU WKH FRSRO\PHULJQWLHRIHRI 7RG R Y GG D(U DO W K G
'DWD IRU WKH FRSRO\PHULLJ@W.IHRIHRI 78 G R Q G D3J DLRHAVDIX
3RVW SRR BH LLIFDWILRQ DQG UHVXOWYV

3RO\VPHUL]DWLRQ VXPPDWURI NHWHQHV XVLQJ FOD\ LQLV
3KRWRLWHRDWRBYROYHG

3K RWFDSRICROHR | NHWHQHV

6XPPDU\ RI NHWHQH SRO\PHWLDWREQ XVLQJ PHWDOORF
3RO\PHUL]DWLRQ FRQG LWLRY X \RL QG L P W B ONRH\M B & H. Q D\
7KH U RDRI SO, RESIMHGLBRO\VHVWHU YV

6XPPDU\ RI SURSHUW\ FKD@IWHRI 'PR W KHGWFRRID\HYV WH U






5pVXPp GH OD 7KqVH HQ )UDQoDLYV







5pVXPp GH OD 7KqVH HQ )UDQ

' QWURGXFWLRQ *pQpUDOH

/D SRO\PpULVDWLRQ GHV FpWRFpW qRXLV Ph W WWXHD XVQHV B
DWWHQWLRQ HQ UDLVRQ GX IRUW SRWHQWLH@p®XGHS G
SRO\PpULVDWLRQ GXUBHOKX[FRE GL BIW D\ @ROVMGWMHTXH VXL
OHV FRQGLWLRQV RSpUDWRLUHVH®@XRY\> VWUXEFWXUHV SR

/D VWUXFWXUH SRO\DFpWDO QH FREMM\KBWRSIM. p W QVSW K H
GH FH GHUQLHU pWDQW IDLEOHV /HV REMMXFXHW HID US
KRPRSRO\PpULVDWLRQ URX DS\ILIR QF R B R B FP @DAFpWRD®@HS pRXG |
PpWK\OpWK\OFpWRQHDVRYRLHEWHQQRORGYHV SHYVISERWOH
JPQPUDOHPHQW GHV PDVVHV PRODLUWHNVRMRWHG B \S U R SpULLpt
WKHUPLTXHV WBUBXWQEH HRX GHR Q 05\W DIQ RS0SHNR B0 WaK DB p
SRO\FpWRQH GX GLP.pWREWFHQWGH IS D BHY FOL B HADPA VR®H TPR Q | L
OHV H[FHOOHQWHRFXWR & UX piW pS/HSKHNY L SR O VF p WRHH \Q RW D P
SURSULpWpPV EDUULQUHV j OTR[\JqQHV RO\ OH ¥ HESEWL IR Q HH\C
UHVWHQW LQpJDORWWDWMRIXGBXXLGLWp > @



,QWURGXFWLRQ *pQpUDOH

&HV VWUXFWXUHV \8 U BWH/Q WUHRVS H-PQHSHRIDYD LEWDHINE RIQ \STDHMV
PDQLQUH UpJXOLqUAWBUY R BWYRQWR D@WXWD LHW \L QMWD U L Q |
WDX[ GH FULVWDOOLQWMWp FROXPURDW HDWNY SYRFAHQE
SK\WLFRFKLPLTXHV H[FHOOHQWH UpVIUWYWDWWEQBX[ jSOR%
HI[FHSWLRQQHOOH HW SURSULpWpV EDUULQUH RSWLPDOH\

2EWHQXV SDU FDWDO\VH DX SDOODGLYRV ROWIERISRO
PRQR[\GH GH FDUERQM ISD Q plvL WRHPW @IV PG PE\H ¥ FSRIRIQ F L
GH OD IDPLOOH GHV SRO\FpWRQHYV \D\OLESKHD \8 DTUX BY X \& HO D
FDWDO\VHXUV DX 3G ,, HQ SUpVH@EH GBLEOHPH®W EARRD
GpULYpV GIXQ DFLGH GH %U;{QVWHXHPjH Q& FRRXPH U FED® 1>\
BKHOO &DULORYE FRMNWUBROHXBXIHWWREIHQGRQQpPYV FHV SRC
GH QRXYHDX[ VXU OH PDUFKp JUKFH YV +HRW QX & DLW L FXID(
OHV WHUSRO\PqUHV j EDVH GIpWK\OHQH SURS\OqQH HW &



5pVXPp GH OD 7KqVH HQ )UDQ

IRWRQV HQ HIIHW TXH OH FRSRO\PYHBWMXWO GOIHER Q!
SURSULpWpPV QIHVW SDV OH FRSRIRBPWUWDEH €K RAY LADWDIOC

HW XQH WHPSpUWD WKW HOGH pKVE BRIMDKWHLB 8 F&esG pJ U

f& [/ILQVHUWLFRPH GRXPROYRRIVHGSHWP BWYVGSURRB G X©OWMp \
OTLQFRUSRUDWLRQHGED Q\G 1 3 WR\S) B UM E@ D GRIPW HIUXE L
DYRF f& HW XQ WDXWVE H ElpULW RO RIQQNDIF DBIXWDRAW H H Q
> @

&H FRQVWDW SHXW DXVVL FWUH fBdkdV DYFH&E OFRIY. GH WUD Y
SUPFpGHQWY DX ODERUDWRLUH QRBX&HDYRXYHDIOMHW. DAH®
3'0. j SDUWLU GTX®LDPRBKXKHSDUUPR S RCA PQYLW R VOLER @/ qoQvH
GIDEDLWWHRQWDOWpUHU OHV DXWUHV SUR SQLpWHNO FéMSIHD
VIHVW DYpUpH WUWHOGHIIGXHQWFHGHN pQ FGXY QDY OQML J D F

FRPSRVLWLRQ GHVVWRSRBVFpOIR SR OOFEPMRQH G R VOARRGDIQ W
HOOH GH PRLQV ERQQHVT&URSYRpWpP@ WKHUPLTXHV

JTREMHFWLI GH FH WUDYDLO HVW DUW@WLKGWHHSKRXQV XQ M
GYREWHQLU GHV SRIOXFpW RQ IS\D D Q/LISHEND B R V \EpC\D @ \W pG\H(Q E
SURSULPpWpPV SK\VLFRFKLPLTXHV HWT® B W LSRUR B HFWY § HWKIE
°XYUH DLVpH

3RXU FH IDLUH QRXV DYRQV VI\QWHKEWVVHURENPVHR VN Y
OH GLPpWK\OFpWQgQH OH PpWK\O pWK®@DSFHpMR4 O A p WOIHD HG LHp\
GLSKPQ\OHFpWgQH /HXDW LKFOPR 8RO FIREBRW \ P W L Y\ WE RHN
SRO\PqUHV REWHQ X VI ADH@W W RDLW B SALVGLXMPW R Q RAWEDVP P H Q W
'0. HW OD SKRWRSRO\PpULVDWLRQ FDWL RBEGILVT >SHR ON HERMRX
DOLSKDWLTXHV GH RSBMHgRW K\&2 Q@ X VYVHEH WP RVGIIQIWHD WLRQ
RQW pWp HQYLVIDGEBPW W QRYVGHURSULpWpPV GX 3'0.



2UJDQLVDWLRQ GH OD 7KqVH

2UJDQLVDWLRQ GH OD 7KqVH

&HWWH WKgqVH VIDUWLFXOH HQ TRWWRI® FKDpSLDNOHH \O H 8
SUPpVHQWH XQ EUHI DSHUOX GH GEH VOQ VK'YV B HOH 8 FEQ W
GH FpWQgQHV DL QVAHVXGHOMRGW HAFKORMOIHRQ GHV SRO\FpW

/H &KDSLWUH pWXVGMILRD 5B LARWLFX\W q@HHW ®LO LBKHDYWL
DURPDWLTXHV VpPOHFWLRQQpPV /D P WWqU RKRPR PRQ\PR QU
GX PPWK\OpWK\OFpWWENOPEWqQNM G [LKpGH PAWWBMHO §3. HW
GLSKpQ\OFpWQQH '3. HVW UpDOLQRA % HOV BOD®N \GLH X BW DIRV
HQVXLWH pWXGLp OH FRPSRUWHPHQW CHOL PRI RDNVP BXL VD
DURPDWLTXH DYHF OH GLPpWK\O F pWSRXH P'OU L & DWW ¥ REH F DA/RI
VSPFLILTXHV

/IH &KDSLWUH SUpVHQWH QRV HVVDILNORHK) PARWGRLNVFDRLF
UpDFWLRQ SRVVLEOHYV QRWDPPHQW ODSRRREOYWBQIHRQOEK
UpDUUDQJIJHPHQW GpD% WERRY®RQAKRDELB/MWOQR&ALWKLRDFpWD

/JH &KDSLWUH GpFUGD PRUREX UW\ FHOWQWRQLTXRUL GH |
SKRWRVHQVLEOH HW PpWDOORFQQW VXKW QR X UWPR 8RB HRIUHRDFE
‘0. 0(. '(. (3. HW '3,

3UHPLHU &KDSLWUHH (QVID 8\ G\ K § D VB HEV H&pUV g Q H
3RO\PpULVDWLRQ

6\QWKgVHV GHV FpWqQHYV

/H FpWQQH HVW XQSDUSH X0 GHUY YQVRAVG FR FWHERQ W
GRXEOHV OLDLVRQVAFR QV pFXVWRLYFWLBQ GHV JURIXNSHY IRQF
SUPVHQWY OHV FpWgQHV SHXYHQWV KENV W LDV pSWH 8 @ O
FPWRFpWQQHY GLVXEVWLWXpV



5pVXPp GH OD 7KqVH HQ )UDQ

/D UpDFWLYLWp GHV FpWQqQHV HVWpPOWMBERILRIDEARM >0 @p
RUELWDOH PRO pF X@DOL KB XR¥ R XpSPpHHUGRIBI. F X OD LIHHUB K SOD Q
DXWUH RUELWDOH PROpPFXODLUH YD F®IMQAWHOGHSODXY BHUY
XQH ODUJH JDPPH GG LWLRQWLRRINOBRBRAHOH HW pOHFWUR

BOXVLHXUV PpWKR@G HW GH[ ISWURCGDWD WYREGIW FHFrWe®Q HQ A |
FHOOHV GH 6WDXG IQDWURDGHGGY KRBDBB IPHpTIRALUHBR[\OLTX
SDU GpVK\GURKDORJpQDWLRQ GTKDORJpQXUHV GYDF\OH

3RXU UDSSHO OD WRVOK@WHH @X SDLWP psS pKDRRXPY A DGH R
EURPRLVREXW\U\Q I BIpAWH Qe B GELH/ f M@V Y R DY BPLQ B/HY YR X V

&HWWH PpWKRGH HVW WUqV HIILFDIH&DIRW O HANHQW SRR
YROXPLQHX[ RX DU\OHV PDLV FRQGXLW j GHV VROXWLRQV

/JHV PpWKRGHV GH JpQpUDWLRQ WKHUPSTUKRIO GHV ¥RW v
PXOWLSOHV $LQVL OD S\URO\VH GH SH\\WX UV IBXUG LE i UH\S K
RX GIDQK\GULGHYV SN UPH\ GH R B3/ M @GP R S piliR HDXWO DER |
SRXU OH GLPpWK\OKpW §QWF $W '@ H5 ROFDp W\QAVHK] V 8 DAH \S \ U R
DQK\GULGHV FRUUHVSRQGDQWYV SHUPGIGH GMTEQWHLQN ) DFHH/F



2UJDQLVDWLRQ GH OD 7KqVH

ERQQH SXUHWp ! H SRV WVED H@GHUOMYHERMDHPYRQVBQW Vp(
DYDQWDJH PDMHXU SDU UDSSRUW j OD PpWKRGH GH 6WD X

$ WLWUH GTH[HPSOH OD S\URO\VH GEDO$DR&XFWMLIGD L
GLPPpWK\OFpWgQH VIHIIHFWXH j f& ARRXWHUVRRDUGKEQ RE
OTDQK\GULGH HW XQH SXUHWp VXSpULHXWH]LRQ SRXU OH "

'"HV PPWKRGHV SKRWRFKLPLTXHV RQWWDX\DWL FopMig G Bl Y HRO
REWHQXV SDU SKRWRO\VH GH OHXUM BUFFyHN WV RRY SDURRX
89 (QILQ OHV FpWQQHV SHXYHQW priRI® HR/E S\OHUD X Y Dj USUCDUQAT
'ROIl 1RWRQV FHSHQGHBMWQTXH UHMEY @ VB H B [ FBOHHA B RXRIV

SRO\PpULVDWLRQ GHV FpWgQHYV

'DQV FHWWH GHX[LgPH SDUWLH ELEOLPRWIBEHYXEBH Q
SRO\PpULVDWLRQ GHV FpWgQHV /HV W@ DROW[PRIQWDW WRF
GHX[ GRXEOHV OLDLVRQV GX GLPpW KOMHFWLGNHP IBEIWY SiIDW
DQLRQLTXH RX FDWLRQLTXH 1pDQPRDQYV¥H THEOBHVYWHIp&p
HITHFWXpH j EDVSRXWHPYSLAWBW DBNL U BV WHB QMW RXR @®DDG L
GHV FpWqQHYV

/ID SRO\PpULVDWLRQ DQLRQLTXH GHVXFpWRQKNONKWL&H
DPRUFHXUV DQLRQLTXHV SHXYHQW rWUBOGRROBWHHN G
RUJDQROLWKLHQVDHRPGMW\L TFPRPECH[RYWDX[ DOFDOLQV



5pVXPp GH OD 7KqVH HQ )UDQ

'H QRPEUHX[ VROYDQWY RQW pWp W HVAAS/p UBROXDLHM
SRO\PpULVDWLRQ FR R SHM VOHD/ \M I R\SLpHU/BAW B U H VDAP BDLHD © pWHHg Q
SOXV pWXGLp HW FRQGXLW TXDVL VOAWEPWIVQ T XBIRE QHW W H
TXH VRLHQW OHV V\VWQqPHV SRXU GBW UHQGHPHOMRQ G H
OTH[FHSWLRQ GX PpODQJH WROXqQH ®RPWRQIH FRIQ @& LMQ j S
VWUXFWXUH SRO\VHVWHU LVVXH GBFQI RQHBRIOAR B WLV DOV L BR
FPWQHV KRPRORJXNWWXSW M UMXSROMMBL X KP H QW P\WQWS L F
/ITHQVHPEOH GHV PRRPGTIEMRMIVXH V WEBHOWX O ¥ DEXVD S L W

/HV EFRSRO\PpULV DWLpR\QEG\Q B Q LLRIA TH\RBBIGROL \Fhy @\R QXHD L T X H
j GHV SROVHVWHUV DORUV TXH OHMWDRRBWRD\FRQE B MWLHRDW
SRO\XUpWKDQHV VHNEYWLGHK pM Q@ SKURKVOD QKL H DHEWE O pV X
7DEOHDX

/HV DPRUFHXUV FDWLRQLTXHV VRQWHMWQUYRDYHRMNQYWHC
FDSDFLWp GX FDWLRQ GH OTDPRUFWXUY LjWhF &H Y HUH QW LPHRWQ
PWURLWHPHQW GPWNHUPL®@PHO $DOLER\@WYRALEIDFRY o® JH

JHV TXHOTXHV HVVDLV UpDOLVpV DWHPEYPWY\D E QRGIHI\. FaCH P
OD SRO\PpULVDWLRQ FDWLRQLTXH @GR XONLV@H W WML ORF
LOQDFWLI

/HV DFLGHVSGIXYHRMW rWUH XQVEORVHY FVH GCT X RIEVI PR UF |
JPQPUDOHPHQW XQ DFLGHR G2 Q&&2REG«IDLEQW OH FDV G >
GLPpWK\OFpWqQH VHXOV OHV DFL GHED G WH MZH R SIFRUDMWX V R
i f& $OMWW S$HPSOR\pY GDQV GHV VROYDQWY DSRODLUH
n KHSWDQH RX HQFRUH GDQV GHV PpODRQIBX &R ONIM¥D G
IRUPHQW TXDVL V\VWpPDWLTXHPHQWHGHYHER®NRqUH @ G3P |



2UJDQLVDWLRQ GH OD 7KqVH

FRPSULV HOWUMBWHKAGFpWGQH > @ FRQGXLW j XQ@WWUXFW
GDQV FHV PrPHV FRQGLWLRQV

JHV VAVWgPHV GH WVRH) W DIGAHRP EU@PDWVRQ GIXQ DFLGH
DPRUFHXU FDSDEOH GH JpQpUHU GHV GDQWRBBWWR QNK CBF
GIDOXPLQXP OH FKORUXUH GH WHUWRREGRUOB\GHW XQ L
WpWUDFKORUR FH@PR FOIRSBQ HH VIV B BHYWW P UNHP DD @
GDQV OH GLFKORURPpPWKDQH j i f&WRQHB SNHPLYQGYRG & H]

(Q UHYDQFKH FH V\VWgPH XWLOLWVHQWHFR® $SEOMHKDOQRY W
GRQQp TXIXQ WHEDGHBHQW *» @

$XFXQ KRPRORJXH VXRIOUPHXUVQ 19D NWYR 1. H QRVIHR ERQIL TX
UpVXOWDWY HVW UpVXPp WDEOHDX

ORGLILFDWLRQ FKLPLTXH GH SRO\FpWRQHYV DOLSKDWLTXH\

&RQFHUQDQWQ®D3SIROVAPXWH OD Up GG WIXRS F@WL RLG TGD (
7+) FRQGXLW j XQ SRO\PqUH /H SRO\RIO R EHWMQ X PIRYUSHK Bt (H
VROXEOH GDQV O DNPIOGH PG pdMLKIWOX FHX@H XP BDV DLOWYH LV p >

/JHV DXWUHV PRGLIIQAVDVOIHR/Q 8 RFOR B FWVE G H VWD B H SKVD Kk 05O
SURS\OQQH &2 (QUXH WX\ HOHDX.W VDIS/SD\W D L VGU I DARJHER Q\Q H
HQFOLQHV j OD PRGLILFDWLRQ 8QH JWHD@IMWYOGHVpWpHR E
IRQFWLRQQHOV FRPRH OHV SXUDRBBWGQ® VOH@WRHY ELVS



5pVXPp GH OD 7KqVH HQ )UDQ

> @ OHV DOFRROQOW >@ OOHW VDWILEPHW > @ OHV BPLGHV >
F\DQK\GULQHYV > @ HWF« RQW DLQVL pWp REWHQXYV



2UJDQLVDWLRQ GH OD 7KqVH

'HX[LgPH &KDSLWUH Q3ROWPRQYD¥XWH RGH QHMUHQV
$OLSKDWLTXHV HW $URPDWLTXHYV

'‘DQV FH FKDSLWUH @ ROHNV DFRRRB\R pWKBHQYIWLRQ BRO M
FRSRO\PpULVDWLRQ FDWLRQLTXHV p&/HSG®UI I HUHN QW R X¥PAHWIR B
HW RX DURPDWLTXHV

6\QWKqgVH GHVY PRQRPQUHV

IHV PpWK\OpWK\OFpWHQMFpOWgQHSL' (. pWWE MO S(Bp Q HOWF
GLSKpQ\OFpWgQH "3LV RHQNWIMQPWF K R K RIXRIVRG X HA/L B X\& K\ O F

/H 0(. D pWp IRUPp SDU GpFRPSRVLWLRDORDDMOK K KGN\
WHPSpUDWXUH VRXV SUHVVLRQ UpG®RPWER Q@ \8B UARP G WUG
SURFPGXUH HVW BOQGHANQPWWOREDO

"H PDQLqUH VLPLODLUH OH O{YDQKAG WL Hb
GLpWK\OPDORQLTXH j KDXWH WHPSpUDMXWIHU VRXYV O $DHL
GLpWK\OPDORQLTXH FRPPHUFLDO OLDYBQ RMHp GXHUMHGERHQQV



5pVXPp GH OD 7KqVH HQ )UDQ

/1(3. D pWp SUpSDUp HQ XWLOLVDQWLR®H|] $DIAWMLLR Q XG FK
GH SKpQ\OEXWDQR\OH UHQGHPHQW JOREDO

$SUQV OD SUpSDUDBWDRR@® B S B KORUKBLEH P ©® W3p WppREW H
XQ SURFpGp GH GREYK\EHRGFHKPOHRUW WD RED O



2UJDQLVDWLRQ GH OD 7KqVH

/HV PRQRPQUHV IUDVFKHPHQW V\QWKPFWXWLRQ W PR® P
DX UplULJpUDWHXU | f& VRXV XQHXDW PRV BK MRL W DLPWP [RG
VRLW DX SOXV WDUG OH OHQGHPDLQ ODSV GH WHPSYV |

+RPRSRO\PpULVDWLRQ FDWLRQLTXH

8Q VFKpPD JpQpUDO GHV FRQGLWLRQRSWHPSRE\SPUL O
WUDYDX[ SUPpFpPGHQWYV D pWp DGRBMVAXURK HP $&U XWX O HVBR
VROYDQW DQK\GUH PRRQRMRURRY YS$IR UFHXU @

JHV TXDWUH FpWgQHV 0(. '(. (3. HW '3. R@WDpWp W
GTIKRPRSRO\PpULVDWLRQ FDWLRQLTXHXMNW LOENDY VG I®HV G
%U|{QVWB B+ &&O2DFLGH VWpDULTXH GYDEXGGEHGHVWAPWYV
JULHGHO &UHDWW HEOHRFOGHY OLJDQGY SRXU GHV WHPSpUDW)
HW f& GDQV GLY HLO/ WROYPDHV V0)&+1 0 3

30XV GH HVVDLV RQW pWp UpDRQEhW HRWQ VT XDHOFXH)V STRx
QTD pWp REWHQX SRXU OH 0(. OH '(. HOWH TIAB XW H D®LWIpY
OTpWKDQRO HQ IMQVEG\H PP IVEWXRPHWWUHWURXY p

BHXOH OD SRO\PpULVDW L RXDTPRWF @ H 6RERUG HWXVH ORX FDV
GX '3. D GRQQp GHV SROHEODMHRID/N G HGIRREPDQV U BYERPHQ W\

(VVDARQRPQqUH $PRUF6—IR((DJYD(5U/P]¢S£UDWXUé_hPDUTXHV
$0%U &0 i & +3DV GH UpDEFWLRQ
- $0&0 &0 i & +3DV GH UpDFWLRQ
- 103 i 3DV GH UpDFWLRQ
TS 7ROXqQQH i 3DV GH UpDFWLRQ
- $0&0&+&&0 i 3DV GH UpDFWLRQ
- &+&0 i 3DV GH UpDEFWLRQ

3DV GH UpDFWLRQ
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5EHQGHPHQW
ROLJRHVWHU

. EHQGHPHQW
&+&0 ! ROLJRHVWHU

8)62+ 5EHQGHPHQW
ROLJRHVWHU

EHQGHPHQW
ROLJRHVWHU

'0) 3DV GH UpDFWLRQ
i 3DV GH UpDFWLRQ

7ROXqQH

BE— +&02 & O

Qo
.|

3DV GH UpDFWLRQ

$FLGH 6WpDéJ+L&T6(H

% § I 3DV GH UpDFWLRQ

JHV SURSULPpWpPV GIHK '8 R/GR\GIW WEHRWP\B HREEPRAYL B R FDgSIHW P DV
PRODLUHV HQ pTXLYDOHQW, 30X%$p S UHWXH@WHQWDXPEH D QW
B DLQVL TXTXQHTWHI OXISpUKHNMBH | f&

(VVDﬁygho\ﬁ;Po ‘v Ty f&PHFKDXIIDJEE  f&et? [ &

&RSRO\PpULVDWLRQ FDWLRQLTXH DYHF OH GLPpWK\OFpWq

eWDQW GRQQp TXH OHV TXDWUH FpW\ QB VEBLH GH\DVFXWL R K
GHV FRQGLWLRQV WILIRRPREBWORRPLULME OBV DQPORHINVH BRQ
OfpWK\OgQH HW OH SURS\OgqQH KRPRS$SRYDPQWLGH QWX GLAH
FRSRO\PpULVDWLRQ DYHF OH '0.

/H GLPpWK\OFpWgQH '0. D pWp V\QWEKPMEH [ \SPEX HN\UR
,%%$1 UHQGHPHQW WRWDO



2UJDQLVDWLRQ GH OD 7KqVH

/IH '(. DOLSKDWLTXH HW OH '3. DURPDWKRKXWLR PR PoPMp
GHX[LqgqPH PRQRPqQUH $FRBPSWW WHQXYVDBKREFW VU EY CGLWEF LR
FRQGLWLRQV GH SROLP KH LNVORLLVR GMAIHR/Q VWWOIIRS pdXDWRUH G
j i f& &ODQK\GUH FRPPH VROYDQW& &R BRPIFH OFARUFHX
FDWLRQLTXH >0RRRCPHVWHEB@ORQRPHBRW@FHXU @

/HV UpVXOWDWY GH OD FRSRO\PpUHWD®/H RQ WRIE/D HDW|
GHVVRXV



5pVXPp GH OD 7KqVH HQ )UDQ

'DQV FHV FRQGLWLRQV XQ SRO\PqWHNG AXWHW H R RWREW HQ
UHQGHPHQW GH FRSRO\PpULVDWLRQSYRSRH\EHRQ QH O OHWP H
TXDQWLWpP GH '(. RX '3. LQWURGXLWHGXQS RQ TPk PIH R BW HI
HVWLPpH SDUPRIIWUH TXTXQH WUQV IDLEOH TXDUWPMLWp GH
(QILQ OHV SURSULpWPV WKHUPLTXHPSRRQWLRPQ VMLQ DO
FRSRO\PqQUH OD WHPSpUDWXUH G&D XWHQRH QKUK D ® B LG

3RXU OHV FRSRO\PQUHV '3. '0. OD IXVDRQWLP® V& XY®
VHQVLEOHPHQW GH PrPH SRXU OHV FRBROAPQUHVYXI.FRQGWX
XQH SROFpWR Q& f& SRVVpGXQW HDFRMWH GH PLVH I

VLIQLILFDWLYH

1RXV DYRQV SDUp DOLFDVO H R 9§ ¥ RHOMMWEHR/S RUXUD PW Y YRRV R O\ P g
(. ‘0. HW '3. '0. SbU OD PpWKRGH GH .HOHQ 7XGRYV

SRXU OHV VA\VWgPHV '0. HW (. U

SRXU OHV VA\VWgPHV '0. HW '3. U

(Q FRQVPTXHQFH QRXV FRQVLGpURQVHT & H XHI\Q Wp Al KLN/Q\F
,O HVYW GRQF UDLVRQQDEOH GH FR QWL &/MWIUDUF WK HFR SRQ\W
RX SOXVLHXUV PRWLIV '"(. RX '3. UpSDUMQRHD XGPLPRWX |& H 0



2UJDQLVDWLRQ GH OD 7KqVH

7TURLVLQPH &KDSLWUH ORGLILFDWLRQ GMHKW®WD 3RC
FpPWqQH

'DQV FH SHWLW FKDSLWUH WURLWURQ FIRMN/D G FCQ\PpUWH
FRQYHUVLRQ GX SRO\S\UDJ]ROH HQ SRP\FQQW RRGH SRWU WU
UpDFWLRQ GH IRQFWIQR® QW IOILDpVMWRE VRN SUHOIMHEH V v X U
&HV WURLV YRLHV GSDPRGHQGPYWRIBEQHYDRYFMERGQDOL
3'0. &HV pFKHFV RQW QpDQPRLQV ORWXYWUHVGH G\H SSHURX GH B
GX 3'0. UHVWH WUQV VSpFLDOH SDUHM SRUDW B X [ B XX\VQBIHW|
VWDELOLWp FKLPRQEHWLR@W GHIV OML RQWAKp UD WWHB QB GDW
FRQGXLW SDV DX[ IRQFWLRQV GLWKKRDBpW DHQ PIDQ \G H G\
XQH IUDFWLRQ VYDYqQUROVRSXEQOHD GDQW KHL&®+VIDJLUDLW
3'0. GH J PRO

AXDWULgPH &KDSLWUHFHRXNWUBRXWBPRD 3RO\PpU
&DWLRQLTXH GHV &pWqgqQHV

-XVTXYTj SUpVHQW OHV TXHOTXHVRQULIEHVGWHX/UFQ I SRHOU F
OLPLWpPHV j OfXWLOLVDWLRQ G1DP RBWAVH BBV GHYD & WL TEKZLW
FKDSLWUH GpFULW WYRRRUDB KWWW \FDWY 8 REH.T MHMP DIQVF 1DV V|
PRQRPqUHV FpWqQHV

(Q FRPSDUDLVRQ GHV DPRUFHXUV © FRGDAN F D WLHRGFL S RN Y
UHFKHUFKHVY VXU GH QRXYHDX[ W\S B\ W PDARUAHRDVPYMH R
GH FRPSRVpV pFRORJHY X HD/F LORQY WRPMINVDXOM X QHHEIR O \P p U
FRQWU{OpH HW W WXV Y-HJH. FBIFHW B REW QWHMW Q R X P EBIVR/ L Y H
FDWDO\WHXUV VROLGHYVY SKRWRVHRFNGE®WYVOHW(PpPWD'GORF



5pVXPp GH OD 7KqVH HQ )UDQ

5pVXOWDWY JpQpUDX]

/HV DUJLOHV FRPPH OD PRQWPRULO ®RKYDQMW WRRXWM G BW
GIDFLGHV GH /HZIGV RXY & H DA @MWWH PH KRPB RIUGH GHR B6 U | Q
HW SRO\PpULVH FDWLRQLTXHPHQW Olf@®RQQLIDH R AKD DRRHP S
FRPPH XQ DFLGH GH /HZLV VL HOOH BIYRWQ 8 DYUX DLW P B & AP |
TXH OHV DFLGHV GH %UiQVWHG FODRQVNT XBQ GLH D\MP EDRL
SRO\PpULVDWLRQ GX '0. SUREDEOHPHIXHNGXFPRYWUHIXRE
OTHVSQFH FUppH WRSNFEK DSQVR SOLIDWILDR @ H/ B0 © R WEKHQW H V V D
TXH OD IRUPDW L ROH G M-RLSN FoHLY | A6 EDED L MR L DN HOPT QWD PR U F|
WHOOHYV TXH OHV PRQWPRULOORQL\WMHF (O M. RQHV' G RHF
'3. VDQV VXFFqV FHSHQGDQW

3DU YRLH SKRWRFKLRWIDHD LQORXV COYYHREW R X [E B QAW ¢ FSHOVX \

QP OYDEVRUSWLRQ PD[LPXP GX 'O. pWDEHX[] VRXQFEH V
OXPLQHXVHV GLIINYDSGWH\GHBWSRXOP 8Q SUHPLHU V\VW
i WURLV FRPSRVpPV D IDLW VHV SUHMHXH BY ®DLSRB QMW
FRPSRVp GIXQ VHO GH GLDU\OLRGRBKKP GH ODQRD BHK B {OTH
MRXDQW OH U{OH DBMH X KRMR \CGHIX\DLHOMOGWR YQ AN VAR G pIFSUR YV
VHFRQG V\VWgPH XWLOLVH GHV IHUORE ®Q® YHW K@ FigHH O HO
PWp PRQWUp TXH FH W\SH GH PROpPFWORYLMRXKDEWQU HOH{Bb
SRO\PpULVDWLRQ GX S\UUROH HW PG| R W WCHYHVR X X ABVT X W L
WHQWDWLYHV VR®XE XO \S\W DN K qUDIL QEV\GWM R E VW XRIDQ 1R W R
UHVWH EHDXFRXS ®HGHR QRPHRWHIRW® MIOO VDWMKIIRQRO UHVWDQ
WUQV H[RWKHUPLTXH (Q HIIHW O B®GLPpD LPAMDW RR Q VAWM
OHV WUDYDX[ SUpFpGHQWYV TXTHO®H HW L EBW\WHHR & DHRLY
VROXWLRQ GH FpWq@HP HDEWRO B HWRMUMDIGW R QGHIW BRI X/HRY
HPSOR\pHV



2UJDQLVDWLRQ GH OD 7KqVH

/HV FEDWDO\VHXUV PpWDOORFQQHV LVVHNQWGBLO® OUrf
GLPpWK\OJLUERQHRN HESGHV WBUR SKIQNO ER U D\DRIQYW % 18
GHUQLHU V\VWgPH XWLOLVp

&THVW XQ W\SH GHCH W DBOOR QI RFWRE FFRPEWDBHD®T r

6L DXFXQ SRO\PqUH QYD pWp REWHQXDDRHFV CHHV WDH Y D Q F
UpXVVL j SRO\PpULVHU OHV PRQRPqQUMRM.(30OHW H® G HPG\Q O
GpSDVVH SDV HW XQ ROLJRHVWHIWWRRNUPLTXHPRM@W SH>
6 f& (Q UHYDQFKH SRXU OH '0. OW VpwW @R HVRGW DHO (
GDQV XQ PpFDQLVPH GH SRO\PpULVDWQRRGHYV WG YWHLOWLIRK
VHPLFULVWDOOLQLEBBRADNYE®WHR O®AFMH. W FL DSUQqV

S3RO\HVWHU GH '0. xWWOIOANRWUBHVEDNH GH PpWDOORFQgQ

7RXWHV OHV H[SPULHQFHV RQW pWp FRQGXLRIQV /DY
>ORQRPQUHP RUFHXU@ GDQV RMW RAOMELWLJIqQH HW DQK\
FDWDO\VHXU D pWPHDBRXWROXRM\RQ RS DRSND UM L O XWIWHL |
ELV F\FORSH@PWIG\P QLO FRODKMWESEH WULV SHQWDIOXRUR
% & GDQV O H RAROH\DISRD-GD @W> % JS@ PRODSUQV
TXH OH VI\VWgPH UpDFWLRQQHO V H WoRHL W HV WIDELHDX. Wp [P FOMD
PDLQWHQX VRXV DIJLWDWLRQ SHQGYDH WS X LKV j GFIHWW pi jWEH/P S|
WHPSpUDWXUH DP BLHD 8RO\ P/pHU MMDR/S lFR\Y RDX W IR XXMDRIX Q X LEGVX U

/JHV GLIIpUHQR®WV HFF®G MWIDGIW DUpN X BGWDHI\WQW YRGB QV OH
VXLYDQW



5pVXPp GH OD 7KqVH HQ )UDQ

8QH GLPLQXWLRQ G3H CGSIR @AIRP B VD W OB & UG\ V8 HOH U pD
GH WUDQVIHUW DX SURILW GH O DDSVULARSILIDXMLIRWY [DH RDLYRIC
GH IRUWHYV PDVVHV PRODLUH&Q/GLPRUKDWW Wip UIGX WROKH@H &
SX MRXHU XQ U{OBiL UXH) SIRRONDIYW M2 RIOQ Y WGHHU WEUHD/QW p B B W

'fDSUQqV OH WDEOHDX | i f& QRXV RPWH®R QY] GIDWV PU
DWWHLQWHY SRXU XQH VWUXFW XU IS \8 ROX A VG\DHLY X ' G.L p/\W
FRQGXLVHQW j XQ SRO\PqUH SRVVEBRQW G B [FROOHQWHYV

f&ra f& a f& DYHF XQ UHQGHPHQW VDWLVIDLVDQ\

/D VWUXFXWXUH SR 6 DWW KUGKE RONVQDIBIDOHMRF § GBD VBIp PH
OfRXYHUWXUH DOWHUQDWLYH GH QOUIER@ROHO H HVL B p WRE pY
SRXYDQW DYRLU XBH;FE&RBDO LQ/mpID WX W IOMXPDRME RGH OXR[\.
JLUFRQLXP | GHX[ GREBUTXJXQEBW\WRERHVGN BAQWLI GpILFLH
POHFWURQVOLPH] X PpWK\O SRXUUDLW UpDJLXQGIDERU
UpDUUDQJHPHQW S/SRSD UW UB LYDH W HRMWHR G WP SURBPGH !
UpDJLVVDQW TXYD FHI OHVLBNHERQRYY DOQW HDXQDRIW H VRRIQU



2UJDQLVDWLRQ GH OD 7KqVH

1RWRQV SDU DLOOHXUV TXITDSUgQWEOXNORARUY PWHWP S
DPELDQWH FHV SRO\HVWHUV |j EDVH H) D@.p V HD X HWHD I HUW
OfDQDO\WH GH OHXUV PDVVHV PRODRSGMHYpPARG/LILDQW TXHC

'"HX[ SRVVLELOLW pWHSARKQXUHD\L H/@WS RN B @ b Hp VDI WS G R Q Q
FRQGLWLRQV DWPRVSKpPULTXHV GH TVWHROFMNKBIM | RGHFUMILRVQ X G
OD VHFRQGH VHUDLW OD SUpVHQFH BW UTEROTUXH \B RXG) HW |
RFFDVLRQQHUDLHQW OHV FRXSXUH\W BWY AKDRRGID BWH\D D\



5pVXPp GH OD 7KqVH HQ )UDQ

DSUQV GpJUDGDWLRQ FH WDX[ GH gPVRMDILIE/OBINp WIDGH X (W pS E
GDQV OH WRO X H HYW K\ O B\I R DX H [BROQ. THONHEW LR Q S

&RQFOXVLRQ *pQpUDOH

/ITREMHFWLI GH FH WUDYDLO pWDLWHWGI@BDUSRO\BMDN RI
DOLSKDWLTXHV LWWX D XGH. I K WR FHADRMKL PW P ER®WHjQ F H L
VIQWKgVH GH FHV FpWRFpWQqQHV YRLQW BBV O H¥W HIU @ROD
VXIILVDQWHYV

/IHXUV KRPRSRO\PpULVDWLRQV HW FR$§RSPpdHW DHWL R@)
SRO\PqQUHV REWHQXWH DU N FMNALWGLHNAD W6\HBY/ KoZH. V¥ R(RMWFEBIW HU T
'0. D FRQGXLW j XQH VWUXFWXUH SRO®REpWRDHHHD KRFRDR |
VXSpULHXUV D\DQW SUREDEOHPHQWSRQWDGWRP YD PHQW S
ULHQ GRQQp VHXO 3DU FRSRO\PpUDOVDWIHRN '0XQH. RX GHX|
VRQW j UHWHQLU PrPH VL FHOOHV HVN S\RKHYRHIXW VG §DRR U Q
3'0. HW TXTfHOOHV VRQW REWHQXHV DUYMHFSKHW W K@ G BiPIHR
HVWLPpV DWWHVWHUDLHQW GH VWUXNFWXW®RK\P \B'G X FRRQ /RIQF
GDQV OD FKDLQH ‘0. '"(U U HW '0. ‘3. U U

/ID PRGLILFDWLRQ FKLPLTXH GX 3'0. VA®ILAD W HD QR I Q 1/C
WuUqV ERQQH VWD BELD VW X KWXIUHKH GEHLFpWRQH

(QILQ GLIIpUHQWY FDWDO\VHXUWW RFOW P @\ MW K MWPWRD ¢
UD\RQQHPHQW RX j SDUWLU GH FDW IO YR KUY OFRpM.MCHOR FL
SUREDQW QD pWp RHEWSHIRE p &R XXWSED VVP XQ SRR BGUH. VP R Q
6HXOH OD YRLH PpWDOORFqQH V DI'RdWHSDAU®G DX QW IERFXQWHX |
SRO\HVWHU HW SDU OHV PDVVHVY ®WRBD MM WaWILFL pOHYpl
JPRO; a fRa f& a f& DLQVL TOWYDDWOQWGEBRPHWDQW



&RQFOXVLRQ *pQpUDOH

/HV SHUVSHFWLYHV HQYLVDJpHV jLS D OMKRIMMHWGRIUE H QWA
OD YRLH PpWDOORFGQH (Q HIIHW ogHI BRWHD \F DN @ HO/H R EIR
j HHISORUHU &H SUHPLHU HVVDL DY Hif OXOH DPTFOXAHIX W VE R P P®
GX PLOLHX UpDFWLRQQHO GX FR QMW K5 HRID SVOXWXEXV R B HQG/

OXL PrPH VRQW | XWX @WIGHQAROS @IWHR G H/ IDDDG VI WG V L (
i PHQHU DILQ G D FIFVARY@FHY O\ FFRIYQER G LR Yy UMIX VI Tj SUp

>@ + (JUHW - 3 &RXYHUFHOOH F 9RHOPHQIHD WL RQXRIHGL |
NHWHQH (XURSRDWQBRO\PHU -

> @ + 6WDXGLQJHU .HWHQH / OLWWHLHOXQD W ERQVDGHER MW E
GLPHWK\ONHWHQV ELQGWNQJBEXEHYHGLP HVWKONE®IHRIVGPL+HOY
&KLPLFD $FWD

>@ 0 %UHVWD] 6\QWKqVH HW FDUWEW pGX VAL p V& \ G A p BRIQ\
FRPSRVpV FDLGBRQNODR/XH Q

> @ + (JUHW 6\QWKqVH HW FDUDFWpK\OFPWIgR® GHB\S G ROD /g
SHUPpPDELOLWRXOJ JD]

> @ $ %WLHQYHQX ORGLILFDWLRQ HW \SHWKH ¥ W IHRAQ Q H PS-RONPG
GX GLPpWK\OFpWqQH &DUDFWpULWDWRWRQQHV SIWR S H LY MHpY VGRPO
GH 5RXHQ

> @ ( 'UHQW 3RO\PHULF SRO\DOFRKROV 8 6 3DWHQW

>@ - ( )ORRG ' + :HLQNDXI DQG OWKIQ G D G LER BURWM HRG L3@.
(QJLQHHUV $QQXDO 7THFKQLFDO &RQIHUMQFH $17(& %RVWRQ

>@ + :DQJ 6\QWKgVH HW FDUDFWpVLYOWLKRIQN GHXBR XY S DO
FPWQQHV 5RXHQ ,16%$

>@ $' $00HQ 7 7 7LGZHOO 5LQJ RBEBVLMQYGRI W\FIOPREMXKWB
F\FOREXWHQH GWREHD GHPBIWER®\O MYQHRWRRIDDNHEUMHNH®TE X W |
&DQDGLDQ -RXUQDO RI &KHPLVWU\

> @ * 1DWWD * OB]JJDIDOLID *0) %BUQ@RIKL SROWWD® Rl GLDON\C
'LH ODNURPROHNXODUH &KHPLH

> @ *) 3UHJDJOLD 0 %LQDJKL 0 &IXREWQLFDIER\GE RPHW
EDFNERQH VW UXFWOHINHX OIDHU 18 DENKUHRPR. Y

> @ /ILQHPDQQ 5 J/H * B6\QWKHVLW®HEKRGLHGHSROUYOG LW H
SRO\PHUL]DWLRQ Rl GLPHWK\ONHWHQH )5 3DW >3@

> @ * 1DWWD * 0D]]JDQWL * 3UHJRIOLWD\VWDBOQRHKISRO\ B
GLPHWK\ONHWHQHPHBXEM® @ KHPW KRB 6 RFLHW\

> @ 7 ( .LRYVN\ 5 & .URPHU 3RO\PHUELBIBNVHOROOLF GHY3IGE
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> @ = -LDQJ 6 6DQJDQHULD $ 6HQERRG\MHKLRSRQIFAHSRUD
DOFRKRO IXQFW LR QXKW IFHKW PIIRADRH GP RIEXOMFHDWQ IRWQNVQ R RO H I LG
PRQR[LGH FRSRO\PHOW HR %EQBQFRI BIRWKWM FL VAROWP H U

> @ & : )LWNR 5 $EUDKDP 7KHUPRBBWWQ®J SRO\ELB®KHQFR

> @ ' &RIIPDQ + +RHKQ - 0D\QDUGW KHGIPHWEDHERR). @RQYR
SRO\NHWRQHV $ QHZ FODVV RI SRO\DPHPIHAVD G RBRFQB®W\RI WKH $F

> @ 6/ 6FRWW 3RO\PHULF SRO\WKLROV 8 6 3DWHQW
> @ 6 < /X 50 3DWRQ O0 - *UHHQ $FXKDWORW i8UQ\WMKWM VR §
SRO\NHWR[LPHVY GHULYHG IURP DONHQHJRBHBERQSRROFRH UGM RKRIS

> @ 5 OLFKHO : OXUSKH\ ,QWUDPRGHRXORY H\H D URNMXOUFIMH]
3RO\PHU 6FLHQFH

> @ . 1R]DNL 1 .RVDND 9 0 *UDXEQHRW RI BIQ ROV LAFFHDVDIO\\O|
SRO\NHWRQH 6\QWKHVLV RI D QHZ KRQMKV PROIL & \BKRFD IFKR.Q
ODFURPROHFXOHYV






*HQHUDO ,QWURGXFWLRQ







*HQHUDO ,QWURGXFWL|

:LWK RQO\ D IHZ VWLOO DFWLYH ODERX\DVORUR &V NHO/OH
SRO\PHUL]DWLRQ LV D OHVV PDLQVYWVHDBHRIGC MRRFLHU EX \I Q
LQYHVWLJDWLRQVHBRMADOMH R D GWAVHASELVINH RX\E S XWED,@ UH S
RULJLQDO ZDQ WROREWWRQHV

3RO\NHWRQH LV DQXJQSDRN VHIQFM QW KIFLE DFVNE ® Q H FRRPSIR V
RI FDUERQV ,WV IOH[LEOH FKDLQ P HYRUHMXKRQZELHW KF W KWHN P
ZKLFK UHVXOWV LQ PDQ\ GLIIHUHQVWMD WKBPEBBGHGG H\P
UHVLVWDQFH H[FIHVSMOLQRFHD O G [E DIBHIVHE V8 O R B 1B WM UKD W L (

FDUERQ PRQR[LGH FRSRO\PHUV DQGHVW KB RCD PO P\H P EHUF
WKLY SRO\PHU IDPLO\ DV H[DPSOLKLW®H ® WK\I® HREIO RZUR
&2 WHUSRO\PHU

$QRWKHU V\QWKHWLFRVRX\EEHP I/NRH \R ERABD N @ WIRGLHS\WK DEW |
SRO\PHUL]DWLRQ RI NHWHQBKNUR DREHHHENEGDE &D VWWHKUH DIZA/6
/IDERUDWRU\ KDV EHHQ VWXG\LQJ IRU PRYREBO V\HDKXV
NHWRNHWHQH G L POW KD\ HEAHHMDH W K BWKXE/MNFBHRH QB K G L
DQG 7KHVH ZRUNV KDYH VR/XIGL ISE QW M UL\ [DWKLHR
IXUWKHUPRUH KDYH KLJKOLJKWHG WKH IS FS\AVLLEALHOQ WD OV K B
XVHG WKUHH W\SHV RI SRO\PHUV BRQ\BNVRHEWDRQGHD SR G\
UHSUHVHQWHG RQ WKH QH[W ILIJXUH



*HQHUDO ,QWURGXFWLRQ

$V D SRO\PHU PDWHULDO IRU SRWNQ®L D® IH}EXO /HQ I/
EDUULHU SURSHUW\ HYHQ DW KLJK BXRGGIRO\SHWMROQH GLG
PDLQO\ REWDLQHG ZLWK FDWLR Q LIPMDQAMR.® WRWW K BUKH PHQ
FORVH WR LWV G XD DOWQRE\WWRIFPSRHRFIHY R Z

$OQRWKHU PRQRPHU HWK\ONHWHQH Dm\G CFRY KRR P HRW. VH
ZLWK '0. LQWR D SRO\NHWRQH WKDQRD WHROW KW KW HDUPR IS [FSUH\
QRW VDWLVIDFWRU\

7R WDFNOH WKHVHISFUREOHBVLUWKWHREXA ZHUH FRQVL

GLITHUHQW GL VXEVWLWXWHG D OALEKHGV MR DEHS KIRWPHRP [k
SRO\PHUL]JHG LQWR SRO\NHWRQHV WH @K XNXGH B HFOOD V WEXFG
FRQGLWLRQV DLPLQJ WR LPSURYH BR®REHBEX®WRIS HKDWLHV V
IURP D VIQWKHWLF SRLQW RI YLHZ

3'0. ZDV IXQFWLRQDOL]J]HG E\ NHWRQMW R UROCOSQ FHR Q Y\HM
SURSHUWLHYV E\ FKDQ ULRK DW R HY VRIOWH MXQUNHK HORIPF DS RRYW R

WKH UHYROXWLRQL]HG FDWLRQLRKERO\ NHWHDQW VRO RC
‘0. ZDV WULHG ZLWK VRPH QHZ W\SHVYRRQ VOQULWH PW RULLY/ FOUXG



*HQHUDO ,QWURGXFWL|

LPSURYH FDWD O\WLHOHIFWALYHQW\ D B8QRE FHURIHGRQ WKHVH
PRQRPHUYV

7KLV WKHVLV LV FEDBOMHHYE LK WRIWUWRIGLXAF WH RIQU B.® .S W H
WKH VWDWH Rl WKBWRRWLR | SNREOVPMHWALY D W ZR QF X KH) R QY
GHYHORSPHQW WUHQG RI NHWHQH VLODMWKIHRVL B @& HPR @ VN
PRGLILFDWLRQ WHFKQLTXHY DUH SUHVHQWHG

&KDSWHU LQYHVWLJDWHY WKH FDINQRSKIFWIAEODBHEU D LLF
NHWHQHYV ORQRPHU V\QWKHVLV DUH BHWBW®MGHNEEOKRP
0(. GLHWK\ONHWK\®HSKHQ\OMWWHQH EGBNHWEGHGLSKHRUH
FDUULHG RXW XVLQJ FODVVLFDOVVFRWERGSRO\RHWI]DWRRY ¢
RI W\SLFDO DOLSKDWLF "§. RQWBKDG RPEW K\ONHWHQH

&KDSWHU SUHVHQWMUIRPWLBRVWRRIOXBERYLRJUWUL
ZHOO LQYHVWLJDWHG DQG UHOLDEOH S3DWKAD)\VWKQHGIX S
FRQYHUVLRQ RI SROGBOINHWMWAHQ HURRPQH BRWD @HFMNHPO@W QD Q
GLWKLRNHWDO IX\QRQLRYD@IL EFGIHHBOW UHDJIJHQWYV

J)LQDOO\ &KDSWHU GHVFULEHV WXWHRQG E | LKQUAMQ \D WAR\ S
SKRWR DQG PHWDOORFHQH DQG WKHiWH GFHD \W R Q RWP HRJ \& HWI.
0(. '(. (3. DQG '3.






6WDWH RI WKH $UW







6WDWH RI WKH $UW

7KLY FKDSWHU SUHVHQWY D EULHI WXHUWWDB XV R | RN HMKHHC
NHWHQH EDVHG SRO\PHU VFLHQFH DTDQDGi8RO\NHWRQH PRGL

HWHQH 6\QWKHVLYV

HWHQH LV D W\SBHRILEDWWYRXIQRP ERUER[EQQFNDEQS V\
FRQVHFXWLYH GRXROPM ERKQGXQETXH DGMDFHQW GRXEOH G
KDV HQDEOHG VLJ@FWENQWO W R L Nk M¥HHYH VU RAK VEKH G bl UX Q
FXPXOHQH VWUXFWKVW RERXS IWMKG KROMHF XDHDUS R Q B L WXDOD L
WKH NHWHQH SODREBRFFESWKE ©RDBEXOIDQY VR INHIVHQH S
JLIXUH

JLIXUH . HWHQH FXPXOHQH VWUXFWXUH > @

7KH SDUWLD @ KDHITHGELMBG FQGERQUHY DWRPV DWWUDFW
LQ PRVW NHWHQH UHDFWLRQV ZKW&H WKEWDLOVEDO ERRY/ I
HQDEOHV WKH DWWDFN IURP QXFOHRSKLOHV )LJXUH

JLIXUH , VRHOHFWURQLF VWUXFWXUHY RI NHWHQ



.HWHQH 6\QWKHVLYV

,Q YLHZ RI D FODD/AMWRIYKILGK O QURFWH @ YD & IV S HH VIKHRVZ QN & RWV
XWLOLW\ DQG IDVFIRYDWQQB VDOXKHW N RIOKYPKWORBEKQH
F\FORDGGLWLRQ UHDFWLRQV > @ [DPG LKMYHHU FSHDM®L B & HI

FRQVLGHUDEOH RUJDQLF SURF2 GRBABRDGCG@OWDRR @D YKAK®
D IHDWXUH RILNMWW H Q# JKKHP

JLIXUH [R+ZIKHFORDGGLWLRQ RI NHWHQHV > @

+RZHYHU DFWLQJ DV D GRXEOH HGJHGNHAVZ RNUHW HWQ K N
LOQWULQVLFDOO\ XWKN @&/ MEXIH H & R § HK@/ RORDA\NM R B HRUIDUOWRU H F R (

YLIXUH 2QH POQWIRWSE R B\ WIKU RYKGE VR R\B WRKQMG WU H G
H[SORVLYHV

YLIXUH SHDFWLRQV EHRMWRBWHEBQ@HWHQHYV DQG +

'"HSHQGLQJ RQ WKH FRQWDLQEQGIX3QHWHK W OD UHRXBYH
FODVVLILHG E\ D ORNRHNW WGRIKD\H ¥ D@ G7NKHHWH Q AW HK@QFVHERIHQ H V'



6WDWH RI WKH $UW

PRUH WKDQ \HDUV VLQFH WK& & 2UVDW ®L SJKHD\G NV N
NHWRNHWHQH ZDV VI\QWKHVL]HG DQG @V RIKRNHX EG HGV MKX
PRGHUQ SRO\PHU VFLHQFH DQG ZDV DZDUIGHIG UW K\HK DRE H
DOGRNHWHQHY RU NHWRNHWHQHV ZX®&\ YWD QWROGHW I MES/ WV PR
WR WKH XSGDWHG PHWKRGV

/KH 6WDXGLQJHU OHWKRG

SUHSDUDWLRQ D QG QHAR ED VGLHKD GRR JKROW WL RR[\RLF KOFQ
GHULYDWLYHV RU GHK\GURKDORJHQD® LIR@G RF RIDA LQ PKHOEO IE
6WDXGLQJHU UHODWLYHO\ LQ DQG > @

'HKDORJHQDWLRQ RR[\BDORAFG GHULYDWLYHYV

7KH ILUVW GLSKHQ\ONHWHQH GHULYRGSLUBRIRQGH DE®GIRW
FKORULGH XVLQJIKAVF FKL QHJ DYK B F\lDW Z R LW 2D YXUHJID U G|
WKH W\SLFDO 6WDXGLQJHU OHWKRG

YLIXUH 'HKDORJHQDWLRQ RI FKBWRIURI GLSRHQ\®@ DFHW\O

'LPHWK\ONHWHQH ZDV VXFFHVVIXOO\DS&WB B G HGJ E\U1RHW
YLD GHEURPLQDWLRQ RI EURPRLVRBXWAHWD BUHRP QGHGZ WM
DV D VROXWLRQ X®GHU)UBMGXKHFHG SWKNBQRHADK\OLQDOO\ R
ZLWK D VDWLVI\LQJ \LHOG IURP @/ RFHWDW W KHWR ®QWR R
FRQFHQWUDWLRQ



.HWHQH 6\QWKHVLYV

J)LIXUH '"HEURPLQDWLRQ RI EURBRLY R&XW\U\O EURPLC

& & OF&DUQH\ HW DO > @ DOVR VXBFHHBKREGWRRHDW B @ B

VIQWKHVLYV 7KH\ XDM® G\Y W \D WK H +§ WR @KEURRDYBIW W

EURPREXW\U\O EURP (\@K\ONBHXWHQ H P LTWXVURIGDONVLRIQHQ GLV
XQGHU PP+J SUHVVXUH LQ a \LHOG

J)LIXUH '"HEURPLQDWH WKH EURPREXW\U\O EURPLGH

'HK\GURKDORJHQDWLRQ RI DF\O KDOLGHYV

'"HK\GURKDORJHQDWLRQFRODBUSEHQ@A DY @®H/R\WXWH MB\EU I
GLSKHQ\ONHWHQH V)PHWHKRG KDAKXVWLRYB\IEHHQKHIIILWR OD
NHWHQHYV RQO\ ZKHQOW2XFE EWOWXRQWY H[LVWHG

JLIXUH '"HK\GURKDORJHQDWLRQ RWGLIBWKQOOPRPERMW YO BKOR

'"HK\GURFKORULQDWER@VIXY DO®WRKN XIEHHBBW\D W WRDE OR
WULPHWK\OVLO\NHWHQH )LJIJXUH



6WDWH RI WKH $UW

JLIXUH "HK\G U RRA K O/RJWL IPGIDWK L @ QL @ HOZ D WHKWWO IFHKWIRW DPLQH >

,W LV LPSRUWDQW WR QRWH KRZHYDHW LWH DNVWH WMKGHH
GHK\GURKDORJHQDWLRW WRB\ CE3S UER.D IAKHXY,LQEEHHGT G L W KIDW
GHK\GURKDORJHQ@BWY REOWW HISI XV HJ H

JLIXUH 5HDFWLRQ EHWZHHQ LVREXW*U\O KORULGH DQ

7KH 6WDXGLQJHU PHWKRG VWLOO UHPREZDQWRVSBREXRFE
VROXWLRQV RI LVROQMWW LN HWHZQRNDMRKIHHAKLYP L F D O

TKHUPDO *HQHUDWLRQ OHWKRG

&RPLQJ DIWHU WKH 6WDXGLQJHU PHWIRRKR QEFURQKX GV LRC
DFHWLF DQK\GULGHYV HVWHUV NHWUWHK N HTDPHQEW LID@® R $UKR
WKH HIILFLHQW ZDNWWHQUHRGXKEH DWDWI\LQJ \LHOGYV

3\ URO\VLV RI .HWRQHYV

.HWHQH LWVHOI ZDV FRQYHQLHQW ON RSQWHH D WHGE KU Q/HbI\
JODVV WXEH > @ RU ZLWK D PHWDG®@ SWaQ B PH@GWF RRXGIGWQ B E



.HWHQH 6\QWKHVLYV

JLYHQ LQ WKH OLWHUDWXUH WHPSHUAHWRQH DDAW &/ FKC
UHVXOWLQJ \LROGWW®RD QJHGJINXIURH

JLIXUH 3\ URO\VLV RI DFHWRQH > @

3\URO\VLV RI $FLGYV

.HWHQH ZDV DOVR GLUHFWO\ SUHSRONGLR R WKFHHMLG XV
7KH NLQHWLF LQYHVWLJIJDWLRQ GHPR@PAMWIL HIGF MGK B WR Wt
KRPRJHQHRXVO\ DQGVEZROMHEXDHDWIOQ JEFMIUR QY RKIIEHYH QN DD W
HTXDO UDWHV RYHU WKH WHPSHUD®WHK S ODK MK RFN WaXEH .
PHWKDQH DQG FDUERQ GLR[LGH RQ WK HR @ QWK K CRMWGK HUQ G L

JLIXUH B3\ URO\VLYVY RI DFHWLF DFLG > @

$ VSHFLDO JROG NHWHQ\OLGHQH ZDRUMHBRDWRBQE *UH
IURP DFHWLF DFLG FKHPLVRUEMHGDROVIN @D RRLSHDONKURID ZLV
7KLY NHWHQ\OLGHQH PDWHULOG - KDV DLFBHNAMAWMIMWVHAEK EQ J
IUHTXHQF\ DW DQGFEBDV IRXQG WR SRVVHVV NHWBQH FKDL
UHDFWLRQV 7KLV ODLEHMVDEHWIHR WD WHBMPIGESDW K AU XIHJIDAQ) VW
ELRPDVV FRQYHUVOQRQEOHWIRQRBRVW YIDDO FKHPLFDOV



6WDWH RI WKH $UW

JLIXUH *ROG NHWHQ\OLGHQH IRUPHG E\ DFHWLF D

B3\URO\VLV RI ODORQLF $QK\GULGHV

$Q DOWHUQDWLYH SUHSDUDWLRQ URXWIHR @ | RN HRDHOR-OU
DQK\GULGHV ZKLFK LV FDSDEOH RVLOIOBEL QH VQHOMW RHWK QX
GLPHWK\ONHWHQH DQG RWKHU NHW H@HW ZUM KRRIHFPW &\ E\R
PHWKRGRORJ\ )LJXUH

JLIXUH B3\ URO\VLV RI PDORQLF DQK\GULGHYV >

B3\ URO\VLV RI $FHWLF $QK\GULGHYV

$FHWLF DQK\GULGHRBD|IGI @D OWR \dHHWEHYGH IV @ WFPFRWSIKHD
SUHVVXUH LQ D KRW WXEH PDLQWDLQHWGIXIH D WHPRWHIUDW
FRQILUPHG WKDW. WWK® % GRERPSWRWYWH RH\WRDBRRQ AAROKR) IGGE H
LQ WKH GHVLUHG SURGXFWYV DW D WUWHPBEHQWWXHFHR REL Q P&V L
VHSDUDWLRQ RI WKH UHDFWLRQ SUWRICRFF W D QXHHNNRHPQ W \MDI
ZLWK FRUUHVSRQGLQJ HIILFLHQFLHY BILI1&UHRMNQ UBHV REMQ

> @



.HWHQH 6\QWKHVLYV

J)LIXUH 3\URO\VLV RI DFHWLF DQK\GULGH

*HQHUDWLRQ RI VHU:H@ K \®L/RHDWEN G NDHMBH BW KA O N H\®H Q H
ZHUH DGGLWLRQD O OILWHRSIRW WH & FEW \SH I R®RI\G L)Q J YXOUH

YLIXUH 7ULHW & LOPWHMDK OONHMHHIHH DOHES B W B WOLNRHOWENQS\UR O\VLV R

3\URO\VLV RI (VWHUV

+HDWHG DW f& SKHQ\O DFHWDWBHB QG UWKMHYRYD RME DU\
JLIXUH

JLIXUH 3\ URO\VLV RI SKHQ\O DFHWDWH > @

3\URO\VLV RI LVRSURSHQ\O HVWHUWDWMW NHMNHRDBY ZOWK
K\GURFDUERQ FKDLQV WKURXJK D PHMFKHD GIVWWPHUQNRRYLQA



6WDWH RI WKH $UW

RQO\ WKH GLPHU FDQ EH ILQDOO\ REDMBIMOHHGH L@X W KWR F D\
UHDFWLYLW\ )LJXUH

JLIXUH B3\URO\VLV RI LVRSUR SH[®@\®H K VAWNHIWVHIQH WK IR FD VI

3\URO\VLV RI DON\O DFHWRDFHWDW H\W PBRIDREAH GDWER B YLK
SURFHHGHG WKURXJK D SHULF\FOLF RHWKMHQIBHWANVHQYRQI
$FFHOHUDWLRQV LQ UHDFWLYLW\KRW KK & IH VRNUHHIQ W K5H UUPRRXOS
ZKLFK WKH LVRSURSHQ\O DQG WHUWFERW\ &R ZHWQVHWR BKR
GLVVRFLDWLYH BR2F HURHFFWN V)WHXUH

JLIXUH S\URODV¥HWRRBBOWDON HYUROWK GLITHBHQW 5

3\ URO\VLV RI . HWHQH 'LPHUV

3\URO\VLY RI NHWHQH GLPHUV SURWWNQM VY L PH\OHQH Q
> @ DQG GLPHWK\BNHKEABWVX @O Y HRIER O DALYHRS EB\LW KWWK Q H
FRORUOHVV VROLG b QFR® REXVIDPHIGHRRZQR LDV W KK U\ O



.HWHQH 6\QWKHVLYV

JLIXUH B3\ URO\VLV RI NHWHQH GLPHUYV

B\URO\VLV RI OHOGUXPYV $FLG

$ VSHFLDO V\QW KWHVQLHY ULRYNRID YHR/ NRAKHHUP® OX W T\H D WIPG

WKH UHSRUWV WKLV JHQHUDWLQJ YHDFWPLR\Q Z0 W BY FIRQC

fé& WRUU WR JLYH WKH GLIRQ\® INGIGV IFQ HER@ KW R]

@ ORUHRYHU UHFMFHQWKDWK&HBWVEBG®REUKNP B BHFQRDW

DERYH FDQ DOVR UHVXOW LQ KLJK®SRQ GEIQHQNH WRUPH W L B
S\URO\VLV UHDFXWLVRQVWHGH B\ )LIXUH

JLIXUH B3\ URO\VLV RI OHOGUXPTV DFLGV

,Q D SDWKEUHDNLQJ VWUDWHJ\ /HKPID/UWKL G W RIAV DL Q
PRQRPHUYV LQ UDGLFDO SRO\PHUL]DWURQMWLQ G WIRHW>®DRH
SURYLGH FURVVOLQKNMWH GRGPPHVLYDWARK) UHDFWLRQV



6WDWH RI WKH $UW

JLIXUH 6\QWKHVLV RI OHOGUXPITWWNLW KFHRUPRDLA XL @ JF IR VRCH.L

SKRWRFKHPLFDO *HQHUDWLRQ OHWKRG

SKRWRO\VLV RI . HWHQH 'LPHUV

$OWKRXJK WKH FRW WHWUMLIRDNGD SHHRE R DRIV LR/ \N-B/B IR |
EH D SRVVLEOH PHWKRG WR SURGXFH RNHWHRPW LQ LVRRE
GLDONVONHWHQHVQH JL QG ERIQWMKQOINYDN @ WKB OMHWHQA  DC
EHWWHU \LHOGV RRUWHVSRQ G\LIQH FAH WMUXDEN\OHWK\OHQ

JLIXUH SKRWRO\WVLV RI GLPHWK\ONHWHQH GLPHU :

3KRWRO\VLV RI WKH F\FS&OOFDXQN DHOHGELIRWH S8 QM DP HW K\ C
\LHOG RI DERXW ZKLFK SURYLG HICHD FBHVRW 8D UNLIQW ZQ W K
VPDOOHU RU ODUIHUGW PO LW L RLYIKO H



.HWHQH 6\QWKHVLYV

J)LIXUH SKRWRO\WVLV RI WKH F\FOREXWDQHGLRQH

3KRWRFKHPLFDO 5LQJ 2SHQLQJ

%DUWRQ DQG 4XLQNHIW KHUSWRWRERMP LLFHDIDF WILRQ RI
F\FORKH[DGLHQRQHV LQ > @ DQURIWRSRIVARPS OB F IVOH
PROHFXOHV IURP FRPPHUFLDO FKHPLWDOWNIKNW HQ X @G HHWH
ZHUH JHQHUDWHG E\OMQKINW KO ROQI KE\D YGHU I Y UGID FIWLGRIQ RFSIF
F\FORKH[DGLHQRQHY DQG HYLGHQFHG ER WKO I R/SPEFWURY
LQWHUFRQY HU YV IKRIQV\DW H XVE WPXHJ H) . JIXW HV

JLIXUH SKRWRFKHPLFDO ULQJ RSHQLQJ RI F\FORKH]

$Q DOWHUQDWLYH XQLTXH ULQJ R SHXQU\W®JI DICHDRFKARLAR Q VR |
LQ DQ DUJRQ PDWUL[ DW . ZDV REVRIOGHBJIRHSUZKMRKSJ
VHYHUDO VSHFLHV LQFOXGLQJ YLQUSNWHW® @V LG HXFWRL ILHG



6WDWH RI WKH $UW

J)LIXUH SKRWRFKHPLFDO ULQJ RBHQLQJ RI IXUIXU\O

2ZWKHU 3KRWRFKHPLFDO *HQHUDWLRQ OHWKRG

$ VSHFLDO F\FOL B INGHMWG @H 72D R BRY 15 WRD\CR 2L WK XM H
WHWUD WULPHWK\QRIQH O 7KHEHMRGKQ FUSOWB O VH @AR D
FRQYHUVDWLRQ HIILFLHQF\ ZHUH JISWHLR QURR | )R U RBINVHQH

J)LIXUH SKRWRONVHWURI WULPHQIRODMIRQH > HM

‘ROIl 5SHDUUDQJHPHQW OHWKRG

7KH :ROIl UHDUUDQJHPHQW UHDFWLK® XE®OGHUDRHEW RHR)
GLD]JR NHWRQHV ZKLFK FDQ EH PRWLWDWWANE\ R HWKRRRANR
7KLY UHDFWLRQ ZDV ILUVW UHSRUWKB EMEROQLVQVLF LV V@
ILIXUHG RXW LQ > @ 7KH JHQHUODWDO PHAEPHRIWARR | W K |
NHWRQahv L GR NHWRQHV ZDV UHDVRQDEO\ SRVIWRIFRHQHG
SRVVLEOH UHDFWI)YHKXUGWM UPHIIG UBHWAARHLERYY E\ (RROMY RI 1
UHDUUDQJHPHQW SWIBVHQI/YDWLYWD F BmsH VIW D HO/HR NBIERV H Q |



.HWHQH 6\QWKHVLYV

JLIXUH BRVVLEOH VWHSV LQ :ROIl UHDUUDQJHPHC

7TKHUPDO :ROIl S HDUUDQJHPHQW

BUHSDUDWLRQ DHQHVRIORW LARLD R M HRW RVKHIV WK MMKP RD
UHDUUDQJHPHQW UHDFWLRQV VRPHVDLBHYV XD QRR W K GRHFE
UHDFWLRQV EHWZHHQ WKH NHWHQHYQDIB[® RSOH GRU O LorHIY F
SKHQ\ONHWHQH GHULYLQJ IURP WKH FWWHRSKDBQ RGHF RPS X
IXUWKHU XQGHU JRDWWH RX® @ HW KUMIGHYX QUHWOUFW HG UHVLG

JLIXUH 7TKHUPDO :ROIl UHDUUDQJH®HQW RI GLD]RDFH

6RPH NLQHWLF WOXGDLOM RHQVR @ KIRWRIGSW KW H RRQ Y
IDYRUDEOH WKDQ DF\O JURXSV IRU G IFRI®V N R YWHR@AHY RV RW(
GLSKHQ\ONHWHQH LI)YYR ® WLKIHIUGN. HIMKKB & B S PQ\®HJI S BRH S D U
E\ WKHUPDO QRIMIP HUG\D U LD X U H



6WDWH RI WKH $UW

JLIXUH 3KHQ\O VXEVWLWXWHG NBYWHPHWQWRP W&HUPDO

&DWDO\]HG :ROIl 5SHDUUDQJHPHQW

OHWDO FDWDO\VWVHZIHB HHIRW QGU WYH B Bl QRIIH PRHAQ W UWHHDD F W
ZKLFK LQFOXGHG EXW QRW OLPLWEBGCDWBRXNFLOXRGLEKRSHHNU
VDOWYV > @ 7KH 5K ,, RFWDQRWDWBD W B W\DKOH V ROZ D ¥ HFDSU
Rl & VXEVWLWXWHGRGLKYHR WHONBCRRHWHQHY LQ \LHOGV RI

JLIXUH 6LO\ONHWHQHV E\ :ROIl UHDUUDQJHPHQW :



.HWHQH 6\QWKHVLYV

([FHSW IRU PHWDO FDWDO\VWV WURIO@IUFUB PIUG BQ RYRH:
%XFKHU HW DO SURSRVHG D VSHFL PR QYRMXIWH RDR LR)DANRH VDKIHN
GLD]R NHWRQH XVLQJ D VLO\O WUIW®BWH RIBAXEG WV KQ X R RO
DU\O WULDON\OVYLOLEG DRWH EB VED SWWR¥F H®XDHR QHISRW
FRQYHUVLRQ HIILFLHQF\ UHDFKHG > @

JLIXUH 2QH SRW SURFHGXUH | URMP ON\O VE DD PR NNHHAWNHRIGHH >W K

SKRWRFKHPLFDO :ROIl 5SHDUUDQJHPHQW

7KH SKRWRFKHPLFDO YDULDWLRQ RIRWKHHB E YRIDQWD !

> @ DQG LV VXSRHMRRGAR |RW KFERK RSGIIUHDAFEHR QRG R
HIILFLHQF\ DGYDQWDJH 7KH SKRWRGWREXFWG P KW KRO NaH.
ZKLFK ZDV GHWHFWHG E\ ,5 DEWVRKWSWKRWYRDW DW R|1 D FFEH
89 YLVLEOH GHWHFWLRQ RKRZ$ KHQWBNHW H G syt @RHF R R
ant- RUPDWQRQFHWRQLWULOH +RZKWHU OLPLWDWHKRQ RFF
SKRWRFKHPLFDO PHWKRG ZKHQ WK HHGHI\GL G HE R\PHWR M QW LR
WKH LUUDGLDWLRQ FRQGLWLRQV

JLIXUH SKRWRO\VLV RI GLD]RDFHWRQH DQG D]LEH!



6WDWH RI WKH $UW

$ XQLTXH H[DPSOH IRU :ROIl UHDUUBGQDHR 19 Q & GADIWP WK B F
'LWK WKH 89 DEVRUSWLRQ PD[LPXP DWLG X GCGWHKHH@MWD FRD C
ROIl UHDUUDQJHPHQW WR WKH IRUPDWRARYIRM NWWHQHP 3
DOPRVW H[FOXVDHHIHQWHKIIDWLRBRL UL IXUH

JLIXUH SKRWRO\VLV RI GLD]R OHOGUXPTV DFLG >

&RQFOXVLRQ RQ .HWHQH B\QWKHVLYV

$PRQJ DOO WKHVH UHSRUWHG NHWHIHU WRQWKR @/ LLF/ S/DH
HITLFLHQW IRU NHWHQHY LQYROYLQ& HE® ONK IRV DHEA YWAXE\
LQ D JLYHQ VROYHQW LV QRW D SUREMWKAH YWKBGBDh W LR |
PHWKRG LV WKDW NHWHQHV FDQ HHWHIINURMH QT 0L REMW DR
VWDUWLQJ FKHPLKDLROK HOAHWHKRKBRK WK D\O ZARAVHYHB WKH
FKHPLFDO JHQHUDWLRQ PHWKRG GRRRUQRMORDD @ G/BRVYWLE
UHDFWLRQV

7TDNLQJ DOO WKH DERYH IDFWRUV B8QWRGHRJIWIUGB QG WK
JHQHUDWLRQ PHWKRYG IR UWROHU SWNQWHKHW ZRUN

*HQHUDOLW IQHHV 3R \.FHMUH. ] DW L R Q

7KH LQYHVWLIJDWLR QRRIO\RHWIH QW LEFBQY WRV B WWWHE DWRL K Q C
WKH VL[WLHV > WKH2S PO\WHKRXJXKH B EO PBDRCUREWBDUFKHU\
> @ $ VLIQLILFDQW OLPLWDW IR GIW WKDWL RXONH\GL R & OV
REWDLQHG DQG L VHRO®W HBQ GQ I XUWWKRDIF KSOQULILHG XESW E



*HQHUDOLWLHY RQ .HWHQH 3RO\PHUL]DWLRQ

GLVWLOODWLRQRQUWRHF H HWW DMXGIL JHRIEH WWH P BIRUWH RY HPUR L C
DEVHQFH RI RWKHU SRVVLELOLWGHY HULRIB GH Q H® WWNUHW H Q
DQREG RU ROLJRPHUL]H GLPHWK\ONHWH®OQWM RH [® PFIOH VHAHI )I
SRO\PHUL]DWLRQ RFFXULQJ WR NHWW@EH | DVKVHUDVWD Q1 R
FRPSHWLWLYH ZLWK WKH UDWHYV RI@ HWKHQH IRKHR FPIRRRAN W
SRO\PHUL]DWLRQV FKRVH WR SURFRHGW WDYVRID RHRBEIH\N R
UHJDUGLQJ WKH VHQVLWLYLW\ WR ZDWHU DQG R[\JHQ

JLIXUH 'LPHU DQG WULPHU VWUXFWXUHY RI GLPHW

7DNLQJ WKH DERYH LVVXHV LQWR IZAARX @WV W HTRUM HG
ZLWK WKH NHWHQHK\QWNWE QD Q® GILEHU® UF DVQL B QLR QALHFF K D
ZKHUHE\ WKUHH GVIIBR 6 QW W RQ N FRBIROWHMWMIHQ MEE8 BLIXUH
WKH EDVH Rl '0. ZHRIS\RERLDH G H/AR ER H QMW IVGI® \L @ L W L W

JLIXUH SRO\PHUL]DWLRQ RI GLPHWK\ONHWHQ



6WDWH RI WKH $UW

7KH SRO\HVWHUV SUHVHQWHG SRWBGQWEOB ¥QGXHGWRO
PDWHULDOV HJ ILOPV VKHHWYV HERRQW Y HDAWKNWIBD FWHG RBR
RZLQJ WR WKHLU LPSUHVVLYH WK HU PACHF R/DVDLEFLDOOL E H KFDKYHL
JDV EDUULHU SURSYHEHWHLH V HS REU W EKUVKRMP R QOL XN HRG JD
PDWHULDOV WKH GLPHWK\ONHWHQH EDRYISGHSYR OYMIDW RIR
GLR[\JHQ SHURHDBIFH®D WQ® WKH FRQGLWLRQ RI KLJK UHODW
)RU SRO\DFHWDOV ZKLFK KDYH UD UMMM BEMKI) WD IO Q @GHHH:
LQYHVWLIJDWLRQ > @

JLIXUH 'LR[\JHQ SHUPHDELOLW\ RRY® ®B.RNB3H&N2R QHNWHHWRQH[92

3(7 > @

$QLRQLF 3RO\PHUL]DWLRQ RI .HWHQHYV

%\ QRZ GHSHQGLQG RQWLKK WW SIRW W BDQWE B RFFR\G FOHEH BV
LV SUHIHUUHG E\ NHWHQH DQLRQLF SSRID WKWUIHW WICRR W
DOWKRXJK WKH SUR®XBPWPL |G T2LMRVDW ) KRRVWKXHUH W 2



$QLRQLF 3RO\PHUL]DWLRQ RI .HWHQHV

KDV EHHQ GLVFRYZWHUYVMWGE W KD/W XF MUV K QE\WO/R Z HOJQ QGIRW K
RI SRODULW)\ Rl WKH DV DFMOL\R QY PURGIEPEM. GBAWDQYLRQ RQ
HOHFWURQHJDWLYID YRUHEGQL @ \G R BRHOIMDW VDS UR WZIKLVFR OO H D C
DFHWDO XQLWV +RZHYHU WKH UHVXO@QLWHBWRG WRYM B
H[SHULPHQWYV ZLWXH XW IR G RIQGW FWKICH @ B RXQV IGQ H \@ B \@W K
DONR[LGH > @

7KH WKUHH SDWKzZD\V WR WKH WKBHIRG\ARHULHDWL R WK
EHHQ ZLGHO\ DFFHSWHG E\ WKH UHDUHUDQJHPHQW RI FKDL«

JLIXUH BRVVLEOH SDWKZzZD\V E\ RWKUHD@Q UDQJHPHQW

+RZHYHU LW LV TXLWH GLIILFXOWRWRHX®QGEHVYVVRMRPIP@OG WV
SRO\NHWRQHVY DQG SRO\DFHWDOV RYHQ VRAWHKLILDSURSRDH
IRUPDWLRQ RI GLIITHUHQW NHWHQH BDR/HIGH SRRIDVKHE D \ E DK-INE
QRW EHHQ FOHDUO\ GHPRQVWUDWHG > @



6WDWH RI WKH $UW

$QLRQLF ,QLWLDWRUYV

,Q JHQHUDO DW URGILRV L RH@HDPWRRIFKERWK FDUM HLWKHU HC
WUDQVIHU DJHQW ¥ IRYU BHNVG RQLUGHIGLRQWR IRXU JURXSYV

SURPDWLF &RPISSONB®L OHWDOV

7KHVH FRPSOH[HV DUH RIWHQ XVHG/ DVWKFRBEDQDWDR@ |
FRPSRXQGV KDYLQJ D KLJK HOHFWURKD GHQ& t WIDWRGLXP
W\V\SLFDO H[DPSOHKHLEPX MAXUH WK H QRIQ0 DR DQ WHRD HEQWIR QL |
EDVHPHQW ZKHUHE\ WKH NH\ Rl WKHGLELWLDWER® \OHSE
WUDQVIHU  IURP WKH QDSKWKDOHQHRWR WKEH RQBRPHADO 7
ZKLFK SRVVHVV DQ H[WUD HOHFWUWRQQ @ G\ M IORE HV K\H X\QRR
DQ HVSHFLDOO\ LPSRUWDQW UROH URQ DWKURWLK JL QWKHU
H[FKDQJHV ZLW K WDK B HEOOHHF \WULRRRQ W KW R K\HEQ RIXW R WRO Y |

JLIXUH THWUDK\GURIXUDQ ED¥HG VRGWXPWRGIKWIKRD OHQF

IHZLV %DVHV

7KH /HZLV EDVHV JHQHUDOO\ XVHGQBV W6 UWILDW R 3K ROUE
WULHWK\ODPLQH QW U MBKIHEXW SKIRRISKM K L X PRDOMBYIHG HV  /
/L20H > @ 7KHVIHUQRWA.PWBHVHIIHFWEWH YXBRQ GRRBKOV L
DSRODU VROYHQW WROXHQH RU Q KHSWDQH



$QLRQLF 3RO\PHUL]DWLRQ RI .HWHQHV

2UJDQROLWKLXP ,QLWLDWRUYV

7KHVH LQLWLDWRUV GLIIHU IURP WKMH ®IONDFOL PO MY
QXFOHRSKLOLF DWWDFN UDWKHUQWYXP @ E® D QKH® HDFOWURR Q
D PRQR IXQFWLRQDO FKDLQ JURZWW HJHBR®WR@ OZR L BK. WHH
WKH GLDQLRQLF SURSDJDWLRQ LQIX@®RVHHWG 71IQH LR VWL DAVR PR
XVHG LQLWLDWRUV/RI &/KL\& W\S K DU & &+/L HWF >

@ 7KH PHFKDQLMPHBNQOEHXORBUH UVRVRRG A\JWWH UHODWL

JLIXUH URSDIJDWLRQ VWHS RI AAKOM)L DWRAWK IRU RUJ

IDQWKDQRLG $ONR[LGH ,QLWLDWRUYV

$QRWKHU QRYHO W\SH RI LQLWLDWRQWRDQRQGRROR Ry
/Q 25 ZKLFK LV ZLGHO\ XWLOL]JHG IRU HIILRRAH®WQ RWJD
ODQWKDQRLG PHWDOV SRVVHVV VRPH Q8 PMWU R @ WIIMW LIALDA
LRQLF UDGLL DQG | RUELWDOV WSKHVW\HHG DRV EBQRLG DG
HIILFLHQW IRU SRO\PHUL]DWLRQV > @

$QLRQLF +RPRSRO\PHUL]DWLRQ Rl .HWHQHYV

$SSOLHG WR NHWHQHV WKHVH DQHIRRKL P Wi MXIPHFPW B UM (
7TDEOH



6WDWH RI WKH $UW

7TDEOH $QLRQLF KRPRSRO\PHUL]DWVRQ VXPPDU\ RI NH\

ORQRPHU

,QLWLDWLQJ V\VWHP 6WUXFWXUH <LHOG

OH& & 2

&1 3( 3% LQ '0) DW i f& > @

LQ '0) DW i f§c

1b&l 3¢ 3% GHSHQGV RQ SLQLWLDWRU
1DSKWKDOH{H 3% LQ WROXHQH DW i f&
&+ 3( 3% LQ '0) DW i >f&@
3( 3% a LQ WROXHQH DW i f&
3( 3% a LQi'O)fgtL)Wi RU
3( 3% LQ 7+) DW i f&

lDSKWKDOHg(H ZI3D$

1D & LOQBW i f&> @

3( 3% LQ&I+DW i f&

3( LQ '062 DW 57

UHDFWLRQ KQUW3OLGLQH DFHWRQH RL
SURFHHGYV 3K12

3( LQ WROXHQH DW i f&
3K 2 > @
3( 3% LQ '0) DW i f&
3( 3% LQ '0) DW i f&
1D 3&2 > @

UHDFWLRQ K

DUGQ\ )
SUREHHGYLEQ fFRoxHoH DW i fe

1D 3K&2 3( 3% LQ '0) DW i f& > @




$QLRQLF 3RO\PHUL]DWLRQ RI .HWHQHV

ORQRPHU ,QLWLDWLQJ VIVWHP B6WUXFWXUH <LHOG
1D 3K&2 3( 3% LQ WROXHQH DW i f&
3( 3% LQ WROXHQH DW i f&
3( 3% a LQ '0) DW i f&
3( 3% LQ 7+) DW i f&
> @
n %X/L
3( 3% LQ BW i f[&
3( 3%

3 LQ '062 DW i f&

UHDFWLRQ KQUSGOLGEQHR U+

SURFHHGYV 3K12
sec % X /L 3( 3% LQ WROXHQH RU 0) DW
3. i f&
OH& & 2
tert ox/L ¢ 3% LQ WROXHQH RU ;0) DW
3. | f&
IDSKWKDOHQH /L, /L LQ WROXHQH RU '0) DW
3% a i
& + i f& @
/L 3&2 3( 33 a -Q WROXHQHRU Z0) DW
i f&
/L 3K&2 3( 3§ a -Q WROXHQHRUZ0) DW
i &
3K/L 3( 3% LQ WROXHQH RU 0) DW
i &
(W/L 3( 3% LQ WROXHQH RU -0) DW
i &
LQ WROXHQH RU LHWK\O
0
nexit 3C 3% a2 LwkHu bw 7 C‘%
n %Xx2/L 3( 3% LQ WROXHQH DW i f&

&+ 21D 3( 3% LQ WROXHQH DW i f&




6WDWH RI WKH $UW

ORQRPHU ,QLWLDWLQJ VIVWHP B6WUXFWXUH <LHOG
a( 38 LQ WROXHQH RU 7+) DW
n %X0J%U 3 i f& LQ '0) DW @
' i fa&
3( 3% )
n %X0J&O 3 LQ WROXHQH DW i f& >
3( 3% )
sec %X0J%U ~° LQ WROXHQH DW i f& >
3( 3% )
tert % X0J&O 3 LQ WROXHQH DW i f& >
UHDFWLRQ KDUGQ\ )
) 0,
tert % X0J%U SURFHHGYLQ f@RoxHon Dw i fe >
3( 3% LQ WROXHQH RU '0) DW
3. i fa&
3K0J%U > @
OH& & 2 3 LQ 7+) DW i f&
3K0J. 3( 38 LQ WROXHQH "0} RU

7+) DW i f&

&\FORKHI[\O (§j&§03$

LQ WROXHQH 0} RU
7+) DW i f&

LQ WROXHQH DW i

$00\0 0J&O 3
3( 3% LQ WROXHQH DW i f&
LQ F\FORKH[DQRQH
1(W 3( 38 DFHWRQH GPHWK\O
NHWRQH DFHWRQ4WULOH
GLHWK\O HWKHU DW i f&
3(33$ LQ '0) DW i f&
106X 3( 3%

LQ WROXHQH DW i f& >




<LHOG

NQRZQ

$QLRQLF 3RO\PHUL]DWLRQ Rl .HWHQHYV
ORQRPHU ,QLWLDWLQJ VIVWHP 6WUXFWXUH
LQ WROXHQH DW a f&
/D BU 3( By a > @
Im a
LQ WROXHQH DW 57
(W& & 2 6P BU 3( By > @
Im
<E BU UHDFWLRQ KDWR®\YHQW DQ
SURFHHGWHPSHUDWXUH X
1y LQ EXON
(WOH& & 2 U 2 3( > @
Im
LQ 7+) DW i ai f&
1IDSKWKDOHQH,1D «
1D & 9 A4 > e
Im a
LQ 7+) DW i ai f&
n %X/L 3( a By a > @
Im a
LQ 7+) DW i f&
(WH& & 2 o sex2/L 3( B > %@
Im
LQ 7+) DW i ai f&
sec % X /L 3¢ a By a > @
Im a
JLWKLXP LQ 7+) DW i f&
GLLVRSURS\OBPLGH By > @
I'$ % X/L .
f 'LSKHQ\O LQ 7+) DW i f&
PHWK\OSHQW\BQOLWKLXP By > @

'303/L

1

M




6WDWH RI WKH $UW

ORQRPHU ,QLWLDWLQJ V\VWHP 6WUXFWXUH <LHOG

UHDFWLRQ KDWRO@\YHQW D>Q

L
3K& & 2 /D) SURFHHGWHPSHUDWXUHA XONQRZQ

LQ 7+) '0) GLHWK\O
HWKHU RU GLR[DQH DW
3( 3% i f& > %@
3. 8 .

Im a

6BU& & 2 tert %X 2.

3K0J% U 3( LQ WROXHQH DW i f&

tert % X21D 3 LQ WROXHQH DW i f&

UHDFWLRQ KDWRO@\YHQW D>QG

$o(w SURFHHGWHPSHUDWXUH X@NQRZQ

OH3K& & 2 LQ WROXHQH DW { RU
=Q(W 3( ° Y e QH DW4

LQ WROXHQH GLHWK\O
n %X/L 3( ! HWKHU DQG "9) mw
i f&

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i a f&

By a

Im a

OLYLQJ SRO\PHUL]DWLRQ
n %X/L LQ '0) DW i £& Fg
3( $((
4 > D@

1

(W3K& & 2 M

OLYLQJ SRO\PHUL]DWLRQ
LQ WROXHQH DW i f&

8

1

3(

M

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&
3K/L 3( B > @
A

Im




$QLRQLF 3RO\PHUL]DWLRQ RI .HWHQHV

ORQRPHU ,QLWLDWLQJ V\VWHP 6WUXFWXUH <LHOG

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&
sec % X/L 3( s > D@
4

Im

OLYLQJ SRO\PHUL]DWLRAQ
LQ 7+) DW i f&
tert % X/L 3( s > D@
A

Im

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i RU
i f&

1DSKWKDOHQH,1D
I >
1D & '§'( B a @
A
Im a
(W3K& & 2 OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&
3( ! <« > E@
$‘é a
1M a

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&
3( B > e
a

Im

OLYLQJ SRO\PHUL]DWLRQ
3( LQ 7+) DW i f&ng

1y Im

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&

3( ! e > @
B

a

Im a

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&
0 |
n %X/L 3( g . > @

Im a




6WDWH RI WKH $UW

ORQRPHU ,QLWLDWLQJ V\VWHP 6WUXFWXUH <LHOG

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&

3( ! « > ha
8

a

Im a

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&

3( ! «« > E@
B

a

Im a

OLYLQJ SRO\PHUL]DWLRQ
LQ 7+) DW i f&
9 ! « >
n %X/L 3( B . @

Im a

OLYLQJ SRO\PHUL]DWLRQ
tert-% X 2/ L 3¢ LQ 7+) DW i f&ng

1y Im

3% SRO\DFHWINOVH{ SRGRO\NHWRQH #f H[SUHVVHG LQ J PRO

D FDOLEWDHWIQRH RI6(& ZLWK SRO\WW\UHQH VWDQGDUGYV

E FDOLEUDHWIQRYH RV 6(& ZLWK SRO\ KH[\ LVRF\DQDWH VWDQGDUGYV
F FDOLEUWHVDIGED RV 6(& ZLWK XQLGHQWLILHG VWDQGDUGYV

,Q FRQFOXVLRQ JWRHUB ® QIRHIO.GVKRIPR SRE\FHUL]GMLL
WR HVWDEOLVK VLQFH ORWV RI WR®BFHDW XWRYYZHHQUWHY W HQ
XVLQJ YHU\ GLIIHUHQW VRO DPBGWWROXNHFBOQ JLYH SRO\PHU
JRRG \LHOGV )XUWKMRBRUBHIFDQ GEMIKDOH QWKW DRSS OL
FRPSRXQG@Wo)XQLNBQ®X2/L SHUIRUP YHU\ HIILFLHQW LQ \LH
ZHOO DV WKH SRQJPGIDQ WRDLRRL & VILONR LG M QLGH WILRDHVR D \C
PHFKDQLVP WR JLYHVDROM\ANMPIURROMEXODU ZHLIKWV

, W LV LPSRUWDQW WWHRWWDNRBYW SIRICAHKPFINFV NRIWWE®

SRO\PHUL]DWLRQV UHPDLQ PDLQO\ SROQ\PRYWHKU ZVWHKXRW K
VWUXFWXUHV



$QLRQLF 3RO\PHUL]DWLRQ RI .HWHQHV

&RSRO\PHUL]DWLRQ RI .HWHQHYV

7KH UHSRUWHG DQLRQLF FRSRO\PHIUQWRVWER 6D Q HUHH DHA
FRSRO\PHUL]DWLER® RO GNHHKNEBH D HWRPRSRRPBSRXIQGWDRG
NHWHQH DQG LVRF\DQDWH )LIXUH

JLIXUH *HQHUDO DQLRQLF FRSRHOUPHFRAJBWQREY RI NHWH(

7KH GHWDLOHG DQRWRQRRK V¥ RS RHWH @HWYVQDAUIHEWKPPDUL]H

7TDEOH $QLRQLF FRSRO\PHUL]DWLRQ VXPPDU\ RI NHW't
JUH\ OLQHV UHIHUDWR. RQSRWMRHVRF\DQDWHYV

ORQRPHUV ,QLWLDWLQJ VIVWHP B6WUXFWXUH <LHOG
LQ WROXHODWU &+
i f&
OH& & 2 g > @
n %X/L 3( a A a
$FHWRQH ) )
M a
Tm a f&
%HQ]RSKHQRQH
OH& & 2 GLOLWKLXP LQ 7+) DW i f&
3( a 3 > F@
p DQLVDOGHK\GH By a

n %X/L 3( LQ WROXHQH DW i f&




6WDWH RI WKH $UW

ORQRPHUYV

, QLWLDWLQJ V\VWHP

6WUXFWXUH <LHOG

n %X/L
OH& & 2

3(

LQ WROXHQH DW i
i fa&

RU

%HQIDOGHK\GH 0 x2/L

3(

LQ WROXHQH DW i f&

1DSKWKDOHQI§|(1D

1D &

> @
LQ WROXHQH DW i f&

&+ 21D 3¢ LQ WROXHQH DW i f&
OH& & 2
0-FKORUREHQ]DOGHK\GH
n %X/L 3( LQ WROXHQH DW i f&
OH& & 2
p FKORUREHQ]DOGHK\GH
n %X/L 3( LQ WROXHQH DW i f&
OH& & 2
P QLWUREHQ]DOGHK\GH
n %X/L 3( LQ WROXHQH DW i f&
OH& & 2
)XUIXUDO
n %X/L 3¢ LQ WROXHQH DW i f&
OH& & 2 LQ WROXHQH DW i f&
$FHWDOGHK\GH %X/L 3¢ B > E@
&+&+2 1,
3K& & 2
3KHQ\OLVRI IDSKWKDO ¢ 54 XQNQ LQ '0) DWi > @

1D &
3K1&2




$QLRQLF 3RO\PHUL]DWLRQ RI .HWHQHV

ORQRPHUV

,QLWLDWLQJ V\VWHP

6WUXFWXUH <LHOG

n %X/L =Q(W 3¢

LQ WROXHQH DW i f&

LQ WROXHQH DW i f&

LQ WROXHQH DW i f&
> @

LQ WROXHQH DW i f&

3K0J%U 3(
OH3K& & 2
%HQ]DOGHM@@SKWKDOHQyUL
/L &
n %X/L 3(
t %X21D 3(

LQ WROXHQH DW i f&

=Q (W 3(

LQ WROXHQH DW i f&




6WDWH RI WKH $UW

ORQRPHUYV , QLWLDWLQJ V\VWHP 6WUXFWXUH <LHOG




$QLRQLF 3RO\PHUL]DWLRQ RI .HWHQHV

ORQRPHUYV , QLWLDWLQJ V\VWHP 6WUXFWXUH <LHOG

LQ 7+) DW i f&

3( PR
Im
(W3K& & 2
%HQ]DOGHK\GH LQ WROXHQH DW i f&
=Q(WLWK OLJIBBQGYV 1 > @

Im

LQ &ODW i a f&
3( a 9 a

Im a

3( SRO\HYWHUKEVWLWXWHG SRO\XUHWEDHBVWHVVHG LQ J PRO
D E\ YDSRU SUHVVXUBM®RVPRPHWU\ LQ &+

E FDOLEUWIWIQRK® RV 6(& ZLWK SRO\WWW\UHQH VWDQGDUGV

F E\ YDSRU SUHVVXUH RVPRPHWU\ LQ EHQ]JHQH DW f&

,Q FRQFOXVLRQ PRVWHBIWWHKBHHWRG\HDLVRIORLGY FRISBD
FRQGXFWHG L@ WRQAXHDHVZDWRUY DW WKH VDPH WLPH Wi
WDUJHWHG UHDFWLRQV ZHUH FDWD@)VWB EL YIHD & HIW/RADHOLH QUL



6WDWH RI WKH $UW

&DWLRQLF 3RO\PHUL]DWLRQ RI . HWHQHYV

&RPSDULQJ ZLWK WHKHLDDWRRQFRS$ RNGHA. H QRHQYH WWKBI Y HD R
PXFK OHVV UHSRUWHG DPRQJ ZKLFKORXIRWN OLR) KKDMSE H YWRR
DOLSKDWLF SRO\NHWRQHYV > @

,Q WKHRU\ FDWL RYIRF WHSDKDGV HFBWRPBIGDW R BV WW D O NX C
NHWHQHV E\ D VHROHWWH YA RRE G R LERDGN KKRQBHDRVXERWK L
VIVWHP DQG VROYHQW )LJXUH

YLIXUH *HQHUDO SDWKZD\V WR EH VADMLL R\H W FB@ID \IPGIG L0 B M

&DWLRQLF ,QLWLDWRUYV

&DWLRQLF LQLWLDWRUYV DUH JHQHUDIKOHOQ B /XM LRR QVB HF
LQLWLDWRUV WKHPVHOYHV WKH WHOLBWWONWSHRMHWRHQBE



&DWLRQLF 3RO\PHUL]DWLRQ RI .HWHQHYV

DVVRFLDWHG DQLRQLF OLJDQGV &RBR®PRDGLWWHGIXDWHIR® |
PDLQ FDWHJRULHYV DV WKH IROORZLQJV

UiQVWHG $FLGV

%UiQVWHG DFLGYV DUH XVXDOO\ VW WRQEZPHSGIHIEF B O FOUFLLS
DFLG +&QPLIOLFoDHLBUSWULIOXRURZRHWERPIHALIGPBY ZHDI
SURWRQLF DFLGV VXFEK2RY RBHRNGKH DFAKLGREtF DFLG +&0O
DTXHRXV VROYHQWYV FDQ DOVR SROAR HDWLYH Q\FODUF\DWHED f RVQ. M

+RZHYHU VRPH H[SHULPHQWY FDUULHGDWXWQLQI WK
GLPHWK\ONHWHQH WXRZ B8 G UHKX\G WKERBQ G QRBWUMH F >

JLIXUH 5HDFWLRQ EHWZHHQ SURWLF DFLG DQG GLPH

IHZLV $FLGV

/HZLV $FLGV SUHVHQW DV WKH PRWDWR SR U WDHWH W Q3
LQFOXGLB3D %PO&PLE&BQ&O FDQ EH XVHG DORQH RU LQ W
FRLQLWLDWRU OZKLEF K HD N HQH Q DACKB2D F RE&2 2+ DV D
SURWRQ GRQRU

+RZHYHU LQ WKH FDVH R| GQ&E YGA®BHN KD/HO MKRZOWR E
LOQHIIHFWLYH GXRQWRR IV K/AV DREWDA-D WRRRHSAOKH D E HW HIQHHQD®IG W K
DFLG ZKLFK SUHRSDYDWIDRQVKWH SW )LJIXUH



6WDWH RI WKH $UW

JLIXUH 5HDFWLRQ EHW DHHX G HEZH VAIO\RNGH BWHSCH

JULHGHO &UDIW 6W\OH 6\VWHPV

$V D FRPELQDWLRQ RI D)HR&ZLY &R IL®@6)$ERAD QG D FR
LQLWLDWRU FDSDEOH RI JHQHUDWDQ EDQUEREDWLRQV K)D
VXFFHVVIXOO\ LQ PDQ\ FDWLRQLF SRRLBKOL]DMOLRWLY H YU
&UDIW W\SH VIVWHP GHULYHV IURP W EDW R\IDJ K KVOHRRIS WD

f& ZKLFK FDQ EH DOVR REWDLQEBG B\QEHPFEKIHR QURIIV MV
RI &2 )LJXUH $ PRUH UHDFWLYIHV VGHYGIDRSH\Y DR S@
E\ SUNHPD LQ > @ ZKLFK LV FREBRWRWG RIFBR LHZAIWLD R
FRPSOH[LQJ DJHQW

JLIXUH 7ZR HIDPSOHV IRU )ULH@&@HO &UDIW VW\OH LQ

&DWLRQLF +RPRSRO\PHUL]DWLRQ RI . HWHQHYV

$SSOLHG WR NHWHQHY WKHVH LQYLX\\PLHDVUR UAVG JIDY ADE OH



&DWLRQLF 3RO\PHUL]DWLRQ RI .HWHQHYV

7DEOH &DWLRQLF KRPRSRO\PHUL]DWLRQ VXPPDU\ RI N
QLWLD?
ORQRPHU '\ WEXFwxuH <LHOG SHPDUNV

NHWR HQRO

+& & 2 %) Vl'DH:lJXU){-QNQchyROYHQW DQG WyPS@ﬂUDWXUH

XQNQRZQ

J)LIXUH . HWR KERUHWRXHQROUZDXWVWLPDWHG DER

VROYHQW DQG
%)2 (W UHDFWLRQ KDUGO\ SWHRPFSHHIDW X [@H

XQNQRZQ

VROYHQW DQG
7L&0 UHDFWLRQ KDUGO\ B/UWRSHIHG®WX (@H

XQNQRZQ

VROYHQW DQG
6Q&0 UHDFWLRQ KDUGO\ B/WRSHIHG®WX (@GH

XQNQRZQ

VROYHQW DQG
+&02 UHDFWLRQ KDUGO\ B/WRSHING® WX (@H

XQNQRZQ

VROYHQW DQG
&)62+ UHDFWLRQ KDUGO\ WHIRBSHK®G WX @H

XQNQRZQ

OH& & 2

$O(W 3( 3. XQNQRZQ LQ\NRoxﬁb%Dm/if&

XQNQRZQ
%H(W PL[HG XQNQRZ
VWUXFWXUHV

JROYHQW DQG WHPSHUDWXUH
XQNQRZQ

LQ QLWUREHOWQH &&O
i f&

B a
Im a

VLPLODU UHVXOWY LQ WROXHC
&&OF\FORKH[DQH GLHWK\O

$0%U 3. a > @




6WDWH RI WKH $UW

0RQRPHU-WLD

é\/\}vgg(FWXUH <LHOG SHPDUNYV

OH& & 2

HWKH&O&FHWRQLWULOH
QLWUREHQ]HQH RU
QLWUREHQ]J]HQH WROXHQH
QLWUREHQ]JHQH &&O
QLWUREHG®IQH &+
QLWUREHQ]HQH DFHWRQLWULC
QLWUREHQ]HQH GLHWK\O HWKF
QLWUREHQ]HQH F\FORKH[DQH
WROXHQ®I BW i ai f&

LQ &ODW i f&

3. a By a > @
Im a
3 XQNQ%?QSRODU VROYHQ¥VV@WHPSHUE

XQNQRZQ

(W+& & 2 $0%U 3. a M a

LQ &0 KHSWDQH WROXHQH
RU HWK\O DFHWDWH DW i f&

B a

1

> @

>
Tdeg a f & L@

Ty a f&
FU\WVWDOOLQLW\ a

VROYHQW DQG
UHDFWLRQ KDUGO\ SBRBSHHE®W X U H
XQNQRZQ
> @

OH3K& &

VROYHQW DQG
UHDFWLRQ KDUGO\ WHRSHI®W X U H
XQNQRZQ

R o] # HASUHWVH® LQ H PRO 3 . S

D FDOLEWDHWIQRH RI6(& ZLWK SRO\WW\UHQH VWDQGDUGYV
E FDOLEWBDVWDIQEN R 6(& ZLWK SRO\ PHWK\OPHWKDFU\ODWH VWDQGDUGYV



&RPPHUFKD® I$O BRO\NHWRQHYV

&DWLRQLF &RSRO\PHUL]DWLRQ RI .HWHQHYV

7KH GHWDLOHG FDWLRQLF FRSRO\PHHG]|DQ/IP@WOHRI NHAMI
RQO\ VXFFHVVIXO H[DPSOH ZDV JLYH@HPWKH SUHYLRXV Z

7TDEOH &DWLRQLF FRSRO\PHUL]DWLRQ VXPPDU\ RI NHYV

ORQRPHU , QLW I6DWUIXEW XUH <LHOG SHPDUNYV
VA\VWHP

OH3K& & 2

%HQ]DOGHK\GH

$O(W UHDFWLRQ KDAR®XY\HQW DQG VgHPéHUDWXU

SURFHHGV XQNQRZQ

OH& & 2

( $0%U 3. a LQ WROXHQH DW i f& >
W+& & 2

3. SRO\NHWRQH

,Q FRQFOXVLRQ LW LV EHOLHYH® WEKDWL 5 R QNHLVDRVRU |\
DQG $ORGBRODU VROYHQWY +RZHYHU DBFFRWIG LYDHUW R MPK AV
RQO\ NHWHQHV ZLWK VPDOO VXEVWRW XFHDOWOA SRON PEHIH QH

&SRPPHUFLDW SO BRIODNHWRQHYV

([FHSW WKH GLUHHAWRSRIONRHIQHD W BVERISHK\D WUF $RO PNHU F
SUHSDUHG E\ WK \§HQJIHSFRIO P BOM B YQRD BRE RQ PRQR[LGH



6WDWH RI WKH $UW

$OLSKDWLF 3ROWLHQWR QHVF,IMWRROQ\O 8QLWYV

+LVWRULFDOO\ LPSOHPHQWHG EXW QO VKUY ®EDDGR PHRC
UHFHQWO\ GHYHORSHG DJDLQ E\ +\RV>R®H\3RINHWRROYH Q.

GLFDUERQB GBHUWWHDHQUR P QHGVKDOLBRIQ RBQRRP HWK\O
SURS\OHQH DQG FDUERQ PRQR{HGH |IDEBMENVRIHWRHU ZLW
PROHFXODU V\PPHWU\ HQKDQFHV FQ\WV®/IDOHOLHRWILRQ B KBLE Y
VXFK DV H[FHOOHQW FKHPLFDO DQGHDP SDHFW. W\M U QVW DDQFG
SURSHUWLHV

JLIXUH 6\QWKHVLV RI HWK\OHQHSRORBMHWH QHE&PDYER® PRQ

)JXQFWLRQDOL]J]HG 3RO\PHUV E\ BRVWSRO\PHULF

&RQVLGHULQJ WKH FKHPLFDO PRGLILEDWXBQ DSRVBHOQW
SRO\NHWRQHV VKRXEGSEE\ P HUNO IGRRUQ YK W U RWY 5BV HRG SR O
'RIHQV RI IXQFWLR @D OLJ AR UGHRWDWDBRY DI XZQ BW L\RBYQDLG J U R X
W K H GLFDUERQ\QHSBOUMIVWGR GHY X MU HSDUHG >

$SDUW IURP WKH UHDFWLYH FDUERDR\O GWRNBIWHE R Q\OH X\Q
DGGLWLRQDOO\ FRQWULEXWHYV WRHWKHAHUPIQKL WH R BWLHD RW
FDUERQ\O JURXS WR@DOF[RRRO>> @ F\D@K\GRIL@H > @
K\GDQWRLQ > @ MWKLRO @ BPLGIEH @ @HWIMSKHQRO



&RPPHUFLDO $OLSKDWLF 3RO\NHWRQHV

S\UUROH > @ KXUDRLRSKHQHKDBYH@EHHOFUHSRUWHC

J)LIXUH &KHPLFDO PRGLILFDWLR@MRIRONRHQWHQH FDUER



6WDWH RI WKH $UW

+RZHYHU DOPRVW DOO WKHVH PRGSLEBD®WR QQV XUH VKV UT
NQRZOHGJH WKH PRGHLEDWL.®R G RO\ NHWG [ERIDWERIQ) DQ X Q L
3'0. KDYH UDUHO\ EHHQ H[SHULHQFHW ZDKHDRRBW R RFF B
UHGXFWLRQ UHDFWLRQ RHSRUWWIGQE\/E$SOBWWD HW DO LQ
JDYH D SRO\DOFRKR/KH) H]$HHLPHQ VDO SRROQACOWRRRY BUR
ZHUH QRW FOHDUO\ GHVFULEHG LQ WKH OLWHUDWXUH

JLIXUH .HWRQH UHGXFWLRQ RI 3'0. XVLQJ /L$O+

&RQFOXVLRQ

' HWHQH FKHPLVWU\ VWLOO UHFHL WD\ N @\ DUEH DIFW/Y H QM
EDVLV Rl WKH XQLTXH FRQVHFEXW L YRD GPRXAQ Bl WELRRIG Z\L\W O XFF
WR DULVH LQWHH HP\RWQ RBMUR SR VWILEEH UMR/W D /O \ LEL WHU H Q
SRO\PHUV XSRQ RSWLPL]HG FRQGLWEZRKXVUHBREWYRQ V FDIWL
ZKLFK FDQ OHDG D SUHIHUULQJ XVRHUIRD GRFRARHQ\RBE VQ/ DX
EXW QHHG RI JRLQJ IXUWKHU %HVL®H\G &WWKEYHXUIHRY HR
LQLWLDWRUV IRWHWKB I/ \EDVKIKGY 5 WDR\P N UF\K D & H QD B X

‘H OLVWHG DOPRVW DOO WKH NHWBE&B SRODPSUV LPWOR Q
OLQH +RZHYHU WKH JUHDW HIIRUW\HEBHKLQGH G DLEX VOH QY
GLIILFXOW\ RI NHWHG®K BKARLVWV\ UEMH CRUFIOHILE /N QU K
H[SHULHQFH WKH ZHDOWK RI SRO\PIBUH]B WU RRH R YRDOKDBQ
DQG WKH PRVW LPSRUWDQW QR IHDU RI IDLOXUH



SHIHUHQFHYV

5HIHUHQFHYV

>@ $' $O0OHQ 77 7LGZHOO 5LQJ RERQHQJID®RI F\FOI
WULPHWK\OVLO\GRL\RQREXWHABUL]DWIRRD GHFDUERRYGBWHQH W
NHWHQ\OEXWHQROQDG®E RS DRXMHPLYQ UR XU

> @ 3 =DUUDV 2 9RJO .HWHQHV DRHG EDWMNWBQRIMEBVVSRQ\
6FLHQFH

> @0 /L < :HL - /LX + &KHQ / /XLVLEOR GIHIKW GWRMRDFW
SDOODGLXP FDWDO\VLVY HQDEOLQJ RQMQWRRVRABOBFWILYWHKE $@I
&KHPLFDO 6RFLHW\

>@ 3% :HQGHU & (EQHU % ' )HQQWO®OQRO ,BWKHNL BV OF
HTXLYDOHQWY LQ UKRGLXP FDWDO\GH® LLRQWHHBRWHR XY D PUI D Q I¢

> @ 3 5XO00LqUH - *ULVHO & 3RLWWHYIRYLVYR&L YAKIHAUFRD C6
F\FORDGGLWLRQ RI NHWHQHV ZLWK H®&L WXE& VWALROX WMWE HUF O B E
2UJDQLF /HWWHUV

> @ & 0 5DVLN < - +RQJ ' - 7DQWL G VW H WHRREHD HEWLIY O
DFLG SURPRWHG NH@ HFOFQRDGGOQOWMLREVYV2UIDQLF /HW

>@ ' % 5DVPXVVHQ -0 &KULVWHQVGIRVHY 7HBR®VPH IBWXG
5LLVDJHU $' -HQVHQ .HWHQH DV BDWHERRNQR Y LLRYXW R U BH 6 HDAK
PHWK\O DFHWDWH RYHU PRUGHQLWH(GLOWHZPQGWH &KHPLH ,QW

> @ .: 5RGULJXH] 1 .DOWZDVVHU WUP QIIRIPH QW /R B DI H Q @/ HE
F\FORSURS\O NHWHEB LRUP DX 5L FDN/BOFIORIGRBLQI YLQ\O NHWEH
GLSROHV DQG GRQRU DFFHSWRU PHWDOORFDUEHQHV 2UJDQLF

> @) -LDR ; 3DQ . *RQJ < &KHQHFWILYH J4DRO I6WH S HSUR® R W
IRUPDWLRQ IURP V\QJDV YLD D NHWH®HHL QWHIPHIBW DRVGHD G Q@ G H

> @ 5% :RRGZDUG 5 +RIIPDQQ 7KHPPRIQMHUSDWHRRDQRMWF
&KHPLH ,QWHUQDWLRQDO (GLWLRQ LQ (QJOLVK

> @9 /DYDOOR < &DQDF % 'RQQDWUBXRG: &R HFK[DMOGRKUW F
DF\FOLF DQG F\FOLF DON\O DPLQR FDWEHQMFDOW DH20OBR /BP R QID I
$QIJHZDQGWH &KHPLH

> @ $% ,EUDKLP ' 1DOOD 0 9DQ 5DMIKRWVWMW DIVIPPHWLU
KHWHURGLPHUL]DRWWR@DBI MNIHWKIFQ NI BB EEB QY \&KHPLFDO

> @ + B6WDXGLQJHU .HWHQH HLQH W HHX\WMVBHKHIQ CFIK\EPH V |
*HVHOOVFKDIW

> @ + 6WDXGLQJHU hEHU NHWHQH XQ) GEMUGESRIG@QIN MY
%HULFKWH GHU GKI® VYHKHQ GPKAHKPILIV\E

> @ & 6PLWK ' 1RUWRQ 'LPHWK\ONHWHQH 2UJDQLF 6\QWK|

> @ & & OF&DUQH\ 56 :DUG $Q LPSWRWHRQPRWKRGR IIRQWNWKN
-RXUQDO RI WKH & KHRIINADY 76-DFRQLHMNWAW LR QV



6WDWH RI WKH $UW

> @ $ .RVW\XN =* %R\DG]KDQ * =DHWWHWID <, 6%DXMRY
IXWVHQNR +DOLGHV DQ® QG KNGWR\®H\F HRW VAL ®\WFLG DQG VLO\O
&KHPLVFKHU ,QIRUPDWLRQVGLHQVW QR QR

> @ : 7 %UDG\ 50 /OR\G +DORJHQDWHRRQ NRHMIWNBOWWQHYV &
WULPHWK\OVLO\O- RIQUROD DWRK HUM DTKH &KHPLV WU\

> @ 7 %UuUDG\ *$ 6FKHUXEHO +DORXAKQQLMWWE RIHWHKMH
GHK\GURKDORJHQDMAL R@R RU @FQ R K WIXRGK P & UsLR-FOLQH & K

> @ &' +XUG 7KH NHWHQLF GHFRP&SRFHWKR® NRH VWHOHR Q-FRX U
WKH $PHULFDQ &KHPLFDO 6RFLHW\

> @ -: :LOOLDPV &' +XUG $Q LPEBRDM®R D'SSDHB XYW RRIQV
DQG EXWDGLHQH UXKHQ LAEX&JIQHDROL RW 2\

> @ ) :DJQHU -U (QF\FORSHGLD RI FKRIKQFEDO HW H FRIR/O RLK
86%

> @ - & ODFNLH .5 'RRODQ +LJK WRHPG HGHHFW RS R V. MWOLHRWL R \
DFLG DQG LWV SURGXEXWYQ DOWH REHWLRRO .LQHWL

> @, ; *UHHQ : 7DQJ 0 1HXURFNWLDO<®D\W6EEMWWERED BRELIGGCD S
WKH GXDO SHULPHWHU VLWHV RI WRKMHG DNXHW/IHR \ & DGWHXXH V WR DRUC
$PHULFDQ &KHPLFDO 6RFLHW\

> @ &/ 3HUULQ $ )ODFK 01 ODQDWUFRDQHKRRBRBEBWINVNWLRQURIDE
$PHULFDQ &KHPLFDO 6RFLHW\

> @ & / 3HUULQ D GRIQLKAHDROXVG 0KGHSRRYURD®D RIHPLFDO 6R

> @ *- )LVKHU $ ODF/HDQ $ 6FKQ®ISBIUDWSR R UDIWNKNWIRQ H\
S\URO\VLV RI DFHKH FRXQIQDBO LRI UIDQLFE &KHPLVWU\

> @ 170 LOVPRUHNHYWOHRQYLRXBQDO &®RRPAUK MW \& KTRUBDLA\DEDF W L R

> @ * 3UHJDJOLD 0 %LQDJKL (QFDPROR BHGEKD) RO B R\O\WRQ VF

> @ + (JUHW - 3 &RXYHUFHOOH Lf SRO\®HQH]D W L R«X QRH GG L
NHWHQH (XUR SRDOWQPRO\PHU -

> @1 +D\NL 1 %ML HMOLHSKDW UFRQEHKROEN HIW\WR DRIQREWMRO\PH
RI HWK\ONHWHQH 3RO\PHU &KHPLVWU\

> @ &' +XUG )+ %OXQFN 7KH SNWRKHWIPHELHIYQVBKMPERROC

> @ (6 5RWKPDQ B5HDFWLRQV RI WKHDNAMWRQ R\ ODQWHR® YH
KH[DGHF\ONHWHQH DV WKH UHDFWL ¥ LLFDWH DIPGH G KW HYV WR/ X 6JFROA

> @ -6 LW]JHPDQ 7KH WUDQVDFHWRD®WHW QO/D W HRQY DEKHHFKUDRX



SHIHUHQFHYV

> @ -6 :LWJHPDQ :' 1RWWLQJKDP TAUHDQW [ERKMIN G DIFFHIN G D
VIQWKHWLF DSSOLPDRVLRQND QILKFH &HREKRILQ/MW U \

> @ 6 $QGUHDGHV + &DUOVRQ 2UJDQLF VIQWKHVHV &9

> @ + ORRUH "6 DREREKAWH&HY  0HF KOMIOM D R R N\VANHD |
F\FORDGGLWLRQ WRHDEB ¥ R 7K@ G RHWKRENPCH R W2UJIDQLF &

> @ 5 %URZQ ) (DVWZRRG . +DUULQPHWRQOKBWKDOIEE BN
JRUPDWLRQ RI DU\B Y HVQ N O HEHHIIMLWRH QHAE EW 8 WHXRW H G |
GLR[DQ G LR @HMWR XIXYDVW BO KK HPLVWU\

> @ *- %D[WHU 5 )& %URZQ ) : (D3\WRRRWLF. JH®BUDMQL]
FDUERQ\OF\FORSURSDQH GLPHWK\OHWDR GIHVBHQR >DQG ®WRF\GL
GLRQH 7HWUDKHGURQ /HWWHUV

> @ -$D5 +\DWQH R\FORDPWBLWLROQOVR QUJIDQLF 5HDF

> @)% /HLEIDUWK 0 .DQJ 0 +DP XSWP /%0 ORRRBRY - 1+DZN
$ IDFLOH URXWH R@DOH]\WB QS8 RIGPHUUMY HRIW DIV IDSBOLFDWLRQ
&KHPLVWU\

> @1 - 7XUUR 3 $ /HHUPDNHUV +UVYLOVRRVOH\HBKRURFK HA
R F\FOREXWDQHGLRQHV '"HFRPSRWHUNWPLHRE) DAVRIG\H V - BXQGQ bR H
$PHULFDQ &KHPLFDO 6RFLHW\

> @, +DOOHU 5 6ULQLYDVDQ 3UHPDWVWBWURFHWNMY DIRH WK
F\FOREXWDQHGLR @GH HIRDAD@D &KRIIPWKIHO 6 RFLHW\

> @ $3 .UDSFKR % $EHJD] 3KRW KFBKRHEXWNUH QRURGIHAS LQRP
FKORULGH DQG PHWKBQRRURDOX WILRIQ@IDQLF &KHPLVW

> @ ' +5 %WDUWRQ *SKRWRNKHKMLFDQVWUBDQWIRYPBKRWRFKHI
FOHDYDJH RI F\FORKH[DGLHQRQHYV SHRMXPHG RI WKH &KHPLFDO

> @ * 4XLQNHUW /LJKW LQGXFHG NRHUWPPQH\R Q$ R I HDFD GG W H RE
,QWHUQDWLRQDO (GLWLRQ LQ (QJOLVK

> @ * 4XLQNHUW ( .OHLQHU % - )%HOWRDUGW*OH Q&HHEKH L
6FKPLHGHU & G6FKXGRW]HY & - 6WHDQRWHEHUDBYHR FKLQRODFL
+HOYHWLFD FKLPLFD DFWD

> @ * 4XLQNHUW (Q URXWH WR P X8 V&KHPULH FOIMFHKW@ D WW R © O
LQ (QJOLVK

> @ & $UDXMR $QGUDGH $ *yPH] =DYDRIROQIRUPHUSHYIDQIBD
VSHFWUXP DQG 89 LQGXFHG SKRWRFKUWROLDWER IRROP DTAKUHL [- R X B (
SBK\VLFDO &KHPLVWU\ $

> @ 6 7VXWVXL . 6DNDPRWR . (EBWDWKH V.IDE XYWRU XH WoOU
SKRWRFKHPLVWU\ RI WHWUDNOOVOHG FRIRQRXTXEAVY RV KU C
&KHPLFDO 6RFLHW\ RI -DSDQ

> @/ :ROIl 8HEHUGH DPRDWXVGUHERKHBRYDOHQ GHU

> @ / :ROIl 5 .UsFKH hEHU GLD]RDQK\BGH®HGLD]R[\®H\GX
GLD]JRNHWRQH -XVOHX GHHE& KW FBIQH D



6WDWH RI WKH $UW

> @ 3 +DLVV . 3 =HOOHU 7KH SKRQYYWFRKIHPEGEDIR:ROIIl WHDLU!¢
RIRSURSDQH UHYLY¥LWPIRBORBIDQUFFKHPLVWU\

> @ 3 <DWHV 7 &ODUN 7KH WKHUMNR SKHERGR V I7\W IWRD KR
/[ HWWHUYV

> @ 5 +XLVJHQ * %LQVFK / *KRVIRIQHQ GYISIR O$HI B QF\HF@ R
NHWRFDUEHQ ]ZLVBKWRNWHKRID\EHLYRIEK IGR.DYR KH WROHF K& H

> @ 3 <DWHV * $EUDPV 0 - %HW® VU HD FRDGIMNPHIQQV RDV B L
, 7KH UHDUUDQJHPHQW RI WULSKHQUQSKHGHQ W D G @ MR
&DQDGLDQ -RXUQDO RI &KHPLVWU\

> @ + OHLHU .3 =HOOHU 7KH ZROIFDUERQUD QRRIPHRND &R
$QJHZDQGWH &KHPQHGDRWHR® DY (RQOLVK

> @ : -XJHOW ' 6FKPLGW 6WUXNKKW XD RYHIEWQ & X\W@ W C
.LQHWLVFKH XQWHUVXFKXQJ GHU WKHURL\DRKRHQ GRD]RBRWRD
THWUDKHGURAQ

> @0 S5HJLW] : %DUW] 8QWHUVXFKKDJ8HUD Q HLIFXRY G H ANLLQL
XQWHUVXFKXQJHQ XDEWEIHW P VIFKIHEE VG X DR HQ GLKHRYWFKH %

> @ : %DUW] 0 5HJLW] $ /LHGKHJHQHUL®@HRONLIGHW QK K H D
]XP PHFKDQLVPXV GHU :ROIl 8PODJHUXQJ &KHPLVFKH %HULFKW

> @ -7 6X 5 6DUSRQJ % 0 6WROW]IHIIBHFYWGBQ G X HBXEY WGE k
WUDQVLWLRQ VWDWHY UDWLRQDOZRWOVILFRSH VHEFWUR® H\R XR
$PHULFDQ &KHPLFDO 6RFLHW\

> @ 6 * 6XGULN 7 O0DREDQLPBVBK &KEKDPYQQ6 85 6RQDZDQH
9LMD\DPRKDQDQ (YLGHQFH IRU WK H U YRONHPIHW WHRZ R/Q IO YUHHWD
Rl . GLDJRNHWRBWWHUMDQLF O

> @55 -XOLDQ -$ 0D\ % 0 6WRGW]\QW%HD XV KD PFK D*DIH S|
DQG VLOYHU )LVFKHU FDUEHQHYV U RP FRLD RRPADOMRLRIQDIOV F R 8 WK B
PHWDO PHGLDWHG QRW®VI URPWYDQ R PIRK IF 3O HRIEEBQ & K

> @ 55 -XOLDQ -$ 0D\ % 0 6WROW]PRXWHDXBEDP SD\0 B®
VWXGLHV RI WKH FRYDOHQW FRXS ®@VOHGREQRBKBERWD QM W UERRBH
FRQWUROOHG DFWLYDWLRQ RI GLD]W HWHFWURRDO (SQLIHZO® GW F

> @ 5 6DUSRQJ -7 6X % 0 6WROWYOHKWMD®KBHHPO RRSPIH QW !
UHDUUDQJHPHQW IRU WKH VIQWKHVIRXBQ DXV RG WBN ERPHEB DREF QV
6RFLHW\

> @ 63 ODUVGHQ : . 3DQJ (IILFLHMONONHOHQB® YL@WKG V
UKRGLXP PHGLDWHEBHAQW®I! | &KHPULEDQJI&ERPPXQLFDWLRQYV

> @ 6 3 0ODUVGHQ -7 6WHHU % bORVOHEHQ RP@PWKGINVYWRG. R
IURP VWDEOH VLRMHGNNHRWQHQHY 7HWUD



SHIHUHQFHYV

> @ 60 %XFKHU 5 %UXHFNPDQQ * WHRWV $$WVL & &DMOONDC
6\QWKHVLV IURP $U\IDONGQDIR\OWWKDR@RQNWUNQRQ7KBWR 61
VLO\OR[\DOOHQHVO(RURSHDQL FRE KDDLV W U \

> @ / +RUQHU ( 6SLHWVFKND 'LH SJVWISWDOQUL WH QE H3G HDX!
FDUERQ\OYHUELQGXXHRQL LPKSO %H B KKK WH

> @ * %XUG]JLQVNL < =KDQJ - :DQDII0 BHBOWNN J RARHFW UL
VLPSOH DF\FOLF GISRPRFGV ERIQN O FERPQIOIOPR V WK\ FD O

> @ * %XUGJLQVNL - 5pKDXOW - VDKH SKBWRFBRWP LY WUWXR
OHOGUXPYV DFLG HE\UX®WO DHIEV WSWERKURWDIEREBLIBK\VIKHD O &KHPLV\

> @ * 1DWWD * 0D]]DQWL * ) 3UBI1IRQRHOEROIP HIL\Q BRI IKGLL DEON W
'LH ODNURPROHNXODUH &KHPLH

> @ * 1DWWD * OBUBIDNDLD )* 3RQJL FRORG\WPGDWLKDYLQ.
VWHUHRUHJXODWBHRORNVWBO RWUKEGWXU 6FLHQFH

> @ ( "HGHNLQG S8HEHU GDV 9HUKDOWHAQ HGQH HU
&KORUZDVVHUVWRIVHQWELBAX QX DRIWWXHU &KHPLH
> @ + 6WDXGLQJHU . &ODU ( &]DNR HhBHDNVWLVRIQYHI K LINH

KDORJHQDWRPV JHIKWHP 8 WD GO WOy FHVHD DK/ IF RDVWKHQ *

> @ + 6WDXGLQJHU .HWHQH / OLSWRWOHEANXOVD WHEIRQ \DUGHD N
GLPHWK\ONHWHQV ELGQENQIREXGBHYHGLP HWRKONGQ HHRIVGPL+HOY
&KLPLFD $FWD

> @ + 6WDXGLQJHU 8HEHU NHWHQHQ 9% HWMAKNMLID )XGHIU &8 K
FKHPLVFKHQ *HVHOOVFKDIW

> @5+ +DVHN 5' &ODUN (8 (ODWU\ RI GLOWW®\ O NKHWHG®IF
,9 7KH SRO\HVWHU DQG ODFWRQH xU®BO RI GUPB LKA CGNHW HQ

> @ ( 8 (O DSPDUDWHRM HRY HBMH W DE\O B E B/HIQH D @/ILRHD
GLPHWK\ONHWHQH LQ WKH SUHVHQFRHRUXEFHUTIKHD WVRXYUHYD R RNV U2
&KHPLVWU\

> @ $ 5DIDL )DU .HWHQHV LQ SRO\PEG VDN \RKHPHE YO@WM K I\
(GLWLRQ

> @ + :DQJ 1 'HVLOOHV ) %XUHORQLPXHAFVE URPWGEMW VD QWE R
FDWLRQLF SRO\PHUL]DWLRQ RI GLPRHSHKJ\WNHWRQW DK 8 R\QDW®& H G
-RXUQDO RI 3BRO\PHU 6FLHQFH 3DUW $ 3RO\PHU &KHPLVWU\

> @ < ;LDQJ '- %XUULOO .. %XQWODHGVHAU- -SOEEBRKW)\ /
IDPEUHFKW ( 3HQW]HU 3RO\PHUL]DMR[RG HR L VIL\®LO WNRHIWH QCH \F
FRPSXWDWLRQDO DQG H[SHULPHQWDO VWXG\ 3RO\PHU &KHPLVYV

> @ ; 4L 3 'RQJ = /LX 7 /LX 4 LRPQ BHGKPOWLY HDORHISO E
QDQRWXEHV LQ EL FRPSRQHQW ELR GHI UDOGHFAENOWHR B RW L WHWWHKID &
SHUIRUPDQFH &RPSRVIUWHNQHFQR®OFH D



6WDWH RI WKH $UW

> @ = &KHQ 1 /LQ 6 *DR & /LX WDXDPmMBPOB EREERQUWE)
ELRGHJUDGDEOH SRO\HVWHU PRGLILHE | ZHLRKY FRIP A RQ YYD FRRPB® C
GXFWLOLW\ HQKDQFBIPER &K HLE\BWUWD(@ILQHHULQJ

> @ + :DQJ 1 'HVLOOHV 1 )HRVOKIONQW HQ HOEDWBI GVD
SRO\NHWRQHV &RSRO\PHUV DQG VWHIX ¥ KIDSHR G RRM\PMDIIL Q R W(E
3RO\PHU -RXUQDO

> @ 1 +D\NL 1 'HVLOOHV ) %XUHORQIFOIROWRHU R]BWLIRQ,
(WK\ONHWHQH ODFURPROHFXODU &KHPLVWU\ DQG 3K\VLFV

> @ * 3UHJDJOLD 0 %LQDJKL .HWHOHMFER®®HUV (QF 3RO\

> @ + :DQJ 6\QWKgVH HW FDUDFW HM \DIDW § R Q WALH XQHR/X ¥ 18O O
FPWQQHV 5RXHQ ,16%

> @ < <DPDVKLWD 6 1XQRPRWR $QLRQONHSRIMRHULHD\
ODNURPROHNXODUH &KHPLH ODFURPROHFXODU &KHPLVWU\ DQG

> @ < <DPDVKLWD 6 OLXUD O 1DNBPRD GEPHMWKHQWHWH/DX
'LH ODNURPROHNXODUH &KHPLH

> @1 .RUQEOXP 5% 6PLOH\ 5 . 9% B PHNFAKORYE VP&R |, WEDBIQUEH L
RI VLOYHU QLWULWH ZLWK DON\OR{D/AQIOGHHW DRIG DROQW 0D VWIHWIDIO
KDOLGHVY 7KH DON\ODWLRQ RI DPBPGNHQRDDRQQLKRHPL F D O -RRAELGIMA

> @ + 6XJLPRWR 0 .DQDL 6 ,QRX®RYBQWIQDLQRDG RO NR [L @&/H
RI SRO\HVWHU YLD SRO\PHUL]DWLRQ LRV \WNUHWHDG \3 KODLFFWRPROH

> @ 3 =DUUDV 2 9RJO .HWHQHV D REGHIDWNHIW QR LDHN 8 R@)\
VFLHQFH

> @' ( 3DXO ' /LSNLQ 6 :HLVVPDQ AIHDKWURE@ RW VR & LXPRA

-RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

> @ ' /LSNLQ ' 3DXO - 7RZQVHQG RQ :BHIRAOMPDWQ RRPEVHH YLDD
GHULYHG IURP DURPDWLF FRPSRXQGV G6FLHQFH

> @ * 1DWWD * O0D]]DQWL * 3UHJDJFRISROYPHWR]]LKDY¥QQYH
VWHUHRUHJXODUWBHRORNVWBO RWIUKGWXU 6FLHQFH

> @ - )XUXNDZD 7 7VXUXWD &DWDRLIWEEWUY HDIF®WUYD YR PCH
FRPSRXQGV LQ ROHILQ SRO\PHUL]DWLRQ -RXUQDO RI 3RO\PHU ¢
> @ % - %XUJHU O0 ( 7KRPSVRQ :' GRQWHQVHUW ®BRIQ DG

K\GURJHQ HOLPLQDWLRQ IRU SHUPHWKVOXGD R IGRKHQMFHK D DM \OUIRF
DQG WHUPLQDWLR Q VWM B \S RQ \-PLHHOEG B WVRDRUQ RO HRV KN&H $PHULFD
6RFLHW\

> @ +1 )ULHGODQGHLNQRPRWWDOLFVYPHQ LHIWKLERQHQSR® W U
(QJLQHHULQJ &KHPLVWU\

> @ 7 9|ONHU ) 'HPSZROIlI 3/ *UDKPD QR ZO WG\ JHLRR BW R
FDWDO\VLV ZLWK RRREDQREWH WDQIGIZD @ G W BWELKMHLM (@WWHL R Q



SHIHUHQFHYV

> @ *$ ORODQGHU $SSOLFDWLRQ RILODQQWRBVYGH &KB PH
S5HYLHZV

> @ + .DJDQ - 1DP\ 7HWUDKHGURQ WHN RQWR Q XPEH V\QW
7HWUDKHGURQ

> @ 70 )RUG 6 - OF/DLQ 5DUH HDUSNRK@PGEW DY PORHWERL
SRO\PHUL]DWLRQ FDWDO\VWYV 8 6 3DWHQW >3@

> @ + $EH 6 ,QRXH /DQWKDQRLG FRRS®HF DWUDHQ RYRKMWO
FDUER[\ODWLRQ RI DFWLYH PHWK\OHQ@}H FREPSRKDG \R X QEHU &KIE
6RFLHW\ &KHPLFDO &RPPXQLFDWLRQV

> @ 1 )XNXZDWDUL + 6XJLPRWR fLGMRDIY D/IRW KDQLRAIGNL
DQLRQLF SRO\PHUL]DWLRQ RI LVRF\PXMWFHYWCRPWRPROHFXODU

> @ * 1DwWwwD * 0D]]IDQWL * ) 3UHJEIQUD 3R O WLHMD/I KR
GLPHWK\ONHWHQ®JKD YSIRX\ 3RHHW D DN VR PREOWN X B D UH & KHPLH

> @ *) 3UHJDJOLD 0 %LQDJKL O &DPEW®LFDBRORGQLRMHNWH
EDFNERQH VWUXFWXHINHX OIDHJ 19 DENKUHRPR. R

> @ 7 TVXQHWYVXJIX . $ULPRWR 7 )XHDRVLRQ )RUXN!
PHWK\OSKHQ\ONHWRQH DQG LWV FRSRB\PBNURPRIORN X0Q WHKHE & K
ODFURPROHFXODU &KHPLVWU\ DQG 3K\VLFV

> @ $ 6XGR 6 8FKLQR 7 (QGR 'HYHTFRSRDQPM LRI]IDVORYD
HWK\OSKHQ\ONHWHQH $ QRYHO D SSURIOHKLW RODHFQ® FERH HE M G HOV

> @ $ 6XGR 6 8FKLQR 7 (QGR /LY LRIJHMNK\RGKH G \FONRW b
QRYHO DSSURDFK WR ZHOO GHILQHBRORFHHVOFHHQRAIQERHWLYS 3
&KHPLVWU\

> @ $ 6XGR 6 B8FKEQROUFOHQYGRQ RIONGMHQHE® WROAHVWHU \
., 6\QWKHVLV RI UJDEFWQNYYHL QB D QAFMMWRRE) SRO\PKHIVLARSKHQ\O HW
-RXUQDO RI 3BRO\PHU 6FLHQFH 3DUW $ 3RO\PHU &KHPLVWU\

> @ $ 6XGR 6 B8FKEQROUFOWGRQ RIONGIMHQHEB WROZHVWHU \
,,, /ILYLQJ DQLRQLF SRO\PHUL]DWLROQNRIQHWHKY® ORBIRWR R[\BIKBR
KDYLQJ PDVNHG SKHQRO VLGH FKDL® $RXRQ\PO R KERGLAVMIUGFLF

> @ * 1DwWwwD * o0D]]DbQwWL * 3UHJDJDILCFRSRCARPGDVYKIRI
GLPHWK\ONHWHQH QD® KR NWWR GIFPWUBRPDEVEKHPLFDO 6

> @ 0 %UHVWD] 1 'HVLOOHV * /®HG |GRXKR) IEQ P B RE\DWWM M/UH
DFHWRQH V\QWKHVLY DQG FKDUDFMHUIAKDWLRQ -RXUQDO RI 3R

> @ . +DVKLPRWR + 6XPLWRPR $QLRQLKN DORCSRQAGHH WIL|\E
GLPHWK\ONHWHQHHUR&RIGDYF R IBPRIOMBRLVIIROD\PHU &K

> @ 0 %UHVWD] 1 'HVLOOHV * GH P& WAKXQNBW BRG\ BQWE HILF H
'LUHFW FRSRO\PHUL]DWLRQ DQG ORPEW-REH QLQ RRSRQLRHUSRRKL
$ 3RO\PHU &KHPLVWU\



6WDWH RI WKH $UW

> @ ( '\HU ( 6LQFLFK $QLRQLF FRSR/OYRMKLNHWHRQ@HRN| LR}
3RO\PHU 6FLHQFH 3RO\PHU &KHPLVWU\ (GLWLRQ

> @ ' 1DJDL $ 6XGR 7 (QGR $QLRODLWLRQWRIUGQBWHQH |
DOGHK\GH x &RQWURO Rl HQDQW L RYDH@G FR/U WAGYWEWHE LV R D RO
SRO\HVWHUV ODFURPROHFXOHYV

> @ % - /RPPHUWV ' - G6LNNHPD 6\QVQKIEZVISRA@MOQGFRWRX
ODFURPROHFXOHYV

> @ 7 +LIJDVKLPXUD 6 $RVKLPD 0 GOEZDPRWRJI 1RDAVILRC
SRO\PHUL]DWLRQ RI YLQ\O FRPSRXQGWRPRAHRREBDUY NMXDIRM. B K
2Q0LQH /LEUDU\ SS

> @ + (JUHW 6\QWKgVH HW FDUDPF W KL/PIWRIH G$HYS HR 6 DRX
SHUPpDELOLWRXOJ JD]

> @5 /LQHPDQQ * /H 6\QWKHVLV @HVWEKRGLHGA@H®SREU G LW HW
SRO\PHUL]DWLRQ RI GLPHWK\ONHWHQH 8 6 3DWHQW >3@

> @ *$ 20DK ( =DGRN 5 (GOHU ' +6 $8ODPNRWYK :, ROVK
SRO\PHUL]DWLRQVWYV GUWIKHGHRKOWIR JEYDRQ YRl PFAWHUDQG HQ
VXEVWLWXWHG DFHW\O KDOLGHV WR-BROQNDHWRIQW K H SSFPOGI\U LRA DIF
6RFLHW\

> @5 2GD 6 OXQHFPRL\BRO\RMDL]DWQA® @G RN H\WVAMQID H D

> @ * 1DWWD * O0OD]]IDQWL * 3UHIJ®ROED\\WWDQQIDJKLS RO \F
GLPHWK\ONHWHQHPHBXEDM® &KHPARKECG 6 RFLHW\

> @ -, &KRL 6 . <RRQ 3RO\NHWRKNFHMIHQ W RPYREMDWLIRHU |
8 6 3DWHQW $SSOLFDWLRQ >3 @
> @ 00 %UXEDNHU '' &RIIPDQ + + PRHDKQVHILWQB\WHRQV

HWK\OHQH FDUERQ PRQMLGHZ FRGROWPRMVRRARUDNEBWRQWYH $PHU
&KHPLFDO 6RFLHW\

> @ ( 'UHQW 3RO\PHULF SRO\DOF®KROV 8 6 3DWHQW

> @ < ORULVKLPD 7 7DNL]DZD 6 WXUBKDY& LV RR B VEKHHR\GIHWU V
QHZ SRO\DOFRKRO (XURSHDQ 3RO\PHU -RXUQDO

> @ 6 < /X 50 3DWRQ O0- *UHHQ G$ BKDNXBFWAH QMW RMN\LIR
SRO\NHWR[LPHV GHULYHG IURP DONHQHJRBHBERQSRRQFRH UGM RKRIS

> @ . 1R]DNL 1 .RVDND 9 0 *UDXEQHRQ7R K D\® MR WOLHF D K\®\
SRO\NHWRQH 6\QWKHVLV RI D QHZ KRQMKV PRIL & \BKRFD IFKR.Q
ODFURPROHFXOHV

> @ ' &RIIPDQ + +RHKQ - 0D\QDUEWXKNGKXEW LFYDH BR Q QFORADL
SRO\NHWRQHV $ QHZ FODVV RI SRO\DWPHPIHAD GRARFQE® \RI WKH $F

> @ -5 -RKQVRQ 3RO\PHU FRQWDQDV QU R VP RDRIRMHD UQKR G
PRQR[LGH SRO\PHU 8 6 3DWHQW >3@

> @6/ 6FRWW 3RO\PHULF SRO\W&KLROV 8 6 3DWHQW



SHIHUHQFHYV

> @ 0 & :DOWHU 5HDFWLRQ SURGRFROWHRXOBU\RRWRWHNOB |
>3 @

> @ 5 OLFKHO : OXUSKH\ ,QWUDPRREBWVKHOWRQUNDURRQQB
3RO\PHU 6FLHQFH

> @ & : )LWNR 5 $EUDKDP 7KHUPRWVBDWWO®J SRO\EBPBEKHQTF

> @ 7 ( .LRYVN\ 5 & .URPHU 3RO\PHOBLBDBWHURMOLF GHUYR]

> @ < =KDQJ $ %URHNKXLV 0 & 6WXDDWLQHWLEFFKKR®@LF
PRGLILFDWLRQV RI DOWHUQDWLQJIJDSSDEKDBWIHFOSRIDUNVHRLRIQHWY -

> @ = -LDQJ 6 6DQJDQHULD $ 6BIRONBRE@NPW KNRISKHRUHS RN D
DOFRKRO IXQFWLRQDOLWLHV IRUPHG | WXQ\R X UK DAKHPLFROH RR)
PRQR[LGH FRSRO\PHOW HR%EQBQFRI BMRKM L VARO\PH U

> @ < =KDQJ $$ %URHNKXLV ) IFFELBRIO\PKHUP POWHWH
QH[W VWHS WR UHF\FOLQJ WKHUPRVHW SRO\PHUV" ODFURPROHEI

> @ % 3HGHUVHQ GLONKNRIQE\B 21 /DLZHN RRQR BIDXQR SKRV SK
FRPSRXQGV ;; 6\QWKHVHV Rl WKLRNKMPRQJ MWV %XHOMDIHWLQ GHV 6



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LI
DQG $URPDWLF .HWHQHV







&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

$V VWDWHG LQ &KNBWHQH G@LPBWE\EW B\WH HDAWPHREH] W K
IHZ PRQRPHUV ZKLFK ZHUH FDWLRQLRRODMH WO XFHUNIHG &
> @ 7KLV UHVXOW LQGLFDWHVWXK LVE PSR VWDEMOLRM\VRI |
PHWK\O RU HWK\O VXEVWLWXWHG NHWHQHV

7DNLQJ '0. DQG (. DWUZRINUPQE&EBY D OP B KXW H WKLY N B W
0(. DQG GLHWK\ONHWHQH '(. ZHUHFHVW\Q WHKWW & KD
VXFFHVVIXO FDWLR®RE 8ROHPHH\ [DRQE DWQ WXIWE RIQQKO V UL
UHSRUWHG LQ WKH OLWHUDWXUHS ERWH® KER ZW DRW\R KG HA
VWXG\ HWK\OSKHQOGNGIMEHK® )\ QNHW HGH ULBPHDAR XU H

ORQRPHU 6\QWKHVLV

$00 WKHVH UHDFWLRQV VFKHPHY ZHUH WDNHQ IURP WK

OHWK\OHWK\ONHWHQH O0¢(.
0(. ZzDbV IRUPHG E\ GHFRPSRVLWLRQ RI BHWBEW KHWK\O
WHPSHUDWXUH XQ G HU RRIGHKIFHIG WSRJBWMAUSHK BW H B LRXR PR G X UH

IURP WKH FRPPHUFLDO GLHWK\O P HWHK\QRD/OKRHMW HS UR F X
ZDV JLYHQ LQ $QQH[HV

JLIXUH 6\QWKHVLYV URXWH RI 0¢(.



ORQRPHU 6\QWKHVLYV

&RQVLGHULQJ WKDW WKH VWDELOLW\ QRWG ESHRHNH © &/H D C
PHQWLRQHG LQ WK HUB Y WO\ B VOXWKH \DVKHED PRIXRORHAUKRZ QGO+
VWRUHG DW & XQBRWSKHIHQ DQHXYRNGY DFOWRRQ DV

'LHWK\ONHWHQH '(.

6LPLODUO\ DV 0(. QUEBVES DHGHFRP SRV IGW HRG\DHP B /R Q
DQK\GULGH DW KLJBHWHBEBNBMWGXUSU BRWVX WH HV W R P WH.QRL
GLHWK\OPDORQLF PR G7RHIXUHNK WWEWVBDREFHG X QHSIQ QH[H

JLIXUH 6\QWKHVLVY DQG S\URO\W.V RI GLHWK\O PDOR

7KH ITUHVKO\ GLVWLOOHG '(. PRQRPHUDZDYV f & WRUGHU L
$OSKDJD]E QLWURIJHQIVBEZDWDLYRRAY DV SRVVLEOH



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

(WK\OSKHQ\ONHWHQH (3.

(3. ZDV SUHSDUHG IURP SKHQ\O EXWRGERUR FKQRWLB
UHDFWLRQ )LIJXUWQWKHWE@®F BKR M AQU$SQZNMHIHWDLOHG

JLIXUH 6\QWKHGHKVGURFIEORULQDWLRQ UHDFWLRQ

7KH SUHSDUHG (3. UHPDLQHG WR EHWKMDIBJGHHH JIIRUW XQ GMR
DUJRQ DWPRVSKHUH > @

'LSKHQ\ONHWHQH '3.

'3. ZDV V\QWKHVL]HG VLPLODUO\ DV (UHEFWLRIHKYEY!
SURFHGXUH LQFOXGHYV DQ H[WUD \RQI3 QB WD BIUG FKOMRWLB €
FRPSRXQG )LIXUH KHWIGF SERPHOWEO EQYHIHWDLOHG

JLIXUH 6\QWKHGIHIWKKRIURFEORULQDWLRQ UHDFWLRQ



&DWLRQLF +RHFRSIRROQPRIU.HWHQHYV

7KH '3. PRQRPHU ZDHHD UWE EHRGY IMDNIEH QDWWMGHU $OSKDJD]¢
QLWURJHQ IORZ EHIRUH XVH 7KH EWHEVOHRAW BRD 'RY AD WVI
f& )LIXUH 7KH GHFUHDVHURN N D DQHIEOR/M WE H WKHPFRW R U H
SRO\PHUL]DWLRQV RAFWHGHRG®@ IFRHY/EONWS WRS DYRGGYRPID)
LQIOXHQFH RI PRQRPHU LPSXULW\

JLIXUH , 9 VSHFWHOG RWHLWHVYVHQW VWRUDJH WLPH

&DWLRQLF +RPRSRO\PHUL]DWLRQ RI .HWH

$00 WKH UHFRYHUHG NHWHQHV ZHXI) G&NMLR BB 6 KIDQ@ DV ED (
QLWURJHQ IORZ DRREMWERKWE G X\LAF NFAIDWKLRQL B | 3/RHQ\ PAMHKUHLL UV
2WKHUZLVH VWDWH®QDFJBR A UTHU IFDWILRQV V HRWS WRIP E RHGS E
SUHYLRXV ZRUN ZDBVIDHURHMH G HD @WHHROQR W H FF&H LIDDQMKXG B R
GLFKORURPHWKDQH DV WKH RO ¥BR®R PHHRA@RFPHLVER U @
7KH H[SHFWHG UHDFWLRQ VKRXOG SURFHHG DV )LJXUH



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

JLIXUH '"HVLUHKGPFHDM IRWLRGRI WKH IRXU NHWHQHYV

0(.

7R UHDFK >0(.@GP'RD®QPK\GURXVZO®Y ILUVW DGGHG LQ
GLVWLOOHG 0(. E\ D JDV WLJKW V\UEQOH |HIGWHN WKH G H
WHPSHUDW XUIHQ L WLIRIOVR U L @ OZPDKA ®BRHG 8+QWR WKH UHDF\
WULJJHU WKH SRO\PHUL]DWLRQ DF ERIU\G L@IWRRL BXDAEQWR_FYH
PHGLXP ZDV NHSW GNHI®IUHIG DMH MSKHRUDMRAHG CEDG NV WHRQL
WHPSHUDWXUH RYHUQLJKW EHIRUH WWUHQL QW HEW HEE R
UHDFWRU WR QHXWUDOL]H UHVLGXDHU INPWHREVFRQGLWQIE
UHVXOWYV ZHUH VXPPDUL]JHG LQ 7DEOH

7DEOH 6XPPDU\ RI FDWLRQLF SR®&\DHWLKDOMHROHBRQ G LW L
QLWLDW PSHUDWXUH
5XQORQRPHU "\ oy EROYHJW g 5HPDUNYV
] UHDFWLRQ KDUGO\
0,
$O0%U ! SURFHHGYV
. UHDFWLRQ KDUGO\
$0&0 ! SURFHHGYV
$0&0 UHDFWLRQ KDUGO\
0(. &+ &80 &*t&O SURFHHGYV
$0&0 i UHDFWLRQ KDUGO\
&+ &&0O SUREHHGYV
8)62+ i UHDFWLRQ KDUGO\

SURFHHGYV

8QIRUWXQDWHO\ QR SRO\PHU ZDV URI@GRMBHHGPHEW W K



&DWLRQLF +RPRSIRROQPRIU.HWHQHYV

()

IXPHURXV LQLW L DRSRHUN WXHIBIMWDRG M@ O Y KB WOH DU B F
SRO\PHUL]DWLRQ FRQLIHRK WV ORPO UHMG LQ 7DEOH

7TDEOH 6XPPDU\ RI FDWLRQLF SROKRONHWMWQRQ FRQGLW

"LHOHFWULF
5XQORQRPHuQLWLDWLQJV@W@MHQWRQVWD&%@ﬁBHPDUNV

VROYHQW
&+8&0
$0%U 7ROXHQH
ILWUREHQ]HQH f
&&0
&+&0 i
|
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'0) |
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&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

JLIXUH BUHSDUDWLRQ RI D VSHFIIFOA GV QWWEBG DFLG LQLW

+RZHYHU QR SRO\PMHUWD ARXOWE @ H REWL R XGL VR O Y AW WG\ H ¢
FRQVWDQWY DQG VHYHUDO W\SHV RLW QR YW DFVRRIUYL WH P MR
OLJDQG %U{QVWHG DFLGYV

*& 06 DQDO\VLV )LIXURILWK$IQOQHPFWLR QWAHGW X'R .SBRY
HITHFWLYHO\ V\QVEKOR W] HEG BRW\PRKMO]RGGLOWAHRY W KHWMH H V!
HWKDQRO PDLQRDHOGXFBEMW IQHE )LIXUH

JLIXUH BURGXFWYV IURP '"(. DIWHUGSKRWOHNFH 5 L WDDWLIRRYQ SR AMGK

(3.

7KH GHWDLOHG SROANPRQVY |IDYVERMHVFRBG W QHADHEUNKPPDUL

7DEOH 6XPPDU\ RI FDWLRQLF SRMFEKNHNQIDWHRBG FRQGLWL

SXQORQRPHU’Sh%hiy%Q$YHdWPﬁ;UDWXUH5HPDUNV

. UHDFWLRQ KDUGO\
0,
$0%U : SURFHHGYV
UHDFWLRQ KDUGO\

$0&0 ! SURFHHGYV

$0&0 UHDFWLRQ KDUGO\
(3. &+ &0 &*&0 SURFHHGYV

$0&0 i UHDFWLRQ KDUGO\

&+ &&0O SURFHHGYV

. UHDFWLRQ KDUGO\
&)62+ ! SUREHHGYV




&DWLRQLF +RPRSIRROQPRIU.HWHQHYV

$00 WKHVH FDWLR@LIPD SROGPWRL]DWL BADORMUY Y& X UH
$QQH[HV RI WKH URDOW LSRUR PHG WXRHHSWHNUHRBB RF MK N W
IRUPHG DIWHU QHXNMMDIDQRIDW LR QX AW IGHG7 KYV GHOFEHY W
VXFFHVVIXO VIQWKPNUVWRIG (8 QP R®ROMPHU EDWLR@L F RRG L W

JLIXUH SURGXFW IURP (3. DIWHU SROWIHSULWDWLRQ 5QRPMIGD

‘3.

7KH GHWDLOHG SROANPRIQV I DQERMHVVFRGBG W QHADHE UKMPPDUL

7TDEOH 6 XPPDU\ RI FDWLRQLF SRONRNONHDWHQ®I) FRQGLWI

5XQORQRPHIQLWLDWLQBROWWMGm T SHUDWXUR  bhgNy

f&
, UHDFWLRQ KDUGO\
0
$0%U &0 i & SURFHHGYV
$0&0 &0 i & ., UHDFWLRQ KDUGO\

SURFHHGV
UHDFWLRQ KDUGO\
SURFHHGV
, UHDFWLRQ KDUGO\
3 FROXHQH I SURFHHGV
, UHDFWLRQ KDUGO\
$0&0&+&&0 [ SUREHHGYV
UHDFWLRQ KDUGO\
SURFHHGV
UHDFWLRQ KDUGO\
SURFHHGV

&)62+ &+&0 i \LHOG ROLJRHVWHU

103 i

&+&0 1




&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

i \LHOG ROLJRHVWHU

\LHOG ROLJRHVWHU

7TROXHQH \LHOG ROLJRHVWHU

UHDFWLRQ KDUGO\
SURFHHGYV
UHDFWLRQ KDUGO\
SURFHHGV
UHDFWLRQ KDUGO\
SURFHHGYV
6WHDULF %F+L&% p UHDFWLRQ KDUGO\

% & ! SURFHHGYV

D \LHOGV ZHUH FDOFXODWHG E\ ZBHLJBMW 8 H WBAH{FN SRIWRDBW RIQQ HRY SBOHAHIUPRQRPHUV

0)

E— +&02 &+&0

$V VKRZQ LQ WKH WHIBOIR PLIRV WQ RWWE\NR HYV WK D WG DNF W
WKH RWKHU NHWHQGMINODERWH) LIK 08 WX QGDAHWLARQ PHGLI
WKH HVWHU DQG DFLG FRPSRXQG IKDRR® D)MWHKWU H HXW UK
XQUHDFWHG '3. PRQRPHU ZDV LGHQWLILHG

+RZHYHU ZKH@2¢VDYILQA)LWLDWRU &Q WROYHDMWAVDOLAV & +
GLHOHFWULF FRQVWDQW SRO\HVWHUVHIRERDXDWB JRKRLG/
ZDV TXLWH VXUSULVLQJ VLQFH WKV VRW DWW ODRWRKIHIUD INGIMVAH @
IRU '0. > @

JLIXUH $Q XQGWHR/RUHGCGOHVWH ISR ORPHHIGAXDW LIRQGSSUHFLSLWDWL|

7KH UHVXOWLQJ SRO\HVWHU VWUXFWXBH SBFWED DaQ GZD
105 / b & E& F& a EHQJHQH & SSP L&
& &0 $ VLQJOH VWURQJ DEVRUSWLRUWHEDQGDRW WKH BHD



&DWLRQLF +RHFRSIRROQPRIU.HWHQHYV

SSP RQL05 )LJXUH E KW KH BLU/RWHHGF W RO GSRIOMNHR @/ H U
+ 105 / + + SSP L&EA@&VSHFWUXP ZDV JLYHQ LQ )L
JLIXUH )7 ,5 PRQLWRULQJ RI 5XQ V a '3. EDVHG SRO\

JLIXUH + 105 VSHFWUXP 0RO Rf & X&' '3. EDVHG SRO\HVWH!



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

JLIXUH & 105 VSHFWUXP ORJO RfF& X&' '3. EDVHG SRO\HVWH.L

B DQ&Y$ ¢ UDWLRV GHWHUPLQHG E\ VL]H H[FOXVLRQ |
&+&0ZHUH HVWLPDWHG 300$ VWDQGDUGVKWMW @RBEMH WKMD
J PRO/HH 7DEOH

7KH WKHUPDO SURSHUWLHY ZHUH DPWR D WK H UG VB Q/V
JLIXUH DQG DQ H[HPSOH RI '6& WXHQ RRJ VDX URIU 5XRW
'6& ILIXUHV LQ $QQH[HV

7TDEOH SBURSHUWLHV RI 5XQ & '3. EDVHG SRO\HVYV

$id $s Qe B y+2
5XQ 5ko 1 PRO M Ty f& Q°KHDWL Q4R f &€l f&

D FDOLEWSWIORH RI6(& ZLWK SRO\ PHWK\OPHWKDFU\ODWH VWDQGDUGYV



&DWLRQLF +RHFRSIRROQPRIU.HWHQHYV

JLIXUH 7*$ VSHFWUD RI 5XQ a '3. EDVHG SRO\HVYV

JLIXUH '6& DQDO\VLV RI 5XQ #$'3. EDVHFRORO\HVWHU

([FHSW 5XQ WKHVIHE BWE® 8 B R IH WKUHREPIDED V WDIEQ D WWR\
VKRUW FKDLQV



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

JRU WKH '6& RI 5XQ )LIXUH MAK B R YWKG1 B H U/ |
SURFHVV RIITHUHG DQ REYLRXV PHOWRQJ WRLOQWZRIWFK G&GF
HIKLELW DQ\ HQGRWKHUPLF WUDQRD®DRKY WARXWHWKIMWNDRQ
FRROLQJ DV DOUHDKG\OR EVDHWHGCGHSERO\HVWHU > @

5XQ DOVR DIIRUGIHWGKDD SRIDOBDMUL YHDQ KLWKRQ WOHDPSWH U
Ty WKDQ WKH RWKHU WKUHH SURGXFWE8 RUHB\XMHG WR WKH |
JR[ HTXDWLRQ ZKLFK UHODWHY PROIRH¥FXRO® W HARSHWD WHXRJ
SRO\PHU > @

&L &k
a
ZKHGHgy LV WKH PD[LPXP JODVV WUDQVLWLR® DMHBSHUD

WKHRUHWLFDO LQILQLWH \VPP@QHAROSDWLEEBHOIEWUDREWHU WK
IUHH YROXPH SUHVHQW LQ WKH SRO\PHU VDPSOH

+HQFH )LJXUH WKOO XHWKKDDWLRG [|IBDUDVWRIPN HD RS ORRRAP
SRO\WWW\UHQH ZDV GHVHQYWHINSE @ .J PRRZHUH REWDLQHG

JLIXUH *ODVYV MHUWUIMQWXWH. R @ UNV/EHRIWV PIRQHW KB CREWHILIQHG '3. ELC

SRO\HVWHUYV



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

7R FRQFOXGH WZR PDMRU IDFWV FDQ EH KLIJKOLJKWHG

HYHQ LI 0(. > @ '(. > @ DQG (3. > @1 G HALMV B O U H
DQLRQLF LQLWLDWWRHWY W RV EHY B XPRIQ\RPRQ 6 [ SH RGPV
XVHG LQ WKHVH FDWLRQLF SRO\PHUSRIMDWNRWR Q3H Y
VWUXFWXUHYV

'3. DITRUGHG DLIXR/ZSRQRBDWHNHUAWUDQWY RRDW L
ZKHUHDV DQLRQLF LQLWLDWRUV ZHW@EH XQVXFFHVVI;

2ZLQJ WR WKH VSHFLDO +202 DQG /802 WSIB/RLVMHOWRKILDLM QY
PHFKDQLVPV LQYROYHG LQ WKH LR ®LFSRO \WPHWR OPDYWM IGR\GIWV F
DIIHFWHG E\ WKH VWHULF KLQGUDQFHFRRISOKUHE @WIR | B URX
SURFHVYV

&DWLRQLF FRSROWHKH'ULPHDWHVRROWNHAWHQH 'O

$V DOO RI WKH DERYSH UIFRXIWP HGH WHQ H VSIRQR UF DMA IDREQWLLFY
SRO\PHUL]DWLRQ FRQGLWLRQV LWWKMD U WHG RNOR PEHHU ILJ@WVH
‘0. ,QGHHG '0. LV D PRQRPHU ZKLFK KDVIEHGE QVRHEHD DAEKD
SRO\PHUL]H WR D SRO\NHWRQH VWVUXFWWHH MWQ SOERDAW PR (Q .
&+&&®V WKH LQLWLDWRU 7KH DOLSKDWHFWCLYBQG DUFRAL
XS DV WKH VHFRQG IPRIQWKHUSER RN LREIRJD XV RB WKEB VMW X H C

‘0. 6\QWKHVLYV

'LPHWK\ONHWHQH 'UL]EBVEV\QWRE\VLYVOKNGYREGNW)\WEE
YJLIXUH



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

J)LIXUH 6\QWKHVLV RI '0. E\ S\URGWLYV RI LVREXW\ULF

7KH DSSDUDWXV ZDVJXOEXVWUDKLHFE ZQW KLRLRBU G H \
GHVFULSWLRQ LQ RXU SUHYLRXV ZRUW RI @K H KH SHUY/LLRGHHD,
XS UHIHUUHG WR WRFHGX GH.VI H WH QWQ B KH VR \E'L \/ % $0 .
SXULILFDWLRQ DQG '0.,BB@OHFWPR® |20 ¥\FLEQON UR\S K FW K H
S\URO\VLY IRYHDQFRQVWDQW IORZ' URZLK) JD WRXQGGRVLQK S
)XUWKHUPRUH $ MULQJRYHG WKH DS\WHRGXFHG X QBELU QLV
SUHVVXUH ,Q FRQMXQFWLRQ WKH FRQWDMWLIQYI WD HBRKW H
ZLWK XQUHDFWHG ,W$1 % &Z BV S/HR G KMEVEL B0 PR % ®GC W IQU
f& FRQGHIWHUf& DQG' FR@WDI@HUKHQ JDVHRXV '0. ZDV
SXULILHG E\ EXEEOL GHPFDIQHRPIK i J&DIQXK | DM O\ WUDS S
FROOHEWAUTXLG QLWURJWGEHi V\N&V K B ERIQD Q\8 HSSM Z HUFHD R Y
J \HOORZ OLTXLG PR®RRBU ZOV REWWMMMHIDEBPUEJ XS V
WKH GHVLUHG WHPSHUDWXUH XQGHU (MW FRYVKHWILK KRK
GHWHUPLQHG E\ PDVV EDODQFH ZDV



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

YLIXUH $SSDUDWXV Rl VIQWKHY IR USEUDIQE DUMHIDFQV B Q G RAR (

FRSRO\PHUL]DWLRQ

&RSRO\PHUL]DWLRQ RI "(. 'O.

([SHULPHQWYV
7KH '(. DQG '0. PRQRPHUV ZHUH SUHSDUHG(.DZ BVYHYLR

VWRUHG LQ VH DBOXGGHRWHMDEHD IDYE fE HJ RW HRIHH) DORZ '0. Z|

XVHG LPPHGLD®/H OJHMKMHUVEPHW KHVL]IHG

7KH FDWLRQLF SRO\PHUL]DWLRQ FRQ @RWNRDNWURSIVGRE I\
LQ WKH SUHVHQW FRSRO\PHUL]DWLR® >D@K\GHEKNIKQ WH
WKH VROYHQW &£8O&PL[WXUH DV WKH FDWLRQLP RQLWLDWR

DQG >ORQRPHU@LDWRU@

7R UHDFK WKDW WKH SUHSDUHG '(VEOV SGUHSTRAWH® 'DG G
&+&0OE\ D VI\ULQJH DFFRUGLQJ WR WKH,:ZzHQPis FDOFXODWHG
DQG $IWHU WKH WHPEHUWDMX DRV RV KUHH B HW RWH.

PRO /$0&0 &+ &0 HTXDO PRODU URWZBVW LXWWHKH UL QD@ &EHG |



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

UHDFWLRQ V\WWHP WR WULJJHU WKH SROLWHDWRWERQ Z|
UHDFWLYH PHGLXP ZDV NHSW GXULQJDWKWMOO\ fRDBR GV W |
WHPSHUDWXUH IRU DGGLWLRQDO IGRQV $EEHIRO XWHK HWKHDQ
LOQMHFWHG LQW R PWKELWHKDE /® ) MMRWWHD@H YHDQHEV L G X\W OD W R
PLIWXUH ZDV SRXUHGW\ RIRDEN BDHKNR PRIXE K B PIRSL WRWHG S
7KH REWDLQHG SRO\PHUV ZHUH ILO WMKD® RDD I RIGGGWH ¥
YDEXXP DW f¥% ERIURUGIDZHLJKLQJ DG & DWHF Q. BX O D KH &L HD

UDWLR RI UHFRUNUMB WRSRFORRRPHU IHHG

&RSRO\PHU 6WUXFWXUHYV

7KH FRSRO\PHUL]DWLRQ UHVXOWYV RI '"(HDQG 78H ZHUH
KRPRSRO\PHUL]DWLRQWRH'L.QFQ&GHG IRU UHIHUHQFH

JLUVW RI DOO ZH FDQ QRMWLF,H WKDWXR |HH® YD \WLRHOC
DV ORZ DV Z K L F KWZKHD B L QS HHUHGHBR O\ PRIFULHDWLR Q \RKH |
UDWLR FDQ UHDVRQHMO®m URIURRHWMNENY N H KD NWHWDFEWLY |

7DEOH S5SHVXD® 'Rl FRSRO\PHUL]DWLRQ

JHHG RI PRQ/ ORODU UDWLR LG <LHOG\PHU
5XC( ORQRPHL v Toaw >'0.@ > (.@

‘0.
. DQG
. DQG

o O O O

(
(
. DQG '(
. DQG '(
%

D \LHOGV ZHUH FDOFXODWHG E\ ZHLJBMW 8 H WBAH{FN SRIWRDBW RIQQ HRY SBOHRHU PRQRPHUV



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

7KH VWUXFWXUH RI '0. '(. FRSROYPHBV/ZDV FRQILUPHG
+ +SSP L@B@QG +),3 &DIPG / b & E& F&

& H& I & ;7 &SP L@GB@DQG +),3 DQG WKH UHSUH
5XQ ZDV LOOXVWUDWHG E\ )LIXUH QV DHGH )BURWYH GHG
$QQH[HYV

7KH FKHPLFDO VKLIWV DURXQG 105 DREFWUDSSRIIABYV W
HILVWHQFH RI '(. IUDFWLRQV LQ WK\WMLRRSHDWLRNV FDUH FD
E\ LQWHJUDWLRQ DQG OLVWHG LQLWXMHOMRDPRXM QW@ EOBSFK.
105 ZHUH SURRI Rl WKH H[FOXVLYH NFMERRGH UB8HDW DRQD X
SRO\HVWHU QDPHO\ QR FDUERQ\O DURXQG SSP

JLIXUH + 105 VSHFWUXP 0KRJO +)&3 &R 1 5XQ >'0.@ >'(.@



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

J)LIXUH & 105 VSHFWUXP OKJO K3 &RI 5X@.@ >>'(.@

2Z2LQJ WR YHU\ SRRU VROXELOLW\ LQ YAHRPW R QQLRQBROHH\F\X
ZHLIKWYV FRXOG EH GHWHUPLQHG

7TKHUPDO 3URSHUWLHYV

7R YHULI\ WKH WKHUPDO VWDELOLWLHNWRUWKHMHY LP.HW
DQDO\VLV 7*$ ZDV DSSOLHG )LJXUH



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

JLIXUH 7*$ VBHFWUPRBIRO\PHUYV

&RPSDULQJ ZLWK 3'0. KRPRSRO\PHU L\WWDRGKIRWIRR)F @
'(. LVRODWHG XQLWVY LQWR WKH PDS6HX DMWY FiDZXH/UH W B AIS H
HYHQ LI DOO WKH FRSRO\PHUWVWLO Q@ &U HHRYLHEHR B¥W D E O H
UHPDLQHG XQFKDQJHG DURXQG f& KRIPRFROSTHIHG OVR V
$00 WKHVH WHPSHUDWXUHV ZHUH JDWKEHUHIGHLIQQTOEBEFH
IUDFWLRQV RQ WKH VSDWLDO FRQILBK UDNWGERGF RV WHGH LER €
SDUDJUDJK 6XUSULVLQJO\ WKH SURGXFWVROBWEB®G XGRW
H[KLELWHG D UHODWLYHO\ EHW W HAK MAKH D P & IVONVD BIRD H\S\(

7TDEOH 6XPPDU\ RI WKHUPDO SURSHWUWLHV RI '0O. (. F

Tm &
ORODU UDWLR LQ E'RKSIRGP@ILY - J b
>'0.@ >'(.@ Tm & QCKHDWL®J
QCKHDWLQJ

f &  f&

5XQ

'0. +RPRSRO\PHU




&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

$ FORVHU ORRN VKRZHG WKDW W KHGWLKHUR WY & VINDGDA
WR WKH VPDOO DPRXQW RI '(. LQ WKHXBRSR/OZXPBIVL \ZRO DXV
PDLQ '0. FKDLQ GLVFXVVLRQ LQ GHWDLVD\ EHORR HVRQLP 2 W
DFWHG OLNH GUDHUYHBRLRW R @ IBHAMMUDR 1RW O RQHWRH OL
EHWWHU WKRXJKWVRITVRR &K FARPRIOMIIRD Q\IVUP U RZGKH R 1 WK H
OLQN LQ WKH SRO\PHU *UHDW :DOO X®HQ FHEDRQHGW\Y R VKW |
ZKHUHDV WKHVH PRUEHEXRPRWH pMKLD)WVNWH VKRUHMR KH LB
UHTXLUHPHQW Rl I[IUHHGRP WKH SROAAHIMRKQIWY EUMBPNY
GHJUDGDWLRQ RI ¥YHAHQOMKHFKDH QX KELEWQORVRK ®RE FX[BVDLQ Z
VWDELOLW\ RI WKH FRSRO\PHUV SHUIRWMKWHERUVH WKDQ W

$IWHU WKH FKDLQ KDYH DOUHDG\ EHAR BEHHGRP [REWR/
HILVWV WKH GLIIHUHQFH RI PRYHPHQ RO YHHIR/P DEH3N 2DH H !
KRPRSRO\PHU GLVDSSHDU 7KH VHFRQGW®HWKHFD WILWRRW
GLVWLQFWLRQ DORQJ ZLWK WKH ULVLQJ WHPSHUDWXUH

JLIXUH 7KHUP DRI GHJUD.GERELIRRG P HUMWX DWWLURK SRLQWVT



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

7KHQ GLIIHUHQW LIPH{WBED Q'®&Q W AN MRLUZ Mg KA R @G RO B
SRLQW DQG PR Ut SPHOMEROMHQONKDOS\ RI DOO WKH FRS
GHFUHDVHG E\ WKH LOQWURGXFWLRQ REZKLFKQEZWNYV DGHWDLLED
WKH '(. ULJLG pM BHQMPM V \EN HOK B V3 'O WEIK\FAMMOUOHD LEXHD)  EH
GLIIHUHQWO\ IURP RWKHU 5XQV DV VKRZDW FKRYXQHDV
UHSUHVHQWDX\@ VYBIU iR \S SIQWMHP MAH G , IEKHHWE DD FU\WWDOOL]D
DURXQGD@®&EH VHHQ FOHDUO\ XSRQ KHDWLQJ

S$OOTWKHWKHVH VHULRRX G SRFOWPEHHWHOG® EO\ PHDVXUH

JLIXUH &RPSDULVRQ RI '6& VSHFWUD RI 5XQ 5XQ

(YHQ LI KRPRSRO\AHEBERPOWAE @R IEH BRROLPNBIG DMWR @ R L
'0. ZDV D VXFFBHMWD BKHRI WKH REWDLQHG FRSRO\PHUV ZH
VSHFLILF FRSRO\PHU 5X0Q ZLWK D XQLW UDMIKR [R IE &'RDE
SURFHVVLQJ ZLQGRZ ZDY&EWDLP&G 7KLV FRSRO\PHU EURD
IDPLO\ RI PRUH SURFHVVDEOH 3'0.VSROLPHY PRI W IVIKQ D(



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

XQLW UDWLR RI >'0.@ >(.@ V VA R WNK HIWVIW HESL W ® X U S |
DQ& f& > @

&RSRO\PHUL]DWLRQ RI '3. ‘0.

([SHULPHQWYV

7KH '3. DQG '0. PRQRPHBD UAHA HD\S G HV FULWHGE D¥ R PH
SRO\PHUL]DWLRQ FRQGLWLRQV 6LHKIEY BREBUAHHG UDW
DQG

&RSRO\PHU 6WUXFWXUHYV

7KH FRSRO\PHUL]DWLRQ UHVXOWV RI . DQ®BGKH .SRRWH
UHDFWLYLW\ RI '3. 1@QHUDWGE'G GINFOLEREBIHDM R IMKHG |
UHDFKLQJ D PLQLPXP RI 5XQ

7DEOH 5HVXD®® 'Rl MRSRO\PHUL]DWLRQ

JHHG RI PRQI ORODU UDWLR LC <LHOG\PHU
5X ORQRPHL " " . .
¢ Q pyw plw >'0.@ >'3.@

‘0.
. DQG
. DQG '
. DQG

o O o o
w W w w

. DQG '
'3,

D \LHOGV ZHUH FDOFXODWHG E\ ZHBLJBMW 8B H WBAHHFN SRIWRDBEW. R HRY SBOHAHHU PRQRPHU YV

7KH FRSRO\PHU VWUXFWXUH ZD\WW GHWHQPHQH SS  +
LQ &ODQG +),3 &DIDG / b & e& a EHQJHQH &
& &VKRXOG EH DURXQG SHDN LV WRRS\SPDD@@VR EH R
DQG +),3 VSHFWUD WKH W\SLFDO 5XQ D QBN J>OUORW KHID W |



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

5XQV DUH LQ $QQH[HV &$BAPRWSIHFWWRPWERWK WKH SUHYV
DURXQG SSP SRO\NHWRQH DQG WKHSSPEVBRDBMNHRWNU.
GHPRQVWUDWHG WKROQMH RQQAXRNMDWH NHOW KRSX W XHY QYH UW |
FRSRO\PHUL]DWLRRD WKIQ VL YRMPEWMYH3. IUDFWLRQ FD
FRQILUPHG E\ WKH VLIQDOIPWRENB®QSYRI@DOV DURXQG
& ecHiIRW 105 7KH 'O. ‘3. PRODU UDWLRY LQ GLIQHWKAW F
IRUPHU WDEOH ZIFBH GID@IFWEDWHKIHERILDRHANI KADWDRL\RQL DQMG. RV R
DVVLIQHG + OUOBDURP GLITHUHQWQIXWNKHARASDRI RRQRPHU
PRODU UDWLR L& FDSR bEP WR(@MO WERMX FX 2BIVV UHDFWLYH V
'0. PRQRPHUV 7KH UW RFWLKHWH WIZ W IFRRRXR/PR/HHGY CCOUMHHG

JLIXUH + 105 VSHFWUXP 0RO +)&3 &R 1 5XQ >'0.@ >'3.@



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

JLIXUH & 105 VSHFEWUXP O0K]JO +H&3 &RI 5X@.@ >>'3.@

7TKHUPDO 3URSHUWLHYV

7*$ VSHFWUD RI '0. '3. FRSRO\PHUV DQGFRRSDOHKRIPAR S
JLIXUH

JLIXUH 7*$ VBHFVBUBRERO\PHUV



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

,QWURGXFLQJ '3. XQLWV LQWR WKH FRISFEOMPAKILBBHD U (
6E0¢CFRQVWDQWO\ UHPD L& VGBI WDAQE V HEHL FDEHKHD YLR XU FDQ
H[SODLQHG VLPLOMB WQYCEX HQKH RW MRKH VB K H Q/\SDD WULARXS FRQ ||
Rl WKH SRO\PHU AKRRY WKH YROWBRRXS WK RXFKHBLOIHU W
HWK\O WKH uUMRLQWVY LQ '0. '3. FRSHR ®\R HKWD WHEZRRRKPR
JLYHQ SURRI E\ WKH VLJQLILFDQW ZHLJKW ORVV DURXQG

7DEOH 6XPPDU\ RI WKHUPDO SURSWUWLHV RI '0. '3. F

T [&
)UDFWLRQgD R V"KHDWL@HL -'J o
SXQ S0 @ >'3. Y Tm &  CCKHDWL®J
QCKHDWLQJ

f &L f &

‘0. ‘3. FRSRO\PHUV ZHUH DOVR DQDO\]HKE ERSRO\PKMH P
I[URP 5XQ ZDV LOOXVWUDWHG E\ )PRSWRO\PHW RIRIRVEKQ Z
WKH GHWDLOHG GEWB ZDWURHETQPUM EMSRO\PHUV HYHQ ZF
VRPHWIL.PB@Kn RI DOO WKH 'O. '3. FRSRO\PHUV GHFUHDVF



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

3'0. 7KLV DOVR JLYHV HYLGHQFH WRQVRB &/ X\WKeHH VW M O LFRISI
LQIOXHQFH RI '3. RQRWIOK F B SSROLWNWWDDQG QN MH L B XW\ W K H
WKH ULFKHU '3. FRSRO\PHUV 5XQ SHIMPEG D ORXQLWEZL L
GHJUDGDWLRQ

JLIXUH &RPSDULVRQ RI '6& VSHFWUD RI 5XQ DQG

,Q FRQFOXVLRQ WRB RRSRQAPWKLIDWHEHG HEXWEHQYKH WKH
SURSHUWLHV RI WKMHHBRE WHUHH G UHRPFORMOGF D OD L \@ HKF U B D VF
FRQFRPLWDQW WR GHJUDGDWLRQ

ORQRPHU UHDFWLYLW\ UDWLRYV

7R IXUWKHU DVVH\WRS VW ICULIHQ B QEQCGLW.L AVWRI "@3..
WKHLU UHDFWLYLW\ UDWLRV ZHUH UHVSHFWLYHO\ HVWLPD

%LEOLRJUDJK\

&RSRO\PHUL]DWLRQ KBHDH VEEAHQV H VB WA BRWHLIGH WRURD \Z\lV W
E\ YDULRXV PHWKRG® DODBENOKRXJIK PRUW GIQFTRAD $HRBHVVHYV



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

7DEOH /LVWLQJ RI WKH YDULR XWVHDHWHR GW\XVBIE LRR HV\
OHWKRG 'HVFULSWLRQ 5HIHUHQFH
%) %DUVRQ )HQQ %DUVRQ DQG )HQ
(90 HUURU LQ YDULDEOHV PRGHO 'XEH HV
H[ .7 H[WHQGHG .HOHQ 7XGRYV 7XGRV HW
)5 JLQHPDQ 5RVV J)LQHPDQ DQG 5RVV
7 .HOHQ 7XGRYV .HOHQ DQG 7XGRV |
0+ ODR +XJOLQ ODR DQG +XJOLQ >
0/ OD\R /HZLV OD\R DQG /HZLV > @
70 7LGZHOO ORUWLPHU 7LGZHOO DQG OF
<%5 <H]JULHOHY %URNKLQD 5RVNLQ <H]JULHO

$PRQJ WKHVH PHWKRGVY WKH OLQHDU WKRNGGQHI® UHROMU
VIVWHPV UHJDUGLQJ LWV FRQILGHOQFE®VIRPQ ERWK ORD IDIEL
FDWLRQLF FRSRO\PHUL]DWLRQ V\VWHPWBEXO0 D\@L RB® @ HWKIHH
LQ WKH IROORZLQJ HTXDWLRQV > @

'"HULYLQJ IURP WKHVOBTR MWICR (HZDV SRRY LG H GDL QL FrX®mHN
OLQHDU HTXDWLRQ ZDV UHDUUDQJHG E\ )LQHPDQ DQG 5RV

dM M MM
dM rM MM

,Q WKH DERYH HYGOUWHLR®HUPRQRPHU UHDF®G WU UDWI
WKH FRQFHQWUDWLRQ RI PRQRPHWGW LY WKH UHDMA R7RH AR
LQVWDQWDQHRXY LQFRUSRUDWLRQ LQWR WKH SRO\PHU

X Y

,Q WKH DERYH HTHXDWDRGL Isal, DUH WKH PRODU UDW
PRQRPHU LQ WKH |BWGRXGLEORYWKHQWRIYR@WPHU UHVSHF



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

$IWHU WKDW .HOHQ DQG 7XGRV UHIDGHKGE QN KHQOD Q HIDW
SRVLWLYH. FRQWRDWKHWLQHPDQ 5RVV HTIXQ® YV RQJDSPDG W\ D |
PRODU FRQYHUVLRQ7KIHWMKH RRYRPHEYVX PRURXVHIXO DQG
DFFHSWHG PHWKRG IRU WKH HVWLPDDV IREQV RIL QHHD HW HQL i
FRQYHUVLRQV DBV SR RDWHDE®BELVVD LV D VWUDLJKW O
‘NENY DQG LQWHUBFHSW DV *

rg r :
r 2 5 . /

,Q WKH DERYH HTHPMWQWREY ZHOWG WKW BIOOHG DV EHORZ

G
D F

K

G

7KHVH HTXDWLRQVEPBREBXGHQLY WE R GRRAWL [FQ RO F
DQGDQG WKH LQWHJUDO

ORJJ
ORJJ

JY
/5

W P X

/ PY



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

KHWHLY WKH ZHLIKWWMWHKCHSGUDWGR RI PROHFXODU ZHLJK

RI' 0 PROHFXODU ZHLJKW RI1 O

(VWLPDWLRQ RI 5SHDFWLYLW\ 5DWLRYV
(( WHQGHG .HOHQ 7XGRV PHWKRG SDUDPIWWUWWR P /(. '
ZHUH FDOFXODWHG DQG DUH SUHVHQWH®VY ®@O@RBEOHVHW DD

ORQRPHU '(. bQG '3. ZHUH UHVSHFWLYHO\ VHW DV ORQRP

'DWD IRU WKH FRSRO\PHULLJQW.IHRGHRI7TEGRY G DU L DHFW

7DEOH
5XQ X Y w 2 1 z F G
((aoelavs ® °
7DEOH 'DWD IRU WKH FRSRO\PHULJ@W.IHRIHR | 7R G R Q G D3J DLRGHAD
5XQ X Y w A 1 z F G
‘(aoelavas ® °

%\ SORWWLQJYSDVWIRPHWIHY WKH WM WIDKOWWHY LHER ZHUH

JLIXUH



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

JLIXUH .HOHQ 7XGRV PHWKRG DSSOLH&®R SWO\PHUY. DQG '3.

%DVHG RQ WKH VORSH DQG LQWHURNSXHRBH WR B ¥ K ODWVE

(TXDWLRQ
IRU '0. DQG '(. VIVWHP UU

IRU '0. DQG '3. VI\VWHPUU

W FDQ EH FRQFO X G HXBQ B\RW KW KGIL W RQEW WHPV WKDW
UHDFWLYH WKDQ '(. DQG '3. ZKLFK P®U DUHAHK @ WW K R PE WE M\ \
DQG SKHQ\O VXEVWLWXWHG JUHRPCSM AHGRE FRQOQIRWKLQ.
DQG '3. FDQ SUREDERD(PRWIHHG/HQWR D SRO\NHWRQH



&DWLRQLF FRSRO\PHUL]DWLRQ ZLWK 'LPHWK\ONHWHQH '0.

JLIXUH " SUHGILLEG WIHWGI WSDUFXF W XDUHE 'BL '0. ' (.

+RZHYHU FRPSDULRD'Y. ZLWK Rl '3. VXJIJHVWV WKDW '3
PRUH UHDFWLYH WKDQ '(. ZKLFK LVGGLURPXWKH WR HZFEEHRH (
HOHFWULF FKDUJHOBKWQOQR® DVWEKQ WIFHW W HEKHRKGSH EW O DF
EHWZHHQ WKH & & DQG & 2 GRXEOH ERQW L YH) 6 KIXWIMHKR U
ZKLFK VKRXOG QRUPDOO\ ZHDNHQ WEHF UWABWWPY L) WAXRIIH'3 .
7KH UHDO UHDVRQ IRU WKLV KDV QRW EHHQ ILIXUHG RXW

JLIXUH SKHQ\OVDR/GHOHZEQWU BQRXE GHAVWUBIRPYH YDA LW\ RI &

7TDNLQJ WKHVH HOHPHQWY LQWR DFFRXRWHJZIBIUBR Q/XKIHC
UHVXOWLQJ SRO\NHWRQHV DV LQWHKUFDOQPOWMHRPRSRO\PHU
‘0. NHWRQH FKDLQV ZLWK YHU\ VKRUM WR RMK 8L U O®DQD W G |
RI DQG)UJXUH



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

JLIXUH JRUPDWLRQ RI WKH LQWHUFDODWHG FRSF

&RQFOXVLRQ

,Q WKLV FKDSWHU L ]PDWW.IRFQ DFE LSRGPH@WR IN HRIKHIQG LPIR Q F
VXEVWLWXWHG E\ PHWK\O HWK\OGBQGYBKHRXY LQR WS \D KH
$PRQJ WKHP PHW\OHWK\ONHWHQH 0 (\O SEIHHQNG \KDHI\N WOl H( ?
QHYHU JDYH DQ\ SRO\PHUV HYHQ WXRWX DKQ G LU IHHIUFH/QLYR Q QA MVF
ZHUH DSSOLHG 'LSKHQ\ONHWHQH 'F.DWHR QRFPHER V¥ HF VMV
ZLWK WEKH &) QLWLDWRU ZKHUH D IXOO\ QHZUSRIDLNBIKW HD \R |
REWDBEHG J PRO f & f& ILUVW K&DWLQJ&DQG

$IWHU WKDW DWWUHP]$HW Y. WIRV FIR S\RFE NFHVCH Q 8 L HIQIBWB. D
W\SLFDO DURPDWLF NHWHQH ZLWK '0.UHREMWL XD LI FDRWM
PHFKDQLVPV DQG DEOH WR GRPLQDWHIQ\HIBHURI|BBPHKNGEGHWR
H[SHULPHQWYV GHPRIXOWFIRDS/RDGPWXIEFBW L'RQ D QRBU' ERW K
'0. HYHQ LI WKH UHDFWLSUWYH@WLRNVUIJH GLVWLQFWLR
SRO\NHWRQHV DUH FRQVLGHUHG WR BH R QW KU FDO.DWHIK
FRPSULVLQJ VPDOO '(. RU '3. LVRODWHSURQHWW LRV ZXULH KR
DIIHFWHG E\ WKH HPEHGGHG XQLWV IRQJ 'RIWHQ. PAHRIBR\C
GHJUDGDWLRQ ZKLOH DQ LQWHUHVWRDG JURFHVVRYR AP
ZDV VWLOOnREWPEEHHG f[&

,Q VXPPDU\ '0. FDQ BRQMLIGMI®G\GEBIW B WHIQM \PRHFRLADHOU
ZKLFK WKH EHKDYLRU LQ FDWLRQLB\SSRFOMRB WM RDRWR 8 UF D@



SHIHUHQFHYV

5HIHUHQFHYV

>@ + (JUHW - 3 &RXYHUFHOOH F 9RHDOPHIQIHD WL RGXRIHGL |
NHWHQH (XURSRIDWQBRO\PHU -

> @ 1 +D\NL 1 'HVLOOHV ) %XUHPDPHG ELSKDWIRQER G\RIGI\W R
RI HWK\ONHWHQH VARWO\PHU &KHP

> @ 0 - .RQ] +HUELFLGDO LVR[D]JR®WLGLQH >3@GLRQHYV 8 6 3

> @ + 6XJLPRWR QQRXBQDLQWKPQRLBYBONR)L®/H DWRL QRU WK
RI SRO\HVWHU YLD SRO\PHUL]DWLRQ LRV \WNHWHRG\3 KODLFWRPROH

> @ - 'RXJODV - ( 7D\ORU * &KXUF&KPLOMK $16& 3 6RMRWE C
$V\PPHWULF /DFWRQH )RUPDWLRQ |URP '$iUL6 DIDQWO % H @ HD-HH B
3\ULGLQHFDUER[DOGHK\GHV 7KH -RXUQDO Rl 2UJDQLF &KHPLVW

> @ -0 *ROO ( )LOOLRQ 7XQLQJ WHRHESHQHNWLHULMWAHRK I8
'LSKHQ\ONHWHQ@HO QURWDW QRPHW

> @ . &DOYLQ $ S3HQFLX 3 - OF,QH@M 0% .%PDUGO ,VREX
KRPR DQG LVREXW H\@®@H WNVPILHREH LR S\RX® W HIBWR US/UBRWMR F LD W H C
RI QRYHO ZHDNORFRRUWGDMRLWQYJ FPRXRRDIDQ SRO\PHU M

> @ + (JUHW 6\QWKgVH HW FDUD FWpK\OMpWIGRG G$HS/S S RPD A
SHUPpDELOLWp DX[ JD] 5RXHQ

>@ 0 %UHVWD] 6\QWKqVH HW FDUW E W pdX VLR p RK \ G A p B/IR|Q\
FRPSRVpV FDUBR@MODPR/XH Q

> @ 7 *) -U 3 - )ORU\ 6HFRQG 2UH8HMQGUDPHYDWHRBQ3URE &l
SRO\WWVWA\UHQH , ,QIOXHQFH RI OROHEXAXDVULAM.JKW -RXUQDO RI

> @ $ 6XGR 6 8FKLQR 7 (QGR 'HYHBRSPGI\@PWUR]DDV LARLYY
HWK\OSKHQ\ONHWHQH $ QRYHO DSSURPDHKLW RODHOQ® FERHOH® M G HW

> @$ 6XGR 6 8FKLQR 7 (QGR /LWIQHUWXQDS® HE STRNCH R/HIQH
DSSURDFK WR ZHOO GHILQHG SRO\HVWFHHQRBWEHWLY 3R RURMDD &

> @ + :DQJ 1 'HVLOOHV ) %XUHORQLPXHF VWV URPWEMW VD QWE R
FDWLRQLF SRO\PHUL]DWLRQ RI GLPRHIWHUN\GNHWROQW IODH) & RV\QDW® H G
-RXUQDO RI 3BRO\PHU3SRPLRRBHYEBIBWVS$V U\

> @ + :DQJ 6\QWKqVH HW FDUDFW HW \DIDW 8§ R Q WALH XHR/X |/ IS0 O
FPWgQHV 5RXHQ ,16$

> @ $ 3ROLF 7 'XHYHU $ S3HQOKXWIH UBDVHZVRMXGMKH/ HDVQ/GL
FRSRO\PHUL]DWLRQ UHDFWLYLW\ BDWWRY 3R®&URHUOEKIHPROWHBWU

> @' 0 6DUJRWWL - % 3 B6RDUHV Q¥ BRBORQ CPLA/U ( WKQWHKQHY L ]
D VLQJOH VLWH FDWDO\VW &U\VWRGIOQLIMWLRQ ® Q B O FWLLY ILUD\FWM
-RXUQDO RI 3RO\PHU 6FLHQFH 3DUW % 3RO\PHU 3K\VLFV



&DWLRQLF 3RO\PHUL]DWLRQ RI 'LIIHWHQWV$OLSKD

> @ & %DUVRQ ' )HQQ $ PHWKRGWRR VGHKNHU FRGR@JI PHUDLF
DUH LQIOXHQFHG E\ WKH SHQXOWLPBWEUBRBKS Q1 ISR PWAH B | VEFRW

> @ 0 'XEH 5% 6DQD\HL $ 3HQOLGHVOO)) ® PUFVRHF®RES 8\
SURJUDP IRU HVWLPDWLRQ RI FRSRX\WPHNQ]BWBRQ\PHD FOW L ¥ QW k
S3RO\PHU &KHPLVWU\

> @) 7GRV 7 .HOHQ 7 )|OGHV EBIOW]MQ RAK L @H O X WAHWE R
'HWHUPLQLQJ &RSRO\PHUL]DWLRQ 5ISEE® DHWKRED WRLLR YY D Q X DLVDI
2EWDLQHG DW +LJK &RQYHUVLRQ /HYWONQFRXUBOQODW Bt ODOFPRPEK

> @ 0 )LQHPDQ 6 ' 5RVV J/LQHDU PHWKRWGHDFW IGYHWH UPDL W
FRSRO\PHUL]DWLRQ -RXUQDO RI 3RO\PHU 6FLHQFH

> @ -3 .HQQHG\ 7 .HOHQ ) 7G|V H$XKRB\V LNR R |GW WH UPL
FRSRO\PHUL]DWLRQ UHDFWLYLW\QBRWERWLR QS FF BRWRPHU WHID[EL
-RXUQDO RI 3RO\PHU 6FLHQFH 3RO\PHU &KHPLVWU\ (GLWLRQ

> @5 ODR 0 % +XJOLQ $ QHZ OLQRBU PHWKWRGYWW \FDDWXR Y
KLJK FRQYHUVLRQ ERMN0O \WHWUWIPIDQWMOLR@®RGHO 3RO\PHU

> @ )5 OD\R )0 /HZLV &RSRO\PHUPFEDWILRQ WKH EBYXDWY LR
PRQRPHUV LQ FRSRORREROD)PWURI® WGRI PRIVWMWOU PIIQW KID FU\O D W H
RI WKH $PHULFIRFIHKWPLFDO 6

> @ 3: 7LGZHOO *$ ORUWLPHU $Q WRURFRISSROHWKRED R
UHDFWLYLW\ UDWPRV 6 RXR@MBD-D 3DIUBRHUVHQHUDO 3

> @ $ <HJULHOHY ( %URNKLQD < RG5RRMNIEQ®O§F DL W U
UDWLRV 3RO\PHU 6FLHQFH 8665

> @ 7 .HOHQ ) 7G|V % 7XUFViQ\LF RERQ@N\PGHQ FHWLER\Y HWH D
UDWLRV GHWHUPI7QE &/ P\HWKHR GHGRQ\PHU %XOOHWLQ






ORGLILFDWLRQ RI 'LPHWK\ONHWHC
3RO\NHWRQH







ORGLILFDWLRQ RI '"LPHWK\ONHWHQH ED

7KLV VKRUW FKDSWHU JLYHV VHYHUD®ROWHUKX|® WLERAK
PRGLILFDWLRQ RIVWROQBYKDIWRLE SRORWHK URQVWTLRXQ\D & ADN HV
SRVVLEOH UHDFWLRQ SDWKZD\V XWLE S RBQ | REKWHZHND © RL@LY H K
DQRG UHOLDEOH SRO\NHWRQH 3'0. EDWIHHRFPRQ GLPHWK\ONH

6 XSHULRULW\ DQG /LPLWDWLRQ RI 3'0.

$IWHU WKH FRSRO\P® WKBWIRHY WENXE\B B K D SMWKHUN DW @L Q.
WASH RI NHWHQH XQLWV LQWR WRH.BRORFHHUWHKHD MWX H Y RIORONV
DQG SURFHVVLQJ SHUIRUPDQFHYV RIVVOUHGXF DQEWUKHVW LV
ZKLFK UHODWHV WR WKH XWLOLVDWLRQ WHPSHUDWXUH

$V ZDV PHQWLRQHG LQ &KDSWHU K34 0D LEHHIF RP S DF M D\ L
RZLQJ WR LWV LPSUHVVLYHO\20 RZQGW R H JFHRQ SH WR RQER DE R
KLJK UHODWLYH KXPXSHWLRDKWRKWEBHY WRK UFHRH) R MKW URWY D O
SRO\PHUV SRO\DPLGHH U RRI+HWRSRDOFK PQ GDVIA B8O 'ROFR

JRU LQGXVWULD & IDBSIAH F P WRHQVRIBHW WA KIWHMHUPRDQ B FFHW
WKH SHUPHDELOLW\ RI FRUUHVSRQ&EIRY) GDR[LRBNIHQ ZI
WKH VHUYLFH WHPSHUDWXUH

WKH HDVH DQG PRGH RI IDEULFDWLRQ

'HVSLWH RI WKH H[FHOOHQW R[\JHQ\BDDOOQHQ LSM\RRSIH U Wa
DQG VDWLVI\LQJ VHUYLFHTWRIPSHUP& X UHK HWRD QN R ZWRU R
ZLQGRZ OHVV WKDQ TwfRIGHSHQBRRLPURRQG f& RI1 3'0.
XQIRUWXQDWHO\ OLPLWYV LWV L QW X VSARURLLD ¥ RODSKEQ IOA WY LLRG
VROYHQWY LPSHGHG LWV FKDUDFWRQDI® WRBQ | LADWLR Q HS
ZHUH FRQGXFWHG LQ RXU H[SHULPHQWYV



*HOQOHUDO RWILHM-B@LORQ 3DWKZD\V

*HQHUDOLWLHVDRV)LRRGIDWKZD\V

&RQYHUVLRQ WVRROARORFA BRIO\NHWRQHYV

$ VXEFFHVVIXO DSSURDFK WR WKH SRV®BGONRWRQBDW
FRQWDLQLQJ GLNHWRQH XQLWYV ZIO\G GBI URHG\KVLQJ \
WKH PRGLILFDWLRQ UHDJHQW , W HP/L BMHO DARGHG] W LIR ¢ HUH
SRO\S\UDJROHV IURP DOLSKDWLF SKRIDWNWWR GHW ER®D \IDV Y RF
FRQYHUWHG WR LPLQH JURXSV > @

&DIHR HW DO > @ UHSRUWHG W K DI\ WK H \IB\IB D LLFQ 8 RKO\GIUHE
DIIRUG PDFURF\FOHV FRQWDLQLQJ LRROWIIRREKXQLW\QL)
DWRPV RI K\GUD]JLQH KDYH WKH SRWHERW®YLO OX QLRN VU HDFMF
GLNHWRQHV ZLWKLQ WKH SRO\NHWIRRQHEGP DG URKH QSIX E @
WKDW WKHVH SRO\NHWRQHV FDQ EHRQXEMW KWW LW R HV K H
S\UUROH XQLWV LQYROYHG PDFURF\FOHV > @ )LJXUH

JLIXUH JURP F\FOLF SRO\NHWRQAVQVR KRISAH D RFFOHOR$ KSD QU R CH

8HVDND HW DO > @ GHYHORSHG G IHDHWERQUS KR QY H BRAR\G
Rl VKRUW FKDLQ OHQJWKYV 7KH\ HWWRXEBDAOGE RQZRHEGWVILRQN RV



ORGLILFDWLRQ Rl '"LPHWK\ONHWHQH ED

XQLWYV ZKLFK ZHUH DFKLHYHG FKHPRREUHFWDY® D \FR®O SIRVL
DQ DOWHUQDWLQJ DQG G LN H W RLGH W HR R HOHFBIF W KRIQR

IHDVLEOH WR SROWHWRGEM OKDUGWRQXS WR WHWKDFRQUE
JURXSV )LJIXUH

YLIXUH &RQYHUVLRQ RI DQG |0 HE[ILEIDW RSRFD \NHW R B HD 6K B K

LVRS\UD]ROH RU IXUDQ VXEXQLWYV > @

+RZHYHU WKH DERRHS\UDGR K HWFRRDQH MUWDWL RQ QAHDIF WER
RQ NHWRQH ROLJRRHWY LV KAKDE RURI WKLY | PR G L BLLFDIWML R Q
ZDV YHULILHG RQ WKH '0. EDVHG SROVNFHRVRQDIL QL @R Q Bl JAC
DOWHUQDWLQJ GLNHWRQHYV

2QH VWHS %HFNPDQQ 5HDUUDQJHPHQW

$V LV ZHOO NQRZQ WKH %HFNPDQQ WUBR BRDUHDRRABH
NHWRQHV 7KH WUDQVIRUPDWLRQ QRWHPD OWR PXQ GNHHMRBW
R[LPH DQG WKH RWKWR IV R XK BWKH. WHWHG DP@GH )LJIX



*HOQOHUDO RWILHM-B@LORQ 3DWKZD\V

JLIXUH *HQHUDO WUDQVIRUPDWDRIQHIFNRAPD QD QN W R Q bl DV R HOP(H (¢

6KDUJKL DQG 6DUYGDDLRY KD SGRAW BGIRSIRQ WX VHOU DD G PH P
PHWKDQHVXOIRQLF DFLG $0$ WR VIPSSSOUR D\F WHV \Z IS U R ALHHG
ZLWK YDULRXV DWRBAKWHYJIJXQE NH

YLIXUH *HQHUD B DVHPNPIH@PB QW UHDFWLRQ > @

,Q SDUWLFXODU VDWLVI\LQJ FRQ ¥ HUHUHR @ EW D LLQHHOGS | R
WUDQVIRUPDWLRQ RIHRBOSRBRA[DFOWRIFPH X\MQAWR $0$ )LIXUH
WKH DGYDQWDJH WR SUHSDUH GLUHFRMRUNUBINISKRIDG LQJIRAG
DQG NHWRQHV ZLW KRK \8 LSHISDYULHR XWKEHSHRG) DH\GS R B'W RQ[L P H V

YLIXUH &RQYHUVLRQ RI F\FORKHPRRIQM RBAPH @QWR 0 FD!



ORGLILFDWLRQ Rl '"LPHWK\ONHWHQH ED

+RZHYHU WR RXU NQRZOHGJH WKH 9%HHFYNHRD @ QFB H B U WXL
DSSOLHG WR SRO\PHUMVEZBOPOK FRQYSRWE RDRDPMNBWR Q HY R\
H[SHULPHQWYVY ZH DSSURDFKHG WR YDROGL&SE®DW H% MANP DI
UHDUUDQJHPHQW UM DEEDWH®E SFER\Q WK@KV R OLQW 60 $

'LWKLRNHWDO )XQFWLRQDOL]J]HG 5HDFWLRQ

JRU WKH '0. EDVHG SROKNFHWR QD Ol PG W VY FPUGR XK DF K
RQH KDQG DIIRUGY H[FHOOHQW W K MADRRFR-H WKRD QR BIY 6 QMW D
WKH RWKHU RQHPORNHYV LQVFRQY H QWRIRGD/O RKH DRQVRURELC
LOQFRQYHQLHQF ) WRQGN FKOPWDFWMHULL]DWLRQ > @

7KH GLWKLRDFHWR® OFZ¥ DMK D@ WHHDG\® Y XLIAHG WK XOYHN LA RK
FU\WVWDOOLQLW\33RAPAHOX RADWKWHVWHG > @

,QGHHG &ROTXKRXQ HW DO > @ G LN SRYH UHVGK WK DMK \F R
VXFK DV 3((. DQG 3(. FDQ EH FOHDQCR\ DELGV KDHYBHWWRE OR | G
WKH FDUERQ\O JURXGIWERLWR ('7HVRIGDL@HSIRRSD3OH XQGHU V
DFLG FRQGLWLRQWLWUL)® XRAKRD PHWWXWRQDQH DQG Gl
SRO\PHUV DUH K\GH RODR R/ SR® O DIFMHOVQ@ RUJIDQLF VROYH
DV FKORURIRUP D@® @ +BHD X® QKX WH BV U HEDWLHDQ W KCRUD\ F W
)XUWKHUPRUH W KHHUR ERDI)L & H @ S ROWAVWHIBNVE Y 8§ OR GRIG UHRGV U
ZLWK D PL[WXUH RI LRGR PHWK\OSDRSRQIK D\HP SHPBW;
UHJHQHUDWH WKKdHYWBWRQE JVSROFKINOW @RVIVKRI BRI H



([SHULPHRGWDEGDMDWLRQ RQ 3'0.

JLIXUH 'LWKLBRBWIHGSIURWHR@LRQ BI 3((DQIGWX7(' U UHVSHF'

7KH GLWKLRNHWDOL]DWLRQ LQ IDFOXSURQY LVERIWR H- BB RK(
DFKLHYLQJ QRQGHJ]DWGR Y LXYGIGGHRQX BB LFQUJN MDMWOLGR@QLAH D
3((. DQG LWV GHULYHYV

6R LV LW SRVVLEOH WR DSSO\ GLWXREGNHHWRIHDWR V@ O
VROXELOLW\ SUREOHP " 7KDW LV WYKL VXAKDSBWRHUZH ZDQW

([SHULPHQWDO ORGLILFDWLRQ RQ 3'0.

([SHULPHQWDO 3URFHGXUH

$00 WKH '0. EDVHG SRO\NHWRQHV LQYROMYWHGDWQRWK I
PRGLILFDWLRQ UHDFMGERQV5XOUH REWSWBYHQLHQFH WKH
EDVHG SRO\NHWRQH ZDV QDPHG DV 3'0.

&RQYHUVLRQ WR 3RO\S\UD]J]ROH IURP 3RO\NHWRQ

7KH SURFHGXUH ZDVURER QWK FAKHDGV VADPO CBBHMFDMW KH 8 b Qa
GLVSHUVLRQ RI 3'0. LQ WKH VROYHOQWG @G IYED RVWHREX vV QV WOLE)
D PLIWXUH RI J 3'OVRADMYHQW/ZLWK WWHN RIDKHRXNWY XKDR)
SURSDQRO LI QHFHVVDU\ ZDV SODFHGI TRLE SHB/ ZMKNWK H
FRQGHQVHU D VWLUUHU DQG D GURSS®HI WX D@WHOW KVHK HU



ORGLILFDWLRQ Rl '"LPHWK\ONHWHQH ED

WHPSHUDWXUH 7KHUUHBGWOR) Z\DVGEG RGHIL+ 2R U RRP R

P/ WR WKH IODVN WKURXJK WKH GURISVQDW XY RH QJ HIRPX
WHPSHUDWXUH $IWHU GD\V WKHRRPDWWPR @ UFDL\WXXHH ZQ
SRXUHG LQWR D OWKNGR O PRKIQ W HMNXHOM/IHUH B RIDQG ZDVKHG
WLPHV ZLWK HWKDQRO

2Q0H VWHS %HFNPDQQ 5HDUUDQJHPHQW

7KH SURFHGXUH ZDM\NO BR Q&G XYWRWHAKED WLEIDW HHDWFUUW B HB-G@l Q
&+62+ PRO DQ@ JPPRO ZHUHWRDUIRG URXQG ERWW
IODVN HTXLSSHG ZLWK D PDIJQHWLF @§WGE WZUWAMAK Y KHRU R XV \8
DW f& $IWHU D IHZ PLQXWHYV JHK\G PRRODEZDYHDIG\GH
DQG WKH WHPSHUDWXUH ZDV NHKHWI BDDWFWLR&E IPRPUW X LG
FRROHG WR URRP WHPSHUDWXUH DQE&XWKHQRI ZHDW K®RXKUH
UHVXOWLQJ VROLM@OYRMALOHWHWHD®DRDE VYV ZLWK HWKD

'LWKLRNHWDO )XQFWLRQDOL]J]HG 5HDFWLRQ

7KH SURFHGXUH ZDV FRQGXFWHG VL@ LOWLAUKY XYW WHKHZ K O

P/ URXQG ERWWRPHG IODVN FKDUJHG HLWK P/J 3'0.
GLFKORURPHWKDQH DQG P/ WULIOXRURPWKWQH®IFW&LZO
PPRO IROORZHG E\ ULIOXREARIGRIQ GWHWKRORIBW KHUWGIHWHD Q
DWPRVSKHUH RI QLWURJHQ ZLWK VQGUFDVWHG $UQ/ HD BDO K H [
UHDFWLRQ PLIWXUH ZDV FRROHG WRXYXRRE WHFRB HU D /X UHH
RI HWKDQRO WKHOVHVOWUQ G \DRXAA IGPDANK H G VWK ¥ MKD@ R O



([SHULPHRGWDODEDWLRQ RQ 3'0.

([SHULPHQWDO 5HVXOWY DQG 'LVFXVVLRQ

7KH WKUHH GLITHUBQYWR® RN RVGIRQFOBWBRKY DHUFR FGUQL AV
DERYH GHWDLOV WKH PDLQ GDWIP\WQBUHHVXPRMDW LR K GWLKH

7TDEOH SBRVWSRO\PHUL]DWLRQ PRGLILFDWLRQ DQG

5XQ 3'0. SHDJHQW 6ROYHQW THPS f& !

J Pk 1+ 2 P/ 7+) 1R FKDQJH
&+&0 +),3
J PAi 1+ 2 1R FKDQJH
P/ P/
&+&0 +),3
J PiH+1+2 1R FKDQJH
P/ P/
&+&0 +),3
J PH+1+2 1R FKDQJH
P/ P/
J Pt 1+2 P/ TROXHQH 1R FKDQJFH

P/ &62+
J J ®0 1R FKDQJH
J 12+ +&0
J
P/ &R22+
SRO\PHU
J P/ ('7 P/ &&0
VROXEOH LQ
P/ %)W
&+&0
P/l &R22+ IRWKLQJ
J Pl ('7 P/ &&0 GD\VSUHFLSLWDWHYV

P/ %)\ LQ HWKDQRO




ORGLILFDWLRQ RI '"LPHWK\ONHWHQH ED

$O00 WKH WULDOVROVFFRQYHROH PQ@ W RHFNHPE\Q QURPDY'0 .
ZHUH XQVXFFHVVIXKOU VW &8 ODKIH VB IRGL\B QVHIUH WK H\NGH QW D F B
LQLWLDO RQHV

JRU WKH GLWKLRNBWIHD FX\QRWLRQ WK GBXQ@HUY REWD
DIWHU SUHFLSLWDWLRQ LQ HWK&BRDZEKURAK ZOW HG 1$ D UMQ W
WKH FRPSOHWH LIQ\DPM®X &'00 L BR URH RRAMWM K H QUAHIHDWILRIQ W L P H

DIIRUGHG QR SUHFLSLWDWH LQ WAVRD @/K® SH FDECFWN]ARC
5XQ +WQ& VSHFWUD ZHUH LOOXVWUDWHG WHVSHFEWLYHC

JLIXUH+ VSHFWUXP 0K& O KRI&5X%Q &Q GLWKILRQYHWIDROQDOL]HG

UHDFWLRQ



([SHULPHRGWDEGDMDWLRQ RQ 3'0.

JLIXUH & VSHFWUXP 0K& O Rfl&5 X8Q &Q GLWKILRQYHWIDROQDOL]HG

UHDFWLRQ

W FDQ EH VHHQ MR DW KMHK® HZWS RN W K/HWRUH. ¥IDPD O 3
ZKHUHE\ WKH VDPH VLJQBOV ZHBK¥RAR@AQE& LQ&WKE /

& E& F&SSP L@@VSHFWUD :H WKHQ PHDVXUHG
ZHLJKW E\ 6(& DQRO\XVNVQUQ3I®H¥$ VWDQGDUGV ILIJXUH LQ
HIWUHPHO\ ORZ PREHFXODW PHRILHK W J PR@

VXJIHVWHG VRPH BKDIUH¥XYWLHDFIMHR EA@RPHU VROXE

7KH 7*$ VSHEWUXP JLYHQ LQ )LJXUHKH RERNMH G HDQMRQK
7KH  ZHLJKW ORVV WHPSHUDWXUH RIGWKRHBROKPIOU Lf@ 5N
WKH RULJLQDO 3'0. ZKLOH WKHLU P DHPXPQHIELQ K DUDR VWK M
DURXQG f& 7KH TRHDQG Q¥ KSR PE &WHnQD OVRWE& B BSH DV H
DFFRUGLQJ WR WKH '6& VSHFWUXP LQ WKH $QQH[HV



ORGLILFDWLRQ RI '"LPHWK\ONHWHQH ED

YLIXUH 7*$ VSHFWUD RI 5XQ GDWWLRIQHWRG RWAWQR QDI

,Q VXPPDU\ WKH GLWKLRNHWDO IXpHAHELR@DEOULL QG IXIQEFN
JURXSV WR 3'0. EXW D FKDLQ FXW SURFHGXUH

)RU D VPDOO FRQFOXVLRQ 3'0. SRVRHOUVNWDEOHUPRGHF
VWUXFWXUH ZKLFK LVGGNHWRDGIWS RBRNHINVROQMMO BU SRO\N
([FHSW WKH SRVVLELOLW)\ RI FKD LQQZMXWL QDKHF H X @ E V@ R RIUO
WR DSSO\ WR 3'0. ZLWK WKH DIRUHPHQWLRQHG PHWKRGYV

&RQFOXVLRQ

,Q WKLV FKDSWHU WKUHH GLITHUMQWHSRWWEQ®\FRHRWOLY B
RI SRO\S\UD]JROH IURP SRO\NHWRQH RQMHQSRWLWKERREQ
IXQFWLRQDOL]HG UHDFWLRQ ZHUH SUHHDHAHWEBH SR D QNGH W/RI
3'0. ZLWK WKH DLP WR IXQFWLR QD OKHH L3F 0.0 DG WK \B/UL |
SURSHUWLHYV



&RQFOXVLRQ

+RZHYHU LW SURYRE WWHXFWXINHWRBU0O. VGHFDDQVIYRF
RWKHU SRO\NHWRQHY. RKDRKHH RN A OVW WEEIOH MAFEDHOKD YL Q J
HYHQ PRVW RI WKHDPRQWI\. FD W@ R\IKRIGW KLUFHDAV B R @ SSFOWHIGZ D\ \
7KH GLWKLRNHWDO IXQFWLRQDOL]HGYVKIHDF W QREQ ERIURIQGW G
GLHWK\O HWKHUDWH LQ WKH VWURMQUBPE® IFRQ WIRVERQ FEI
JDY HYD J PRD0. ROLJRPHU RI ZRUVH WKHUPD@®WDELOL



ORGLILFDWLRQ RI '"LPHWK\ONHWHQH ED

5HIHUHQFHYV

> @ + :DQJ 6\QWKgVH HW FDUDFWpVLMNOWLKRIDNGHXBR XY SO
FPWgQHV 5RXHQ ,16$

> @ * &DIHR ' *DUR]]R ) + .RKQNH/ L6 53B SEDOARIGR '0 ) : LBOWI
JURP FDOL[IXUDQV WR KHWHURF\FORSWKWD QZHHWERBWOGURDQJ LVRS

> @ 0 8HVDND < KARINVDR <6 'RRRWR ,QRINXWDWROKJRDFHW\ODF
DV VKDSDEOH FDUERQ FKDLQV DQGHWHKRUUFRQDW VMFIWLCRDL R Q P
DUFKLWHFWXUHV &RPPXQLFDWLRQV &KHPLVWU\

> @ * &DIHR ) + .RKQNH */ /D 7TRQUH.D¥ FRABIULSVL KLBWMH W
:LOOLDPV &DOL[ > @ S\ UUROH DQXROHEWLG &P OL[ >6Q @WMKHKDIV>P(
*XHVW &KHPLVWU\ &KHPLVWU\+$ (XURSHDQ -RXUQDO

> @ * &DIHR ) + .RKQNH 0 ) 3DULVLIDS5 RBLYMWRQH :1LD\OALP@N
(OXVLYH XQVXEVWUWR®HI GLDDOIOD SFIBS B B WMGH UM J

> @ $+ %ODWW 7KH %HFNPDQQ 5HDUUDQJHPHQW &KHPLFDC

> @ + 6KDUJKL 0+ 6DUYDUL 2QH VWRB HHFERRPOQ\DQFRIPSE NI
DQG K\GUR[\ODPLQH KRG ERRRKOBOUEGHVLD ©8Z UHDJHQW

> @ + 0 &ROTXKRXQ )3 3DRORQL O HWDAGEVBWHERGJIRI 3I(W
JHQHUDO WHFKQLODOXN DRUWRXK B QRIGBKHERID FWHWW.LNVOWLERH RURP D WL
&KHPLFDO &RPPXQLFDWLRQV

> @ + 0 &ROTXKRXQ 3 +RGJH ) 3 S3DRURQLS5HYHUVLEWD
QRQGHJUDGDWLYH FRQYHUVLRQ RI HWRQW OW LQMW ® IRRIRDW RFV K|
HWKHU GLWKLRNHWDO V ODFURPROHFXOHYV






1RYHO ,QLWLDWRUYV $SSURDFK WF
3RO\PHUL]DWLRQ Rl .HWHQH ORQR







1RYHO ,QLWLDWRDW L{RSGLUR BR K\ WHRQ H] DW QR® HRUV. HWH

8QWLO QRZ WKH IHZ VWXGLHV RQ ¥VIADNVRQILFLSWRIB PHR) W
Rl FODVVLFDO LQHWML\D\WRUWV PDHIQUEHIWD BMWWHHHGBYABUHQW
XSGDWHG FDWLRQLF LQLWLDWRU\RBQ G MWKHQH PRQRPNWVF

*HQHUDOLWIHO/ , RQWIRDWR UV

,Q FRPSDULVRQ WR pFODVVLFY LQRQM DWHRMHD UK HF\D R QR
WV\SHV Rl LQLWLDWRUV IRFXV RQ GHYQHHORBROF HAPLUAQRE
DQG KLJKO\ HIITHFWLYH FRPSRXQGV QIRVI RZHORZFW KWV HY G DY
WKH VROLG SKRWR@WI PWRDY RRFHWE&H NHWHQH PRQRP

ORQWPRULOORQLWLF &OD\

'XULQJ UHFHQW \HWUQJ HDLW KGIIUWEDR R D W R W VDO U RWU NV
VROLG FDWDO\VWV>V@®F K HDW FUGRUDWAWD\Y @ @ SRURXV SF
SRZGHUV > @ DQG PLVFHOODQHRXV VWESREROAPHOGLKDW HR
ROHILQV $PRQJ WKHP FOD\ FDWDGR\ADW \\H VISH ¥ DEWD ZRR
DWWHQWLRQ WKDQNVOWRL WKW\ UHFRGIQ IH B GO\ SHRFEDD E L C
KLJK FDWDO\WLF HIILELHQF\ > @Q 8 VELRW K- O BA IFQGWOON YW
ODERUDWRU\ VFDOH > @

7KH 1DWXUH RI ORQWPRULOORQLWLF &0OD\V

&OD\V DUH VROLG DFLGLF FDWDO\V\G/ Z®GFKHZDL Y \DHU X
WKHLU QDWXUDO DQG LRQ H[FKDQJHWEKIR PPM FEOICAK E HRK CFDH
SRO\PHUL]DWLRQ > @ 7KH\ DUFDDMODVR \WVPR ZBDW R QIFW/KI
LQ UDGLFDO SRO\PHUL]DWLRQ UHDEFWLRQV > @



*HOQHURQLMRLYHMVO ,QLWLDWRUYV

&OD\V DUH D FODVV RI VRLO ZLWKLD SDLDWHRMMHU VEZKHL RK C
D FRQVLGHUDEOH QXPEBDURWIDFERMWWSHU JUDP RI FOD\ DQG
XS WR SHP JUDP > @ $W WKH PDFUR YV FRBLVFWLHYZHKCH QN
PRLVW EXW KDUG DQG VROLG ZKH®HG WDUKBW WKW PQOUQMF
DOXPLQRVLOLFDWHY FRQWDLQLQJHYDURKRKRLF D@ LFRP\S RIXH !
FU\WWDO VWUXFW)GLIV GHGDLQ WD QREKNFRDDLY LJORXSH VP
YHUPLFXOLWH DQG NDROLQLWH $RREH RMRVHW BV WIKKGHO FDQVHDW
WR WKH VIQWKHW LLFV FDU ¥YX @ 1 B RKSH RIDMDAK HF Y@ 6 AW LRRHQ W P R U
JLIXUH ZKLFERQVWWKHNVREDQ® RXEGIQW R HDVWHWVKDQ G )@

J)LIXUH ORQWPRULOORQLWH VDPSOHYV

7KH PRQWPRULOORQLWH ODWWLFHOIOA FRRYRVLKG® \RHO Vi
$02+ VDQGZLFKHG EHWZHHQ WZR VKHHWVFRWMH W&LPK HG
VKHHWY 7KH WKUHH VKHHW OD\HU VS&BHBD WR QGMW MKIH DN
FKHPLFDO DQG WKH SK\WLFDO SURSBDQWLKVHRXONK&HRBSGIDN\
PRQWPRULOORQLWH VWHPV IURP LWWDKL &R VEIHRIQ HH FKID B Ul
KDSSHQV EHFDXVH RI FKDUJH LPE D GIDRXIHYJ HOR UV W U X F\
WKH WHWUDKHGUDJ RAK BFDWM. RIMYGLRIWBEKH RFWDKHGUDO VK



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

J)LIXUH 6WUXFWXUH RI PRQWPRULOORQLWH > @

7KH LQWHUOD\HU LQ PRQWPRULOOR @DADH) G OmId P RU P D
FRPSHQVDWRU\ FDWLRQV IRU WKH F DUV JWHKHF/EHD PDW ERQ VKW
WKH KH[DJRQDO FDYLWLHV RI WKHVVWOHDWMBHHWAK Z R WHH
VROYHQWY WKH FDWLRQV UHORFDWUHHWRKP \DHOGY HRH ALRP
H[FKDQJHDEOH E\ D YDULHW\ RI ERW®VP HAXBR CILFF DQG QR
$O )H 51 53 HWEF 7KH PRVW XRIHFO®\SPRSHUDEWDL® LQ W

$OXPLQXP ([FKDQJHG ORQWPRULOORQLWH &OD\

$V LV PHQWLRQH G MERYH V WHHWAYWIWOF RDXPLQRVLOLFD
EDODQFHG E\ K\GUDW HR® RIDQPLWEW LPEWHUOD\HU VSDFHV R
DQG WKHVH LQWHUOD\HU FDWLR Q VHRDIO EFHD MWIIHRHDM H KAHK® @
FOD\ LV LPPHUVHG LQWR D VROXWLRIQRRI PRIV N @ HFODON. IQR QLY
H[FKDQJH Rl ERWK ZDWHU PROHFXOH SQRYRDWKRQRDRDP
SURSHUWLHYV RI WKH FOD\ > @ 7KHWALREDWW EW XW1LR@\ BIRO|
VSHFLHV Rl VPDOO UDGLXV VXFK DVODWKPLDKWLYDWLRQ R
DQG /HZLV DFLG VLWHV > @



*HQHURQLMRLYHMO ,QLWLDWRUYV

&RQVLGHULQJ WKDW DOXPLQXP EDWQHGSEHAUR DFFH G \Z WX €
LQ WKH EFDWDO\WLHQHHWR FIHGXRILH RP NHRWDQORG LMRD WO D\V
ORQWPRULOORQLWH KDYH EHHQ RWSBUWQEORQD W H KW M H H
WR EH YHU\ HIIHFWLYH DFLG FDWDQDWW R QRRJI BKMKROHR € VF
GLR[\JHQ KHWHURF&F®HAD YER[\ORBFDB REVGWRGHY¥ L @ DQG
VIQWKHVLY > @ +RZHYHU WR RXU KR EGH®IHH YRUWKFG |
SRO\PHU VIQWKHVLV XVLQJ $O0 ORQWPRULOORQLWH

SURWRQ ([FKDQJHG ORQWPRULOORQLWH &OD\

$V DQ HIILFLHQWWL@IQA EDSARRROU PIR WL FWALIRFQ DRIGP RQW M U R |
PRQRPHUV p+ ODJKQLWHYT LV SURGXFHIBWIWRP LW RW H EQ\N
H[FKDQJLQJ ZLWK SUKRFSDWEQJ ZL\@K R QYIKW UDFMDRVWIMR QVKH
+ ODJKQLWH UHWDLWKHD BF MQ\RDEBIMRIRWPGWKH SRO\PHU SUR
DQG UHJHQHUDWLRM®L® D S/DR LW WEWP S HBD W X@ H ORERMNHY HU ¢
LQRUJDQLF UHVLGXDO VSHFLHV |UR®WRKW K I ISR OD RHRW VZ KD
DFFHVV WR D IUHH PHWDO WUDFH SRO\PHU > @

%HQQDEL HW DO \@WKIISORWRG SRR H V8 KWO J VRO DW K H
ODJKQLWH LQ EXON FRQGLWLRQV DW F&K WDHHG W I P7SH) URDX WM
DW URRP WHPSHDYWEYHUYHG®& WK RQ RZSW LRIX P QU BWY
OHDGV WR PROHFXODU ZHLIRWW)XSRWRWLRQY RO f& )LJ;



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

JLIXUH 6\QWKHVLV RI 3(W* > @

OHJKDEDU HW DO X® SRYWHWLJDWHBOQWRR O LYARQE 193
FDWDO\JHG E\ WKH +DQEDJK R QW®GIX \7 KRIDALH/U WKW RAK B BVRH L ¢
ZLWK LQFUHDVH RI WKH WHPSHUDMWX® H VWD QE WRKHHORDREQR)
QLWUREHQ]HQ@XHWHKD QL1 ROUWMR

Y)LIXUH 3RO\PH WLIQVALRRORIGRQH > @

7KH SRO\PHUL]DWLRG XM\MR/ AR QQLGH.WD WIHEG EW LVRIOH | SR R
+ ODJKQLWH WR PR@RBPHDWWICRDVGOKRSHHDOBV ERWEVOB U KLCRQV ) |



*HQHURQLMRLYHMO ,QLWLDWRUYV

YLIXUH OHFKDQLVP RI1SRIIDFHUS\DWRPQERQH XVLQJ + 0DJIKC

7KH + ODJKQLWH L GIUWEBMWR D XDVL B E WUR NHOWHIQRIX PIR QK
HIILFLHQW LQ WKRQSROVYTHILIRRY YEQLG LFERRE HKUHW H UR F\

SKRWRLQLWLDWRUYV

3KRWRSRO\PHUL]DW EROQY QD DR WWXKL FIDFKBEW K R QSW R Q DO W
DFWLYH FHQWHUV XVXDOO\ IUHH DBGRBEOY JRW KAD W[LFR. QAL C
D SKRWRFKHPLFDOWHNWVH® KBEKERR\PO@W]DWLRQ >

3KRWRSRO\PHUL]DWIQRQLB B S WHN G QIVE/ADWH Y HROAHFR W K H Q
SRO\PHUL]DWLRQV LQ WKH SURGXFWPRQWRY WU SHUREGINVYF
UHDFWLRQ UDWHVYDO D@G WP &8 DMLD WRR® UIRIORRIGHEL E\ W
OLJKW SURYLGHV FXUH RQ GHPD QG HWVWHHCEHWRKB ORFOW ER
DQG VKXWWHUHG RQ RU RIlI DW Z[RMOW $/L B DUHOAXHD[W L BIKWR W R
UHDFWLRQ UDWHVRDWIBGLWR & KM EW UDHEDB/\. VE L WHK R/X\E VU L V N
GHIRUPDWLRQ ,Q DGGLWLRQ SKRWRFXROEBGAW RPISRV VW L\



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

QRW FRQWULEXWH WR HPLVVLRQV RI YROPWNBWY RU
SKRWRSRO\PHUL]DW L&RP SHDRR. QU L HZQ ®&/A&\ WXWBIH GN KKV AOHP O\
SKRWRFXUDEOH V\HWHPRZDRRY WR VL IGGFBHUW R AWER Q VRKIPW K H
UHTXLUHG LQ FRQYHQWLRQDO UHDFWLRQV > @

$ YDULHW\ RI SKR®R\R LDQULHV DIY\W R O DE\MAWHRY KLDDAG LSRDROG/X BH)
FDWLRQV XSRQ DEVRUSWLRQ RI XORUDY UREHW DRGFDARWYW'
OLJKW VHQVLWLYHHEFKRPWRLUMLIDQR LZ PRBOPQ UD WILISIXADOO
DFU\ODWH RU D PRWKDIRAVWKO®K\RV RV DRMHOK 0 KKVO W B HDHQ\H. |
UDGLFDOV 7KHWHHUW KH FOROOA RLKQUW MV ER QQIUBRHFBIFVW L DH G R
RQ PRQRPHU PROHFXOHV DQG FRQY HRDWLICRIQWK SR WAR HDUB R
WKH XVH RI FDWWRQUUIMW FKRW DMGWDO\OVRGCRRLXXPP QG IH
VDOWYVY SURYLGHV D FRQYHQLHQW NMWIKGRIFRG VHHIUHUVIL QL

> @

'LDU\OLRGRQLXP 6DOWYV

'LDU\OLRGRQLXP;DGRVVKBUVLQ) FRPSOH[ PHWDO KDOL
%) $V) 3) DQG6EYH DFWLYH SKRWRLQLWLDWRURI FDWLI
RI FRPSRXQGV ZKLFK FDQ EH UHDGLONMQWRRQI® GVBRIGQ 5
GLDU\OLRGRQLXP \HIZO WYG B UH) EW & D ES/MIDFEHO R | LQL WKKWH D Q G
SUHVHQFH RI HYHQ VXFK KLJKO\ UH DHF WILRYHR ARHDUAVL ROQLINH
F\FORDOLSKDRILG RO @

2Q LUUDGLDWLRQ Z2WELIOW UGYDRWVITWRIGFKQENKP W BAWS O
PHWDO KDOLGH DQLRQV XQGHUJR SKFROMRGR\Y LW GHUNLVQU RA K
SRZHUIXO %UiQVWHIG/ CALEHUBOWHG )LIXUH 7TKH VWUR
VXEVHTXHQW VWIQEWLBWHKNLMWOS RONPRHYLAD WOR G RRAO\FH L
PRQRPHUYV



*HQHURQLMRLYHMO ,QLWLDWRUYV

JLIXUH *HQHUDO SKRWRO\VLYVY RI GLDU\OLRGRQLXP

'LDU\OLRGRQLXP VOO W®WNVDUB B-OWS HRL MG XK @/\J IDD/O WOKSH\
FRQWDLQ KHDY\ PHO DB V. QR QQRRVLIWKEHS BRQXEFFWW B U B QBGUH G
UDQJH RI VXEVWLWXHQWY WR DLG VROXELOLW\ > @

5*$&85 ( LV D QHZ W\SH RI VXEVWLVWRXYWHBWGRQUFO
SKRWRFXULQJ RI HSR[Q\R[HWEAH IERBXODWLIRBVI PIGYDQW
LV WKDW WKH SURGXBW D\R D F\R RY¥HQHEWD WRRBM B G GZ D |
SKRWRVHQVLWL]HU 2WKHU EHQHILW\WQRIV,SH$&8\ (WK DU AL
DWWDLQHG HYHQ LQ KLJKO\ SLJPH®WRIGKD PBOE&R B W LFROQA\D
SURGXFWV > @

J)LIXUH 6WUXFWXUH RI ,5*$&85( > @

7KH 89 DEVRUEDQFI$&8SHFW UD RIHVEKD YRR QWHDMULIRW L F
DUH JLYHQ LQ )LJXUH W FDQ BHEDMMHY WRRQWHWKRFPDLQ
QP



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

JLIXUH 89 DEVRUEDQFH VSHFWUD RI ,5*$&85( LQ PF

JHUURFHQH 6DOWYV

JHUURFHQH &S FKFORSHQWDGLHQ\O LV XVXDOO\ EHOLF
FRPSRXQG EXW LQ RHQIWQ LRB/RK®IOF IR WVRBH SVR OLIJIKW UHV
WKH IRUPDWLRQ RI DFWLYH VLWHVIHUUR®HQW GWRHW VYR UR
VHQVLWL]HU RQO\ ZKHQ LW KDV VRRH WQ WH UDFWLE&RHK \ZR W/¥
WKH SRO\PHUL]DWLRQ V\VWHP XSRQ YODO'HORXYJW K VR BWVRIC

a QP > @ 7KH 89 DEVRUEDQFH VSHFWWURDORHQAMUWW KRKR
PD[LPXP DEVRUSWLRQ QHDU QP DORR®J )AUWHWHD VPDOOHL



*HOQHURQLMRLYHMVO ,QLWLDWRUYV

YLIXUH 89 DEVR UEIDIGIRN RESHEW LR \OR A WKDDPR OQRP

ELV> WULIOXRKORRQQVWOKDMMHLGH > @

7KH SULPDU\ SURFHNVORL (BLKVR MDRNFIKRHIPRL RAQKIHV SVR KON PIHEM_R
Rl OLJKW E\ WKH THUURFHQH FKORWLOMWI\VDME YRUSHRMWH ¥ R
WKH SKRWRFKHPLFWXLOL OORALB W IFRR® ROH[ )LIXUH

JLIXUH SKRWRFKHPLFDO GLVVRFLPRMORWDLEH I AFRRKREHQH KD

1RUPDOO\ WKH IRUPHG IHUULFHQLXPHFDMNRQH LVH Q WRJRH
HIDPSOH LQ WKH ARDOMWVYRR) BRSG\BHBOH @QGRABRHU> LQ VR
ZRUNV WKHVH LQLWLDWLQJ VSHFLWV IDRKHD RORRHFMRQ OLGBIG
H[DPSOH ZKLFK DUH UHDFWLYH LQQIBHH WDH UBBED KR 8 B



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

FDWLRQLF SRO\PHUL]DWLRQ UHDFWLRROAPBV LIDPW HROPRB D R
PHWKDFU\ODWH 00$%$ > @

,Q DGGLWLRQ DEVRUSWLRQ RI VXEHWWILEN XWMBUWNIULR & H (
1HVPH\DQRY > @ ,& WERY W RQ ROPVGLHY Bl QEEEWN RD WH REU RD G H
a QP

,Q RXU H[SHULPHQWYV DQ XSGDWHG W\SXOHBI VX
ELV GLPEBWHKUVUOQWRIFH\QH ZDV DSSOLHG )LJXUH

JLIXUH 6 WUXFM/XGHPRIWK\OVLOVO IHUURFHQH

, W KDV DOUHDG\ EHHHUR FROQGIGVW K I/'WM BRQ\BKR W]RMWLRDL
S\UUROH HSR[\ DQG YLQ\O FRPSRXQ®@VV XPK WK\ B HDNFKN\D® [P\
0$ YLQ\O DFHWDRMH WS$EOHD BU\O DW G LRHW KBFULQRWKH SU
RI KDORJHQDWHG V RONHDQMMY/O ¥ X &R D && 0O @

7KUHH FRPSRQHQW ,QLWLDWRU 6\VWHPV

7KH PDMRU DEVRUSWDRRE §DRIGRRLNIORMIW WY IDOO LQ Wi
89 UHJLRQ a QP WKXV WKH DE VO®\F H LRV KR WHKIHOB BL R
VSHFWUD RI PHGLXP DQG ORZ SUHVVWUBJPEURGH\ QD PGSLP I
WKHLU DSSOLFDWULIRDXOW S@& R$WRWH Q XIWHIG HZUW R UMHKR L QL'
DLP RI EURDGH Q LMHIQW KW LWS KA WRU QREBILUX P DWIHIDWA D IVRK © R>



*HQHURQLMRLYHMO ,QLWLDWRUYV

,Q FRQWUDVW WR GKWHBBR DM H HEKEKRDRHILHINY XV WER U R WZ K
IUHH UDGLFDO DQG FDWLRQLF SRO\PWUDVDRML RFQWW HDP WEKRLD
SKRWRVHQVLWL]HUYV E¥ DM PDQ@Y H\QWL FIR/OHEE R 7B W RW K UH H
FRPSRQHQW LQLWLDW®WAU PRYWBPY DHSKRWWVBBWRWELQU |
VHQVLWL]HUV G\HV HWEF D SUPRWRQ GRIQIRIG WR S ISRIHDM\V
GLDUVOLRGRQLXP RU VXOIRQLXP VROWDWL@J ZOQ YOHEGHLQ MR
YLVLEOH UHJLRQ R IW KH HW KB H AWRPRE RQKQ WV \S/KRHPR/L GKLDA
FRQVLVWHQWO\ EHHQ IRXQG WR \LHOGL KV LIGQ \W R Q VPLHULLE
WUDGLWLRQDO SRGHQRUSWRR/ RRELWLDWRUV > @

$W ILUVW WKHVH WKUHH FRPSRQHQW MW WBI®NVF X® U
SRO\PHUL]DWLRQV EHFDXVH PRVW RG W& HVE P VGHV +VERIPR/UI
EDVLF DQG ZLOO WHUPLQDWH D RDWRE R QE XOFF WD ® M/ ¥ KKY'\W 8
QXFOHRSKLOLF +RRNYKW GLI/DICHU GRPEBR QHIQHA IV \W WHIRN  F
XVHG IRU FDWLR QIIFWS RRWR S\R OKR HIULE H® UMV XD SHIRY H C
FDWLRQLF SKRWR S\RRR R WKIO'D S/ULRBOHBGERX @ RYY HOQ WKWURZ EL
DQG LRGRQLXP VDOMRSELOKFQRILRAY > @

$ SURSRVHG PHFKDQLVP RI SKRWRVHQWL®KRWRLRQ VRL D
VIVWHP LV LOOXWM UDWHBWRLM | LUXREOHFDPERRQDXQHGLRQ
LV D GLNHWR QRD @& KDWY LKVDL\E OHEVSEO FAKU B B[EWVHRQGW L Q \
YLVLEOH UHJLRQ ZLWK D SURPLQHQW E®@QGKBWXVH ®P
FDPSKRUTXLQRQH DV D YLVLEOH OLJIMPVLGKEWRNHG VEDW
SRO\PHUL]DWLRQ RIWKIR]V XQF DIOQNDDES L. @ HHP HHBRY VW X (

@



1RYHO ,QLWLDWRDW L{RSGLUR BR K\ WHRQ H] DW QR® HRUV. HWH

JLIXUH 3URSRVIHBWIKRQVRN RIQNVQ B/APORIIQWKIVUHIHWVERW RU ZKLFK

IRU WKH UHIBQ@HIUMOMORQA BUDGLDWLRQ@LWK YLVLEOH OL

JLIXUH 89 DEVRUEDQFH VSHFWUXWRD FROSRROTXLQRQH &4

7DNLQJ DOO DERYHHIDFWRRY L@ RRE&MV HESH XVMHKEQ /W W K
SKRWRVHQVLWL]HU ZKLFK DFWV DW R/GXMIGHFN MWHRPORQ B Q



*HQHURQLMRLYHMO ,QLWLDWRUYV

DQG &)+ ZHUH UHVSHFWLYHO\ WHVWHG DVRPISR MG WQZAD ¥R
WKH VXEVWLVRQWKIE \GROW\ CB*B & 8 5 (

OHWDOORFHQH

$ W\SLFDO PHWDOORFHQH LQLWLDWRPF ¥RQGFZVRKHE | EH \
WZR F\FORSHQWD G GH@\LO DAL YRIUUL R IV@ )ZKHUWUDQVLWLR (
DWRP XVXDOO\ EHORQJV WR JURXS ,QDDOWR JYUFRQWROMQEL
WLWDQLXP OHDGLQJ WR WLWDQRFHWERWY RUOHKDDQDREHQ]
VROXEOH LQ K\GURFDUERQV DQG VERQZ RBWL RMW LR 5 HVKIX K
JHQHUDOO\ NQRAQEBYV BYLYILOMRUV > @

J)LIXUH 6DQGZLFK VWUXFWXUH RI WKH PHWDOOR

7KH VLQJOH VLWH PEBWO\OG®REHQMH VUR®QWW K-HR P S OVHD] ODCFRALUL Y
E\ PHWK\ODOXPLQR[DQ®X P0 %20 N\IDYX PERODW B Q HVO XYRWIRD\D
DPPRQLXP ERUDWH DOXPLQDWH VDOWV @ QG&XRANMKRIXV VI
PHWDOORFHQHV RI GLITHUHQW VWUKXF\WKSHNVWHG H E HIHIX UR



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

J)LIXUH 6HYHUDO PHWDOORFHQH LQLWLDWRUYV :

$PRQJ WKHVH PHWD®SOHR FHYHYS W QHWILFMRUI QO KR Q WDH. Q
ZHUH ZLGHO\ XVHG ZLWK SRO\PHUL]DWHRWYL ®I ROMLYQW H
DFWLYDWRUV RU FRPOMWKLDO VERXFNLYRAKQBD OBPL QXPOKNDOLG
WULV SHQWDIOXRHWSOHRNQ VER UD R RHVRS KH.Q X I R U D WeH
)XNXL DQG FR ZRUNHUV GHPRQVW U DWH® WHON LEMEHYD & N\ C
FDSDEOH RI WKH QIRYQL ®J SBRSREH H BW HV i § RIDVEIVS O
VEDYHQJHU > @

YLIXUH JRUPDWLRQ RI DON\O PHQWDOMIRIPH®GH 0&S7LFHUWRSHR W

5 DON\O RU KDOLGH $ $FWLYDWRU

3RO\PHUL]DWLRQV Rl RWKHU ROHILQHV XEKWBQ HHWYXLQ
PHWDOORFHQHYV ZBPR @OXRLE K SRU NABE DM Bl UDGBHYDRS\ 1X O |
LQ WKH FRPPHUFLD® SSURG®BW LRIQN K HER G YHIDMLR D DLAD 12w
SRO\PHUL]DWLRQVHXYDRQW PHIWBO\W REHRED BDHOLWUIYGE =H BV H |



SRO\PHUL]DOVRICRDPRIMWMW R ORQLWH &0OD\V

FKDLQ JURZWK PHFKDQLVP )LJXUH RUG HAKY\FRRQ/RIFHDUN XQW
EHWZHHQ WKH JURHELDBWIKYDH G HDAVEHIW>D @ RERZRXNUD G Y D (¢
RYHU FRQYHQWLRQPLON EDMWRIMHU WKIRWBUH ML/ & R\OSHWR/Q W
PHWDOORFHQHVY YHU\ XVHIXO LQ WHWPW RR UMD DMRU DRD B
EUDQFKLQJ S$SROWRH b WD W @

JLIXUH ,QVHUWLRQ =LHJOHU IPWWD SRO\PHUL]DWIL

,Q RXU UHVHDUFK ELV F\FORSHQWBGQHQDO/ ®LPW WK S0
ELV &S LQLWLDW R LD/F HRIDKIHHO G FRR D QHZDV FKRVHQ
PRWLYDWHG E\ D GHVLUH WR VLPSOVIH UV KH H[S8UQP HQJ WD
LQLWLDWRU WHVW

SRO\PHUL]DWLRY PRARWKOORQLWH &0OD\V

SBUHSDUDWLRQ RI &0D\ ,QLWLDWRUYV

$O ORQWPRULOORQLWH

7KH LQLWLDWRUV ZHUH SUHSDUHG EQJFI/\RLW® H [FFHK\V R B
UHSRUWHG LQ WKH OLWHUDWXUH > @

,Q D W\SLFDO SUHSDUDWLRQ J RI PERQM®E RUR. O OFR (RLIIWH
PRO /DOXPLQXP QLWUDWXHRBOVIZROXWLRQ 7KH UHVXOWLQ
IRU K DW URRP WHPSHUDWXUH 7NKHGQDY LPIHR/GXEWKZD VI
GLVWLOOHG ZDWHU DQG WKHQ GULHV ISQHDFXXE TRYH.QV DDW
SRZGHUHG DQG WKHQ FDOFLQHG LQHOIXZONFRYBW f& IR



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

+ ODJKQLWH

7KH SUHSDUDWLRQ RI WKH + ODJKQLWHKRAD V LFOLWOWLUH @&/ R
GHVFULEHG E\ %HOEDFKLU HW DO > @

%ULHIO\ J RI PRQWPRULOORQLV&HL BODK Z RW 6@ LEH3 R B
,Q D VHFRQG WLPHHD 0DJRQ XWHW ZHIGVWQGFRPELQHG ZLW|
PRO /VXOIXULF DFLG VROXWLRQ WR UNPRNKLRANEBLRNHW U OE
DW URRP WHPSHVUWWS UH 0PQ DQQ DNHWELY DU RHG ZDWKIU W R
VXOIDWH VSHFLHG® D®G WKHXGUQZIDVKRYHKWH \LHOG

SRO\PHUL]DWLRQ

.HWHQH PRQRPHUV ZHUH SUHSDUHG DV SRIM\PHLLAH B W.LCR
FRQGLWLRQV ZHUH VHWD RV IRDERDW IIRY &#XQ ZLWK >
PRO /LI VROYHQW ZDV QHHGHG |IRU KNKHVISHPW. DARRVUK H P\
ZDV DGGHG LQWR WKH V\VWHP DFFR UIRXQUIGW.R) @K M/ LY BIW b

@ IRU WHPSHUDWXUH i a f& ZOLM K KWW DFER HOMX\URI DV K |
7KH UHDFWLYH PHGLXP ZDV NHSW GXWK}RQ R CDORAHGC W R/
URRP WHPSHUDWXUH $IWHU WKH @®@BXWHDROLIR@ DVQE Hs R
D ODUJH DPRXQW RIHHMWRP QWO O7& HZHDUI® W ORRD U HNHGO WY 7

W FDQ EH FRQFOXGHG WKDW IRU WHKHAVRQW KW HR QWH RIH\G
DQG WHPSHUDWXUHV FOD\ LQLWLDWBRUKR/QRW $0SURYWE WU
FDWDO\WLF DFWLYLW\



SRO\PHUL]DWLRQ ZLWK 3KRWRLQLWLDWRUV

7DEOH SRO\PHUL]DWLRQ VXPPDWUKRI NHWHQHYV XVLQJ

5XQORQRPHU ,QLWLDWROGROYHOQHWSHUDWXUHSHRBDUNYV

UHDFWLRQ KDUGO\
SURFHHGYV

UHDFWLRQ KDUGO\
SURFHHGYV

$0 ORQWPRULO@RQLWHIi &+

+ ODJKQLWH &O &+ i

UHDFWLRQ KDUGO\
SURFHHGYV

UHDFWLRQ KDUGO\
SURFHHGYV

UHDFWLRQ KDUGO\
SURFHHGYV

$0 ORQWPRULOHERPOQLWH i

‘3. + ODJKQLWH.+&0 i

+ ODJKQLWH r

} UHDFWLRQ KDUGO\
$O ORQWPRULSRROQLWH i SURFHHGV

I(.
Tobouwmiao i URRELERKevee!

SRO\PHUL]DWLRQ ZLWK 3KRWRLQLWLDWRL

7KH ILYH GLIIHUHQW SKRWRLQLWLDWLTDED\W W H P)\R U YR
H[SHULPHQWYV WK R LIG®/L\YMWRY RRSRRHIDGEWDRW R PWEK @
SKRWRVHQVLWL]HU DQG + GRQRU ZHYWHDE G W G) BWBR WRILA
>+ GRQRU@ H[FHSW ZKHQ WROXHQH VHUKHGDYUHRERQR
ODVWHG IRU PLQ 7ZR GLITHUHQWGIOQJRW WROHU E @ M WZLHDUWAL

+DPDPDWVX /& D : SRZHU +J HPOIDR'XUHGPDWP
QP WKH HPLVVLRQ VSHFWUXP LOWKDWUWWIEHG QDPH. FRLU
VXLWDEOH IRU DOO LQLWLDWRUYV ,ERZ8BKHU DWo D PXFK C

QP /(" XVHG RQO\ IRU WKH WKLUG(FRA$RRHQMD.L
LOQWHQVLW\ FRXOG QRW EH PHDVXUH®QRQR PHDVXULQJ F



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

7TDEOH SKRWRLQLWDWRU VA\IVWHPVY LQYROYHG
ODUN SKRWRLQLWLDWHRQ@VLWL]IBYURWR VY GRQR&SEHVDR’\%?JI%?\Q'!—?&W

ELV GLPHWK\OVLO\O IHUURFHQH

$ &&O

5*$&85(

% &&O

&DPSKRUTXLQRQH

&4

& 5%$8&85( 7ROXHQH 7ROXHQH
5+$8&85 ( &4 N.N
! ‘LPHWK\0D®THR oH

( 5*$8&85( &4 6@ )+ &+8 0

JLIXUH 89 (PLVVLRQ VSHFWUDO GLVWULEXWLRQ RI +I



SRO\PHUL]DWLRQ ZLWK 3KRWRLQLWLDWRUV

7KH UHDFWLYH PHGLXP Z D W HISHE GXHMSBIQOWKHQ DOO
WR UHDFK URRP WHPSHUDWXUH $I\@8 UL ZDW LRQDDU VG E
HWKDQRO DQG WKHQ SRXUHG LQWR RAVHBHW L PIHW L RRYO KR ®l GF
DQG UHVXOWV ZHUH VXPPDUL]HG LQ 7DEOH

7DEOH 3KRWRSRO\PHUL]DWLRQ RI NHWHQHV
5XQO0RQRPHU' QLWLDWRU o L UbWX DKW VRXUEH 5SHPDUNYV
VIVWHP
o . . TDPDPDWVXUHDFWLRQ KDUGO\
: /& SURFHHGV
. P re TDPDPDWVXUHDFWLRQ KDUGO\
/& SURFHHGV
. e TDPDPDWVXUHDFWLRQ KDUGO\
, /& SURFHHGV
(. ” i ra TDPDPDWVXUHDFWLRQ KDUGO\
/& SURFHHGV
” e TDPDPDWVXUHDFWLRQ KDUGO\
/& SURFHHGV
3 . [ re T DPDPDWVXUHDFWLRQ KDUGO\
: /& SURFHHGV
” . i re TDPDPDWVXUHDFWLRQ KDUGO\
: /& SURFHHGV
s [ re T DPDPDWVXUHDFWLRQ KDUGO\
/& SURFHHGV
" i re TDPDPDWVXUHDFWLRQ KDUGO\
/& SURFHHGV
T a i e VEMESKouso
) , UHDEWLRQ KDUGO\
b f& QP /( SURFHHGV
( i e ep 1 RNy e

8QIRUWXQDWHO\ WIKIDWIHYIHV\ WKHPXYBRG OQR KSR O RPHILF H R
EH UHWULHYHG 7KH UHDVRQ ZK\ DOHOUWIKHNREBEQV 0O 0 GAHG
WKH 89 VSHFWUDWKHNWWSHEBY 'RUWHBKLEBEKZHGHO\ RYHUOL
DEVRUSWLRQ VSHFWMU W RX . @IDW HYVERRNMLW LR VB BRIVFWR LPS
,QGHHG OHW{V QRW IRUJHW WKDW RRB GRPFIWMLNE WHRGWB



1RYHO ,QLWLDWRDW L{RSGLUR BR K\ WHRQ H] DW QR® HRUV. HWH

u' PRI®O XVHG IRU PHDVXULQJ WKH 89 VSHFWVRBSWQRQDV
Rl '0. LV WUHPHQGRXV HYHQ DW QP

JLIXUH 89 DEVRUEDQFH VSHFWUXP RPROWQ HWK\O DFH)

,Q FRQFOXVLRQ MRIXWLIRYHFDSKROW RXGQILQVIL BWIRHKHUAQ W H.RM
SURYHG WR EH LQIRISRPWAHUWL JRW LRKIRRRQ RPKIK W HKWH@H- Q F
H[SHULPHQWYV

SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

SRO\PHUL]DWLRQ 3URFHGXUH DQG 5HVXOWYV

.HWHQH PRQRPHUV ZHUH SUHSDUHG ®VWGNRRQLEWY G RQV&
$00 H[SHULPHQWY ZHUH FRQGRROMW® G LMIRQGRRABBHD @ R U ¢
XQGHU R[\JHQ DQG ZDWHURU HAD ¥ DG NG BRY VD Bk
VROXWLRQ RI ELV F\FORSHQWDGEHQNOD QG GP MWJK WO S HQW R (C
SKHQ\O ERUDQHQW&H FRUUHVSROWGIL® J VRAEGHQW >&S
PRO / DIWHU WKH UHDPAMLIR®@ W WHKM WWODHEIH WHHG WA D IE SVH_L



SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

PHGLXP ZDV NHSW WWILW UHIGL G XWH P HDO QRKZHHG DR WMHKIHRK
WHPSHUDWXUH 7LPH RI SRO\PHUL]DWLIR®Y WONWH®G NRED
TXDQWLW\ RI DEVROXWH HWKDQR GV XV \8 R YOUHG QHXVRU W & H
PRQRPHUV DQG LQLWLDWRUYV 7KHQDWEH P PRNXQWH ZDIVDEW
HWKDQRO 7KH REWDLQHG SRO\PHWZDVIKMWGE BAHY HHJ D\ONW GP |
HWKDQRO DQG GULHG XQGHU YDFXXP UL\ WL&R Q$ PRPPIDWL FF
UHVXOWYV ZDV SUHVHQWHG LQ 7DEOH

7TDEOH

6XPPDU\ RI NHWHQH SRO\PHWLDWRBEQ XVLQJ PH'

SXQORQRPHU ,QLWLDWRU V\%WG?H&WPE&HUDwéHHDBNV

UHDFWLRQ

0(. &+&0 KDUGO\
SURFHHGYV
UHDFWLRQ

&+8&0 i KDUGO\
| SURFHHGYV
' UHDFWLRQ

%LV F\FORSHQWB&&HQQ\0 KDUGO\
GLPHWK\O]JLUFRQLXP SURFHHGYV

(3. &+&0 \LHOG

SRO\HVWHU

7ULV SHQWDIOXRgRFKHQ\O

UHDFWLRQ
KDUGO\

ERUDQH SURFHHGYV
) \LHOG
&+&0 ! SRO\HVWHU
) \LHOG
&+&0 ! SRO\HVWHU
— 0.
) \LHOG
TROXHQH I SRO\HVWHU
"LHWK\O \LHOG
HWKHU SRO\HVWHU

D \LHOGV ZHUH FDOFXODWHG E\ ZBLJBMW 8B H WBAHFN SRIWRDBEWLRIQQ HRY SBOHAHHU PRQRPHUV



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

JURP WKH WDEOH GWWHDQNEW KFHR @ WORXIBHZ RBH GHH | HBWWY.
LQ WKH SRO\PHUL]DWLRQ RI '0. DOWAKREWDDQWHGUIRUP DD O
VWUXFWXUH PROHRWKBWU BHIRIKNMUIMY DGZRIU M/ KGH \SFROAPHG |
IROORZLQJ SDUW

SRO\HVWHU IURP (3.

OROHFXODU ZHLJKWYVY DQG VWUXFWXUH

7KH )7 ,5 VSHFWUXPXRH5XQ VKRZHG RRORRMGI'ERFE
ZKLFK JHQHUDOO\ PDWVE R QR & RRE WA/NK\R WAL KIANY U

J)LIXUH 5 VSHFWUXP RI 5XQ (3. EDVHG SRO\HVW

)XUWKHWPRUH a . + a + a +SSP L@&VHH
YJLIXUH &DRG b & E& a EHQJHQH & c&&

& 1&  « &SP L@G&'VHH )LIJXUH 105 VSHEWUD D
WKDW RQO\ SRO\HKNRZHY ADVE 8 VHGE HQ @0\ HKWMLDIEVG Q FH R



SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

DURXQG SSP HIFOXGHG WKH SUHWZHFNHRBRI WR & &M H/QR@H/
105 ZHUH QRW YHU\ FOHDU EHFDXVHYRIUWRIR 2O LWWHMAHGT XD Q

JLIXUH + 105 0K] f& BRVSHFWUXP RI 5XQ (3. EDVHG SRO\

JLIXUH & 105 VSHFWUXP 0K]JO RF& X&' G¥HBE SRO\HVWHU



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

#5 DO GHWHUPLQHG R\O63Q0SQVEHD QGDUGYV UHVSHFWL)
By J P RoOQKG J PRDLWK FKURPDWRJUDPV KDY
SXW LQ $QQH[HV 7KH H[WUHPHO\ ORROHRR®GDW QG LWKW
FRPSOH[ VWUXFWXUH FRXOG EH H[S/OIOH EX® NE\ WLIGH \SWH QL
RQ WKH SRO\PHU FKDLQ JURZWK SURFHVV

7TKHUPDO SURSHUWLHYV

7*$ DQDO\VLV RI 5XQ JLIXUH VBERY Y GVWRDNMU /K K L
IDU EHORZ f& ZKLFK ZROPQW EWLURQ RI WKLV PDWHUL

JLIXUH 7*$ DQDO\VLV RI 5XQ (3. EDVHG SRO\HVW

8QIRUWXQDWHO\ MWKHZDDPGROW ARBGMRMVRUHPKIDW & P

,Q FRQFOXVLRQ FRPOHOUHDG\ZUWSRWWHIE FRQ\HVOWHIUR/C
LOQLWLDWRWXVLOLQIHWWKH OLWHUDWXUH > @W WK 4 LSWKO \ H
PHWDOORFHQH LQLWLDWRUV GRHRIQRW VFHWR NPIHO L Q WH UL

WKDQ VKRUW S#O\PHU BKIDR®@Y¥G SRRU WKHIPDO VWDEI
f&



SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

SRO\HVWHU IURP 'O.

6WUXFWXUH '"HWHUPLQDWLRQ

7KH SRO\PHU VWUXFWXUHV H[DPSOHTRI55XQIJXUBHUH LQ
+ 105 )LIXUH & 1IMBG)LIXUH DQDO\WHV VSHFWUD RI &
SXW LQ $QQH[HV ODQMKEHWIHPH[DFW X Q

YRU )7 ,5 D VLQJOH VWURQJ DEVRRZSWKRQQEDQGLDWUH
LQGLFDWHG D SXUH DQG FOHDQ HRMWWHW YWIURK WHXORNVRN W K
ZKDW ZDV UKSROUOMWHEUDNYWH > @

J)LIXUH 5 VSHFWUXP RI 5XQ '0. EDVHG SRO\HVYV

7KH 105 LQ )LIJXUH SUHVHQWHG H¥YHU\ + PWRPV IURI
+ +SSP L@G@'ZKLFK DUH FKD WRRONHVYWWW LYW XEFW XU
DOUHDG\ VWDWHG > @ WKH RWKHUQBRWYMWEHWH CR® \P HHW
VLIQDOV LQ WKH VDPI& WO D) DCKNUW IR UH E &
& c& H& I & J&S SP L@G@ZDV XQGHUWDNHQ )LJIXL
WR IXUWKHU FRQILUP WKH SRO\PHUWKHSSBBWNQ@QWXQLWYV &
SURYHG WKH H[LVWHQFH RI SRO\HWWIHQ@ DWRXIE GV KH SRV I



1RYHO ,QLWLDWRDW L{RSGLUR BR K\ WHRQ H] DW QR® HRUV. HWH

NHWRQH DURXQG K39 P HUHDINWVGI X BBW XIWEYV R OEXKMLHLFWW\ D Q
7KH FRPSOHWH DVVLIQPHQW RI W KHHGRWHK MUK N LU I DHOD/WAHAIH
ZKLFK GHILQLWHO\ GHPRQVWUDWHGDNVKPEWRQQH® KH SRO\

JLIXUH + 105 VSHFWUXP 0KRJO Rf & X&' '0. EDVHG SRO\HVWHL

JLIXUH & 105 VSHFWUXP ORIJO RfF& X&' '0. EDVHG SRO\HVWHL



SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

6ROYHQW DQG 7THPSHUDWXUH (IITHFWV RQ OROHFX

7KH YDULRXV H[SHRQY HDQMEDOHNVXQAIMYIMHEHD SUHVHQ WK B
EH VWUHVVHG WKDW DOO WKH 5XQWHBDRFBEHGH G1 DRANUK HMUPH
REWDLQHG SRO\PHUV ZH&GD X® OARVORXODQBOHEXK Y &SYHFLSLWD
DORQJ ZLWK WKH SURFHHGL@X®! WKH LQVHUWLRQ UHDFWI|

7DEOH BRO\PHUL]DWLRQ FRQGLWLRYD X\RLQG L P H W B OGONRH\M B @ H_ (
5XQ 6RO Y hRQWoH® SHUD W X Uik Y Im <LHOG
f& J PRO J PRO
& & + 1
& & + i
7TROXHQH i
'LHWK\O i
HWKHU

D \LHOGV ZHUH FDOFXODWHG E\ ZHLJBMW 8 H WBAH{FW SRIWRDEWL.RIQQ HRY BSBAHRHHU PRQRPHUYV

7KH SRO\PHUL]DWLRQ UHDSOL]3XE® DW DIIRUGBGEYHODWL
PROHFXODU ZHLJKWV DQG \LHOG FRPSP&HIX@ R X\PIDQEH V
EHFDXVH WKH KLJKHU WHPSHUDWXUH FOFGL BV & LFPRHUUH RUL G\H
FRPSRXQGV RI NHWHHUH > Q@ D 3 RERMHRRW KB \CHWYWQQ FKQLQ)

$W WKH FKRVHQ UHDFWLRQ WHPSHUWMMXUWK RBIUR GH&F W\O
SRVVHVVHG PXFK KZHBKBHKWRR CHORXWRDAHHY PR G IOFSHHDMMNG
HIFHSW IRU 5XQ LQ WROXHQH ZKLHKK\WZ DN JDKHMMH & QBG B
VXSHULRULW\ RI PHWDOORFHQH LQOWLIDWRUY EQPWDDWE W
SRO\HVWHAUF¥QRWHK WR ' DQ#BFRB®VH WR ZHUH DOUHDG\ L



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

7RS \LHOG DQG PROHFXODU ZHLJKWWYHDHDWH. YHOF K B GNIRC
DQG 9 PAROWK D YHU\ ORZRSRO\GLR/ S WU G HRRK O 8 CEHHY D Q
FRQFOXGHG EHW ZHHQ MKHDRR®D B E ¥R B @\ H L\FR PR GI\DWD Q W

,QVHUWLRQ OHFKDQLVP

'LITHUHQW IURP RROHIQEYD\ERWWKOR IFWDULQHG WKIHQRBSS RUW
WR EH DWWDFNHG E\ WKH SRVLWLWHHWY R KNVERHIGHAHWERQLKF
RFFXUULQJ WR WKHWHWMQRQ VZIKE®G H OIRQUN WHKH PARLG/HH LE\HHWV Z
PRQRPHUYV

7KH SRVLWLYHO\ EKDUYHGQIUOBRIPS &' GHVFULEHG DV W
IROORZLQJ HTXDWLRZDNVQVWDEUEL]|M®E LA DAKFR FDOWLRQ ERC
VKDUHG K\GURJHDLOQLWKHRIYWHHEHVHUWLRQ

J)LIXUH SHWREWDR/M RII PHWDOORFHQHYV

'KHQ D NHWHQH D SHSQURPWKRG @RI ML HVORAH AL F K RAHQ W
OLQN ZLWHKHWBHGLQJ WKDWHD GD UG RQKEDKDRG U U\ Bi k) R MQ Y
WKHQ KDSSHQHG DVVRFLDWLQJ ZLWRKQ & KHR MIOHIF MH\R B QR-R W\
ZDV SUHIHUUHGDBAWWEKBX3WLQJ WR IVIOH GNDVWL QKXW DQ H
DSSHDUHG VLQFH DQRWKHU UHDUUD QRIHPOIDMWRRW VY B WRHLG
RWKHU NHWHQH IUDJPHQWY DOWKHBQD@IL FKDLQ @V WEKWKHD G
WDLOILUVW VW\OHNKDLEOGRD 8 R 6 MMNNWADIH 1 YDIQOX REEWDL Q' t
LQVHUWLRQ RSQ OX Pl H U)LLJIDW H



SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

JLIXUH ,QVHUWLRQ SRO\PHUL]DWLRQ PHFKDQLVP F

7KH ZKROH LQVHUWQRSURR B &PHIH. FDMOE H. VXWPHW DUL]HG

JLIXUH ,QVHUWLRQ SRO\PHUL]DWLRQ RI '0.

7R H[SUHVV WKLV LQVHUWLRQ PHFKDRLV®IH®RUMW YWRL
PHEKDQLVP ZH QDPHG DQ H2EVHYNVIXUHI&RP S X & WL FWSLQ/DHN i
PHWDOORFHQH LQLWLDWRUV SRVLWDQHBN EKDD UG G WD VQ
RI D KXQJU\ VODNH 7KH NHWHQH PRRBPBHQJHELWFR RZ® BH
XQLWYV LQ WKH FKDLQ FDQ EH D ILV¥ WIKHKKWRE QQID & DA
$ KHDGILUVW WRNVWYH OLVEKVID I/Q WIDB QN BLW RD MHR WKHVWHU

SRO\PHU



1RYHO ,QLWLDWRDW L{RSGLUR BR K\ WHRQ H] DW QR® HRUV. HWH

JLIXUH $VVRFLDWLRQ RI H2EVHVMUWHD &8 RIRBWHOUM YR QG @ B RKE G

7TKHUPDO 3URSHUWLHYV

7KH WKHUPDO VWDELOLW\ Rl WKHVHQBGED\VHG R OXHWW
7KH GHHVDDLQEFE: YDOXHY ZHUH JLYHQ LQ 7DEOH W
SRO\PHUV RI 5XQ DQG SRVVHWKWHSI | KLIJKHU PROH
J PRO KDG D EHWWHU KHDW UHSLVMWPOREHRI ZK&F K KLOGI
VKRUWHU FKDLQV BXDRUYVEUHN PRNMEDWE DD VRIDEGE O L W&
7KH XQH[SHFWHG VBDHIKWD\ GHFRFPYHEUQE MR 5RZHG WR
UHODWLYHO\ ZLGHEXRMRARHF XKD B KG L $I®IUEDWHK G L HSR U KRR UW D
FKDLQV



SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

JLIXUH 7*$ VSHFWUD RI '0. EDVHG SRO\HVWHUYV
7DEOH 7TKHUPDO SURSHUWLHY RI '0. EDVHG SRO\H\
Tg Tm Hm
4% % ) gp” eytz
5XQ ? , §§ , 1y fé& f& -3 S S
J PRO J PRO f& f&

QCKHDWLQJ

7KH '6& VSHFWUD RILRJQRRPOIOD\ KHDPSVL PLQ ZWHH BXW
$QQH[HV ,W VHHPHG WKDW DW WK WK R R GSLRI\ \DWVHHU MVWWIR
ZHOO DV DOUHDIGN REVMX Y H G RAF TRIRXYB HUYV RI @GR O

(Hn Rl 5XQ ZDV ZKLBHRI 5XQ ZDV RQBHUWDIQO\ GXH WF
SRO\PHU FKDLQV PHDQZKLOH QR PHGVBIX@J ZDV GHWHFWHC



1RYHO ,QLWLDWRDW L{RSGLUR BR K\ WHRQ H] DW QR® HRUV. HWH

&RQVLGHULQJ WK D3R @\KIH WOH E\D V H GLH KK DW IKHW R | RW\W \D DVD
ILUVwW KHDW DW WKH UDWH RI f& PN ZDVFRRQGXBEVEH R AW
D EHWWHU FU\VWDOOL]DWLRQ LI WKWYWVVHPRQG7KHQW\LIOH ¥
ZLWK D UDWH RI f& PLQ ZHUH FRQOWMFAWHNGEG RYJDIAVH G

JLIXUH '6& VSHFWUD RI '0. EDVHGPIRODHWWHWVFRROWQDWW f &

JURP )LIXUHRI PDVVLYH S8O\HVWHURRDDV IRXQG DURXQ
f& DVVRFLDWHGy RUIWKfEHBEODQJILQJ ' a ZKHILHDYQ JH
a f& ZDV DVVLIJQHG WR WKH REWDL QWM DHR'GKWWNQRI| D F
J PROZLWK QR PHOWLQJ EHKDYLRU GHWH FWWKSG U LR UV W\OF
PHWDOORFHQH LQLWLDWRUYV FRPSDMWRUW R | RIK HZ K\ B B GIR\C
ZLWKRI  f& BWRQBORVH WRLWKRXW,GBWHFWRBOLQJ UDWH R
PLQ FRPSDULQJ WRXU fr&[S HPWRPH@ W ¥ SRIWWH G G-U HBD G\ U

7TKHVH UHVXOWYV BBRH @R RIFPOORDW) &KHETIRWN\PRHQY ZLWK (
FKDLQV KDV OHVV IUHH YROXPH WIREZQP R QHFXONDK ZKHR.U WWH
ORZHU YOO XBHHGRKLJKHU PROHFXTWQDWV WH IEJKWV] HD X\QHW Q



SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

DSSURDFK WR WKHTW K& RUKIWWY BPB POQOLLQHWHWKH PDVVLYH .
ZKHUHDV WKH OHYVYVFDDXMWH. © IR GILHU GFARAOVIFLUR M WID @ K6 DI F W V

'"HJUDGDWLRQ 3URSHUWLHYV

W ZDV LQWHUHVWLQJ WR QRW L PH KV KLLW P B QMHW VR BV |
LQ WKH DLU DWRPRWRH WLHR SVH B\ QW BEHDMVG RS RIOKH VW H
REYLRXV GHJUDGDWKRQJZMV REYHUXBMESS FRSHUWLHV

7DEOH 6 XPPDU\ RI SURSHUW\ FKD@IWWHRI| 'BR g IV KH\GWRRID\HV/

Tg Tm Hm

6 (& 0%$/6 ,
f& f& -1
€8 eyt?
5XQ QCKHDWLQJ DLWHU
$i¢ o g f@ f&
, , Ly , FRROLQJ DW
J PRO J PRO J PRO

f& PLQ

< £/ £/ gz =

W W GD\V
D FDOLEWDHWIQRH RI6(& ZLWK SRO\ PHWK\OPHWKDFU\ODWH VWDQGDUGV

JURP WKH 6(& FRPSDULVRQ LQ )LJXU®H DIQVG FDHW DR GHHD
FRQFOXGHG WKDW DOO WKH SRO\PWY WDV KDILRH ZHKIYW RRW 7IK



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

Rl WKH SRO\HVWHUW¥ BE&WNG\WRVQGEIBFPLRRIHWWRLU RULJILQV :I
DSSOLHG 0$/6 DQDO\VLV WR WKH GHNHED ®BHGXIRO\FHAHS W RX

LW SURY HE WHKXOXWHWKHRP 6(& NHSW WKH VDPH RUGINU RI PDJ
IURP OLJKW VFDWWHULQJ ZKLFK FRQRQ@ PHGDGIGH \WRERRU BE
ZHLJKW GLVWURXMHRDY ZHWKHEGHIJUDGDWLRQ

JLIXUH 6(& FRPSDULVRQ RI '0. EDVHEHYR®NAV /G DW LERHJ} R U

$OOTWRBVR GHFOLQHG LQ YDULRXV GHJUMRWOWHDV VKRZ
$PRQJ DOPRIXEXMQ RQO\ GHFUHDVHG IURP fERHERXVH ZK
LW VWLOO UHPDLQHG® RRXH WKIBDQYPRUH WKH FU\WWDOOL]I

DQG 5XQ ZDV DOVR QHJDWLYHO\ WK HFRROH FEX ODKH FXKI
DVVRFLDWLQ@RQRWRPAHIGHI BEOLQJ RI WKHLU



SRO\PHUL]DWLRQ ZLWK OHWDOORFHQH

JLIXUH '6& FRPSDULVRQ RI '0. EDDHWHIROHIVWW B DW ERIQR U |

7KH 7*$ VSHFWUD HHQZ® HD@HW OBEGREUNL ER@ SAHIHG LQ )LJIXL

DORQJ ZLWK WKH H[KDXVWLYH LHQDEHBDWHRW®W HQFABROF
ZKLFK UHPDLQHG D UHODWLYHO\ KLJKHRD®EGDVDIDRQ ZKID SR Y
RWKHU GHJUDGHG SURGXFWV ZLWK WV KRKRNUH@®HG VSARIDE P @ U\
FRQVLGHUDEOH GHFUWDA VR HEHHYRKFLHDOPRERUDQJIH



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

JLIXUH 7*$ FRPSDWEDMHGRIRO\HVVDHWW LEE IBIHRRIUUDBOQG®LRQ

5HJDUGLQJ WKDW DOLSKDWLF SRO\HWWHWWR KUGUROW
GHJUDGDWLRQ > @ D SRVVLEOH GHURM\EDWLRRW HZFKDD @
GRXEWYV VLQFH WKHVH SRO\PHUV ZHUHL\RWQXOU HH [B\R VIHIRSE W
WHPSHUDWXUH $ RX5R PR LAION FIRX D &R IEXQW MHD 50 H \DH@! W
LQ WKH FKDLQV ZHQO KREQ/ WREWRWPDO@ DX QWV WK
QRW EH GHWHFWHG B\RV0/A ETKH B JMWDRE BIW.ICROX VWD DRVGH G E



&RQFOXVLRQ

JLIXUH 3RVVLEOH UHDVRQV IRU WKH GHJUDGDW

,Q D VPDOO FRQFOXVLRQ D VWUXKWROMH RSOHH IE A L FKW

J PRGBROVHVWHU SRVVHVVLQJ LQW HUMRXQIAN M&KH U P
DURXQJ 6f&RUH WKDQ f& KRDYHBHRQ WWHVEKMYMMHRIHGLP
LQ WKH DSSOLFDWLRQ Rl WKH QHZ PHWDOORFHQH LQLWLD

&RQFOXVLRQ

,Q WKLV FKDSWHU WKUHH VSHFRD©HWB & ® RRA H@H. WH_RDRASF
WKH FRQYHQWLRQDO /HZLV DFLGV AHUBWALRQWRHGY DQ LWRKN
PRQRPHUV LQFOXGLWHB P-H WK \O HAALK\W KHO NWWWHOCBSHK HQ\A\O N H W
(3. GLSKHQ\ONHWHQH '3. DQG WKH MRU\ PRSFRBO I
GLPHWK\ONHWHQH '0.

%RWK WIRH) GOSURWRQ H[FKDQJHG PRQWPRWRO U RDQLGV WK H
GLDU\OLRGRQLXP VDOW ,5*$&85( P HMW K\WR/AKDQE MDJAMR F H (
WKUHH FRPSRQHQWRFKSMRLQIWRID \WBR&FK BEKRN.RWRHMV L &/ L ]
UHYHDOHG ZLWKRXW\ XKBWQ OWW HN HD MNMQWMEH FRQBRMUR QV
+RZHYHU WKH VDQGZLFK VWUXFWXUWH QJRMHWKAHO RHBE W LIR



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

ELV FI\IFORSHQWDGLHQ\O SUGHMWE]MWIFIRQEXMP WHSIOXRUR S

% & EHKDYHG HIIHFWLYH WR ERWK (3. DRI FO.VAHRRIREBH UV

RQO\ D SRO\HVWHORVYWK/RRQZ \LHQEHRIUIWW RICHEKBU FKDLQ\
J PRMDQG SRRU WKHJPDO YWDEDLWYIREWDLQHG

JRU '0. WKH PHWDOORPHGHULRUPRIGWHKILQK D\ LIQIVH EWILR
SRO\PHUL]DW LR QRRIAKDIQD WP\ SHII IR | FUGDWO B MLQ B GU HIKD D U
VWUXFWXUHG DOUWSRBWLPISRG\PRQBWM HR QDN & IKHHWWKR O Y H Q'
JDYH WKH '0. EDVHG SRO\HVWHU SRMV&HVVLQJIIHHRBOOHQW
a f&m a f& a f& ZLWK D VDWLVI\LQJ \LW G, W |
PHWDOORFHQH LQLWLDWRUV RQ WKMWKEPWPKDRILDB 1ZGIX
VXFFHVVIXOORBEURBGHRMHGEIM PRQRPHU



SHIHUHQFHYV

5HIHUHQFHYV

> @ 0 OLFKHORWWL $ $OWRPDUH H WXISBRAWHOHGE SROBREDDRQ
FDWDO\VWV &RSRO\PHUL]DWLRQ R I|OHWRKVFOQHOOMH VIXGGE R LIRMOHHGLR @ 2
-RXUQDO RI OROHFXODU &DWDO\VLV $ &KHPLFDO

> @ 9 7RXFKDUG 5 6SLW] & %RLVNVNRH) <WWULSRPXL®RG + DI
&DWDO\VWYV IRU 3BRO\PHUL]DWLRQ RI&RREXQHEIHNIORBGVRPROHF X

> @ < 6XJD < 8HKDUD < ODUX\DPD 60CJVREBDWHWQKRLKDPD 7
&KHP $EVWU SS

> @ ** +ODWN\ +HWHURJHQHRXV 6L ROW AUWH \& DRUD O&KW K
S5HYLHZV

>@ '+ /HH . % <RRQHWOOOKRFHQH 0%RRQSRIONVPHUYWWYXSSRU
F\FORGH[WULQ ODFURPROHFXODU 6\PSKWLD :LOH\ 2QOLQH /LEU

> @ 6 $RVKLPD 6 .DQDRND $ UHOQD\PHWOLQEFW LLRQO KKIHPL FDW E

> @ 5 OHJKDEDU $ OHJKHUEL 0 %HOHPREKDWD®DVYKQLRAH F
SRO\PHUL]DWLRQ RI 1 YLQ\O S\UUROLGRQH 3RO\PHU

> @ $ ORXONKHLU $ +DUUDQH 0 D %HRGHIISF KDW DD YK\Q LRMH W
SRO\PHUL]DWLRQ @H . RAXWK\DY WYUHSISKDQHIE SRO\PHU V

> @ * 1DJHQGUDSSD 2UJDQLF VIQWKWHVYRY XMLHHQF 6 bM FA.DAMW
5HVRQDQFH

> @ $ -KD $ *DUDGH 0 6KLUDL &IHRECRQWHPVRINQ CFDRMALLIRMH !
FDWDO\VWV IRU K\GUR[\DON\ODWLRQ UHDFWLRQ $SSOLHG &OD\

> @$ %OXPVWHLQ 3RO\PHUL]DWLRGSDRJIDDAGLMRRYU RH @/ RIR FRO DA
FRPSOH[ -RXUQDOQW¥FIH3IRMUMHY GFIQHUDO 3DSHUV

> @) 8GGLQ &OD\V QDQRFOD\V D@ PRQWPRFD®ORQGWH
7UDQVDFWLRQV $

> @ 3 ) /IXFNKDP 6 5RVVL 7KH FRIOWWRLIBWY ® IDEHQ WKRHIR OWR LVFX
$GYDQFHV LQ FRTEOBRLELBQBHLQWHUID

> @ 7 &VHUL 6 %pNivVV\ ) )LIXHUDWYPO&VHNHKWD WBW UG
&KDUDFWHUL]DWLRQ Rl FOD\ EDVHGQ. LKD WMDLOAE W& &UDG WW K B O
DURPDWLFV $SSOEHGH&IDWDO\VLV $

> @ 0 .DzDL 0 4QDND < ,]XPL 6RR@ AMDIFDEHAMDMWNDWOIOHEG BL
FRPSRXQGV ZLWK DOO\OLF VLODQHYV &KHPLVWU\ /HWWHUYV

> @ - $GDPV ' &OHPHQW 6 *UDKDK DBOHNMHRMIVRRYHRJI DQ MROKX
HIFKDQJHG PRQWPRULOORQLWH &OD\V DQG FOD\ PLQHUDOV

> @ * 1DJHQGUDSSD 2UJDQLF VI\QWKANMQ¥HKVLQJ FOD\ FDWD

> @ - $GDPV ' &OHPHQW 6 *UDKDWVO A\ QYWHKHVILWRRI PHW K DC
LVREXWHQH XVLQJ D FOD\ FDWDO\VW &OD\V &0OD\ OLQHU



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

> @1 .DXU ' .LVKRUH ORQWPRULGOQR®XWVH G® HJHHQ HF@W [
RUJDQLF VIQWKHVLY - &KHP 3KDUP 5HV

> @ 6 %YHQQDEL 1 6DKOL 0 %HOEDFKL® &RXY HRUFBROKIDH V.
DSSURDFK IRU VIQWKHVLYV RI SRO\ HWEBQ3$OURMUVODY K URW.RQ BD
PRQWPRULOORQLWH FOD\ DV DQ HXK®FDWPBIOHQWH -BRURDP RI 0D

> @ 0 %YHOEDFKLU&RBP SRNLVADLRRXPD D QBORWIWK RGL (RIUEHIMVW R Q L W
SDWHQW >3@

> @) 5HIJXLHJ 1 6DKOL 0 %HOEQWKIHNLY -RI/EWY RPDHURWRI¢
R1 SRO\ GLR[RODQH FDWD-RXHQE@IED RDIKSHOVLHG 3RO\PHU 6FLI

> @ . %HORXID 1 6DKOL 0 %HOEDBRKRIU 6\ QWKIHRDW R IDERSS
GLR[RODQH FDWDO\|HREUQDOKRLWHESOGLHGF3IRO\PHU

> @6 %HQQDEL 0 %HOEDFKLU ,® NOWU SRQLPH U DJPHZIRRIN R
E\ WKH XVH RI PO IKQUWHQ+VROLG FDWDO\VW $GY ODWHU /HV

> @ = 'UDRXD $ +DUUDQH 0 %HOEDEFE®HWRYPSKLERESORP DL
3RO\ HWK\OHQH JO\FRO #3RO\ A FDSA\RWIKFHWRQ HE\ TUDMHTDR MNH &
*UHHQ &DWDO\WW -RXUQDO RI ODFURPROHFXODU 6FLHQFH 3DU\

> @) +HQQDRXL 0 %HOEDFKLU $ *0U6HQ\2QBD FRRPBORWKH
8VLQJ DQ (FRORJLF &DW D-®WW\Q DOD R4 QIDFW RPROHFXODU 6FLHQF

> @ 56 'DYLGVRQ\ 7KIHSKIRMPRLIVOML. W LI/WERHUIWHORBIR HIHFWY Q- R X L
SKRWRFKHPLVWU\ DQG 3KRWRELRORJ\ $ &KHPLVWU\

> @6 -RQVVRQ 3 ( 6XQGHOO - GNOBIEHDWLREKFAIQHP KLVW U
Rl SRO\PHUL]DWLRQ DQG FURVVOLQNL®HQW DWHWWHEZQDBYGL QX \
DFU\ODWHYIFKHPLRW UD QIFRARBIWY L Q

> @ 9 1DUD\DQD®RQ$ BKROVWRSROAPHULJWWVR Q@ URIQBRPBEG@ V3RO
6FLHQFH

> @ - 3 )RXDVVLHU 3KRWRLQLWLBWRW®F3KRQR IR QFPIHUHQEL
DSSOLFDWLRQV +DQVHU

> @ -9 &ULYHOOR 7KH GLVFRYHU\ DRDGN GRIQIHFO B &RMRW QR M
-RXUQDO RI 3BRO\PHU 6FLHQFH 3DUW $ 3RO\PHU &KHPLVWU\

> @ - )RXDVVLHU 3KRWRFKHPLFDQQULMOLAWRUWRRISBD \WPHWIL
JHQHUDO GLVFXVVLRQ 5HFHQW UHVWDUV BK G HSYKHRONRRBEPIHROARV \L Q

> @ + *UXEHU 3KRWRLQLWLDWRUWBURUUMHYW IUDP S REODPHIRORP

> @ -' 2[PDQ ': -DFREV 0 & 7URP % GHSDQWR® [YPXDW
LQLWLDWRU V\VWHPV I[IRU FRQWUROOHMDGDRGO FEWXRQWED &
SKRWRSRO\PHUL]DWLRQV -RXUQDO BISGRHPPHWUWFLHQFH 3DUW $



SHIHUHQFHYV

> @ &, 9DOOR 6 9 $VPXVVHQ OHWRBRROWDMEH D @PEHBQR[RIUY
JLIKW (PLWWLQJ 'LRGHV /('V 3KRWRFXUHG ODWHULDOV

> @ < <Db+FL , 5HHW] ([WHUQDOW®W\IRWLFDMIDRVHE SROWR W
BURJUHVYV LQ 3RD\PHU 6FLHQ

> @ < <DJFL 6 -RFENXVFK 1 - 7XUDR LBRRWRBLQIQ¥FHNYW R &DS
DQG RSSRUWXQLWLHY ODFURPROHFXOHYV

> @ & 'HFENHU 7 1JX\HQ 7KL 9LHW D3RR 7K LS RAXRW R L (DLW
HSR[LGHV 3RO\PHU ,QWHUQDWLRQDO

> @ -9 &ULYHOOR - /DP 3KRWRLRQWALDMWMKH® FLLDAUL R P K P IRRD
-RXUQDO RI 3RO\PHU 6FLHQFH 3DUW $ 3RO\PHU &KHPLVWU\
> @ -9 &ULYHOOR - /DP 'LDU\OLRGK®MKPLYDWIDW BUYHIR E

SRO\PHUL]DWLRQ ODFURPROHFXOHYV

> @ ($ OHUULWW % 20RIVVRQ 'LDUNRR RRGERFLXMPL WD GWRY | L
$QJHZDQGWH &KHPI(BLWWRHYUQDWLRQDO

> @6 6HR < .LP - <RX % ' 6DUZDOGHQRQ D& IDRWDHN DU .I6P.
(OHFWURFKHPLFDO )OXRUHVFHQFH 6ZLWFKIR)DGURR OH3 DAWW® U |
ODFURPROHFXODU UDSLG FRPPXQLFDWLRQV

> @ $ 7DUU ' :LOHV (OHFWURQLF ®HERRRRISRWILRVQL RUS HRAW\UF
VXEVWLWXWHG IHURRBBQ 8 VR | &DKQ-DRG VWU \

> @ - %UDQG : 6QHGGHQ (OHFWQRQ7WD QYD FYWWLRSQMFRVY UDKF
BRFLHW)\

> @ 2 7UDYHUVR ) 6FDQGROD 3KIROWRFOUBR® VRO RH QMWYWUR €
&KLPLFD $FWD

> @ . 7VXEDNL\DPD 6 )XMLVDNL BKRWRRRPHWL]B® LRQ L I
RI ' HUURFHQH DQG FDUERQ WHWUDFRKORUWGHK 3R RURHDUWD /R W3INRHOU K

> @ 0 7KDNXUDWKL ( *XUXQJ 00 &HAMLIM 9') ™CDBDQA&DP
.RUJHQLHZVNL (/ 4XLWHYLV 7KH G6WRINBVI[XQVRHLRKI HITXWDRAL
LPLGD]ROLXP EDVHG LRQLF OLTXLGWIVWWWGE LRULGF® WRFRFOHLVF UX RDCQVGE
DON\O FKDLQ OHQJWK (OHFWURFKLPLFD $FWD

> @5 %R]DN 3KRWRFKHPLVWU\ LQSWRWRHKNIDRAORAHQHYV $G°

> @ - 5DEHN - /XFNL 0 =XEHU %]|DAWLRQ6KRL SSKBR/ORIS R QRN
WKH ITHUURFHQH DQG LURQ DUHQH MDWWRXKQRU LRID WHEU FRROQ
6FLHQFH+3XUH DQG $SSOLHG &KHPLVWU\

> @7 :DQJ % 6 /L /; =KDQJ &DUBDAWHDERX® Gi I BUREGWC
SKRWRLQLWLDWR U DR RGRIRORMHPHILIWHUQDWLRQDO

> @ % 0 <DYRUVNLMRYID6 * RFBVWOWDYVNDH\DQRN HEWRUSWLR
VSHFWUXP Rl VRPH IHUURFHQH GHULYDXWMWHDW $FONAHPGE \R$ NBFEG H
SS



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

> @ $1 1HVPH\DQRY % 0O <DYRUVNLHWNRYDY OXEYAVRNIBW LR B V
RI VRPH IHUURFHQH GHULYDWLYHV 'FODGBE\ KNBGEGHRQEHWDW XN 5.

> @ 6 7D]XNH 6 2NDPXUD 3KRWR RXYEG&WLKHHGPDOGCRRARWP BDEFE
LOQWHUDFWLRQ , 1 YLQ\O FDUED]|WBHAVDFBXIRXDLAVRLGR M B UU 6K
$+ 3RO\PHU &KHPLVWU\

> @ % $\GRJIJDQ % *DFDO $ <LOGIAOLF L1 :BPRBABWQ XW KXMNXWHI
,Q SKRWRLQLWLDWHG &DWLRQLF 3RO\PHUL]DWLRQ

> @ < +H 0 ;;LDR ) :X - 1LH 3KRWRBSRUORGRDO|ICSWDRQ N HE
DFU\ODWH K\EULG PRQRPHU 3RO\PHU LQWHUQDWLRQDO
> @ - &ULYHOOR - /DP '\H VHQVEWIRAGE BKR\W RILRIQW L-RWH

3RO\PHU 6FLHQFH 3RO\PHU &KHPLVWU\ (GLWLRQ

> @ < %L ' & 1HFNHUV $ YLVLEOHUBHJIJWWGILEDWLOPWRRRWH &
SRO\PHUL]DWLRQ ODFURPROHFXOHYV

> @ -9 &ULYHOOBQR BDQLFHWH DQG DKRROW RADM MDA F D
SRO\PHUL]DWLRQ -RXUQDO RI SRO\RWWVFLHQFH SDUW $ SRO\P

> @ -' 2[PDQ ': UXHAREVSKRWRLQLWXDWRURM\HWRIR SARW\RO
FRPSRVLWLRQV 8 6 3DWHQW >3 @

> @ 0 & 3DOD]]JRWWR $) 8EHO ,,, D-U\ SKRDMRLODDOWEO W RAH Vi
DGGLWLRQ SRO\PEBWH®OWLRQ 8 3@

> @ - ' 2[PDQ ': -DFREV 7HUQDU\ BXRWRLRLWSERWRIHVLQW
SDWHQW >3@

> @ -"' 2[PDQ 0 & 7URP ': -DFREV RRWSER@LRADLARQ\ D HW WX
UDGLFDOO\ DFWLYH IXQFWLRQDO JURYXS$SNK FPREBSRNWWWRRBYVIRE 6

>3 @

> @ ( 7TDNDKDVKL ) 6DQGD 7 (QGRROKRMREIDWLRQYFRD®G
DQG DFU\ODWHYV E\ QRYHO VXOIR Q LXFPHVIDOIWW $ - BROOQMHOU R& K3HRAAL\

> @ 0/ *yPH] +$ ORQWHMDQR 0 GHO OBOOWD®RKR
3KRWRSRO\PHUL]DWLRQ RI DFU\ODPLGH QM LVVIWHHPG VB UW & H
WULHWKDQRODPLQH GLSKHQ\OLR GRIQUXR CFK DRQ LRI HW K I H/ BI O |
3RO\PHU 6FLHQFH 3DUW $ 3RO\PHU &KHPLVWU\

> @ - <DQJ ' & 1HFNHUV &REDOWICHDEGXID ISKBRBWRUQRW LD KV
LQ DTXHRXV DFU\ODWH VROXWLRQ -RRRIUOQPBDUR&KHREOLPWW\6FLHC

> @ * 80OULFK ' +HU]JRJ 5 /LVND3KRWKUNWFKMHUYR IV ZRW R
JURXSV 9,, &RYDOHRKRUWTEKRQR®G2FPIAQBRO\MRXW @BDHRFH 3DU!
3RO\PHU &KHPLVWU\

> @ -9 &ULYHOOR $ QHZ YLVLEOW WULVWWPYVHQW MWKH H- C5W
SRO\PHUL]DWLRQ RI HSR[LGHV -RXBRO® RU RKGHPIHMIWERLHQFH 3I



SHIHUHQFHYV

> @ :) 6FKURHGHU 6 9 $VPXVVHQ 90VAEQHIOPDQR SR O\RPO
RI HSR[\ PRQRPHUV XK IMDIOWQZILRKROLR\SK R GTRHWRKQE BRLQREHQ
3RO\PHU ,QWHUQDWLRQDO

> @ - % B6RDUHV 7 ) OF.HQQD 3RO\RRXHILQOMIDFERLRQ HQJIL(

> @ : .DPLQVN\ 'LVFRYHU\ RI PHWK\QRLO R PHQIRPDKRIO DAH BR FI
ODFURPROHFXOHV
> @ : .DPLQVN\ - .RSI + 6LQQ + -UWRIO®EAG XQIWVIZH®O NHH

2UJDQR]JLUFRQLXP 9HUELQGXQJHQ GHEAD®G W @KK\PHD DNWLY V

> @ (< ; &KHQ 7 - ODUNV &RFDWIRMNMYYQ ISRRJO\PPHHW DD WI
DFWLYDWRUYV DFWLYDWLRQ SURRRVXHSV D&KCHPWRXE VKUY HHZFW L

> @ ; <DQJ &/ 6WHUQ 7 - ODUNVLG@GDBRORPHEB LFDWHERQRE B
%DVHG RQ WKH 2UJDQR /HZLV $FLG 7UGW HKGWD FOXKW U R 5W X Q DD
'\QDPLF DQG 3RO\PHUL]DWLRQ &DW DQ FW QF 88MPE F D-B % REG DBOVRI W

> @0 & %DLHU 0$ =XLGHYHOG 6 LOHRNKIDJQGRYV W WLHD/OD DD
RI 3RO\ROHILQV $QJHADQPEWHNE RIPMICH (GLWLRQ

> @ < )XNXL 0 OXUDWD . 6RJD /LY\OHIQSRMOBHUKHIWQR QX
EIEV&S W\SH PHWDOORFHQH FDWDO\VWV REDFURPROHFXODU UDSL

> @ . & -D\DUDWQH /5 6LWD 6WHVUWRVSSRHF\IPIHB LQDWLRQ=RH
-RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

> @ : .DPLQVN\ +LJKO\ DFWLYH PHWIRIDORHAHQID WD WO OARWWQI
&KHPLFDO 6RFLHW\ 'DOWRQ 7UDQVDFWLRQV

> @ -5 B6HYHUQ - & &KDGZLFN 5 3%RKMWHBXW 11 R)W L4DGHH
,PPRELOL]LQJ 6LQJOBREAWHUL2IZDWLROLEDW DUH Y MWVZ V&K H

> @ - :DQJ < ODVXL 0 2QDND 6\QWUKRIR I&D BER @GPQ GR RS RXK
$PLQHV DQG 7ULPHWK\ORRSDO L ¥ RO LEH WIHHH @& REDGN VA \R/QW D Q C
3UHVHQFH RI 7LQ ,RQ ([FKDQJHG ORQWRPIRYW DIDRLFL WKHRXW\W B HD

> @ $ 6XGR 6 8FKLQR 7 (QGR 'HYHBRSPOGI\@PWUR]DDV LARLYY
HWKV\OSKHQ\ONHWHQH $ QRYHO DSSURDHKLW RODHOQ® FCRHO HEG M G HW

> @$ 6XGR 6 8FKLQR 7 (QGR /LWIQHUWXQDRS® HE STRNH RHIQH
DSSURDFK WR ZHOO GHILQHG SRO\HVBFHHQRBWRHWLY 3R URHID &

> @ 0 %UHVWD] 1 'HVLOOHV * [HHG&IWRPQE OP HWRIO\GI N MM M (
DFHWRQH V\QWKHVLVY DQG FKDUDFMHUAHHDWLRQ -RXUQDO RI 3R

> @ + (JUHW - 3 &RXYHUFHOOH L¥ SRO\CHQH]D W L BReX RH G5 L
NHWHQH (XURSHDQ SRO\PHU MRXUQDO



1RYHO ,QLWLDWRDW L{RSGLIUR BR K\ WHRQ H] DWW DR®@ HRUV. HWH

> @ + (JUHW 6\QWKgVH HW FDUD F pWg KLO/PPWERYXH G$HYS OR B DRV
SHUPpPDELOLWRXOJ JD]

> @ $ %LHQYHQX ORGLILFDWLRQ HW I HUAGW WG \RK) GHHP HG |
SRO\PpULVDWLRQ G & DALIPRHWKUOVPW GRIY 1SROSGRBNW EKWPRp W qQH V
PpODQJHV ,16%$ GH 5RXHQ

> @ 7*) -U 3- )ORU\ BHFRQG 2HSHLQ GUBHXYDWHRQ3 RSS!
3RO\WWW\UHQH , ,QIOXHQFH RI OROHEXIXDULAM JKW -RXUQDO RI

> @ 0 9HUW $OLSKDWLF SRO\HVWHWUDW FDHIB/R VG HZR) CHE/DHEQ
%LRPDFURPROHFXOHV






*HQHUDO &RQFOXVLRQV







*HQHUDO &RQFOXVLRQ

7KH REMHFWLYH RAHBKRQ WWXGRDWER © RP \PRIRR | DWICR B V
YDULRXV NHWHQH GRIQRPHQW PRALYERIO OLFOMW WM BWW LR QG
SRO\PHUL]DWLRQ RRAQVFISRQ® G UHDERMNHWRQH EIDY HRE (
REWDLQ KLJK SHUM QRXGINH ] H® WIQEN H B/ANM\QW RE BV R BHR/IVW H U

,Q WKH ILUVW SDUW IRXU GLIITHUHQW NGHWHNQKAD NFHHMWHKQGIH W
HWK\OSKHQ\ONHWHQI® NFHW HQHG 'GL S KZHMHMKHY RRODPHGV RI F
KRPRSRO\PHUL]DWLRQV XVLQJ FODVMWL FU% HEHNON&GD$WL GYL
DW WKH WHPSHUDWXUH RI i a f& LGRYDBHRXYDWRQQHRIW(
LQLWLDW6HG ZKERFK DIIRUGHG SRO\HVWHUV RI #HU\ VPDOC

J PRTQ f &m f& ILUVW KBDWLQJF&DQER SRO\PHU ZD
IRUPHG E\ 0(. '(. DQG '3. 7KLV XQH[SHRWWB GHNMKNOWQ\KILI
'0. DQG LWV GRPLQDQFH WR SRO\NHWRQHWAXERFW®GHFB\W
'0. KDV D YHU\ VSHFLDO UHDFWLYLW\QVQKWYHYDW EEBWWFRK®@
EH FRSLHG E\ RWKHU NHWHQHYV

6LQFH KRPRSRO\PHUL]DWLRQ RI WKHWR IRXH MWH\M HERHWL
SRO\NHWRQH VWUXFHWK]DHVLROKR I FRSBRMEP BD Z LWBNHQ LQ
FRQVLGHUDWLRQ  $\WMYKRWXJI KU DMKLHR  UHIVENALGP\D V8 URIQY H Q MAVS HF
GLVWLQFWLRQV IRU '0. U(. UDQG '0. '3. VIVWHPV U
U WZR VHULHV Rl LQWHUFDODWXGHNR FRQWB UG LRI N
'0. FKDLQ FRPSULVLQJ VPDOO '(. RU '3.HVWRXODOHRE WQIL\G
'"HVSLWH WKH IDFW WKDW WKH WKHUPRPSDWR HH UMR HOV, EDN
SRO\NHWRQH 3'0. DQ H[FHSWLRQ RFFXUUHG WR WKH P
FRSRO\PHU ZKLFK VXFFHVVIXOO\ EURDGHQHG fWKH SUF
60 fé&

,Q WKH VHFRQG SDUW WKH NHWRQH WHRWS G- REQY MUK

GLNHWRQH VWUXFRMIXUBGI!I3OHQWK PRIANI LIFQRDLXRGL BID Wit
FRQYHUVLRQ UHDFWLRQ RI SRO\S\WD{RORQIN SR \8 RGN IF N R/RC
UHDUUDQJHPHG@®+ XVERJ &#A++&0 DQG GLWKLRNHWDO IX



*HQHUDO &RQFOXVLRQV

UHDFWLRQ KVQAIGLWKMRO &§&%2+ ZHUH DSSOLHG WR 3'0. +F
DOO RI WKHVH SDWKZD\V IDLOHG WRZHL¥K RBI@ ERMBBUWYV
WKH VSHFLMLRQH & QNWXKWWRIEDL\OEKIDIQF M HRY BFU XRVLHRUWH G E\
GLWKLRNHWDO I XRGWZIRIQHKOE PHE HHEDBMWKEDQ QVRX3VOU SRWHC
JLYLPY DURXQG " Rl ZROVH WKHUPDO VWDELOLW\

,Q WKH WKLUG SIBHW RV KDNMH REEEH® Q& KR\ R UG FRW D (
ZHUH IRU WKH ILUVW WLPH WHVWH® X8®RW KNHH WHHHONH FEID W B {
HIILFLHQF\ DQG VHOBMF® ISYUIRWR QKH[BIODQJHG PRQWPRULOO
LQLWLDWRUV EHKDYHG LQHIIHFW KYH HXXQHW H QMK/H '"PR Q G.L DV
'3. )RU WKH ILYH NHWHQHV WKH VDRHHFRORRWRILRQ WID
LQFOXGLQJ WKH GLDU\OLRGRQLXP VDOW 6 503@W%S5

ELV GLPHWK\OVLO\O IHUURFHQH PG WWRH FRPKSUH Y LK
FDPSKRUTXLQRQH &4 DV WKH SKRWRVHQVLWL]HU

6XUSULVHV FDPH IURP WKH PHWD O QRRFH @Q/H H. QILHADLFIVWAL R
ELV FI\IFORSHQWDGLHQ\O SUGHMWE]MWIFIRQEXMP WHSIOXRUR S
% & DQG VXFFHVVIX3®\ DQGWQDWR GREBPWKR® WK MW DV H
(3. D \LHOG DQG MKRUW SRC\RBAIUWK SRRU WKBUPDO VWL

f& SUHVHQWHG QR DGYDQWDJH RNRFU WWKK-H LY RDD W HUU
FDVH RI '0. WKH RSWLPL]HG FR®®LWLILDQWR B @RIHRPK\DE@H W k
DV WKH VROYHQW DW i f& DIIRUGHBBOHVD\GE @HB W\ W O GO/
FRXOG EH SRWHQWLDOO\ XVHG LQ URSHKWWIHVWKDQNV WHF
JPRO; a B a f& a f& DQG D VDWLVI\LQJ \LHOG

7KH SHUVSHFWLYHY HQYLVDJHG IR W WK [RXWRWD Q G HQRIDU
DIIRUGHG E\ WKH PHWDOORFHQH RQ WGEREBWPHUW]DWWRQ C
IRU HI[DPSOBQ@ESVK WKH FR LQLWLDWRU 0$2 FR»XOGIG EH YH
VWUXFWXUHG SROPHE RRKKH 6 DEMHDBEG W ICHRDNRFUHSQFR SHUW L
DOVR EH IXUWKHU LPSURYHG )LQD®WAH® WXRO W/ KGiIH PWBINEDOC
SRO\HVWHU ZRXOGWMKH WIRRZ QRS UROAREZ QWVERONPEBUWWOH N
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$QQH]
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$QQH]
$QQH]

/JLVW RI $QQH[HYV

([SHULPHQWDO VHFWLRQ
$SSDUDWXV

105 6SHEWUD

)5 6SHFWUD

*& 06 $QDO\VLYV

6(& $QDO\VLYV
78@HUPRJUDPV
&KHPLFDOV 8VHG

ILVW Rl Q6 BDHDADXWLRQDU\ 6WDWHPHQW



$QQH[HV

([SHULPHQWDO VHFWLRQ

6\QWKHVLV RI O¢(.

6\QWKHVLV RI 0(G RDXWFIDRARUWHGLQIJ WR )LIXUH

JLIXUH 6\QWKHVLV URXWH RI 0¢.

7R D VWLUULQJ VROXRR® QGRIHWK\UR Q P\ &\ O P DJIO
PRO EURPRPH@WKDQMH DQK\GURXV GLPHWK\OIRUPLGH '0)
SRWDVVLXP FDUERQDWH ZDV DGGHOGPEKH QWA DVHNPISRHY 2 WX W
KRXUV DQG WKH UHVXOWLQJ PLIWXUHJZPWVRP ZKH W K DWRO X
WKHQ DGGHG LQWR WKH PL{WXUH EHORWHRWBK U HKDR W LDR/Q
WHPSHUDWXUH $IWHU WKDW W K H RAPESFOS-HUHD WK BIHI IZUIDWWU 12 A

7KH REWDLQHG PL[WXUH ZDV ILOWHUGGZIDIG WKMP/ ILO
PHWK\OHQH FRORUKBHLAGWUDWH ZDV IXUWKEODRLOYWKHG Z
FRPELQDWLRQ ZDV ZDVKHG ZLWK WKUMHUSRKWLRQM RLF C
ZDV GULHG ZLWMKXGOUBQWHUHG $ REWDGERBG RLWHAD WKH Il
FRQFHQWUDWHG XQGHU UHGXFHG BUHVREDH DIXGEV RISOWD'
J GLHWK\O HWK\O EHRWEALQBDORDWH a & PP+,
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SURGXFW ZDV VWLOO FRPELQHG ZLWYXR'OXWLRWXUDAVEE XF
ZDVK LW VHYHUDODWRKFHVS KH LRUMHD WHKRHK) (SHRHFBIE M GHV

$V WKH VHFRQG VWHS D VROXWLR@®R[RIGH LQ  P/PZRIDN /!
ZDV GURSZLVHO\ DGGHG LQWR D VWIRWDULGUHWRQARW LIR\Y KR
PHWK\OPDOQGQDWHWHW U D K\ GAKRI WHPSHB BW XRE RLWKXHUHHDF
ZDV ZHOO FRQWUROOHG EHWZHHQ a OV DR/QWRI HD GISR MV MF
PLIWXUH ZDV KHDWHG XQGHU UHIOX[ IRU KRXUV

$IWHU UHIOX[LQJ OGUWKOXWH®B/ XUWKDVZPYKBDG/AUWKQG P/
GLHWK\O HWKHU WKRH Z®BEW DA+ HRE I D T XRHRXWGOIDQ HVQ ZIDRVH FE D V
DFLGLILHG ZLWK FROFRHAQW WDIFWVE WIRHORERFPRAUE ZDV WKHQ VI
ZLWK VRGLXP FKORULGH DQG H[WUIBDP AWK 88 Z8 #KK \HL WSJFDUF\W/ L\
ZHUH IXUWKHU FRPELQHG GULHG ZDW& PIDOQWHWVHXGP VKIO IIDC
FRQFHQWUDWHG XQGHU UHGXFHG SUHKMGXUPH®@WWLQUY IS RW

a f&

7TKHQ WR LPSURYH WKH \LHOG DGGIGNIWRQWHEH REILAPC
DTXHRXV OD\HU DQWwGUW KW HRQA [ZMXWUKH VAHPQ S RIWYK ROQ Y VRK H U
FRPELQHG H[WUDFWV ZHUH GWHHUG GLIWEKD FRQFHQWUDWHG X
WR JLYH WKHMVRAKG®/ YH OXOURE

JLIXUH 6\QWKHVLV RI PHWK\OHWK\O PDORQLF DFL



$QQH[HV

7KH VROLGY ZHUH FRPELQHG JLYLQJ @MHEWKWD P DO RIMHTGD
DV HYLGHQIFORG /E\ &278 + + + SSP L'Q6=2
VHH )LJXUH

JLIXUH 105 VSHFEWUXP oK62 fRI KH VIOQOWKHVL]HG PHWK\OHWK\/
)XUWKHUPRUH P/ WULIOXRURPRE® WAFVDOQEEHGBLGHRS Z
VROXWLRQ RI J PHWK\OHWK\GREDORXQLF POFKB[DQH DW

WHPSHUDWXUH 7KH PL[WXUH PHWK\ERQ\O EXWDQIFOLDFR D
VROXWLRQ ZDV VWLUUHG IRU P IWX ®/IKHH/QK YD W W& K 1B X WWRS Z
DGGHG P/ S\ULGLQH PRO XQOWXUWHV LU WIHQI VDK\H UR
ZDV VHWWOHG IRU K WKH SUHFL$SGEVRDIWIHG BN OL G LYILXRUDI
WKH ILOWUDWH JDYH PHWK\OHWR\GDRODORQDR JHQKLF B REM
UHVXOWLQJ DQK\GQIGEHH 2ZDRNVG KABD W/ ISGHV VX P& IRUPEDPLQ DC
OHG WR J RI 0O(. \LHOG DV D \HOORZ OLTXLG
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&RQVLGHULQJ WKDW WKH VWDELOLW\ QRWG ESHRHNH © &/H D C
PHQWLRQHG LQ WK HUB Y WO\ B VOXWKH \DVKHED PRIXRORHAUKRZ QGO+
VWRUHG DW & XQBRWSKHIHQ DQHXYRNGY DFOWRRQ DV

6\QWKHVLV RI "(.

6\QWKHVLV RI '"(GZDMWFDUHRRUHGLQJ WR )LIXUH

JLIXUH 6\QWKHVLY DQG S\URO\VLV RI GLHWK\O PDOR

'LWK VWLUULQJ DWHURRPPWW R & HOWOOBNRG IF H WPLRFOD @ RV
DGGHG GURSZLVH WR D VROXWLRQ RI PR OG LLHQV K\ ORP/D O |
DQK\GURMKMQH $IWHU ALQ HWKMOP LWW XINB M WRR\ FDUERQ\O
EXWDQRLWPEGXHLRQ ZDV GLOXWHIDWR )XBWEKHWRRUH
S\ULGLQH PRO DLGIH G LVHE WWAKHHWGBGH D QW WHRKE@I W H KD D@/ |
WHPSHUDWXUH ,PPHGLDWHO\ IROORHAIGQJIS\ILIGGA QD WR RQD |
GLHWK\OPDORQLBVDOQKS®GOIHGRUDQJH YLVFRXV OLTXLG ZD\



$QQH[HV

HYDSRUDWLRQ RI WKH ILOWUDWH TIOH DWKIHRJP RO GIHH\R R S
DQK\GUEGW®® WZR VWHS KHDWLQJ SURFHGXUH P&EQRU I
ILQDOO\ DIIRUGHG J'(. \LHOG

7KH ITUHVKO\ GLVWLOOHG '(. PRQRPHUDZDYV f & WRUGHU L
$OSKDJD]E QLWURIJHQIVBEZDWDLYRRAY DV SRVVLEOH

6\QWKHVLV RI (3.

6\QWKHVLV RI '"(GZDMWFDUEHRRUHGLQJ WR )LIXUH

J)LIXUH 6\QWKHVLV RI (3. E\ GHK\GURFKORULQDWLR

$ WZR QHFN URXQG ERWWRP IODVN XRIGIHWIBGQG ZRWKW JD
R SKHQ\OEXWDQR\O FKORULGH PPR\G U R X Y TXLLHYW K QO
DQRG FRROHG WR f& 'URSZLVH DGGIHWRO@ RFYLHIH PL® AR

HTXLY IRUPHG D EULJKW \HO ORZWR &/XW WRRODLNQGCND WUKHL ¢
DW f& 7KH VROXWIHRQWRW RKHYEZRPEBRIKD WXUHHXOUWKHU 1L
DQRG FRQFHQWUDWLRQ JDYH D EULUR® 2B ORZDRIVOHUTJHKHG L
GULHG . XJHOUKRU IfGD@NVINQ® ODaN LRRYVXFIGCHWDPEDU S RI D
\HOORZ RLO \LA®@DV VXBBRVHG WR EH (3.

7KH SUHSDUHG (3. UHPDLQHG WR EHWKMDIBJGHHH JIIRUW XQ GMR
DUJRQ DWPRVSKHUH

6\QWKHVLV RI '3.

6\QWKHVLV RI '36 RXW HDAARUIHGLQJ WR )LJIXUH
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JLIXUH 6\QWKHVLV RI '3. E\ GHK\GURFKORULQDWLRC(

$ P/ WKUHH QHFNHG IODVN HTXLSSB GJHALWY B REQACRSH\
FDUU\LQJ D FDOFLXP FKORULGH GU\L®KHWXE B FAHDMWL F KDoA LH
PRO DQG P/ WROXHQH 7KH PL[ZKXBPKI ZDY WWKRQ\
FKORULGH PR®RSZDVHEBGEHG GPIOQFRQW IULGIXOHGVLRU DGG

K EHIRUH WKH WROXHQH DQG H[FHEW WRKRW\ G YXSORWLD\G
WLPHYV P/ WROXHQH ZHUH DGGHG RYBUHYDBRRDWH R IUW E
FKORULGH DQG +&0 7KH UHVXOWLH)GE ESKHBEOH UIDHYV/GE XNV EDI
FKDUFRDO WR DIIRUIGG FKOYGHISKH Q\ODF

J GLSKHQ\ODFLG FKORULGH UPPIRO FRQ O HB/ E\LBIQV
EDWK WR Z&| IUHRKO\ GLVWLOOHG WULHWK\ODRSQHVH P
WR WKH PL[WXUH RYHU PLQ 7KH QW DE& DRY HAD ¥ RAHS/OW €
DGGLWLRQ 7KH UHDFWLRQ PL[WXUHXIDN VRIOH® ZIDG FEN G L\U R
RI WKH VDOWYV  7RQF H@OWWIDWHHG ZE\WH/HD SRIVD @/X R @ MD\WQ G L V W
XJHOUKRU GLVWGOODWBR@WR@RBIEQJH RLO \L

7KH '3. PRQRPHU ZD\D UW® EHRGY WD M\ & QX & H U ULAESIKID IDY
QLWURJHQ IORZ EHIRUH XVH
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$SSDUDWXV

'LIIHUHQWLDO 6FDQQLQJ &DORULPHWU\ '6&

7KH GHYLFH XVHG LV D 7% ,QVWUXPHIQDNV DP&RA W K H L\ XWUA
LV JLYHQ LQ )LJIJXUH 7KH SULQFLS®GHBDWII®ND VX UHPHAGN RI
PHDVXUHPHQW RI WKW KGLIITKUBHDQWH IRDIRZ WKHH[ ¥ KFDSQ Bl H @
UHIHUHQFH DQG WKH RXWVLGH

JLIXUH  '6& 4

JLIXUH BULQFLSOH RI '6& GHYLFHV

KHQ WKH IXUQDFH XQGHUJRHV D OLQWHB B SIHOUHBW XS HD U
VDPSOH WHPSHUDWXUH DQG UHIHUHQP @ VWRHPWHUDWRERXDB



$QQH[HV

IL[HG EHORZ WKH WUD\V VXSSRUW WHIP%HKUB DAXSYHL R | UMK H URH
LV PHDVXUHG E\ PHDQV RI D WKHUP RFRKX SHOHD WOIDREZY EHW.
WKH IXUQDFH DQG UHVSHFWLYHO\ WXWH ROHORK E DQWH ® QTK M/
VLIQDO LV REWDLQHG E\ WKH GLITWHHQRKH RD AMAKB QKCH W/\K HI @
FDOFXODWHG IURP WKH WHPSHUDWXUH GLITHUHQFH

7KH FRROLQJ RI WKH EORFN LV HQV)XUAK®R B\ D& VWKW H F
WHPSHUDWXUH DQG HQHUJ\ FDOLEUDOWLRQ ZBVDRIUULHG F
-]

$ODO\WLVY FRQGLWLRQV

$00 WKH DQDO\]HV ZHUH FDUULHG" RZWWXQWHY W) ISR U R/
UDQJLQJ IURP WR UDPWXUKHSWRPSBPVY XVHG DUH

JRU SRO\HVWHUV Rl '0. XVLQJ PHWDOORFHQHYV

RURfR DW f && W PLQ
f&IWRP f& DW f& PLQ
RURfR DW f &&WPLQ
JRU RWKHUYV

IURP i f& RR D WHPSHWDOWWWH EHIRU!

DW f& PLQ

f&IWRP f& DW f& PLQ
R | P&RIPWIi [& & PWQ
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7TKHUPRJUDYLPHWULF $QDO\VLV 7*$

$ 7% ,QVWUXPHQW 4 ZDV XVHG )LJXQHHOH,RHORQV LMW
VHQVLWLYH PLFUREDODYFESHEMXNSOHGEPRQWUROOHG RYHQ

7KH PLFUREDODQFH LV FDSDEOH RIRGHWREBW PP I DrDOJAL
R J 7KH VDPSOH LV SODFHG L DQVWHSIOW AR IQXW DFLXBH QLAY W
YLD D FXUUHQW SURSRUWLRQDO WR WKH PDVV VXSSRUWH (

7KH WHPSHUDWXUH LV UHJXODWHG EHMWXMH MM P §F KB UDWK L

ULVLQJ UDWH RI  f& PLQ $ WKHUMRRFRX S\DKHQW B B SMHKUD
UHJXODWHV WKH KHDWLQJ SRZHU

&DOLEUDWLRQ ZDVFNHHO RU PZHKGE RZ WKV I K& LH SRLQW

JLIXUH  7*$ 4

$ODO\VLY FRQGLWLRQV

$00 WKH DQDO\]HV ZHUH FDUULHG RXWDBHWIZHHIWH B
f& PLQ XQGHU QLWWRJIHEQWK BVHM\Y IV DFRSFOHW R D QP J



$QQH[HV

JRXULHU 7UDQVIRUP ,QIUDUHG )7,5

7KH )7,5 VSHFWUD ZHUH UHFRUGHG XVLQJRXWMHINLQ
7UDQVIRUP 6SHFWURPHWHU )LIJXUH WHX L7SROMIBO0 Z5 M IO HDFO
PRQRUHIOH[LRQ V\VWHP 0.,, W\SH 68 HIF DSFO D3WHRG XZFLWWK DI
VIXDUH GLDPRQG FHOO $Q DGMXVWDWOWKWHFBHDWHHS\ W
EODQN PHDVXUHPHQW RI WKH DLU LV $HGIRyJPHG EWIRQ
SHUIRUPHG IURP ' IRMRHDFRP)7,5 VSHEWUXP

JLIXUH SHUNLQ (OPHU 6SHFWUXP

6L]H ([FOXVLRQ &KURPDWRJUDSK\ 6(&

7KH VWHULF H[FOXVLRQ FKURPDWRJW)XSK\R@ (R 9DQDLD Y H
*3& HTXLSSHG ZLWK WZR 3/JHO OPR' EROXPQV DQG D 5HIL
,QGH[ GHWHFWRU )LJXUH 7KH @RELIOHLB KB DM X OMG UM G
WHPSHUDWXUH ZDV VHW WR f& &IODISE VYN Q@ U BV H ¥
EHLQJ LQMHFWHG WKH VDPSOHV DUHKHLOWBIYHGWRQRZ U

P/ PLQ

JLIXUH 9DULDQ 3/ *3&
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*DV &KURPDWRJUDSK\ ODVV 6SHFWURPHWU\ *& 06

7KH DQDO\]HV DUH FDUULHG RXW RQXDSEHOA ZQWK DRXK RI
FROXPQ LQMHFWRW® QD £DSLOGBHQFRQRIHUPDO GLDPHWHU
DQG ILOP WKLFNQHVV P FRXSOHNW WRBHFWD\WRHQYHU 7R
WUDQVIHU OPQKRLIROG fe&

BURGXFW LGHQWLILFDWLRQ ZDV SHUIRUWHG VEK FRP S®T
1IDWLRQDO ,QVWR®XWHFKIQRFARI FHUDU\WSHFWUD OLE

$ODO\VLY FRQGLWLRQV

7 LQMHFWRU f& LQ VSOLWOHVV PRGH
 QMHFWLRQ YROXPH /
+HOLXP IORZ UDWH P/ PLQ

3URJUDPPLQJ LQ WHPSHUDWXUH f& & BIXUXSIWRLQf &
IXUWKHU WKHQ ULVH DW f& PLPIX® WR f& LVRWKHUP

1XFOHDU ODJQHWLF 5HVRQDQFH 105

7KH SURWRQ DQG FDUERQ 105 VSHFWUD ZHWWH UHFRU
VSHFWURPHWHU )LJXUH 7KH FKH® LF®PRO AMRNKWIH V'S HDRMA
GHXWHUDWHG VROYHQWY DQG WKHOWMH\WQ IRB W QRN UKD ©0 b RX
UHIHUHQFH /

7KH SRO\NHWRQH VIO5P85QHHERWH (SWE B UGLKR KZKKR B R PLH WK
VPDOO DPRXQW RI +),3 LV DGGHG LODRRURBIHW KWIRSRO OFRRFZU W |
VDPSOHYV DUH SUHSDUHG LQ FOMVY L BRD&O&L'B WVWHMUFDWHG VR (
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JLIXUH  %UXNHU 0+]

OXOWL $QJOH /LIJKW 6FDWWHULQJ 0%$/6

7KH OXOWL $QJOH VWDWLF /LJKW 6FDVWWRHDWQI 'DBO6 Z
+HOHRV JLIXUH MRBELPBG]X LBY'K $D G LUMIWHEWILYH LC
GHWHFWRU )LJXUH

$ODO\VLY FRQGLWLRQV

7KH VROYHQW XVHG LV GLFKORURPHWKDQH DW D WHP

7KH FRQFHQWUD®KR/Q RRQ RRWKHYIRRR U ORZHU PROHFX
ZHLJKWYV SRO\PHUV OLNH 5XQ LW ZDV J /

JLIXUH A\DWW 'DZQ +HOHRV O0XOWWU $QJOH VWDWLF /LJ
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JLIXUH 6KLPDG]X 5, $ GLIIHUHQRUDO UHIUDFWLYH LC
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105 6SHFWUD
&RSRO\PHUL]DWLRQ RI '(. '0.

5XQ + 105 &&O/ SSP +),3/ SSP

5XQ + 105 &&O/ SSP +),3/ SSP
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5XQ + 105 &&O/ SSP +),3/ SSP

&RSRO\PHUL]DWLRQ RI '3. ‘0.

5XQ + 105 &&O/ SSP +),3/ SSP
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5XQ + 105 &&O/ SSP +),3/ SSP

5XQ + 105 &&O/ SSP +),3/ SSP
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6WUXFWXUH '"HWHUPLQDWLRQ

5XQ + 105 &&O/ SSP +),3/ SSP

5XQ & 105 &&O/ SSP +),3/ SSP
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5XQ + 105 &'&D SSP +),3/ SSP

5XQ & 105 &&O/ SSP +),3/ SSP
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5XQ + 105 &&O/ SSP

5XQ & 105 &&O/ SSP
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)7 ,5 6SHFWUD
3RO\HVWHU IURP '0.

5XQ

5XQ
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5XQ
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*& 06 $QDO\VLV

()

3HDN DW PLQ
6HS

ERB 6FDQ
1,

100{ 43

102

71 O/

504

) lA T T T T T T
80 160 240 320 400 480 560
(replib) Butanoic acid, 2-ethyl-, methyl ester

(3.

1RY
6FD

~O
o~

— M ‘ ‘ ‘ ‘ ‘ ‘ . ‘ - ‘ 7LPH
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3HDN DW PLQ

1RY
HSN 6FDQ (,

ol

1004 a
119
o
504
178
77
M s
0

80 160 240 320 400 480 560
(mainlib) Benzeneacetic acid, .-ethyl-, methyl ester

3HDN DW PLQ
100- 0 192
119
164
50
41
135
O_ |.l‘_ - n 207
51 136
77
501 164
119
100 o

40 80 120 160 200 240 280 320 360 400 440 480 520 560 600
|a C:\ projetsTURBOMASS\ BO.PRO\ Dat | Head to Tall MF=697 RMF=787 A Benzeneacetic acid, .-ethyl-
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100- o1
o
119
OH
504 164
77
0 |||.I | i A,

80 160 240 320 400 480 560
(replib) Benzeneacetic acid, .-ethyl-

‘3.
%LJIJHU 3HDN DW PLQ
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3HDN DW PLQ

P DUOS$ FHWIEKELS K HQWKEDVWH

0

& RIX Q@ w v

Q

[
)
‘Eno

L L R R B S ] L ARE LA ad

|a

PQBF D Q

|v

% H Q JH QMDDETH WK H O\ O
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QF ©

UHSEL % HQJHOGB BIE IS WIH Q \ O

3HDN DW PLQ

0 & R X Q w v g G S N \% P \

LN B B B B ey B B B ey B B B By L B B B By LI L B R B B B B B B A B B B B B B B N B B B

= POBFD Q ~ (WRKHQOQRGQIRHOQO
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PDUWEO(WKHOQRGHKHQ\O
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6(& $QDO\VLV

5XQ
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5XQ
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5XQ
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5XQ
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([SHULPHQWDO 5HVXOWY DQG 'LVFXVVLRQ

5XQ
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B3RO\HVWHU IURP (3.

5XQ



$QQH[HV

'6& TKHUPRJUDPYV

5XQ

5XQ
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5XQ

&RSRO\PHUL]DWLRQ RI '(. ‘0.

5XQ
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5XQ

5XQ
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5XQ

&RSRO\PHUL]DWLRQ RI '3. ‘0.

5XQ
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5XQ

5XQ
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5XQ

([SHULPHQWDO 5HVXOWY DQG 'LVFXVVLRQ

5XQ
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S3RO\HVWHU IURP '0.

5XQ

5XQ
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5XQ

5XQ
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&KHPLFDOV 8VHG

*+6 M Tm d
1DPH RUPXO|D , To f& | + BWDWHPHQW 6WDWHP
) _H\ZRUG J PRQ f&| ° f J FP Q 3
'LPHWK\ONHWHQH & & 2 OH
OHWK\OHWK\ONHWHQH OH(W& & 2
'LHWK\ONHWHQH & & 2 W
(WK\OSKHQ\ONHWHQH (W3K& &|2
'LSKHQ\ONHWHQH & & 2 3K
3 3
'LHWK\O PHWK\OPDORQDWH ODPPDEOH g g +
3
JODPPDEOH 3 3
+ +
&RPSUHVVHG N + 3 3
JDV . .\ 3 3
%URPRPHWKDQH % U &+ i 3 3
+DUPIX|O + + 3 3 3
+ +
(QYLURQIPHQWDO 3 3
KD]DUG 3 3




$QQH[HV

*+6 M Tm d
. T ; +
1DPH JRUPXOD " eud 5 prd fa| ™ F&| 5 pp BWDWHPHQW 3
THDOWK|KD]DUG
3 3
3 3
3 3
3 3
)ODPPDEOH N N 3 3
3
7RILF : I s 3 3
'LPHWK\OIRUPLGH +DUPIX|O i . .
&RUURVLYH + + 3 33 3
+HDOWK |KD]DUG * 3 3
3 3
3
3 3
3
3 3
3
GHFRPSRVH | + + 3 3
3RWDVVLXP FD/UER QD&2H 7RILF v i . s 3 3
3
3
OHWK\OHQH FKORULGHK.O ) @B P P D|EOH i + + 3 3
+ + 3 3

6WDWHP
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*+6 M Tm d
. T ] +
1DPH JRUPXOD ' oud 3 pra el ™ [&| 5 pp 6WDWHPHQW 3
TRILF + + 3
+DUPIX[O oot 3
+ + 3 3
&RUURVLYH . N 3 3 3
+HDOWK |KD]DUG 3
3
3 3
3
3
3
+ + 3 3
6RGLXP K\GUR[LGH 1D2+ &RUURVLUYH . 3 3 3
3
3 3
3
3
3
)ODPPDEOH . . 3 3 3
7HWUDK\GURIXUDQ +DUPIXO + + s a3
+HDOWK |KD]DUG * * 3
3

6WDWHP
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*
1DPH )RUP XO|D .H\+26RUG JMPRC T;‘& To f& JdF"P + 6WDWHPHQW  3[6WDWHP
3 3
3 3
3
3 3
+ + 3 3
ODJQHVLXP VXOIDWH 03O PIXO .\ s 3
3 3
3 3
3 3
3
3 3
3 3
3 3
3 3
3 3
3
)ODPPDEOH + + 3 3
'"LHWK\O HWKHU i
+DUPIX|O + 3 3 3
3 3
3 3
3 3
3 3
3 3
3 3
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* 4+
1DPH )RUP XO|D .H\ZGRUG JMPRC T;‘& To f& JdF"P + BWDWHPHQW 3
3 3
3 3
3 3
3 3 3
&RUURVLYH + + 3 3 3
7ULIOXRURDFHWLF DQK\GULGH i
+DUPIX|O + 3
3 3
3 3 3
3 3
3 3
3 3
3 3
3 3
3 3
i 3 3
)ODPPDEOH . . 3 3
+DUPIX|O + + 3 3
+H[DQH +HDOWK|KD]DUG + + 3 3
+ + 3 3
(QYLURQPHQWDO N N 3 3
KD]DUG 3 3
3 3 3
3
3 3 3
3

6WDWHP
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*+6 M Tm d
. T ] +

1DPH JRUPXOD ‘"L d 5 bRrd fe| T f&| J ep BWDWHPHQW 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

i 3 3

)ODPPDEOH N N 2 2

+DUPIX|O + + 3 3

&RUURVLYH T 3 3

3\ULGLQH i + + 3 3

+HDOWK |KD]DUG + + 3 3

(QYLURQPHQWDO * + 3 3
KD]DUG * + 3
3

3 3

6WDWHP
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*+6 M Tm d
. T ] +
1DPH JRUPXO|D H\ZRUG J PRQ f& b & ] Fp 6WDWHPHQW 3
3
3
3 3
3 3
3 3
3 3
3
3
3
3 3
3 3
3 3
3
3
+ + 3
'LHWK\OPDORQLF DFLG +DUPIXO 3

w

6WDWHP
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*+6 M Tm d
. T ; +

1DPH JRUPXOD o hud 3 PR fa| T f&| o 6WDWHPHQW 3
3 3
3 3
3 3

SKHQ\OEXWDQR\O FKORULGH &RUURVLYH 3
3 3
3

3 3

3 3

3 3

3 3

3 3

3 3

YODPPDEOH + + 3 3

3 3
+DUPIX|O + + 3 3

7ULHWK\ODPLQH i + +

&RUURVLYH N + 3
7R[LF * 3 3

3

3 3
3 3
3

3 3

3 3

6WDWHP
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1DPH )RUPXO e Mo |1 e d |+ swowHPHOW 3
_H\ZRUG J PRQ f& J Fp
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
7R[LF + + 3 3
+ + 3 3 3
'LSKHQ\ODFHWLF DFLG +DUPIXO0 + + 3 3
(QYLURQPHQWD + + 3 3
KD]DUG 3
3 3
3 3
3 3
3 3
3 3
3 3
)ODPPDEOH , .\ . 3 3
7ROXHQH i 3 3
+DUPIXO + + 2 2

6WDWHP
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* 4
1DPH )RUPXO|D _H\ZGRUG JMPRC T;‘& Ty & JdF"P + 6WDWHPHQW 3
fHDOWK|KD]DUQ T3 +3
+ 3 3
3 3
3 3
3
3 3
3 3
3 3 3
3
3 3
3 3
3 3
3 3
3
3 3
3 3
3 3
3 3
3 3
3 3
7R[LF T 3 3
7KLRQ\O FKORULGH +DUPIX[O i oo 3
+ + 3 3
&RUURVLYH ; s 3 3
3 3 3

6WDWHP



$QQH[HV

*
1DPH )RUP XO|D .H\+26RUG JMPRC T;‘& To f& JdF"P + 6BWDWHPHQW  3|{6WDWHP
3 3
3 3
3 3 3
3 3
3 3
3 3
3
3 3
3 3
3 3
3 3
3 3
3 3
)ODPPDEOH 3 3
- .\ .\ 3 3 3
(WKDQRO & + 28+ +DUPIX[O i .\
+HDOWK |KD]DUG 3 3 3
3 3
3 3
3 3
3 3
3 3
+DUPIX|O 3 3
$OXPLQXP FKQRULGH $0&0 * + 3 3
&RUURVLYH + + 2 2
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*+6 M Tm d
. . +
1DPH JRUPXOD "ot 3 prg fe| ™ (8| 5 Fp 6WDWHPHQW 3|6 WDWHP
fHDOWK|KD]DUG PR 3 3
(QYLURQPHQWDO o 3 3
KD]DUG s 3 3
3 3 3
3 3
3 3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3 3
+DUPIXO
$OXPLQXP %URPLGH $0 % U + o+ 3 3 3
&RUURVLYH s 3
3 3 3
3 3
3 3
3 3
&KORUR PHWK\OSURS®&Q® )@BPPHDEOH i §+ 2
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* 4+
1DPH )RUPXOD.H\ZGRUG JMPRC T;‘& T f& JdF"P + BWDWHPHQW 3
3
3
3 3 3
3
3 3
3
3
3
3
3
3 3
3 3 3
+DUPIXO + + 3 3 3
7ULIOXRURPHWKDQHVXOIRQLF DFLG i
&RUURVLYH + + 3
3 3 3
3
3
3
3 3
3
3
+DUPIX[O * * 3
BHUFKORULF |DFLG +&02 i + + 3
&RUURVLYH N 3

6WDWHP
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*+6 M Tm d
. T ] +
1DPH JRUPXO|D H\ZRUG J PRQ f& b & ] Fp 6WDWHPHQW 3|6WDWHP

+HDOWK |[KD]DUG 3 3
2[LGL]LIQJ

6WHDULF DFLG +DUPIXO
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*+6 M Tm d
. . +
1DPH JRUPXOD " oud 3 prd fe| ™ T&| 5 pp BWDWHPHQW  3|{6WDWHP
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
+DUPIX|O s 3
&RUURVLYH + + 3 3 3
+ +
$OXPLQXP QLWUDWH +HD OWK |KD]DUG i i 33 33
2[LGL]LIQJ + 3 3
7R[LF 3
3 3
3 3
3
3 3
3 3 3
3 3
3 3
+ + 3 3
6XOIXULF DFLG 62 + &RUURVYLYH . 3 3 3
3 3 3
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*+6 M Tm d
. T ] +
1DPH JRUPXOD " eud 5 prd fa| ™ F&| 5 pp 6WDWHPHQW 3
3 3
3 3 3
3 3
3 3
3 3
3
3 3
3 3
3 3
3 3
+DUPIXO N N 3 3 3
ORQWPRULOOR|QLW H FELRN W F $0 a 3 3
&RUURVLYH + 3
3 3
3
3 3
3 3
ELV GLPHWK\OVI0\0 IHUURFHoH OPPPDEOH *
+ + 3 3
&DPSKRUTXLQRQH +DUPIX|O . 3 3
3 3

6WDWHP
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* 4
1DPH JRUP XOID .H\ZGRUG JMPRC T;]& To & JdF"P + 6WDWHPHQW 3
3
3 3 3
3 3
3
3
3
3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
+DUPIXO + + 3
7R[LF + + 3
, , + + 3
N,N 'LPHWK\ODQLOLQH +HDOWK |KD]DUG ! N N 3 3 3
(QYLURQIPHQWD + + 3
KD]DUG + 3
3 3
3 3
3 3
3
3
3

6WDWHP
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*+6 M Tm d
; T ) +
1DPH JRUPXOD |\ cud J PRG fa| T f&| o 6WDWHPHQW  3/6WDWHP
3 3
3
3 3
3 3
3 3
3
0
%LV FAFORSHQWDGLHQ\O GLPHWKY J 0 ol + + 3 3
O JLUFRQLXP N 3 3 3
3
3 3
3 3
3 3
3 3
3 3
+DUPIX|O O
7ULV SHQWDIOXRI IRILF : : s s
ERUDQH (QYLURQPHQWDO N 4 3 3
KD]DUG 3
3 3
3 3
3 3
3 3
3 3
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* 4
1DPH )RUPXOD .H\ZGRUG JMPRC T;‘& To f& JdF"P + BWDWHPHQW 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
)ODPPDEOH s 3
+DUPIXO 3 3
* * 3 3 3
&RUURVLYH , . s 5
+\GUDJLQH K\GUDWH + +2 [l4H4pDOWK|KD]DUG o+ |3 3 3
+ + 3
TRILF A
(QYLURQPHQWD 3
KD]DUG s 3
3 3
3 3
3
3
3 3
3

6WDWHP
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*+6 M Tm d
. . +
1DPH YRUP X O|D H\ZRUG J PRA fa T f&| | Lp 6WDWHPHQW 3
3 3
3 3
3 3
3 3
3
+DUPIX[O 4 3 3
$OXPLQXP R[UGH 2 $0 3 3
+HDOWK |KD]DUG + 3 3
3
3 3
3 3
3 3
3 3
3 3
3
+ 3 3
3 3 3
&RUURVLYH + + 3 3
OHWKDQHVXOIRQLF DBRG &+ + +
+DUPIX|O + N 3 3 3
+ 3 3
3 3 3
3 3
3 3
3 3
3

6WDWHP
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* 4
1DPH YRUPXO|D _H\ZGRUG JMPRC T;‘& To f& JdF"P + BWDWHPHQW 3
3
3 3
3 3
3 3
3 3
3 3
3 3
3
+DUPIXO 3
&RUURVLYH + + 3
+HDOWK |KD]DUG N ¥ 3
+\GUR[\ODPLQH K\N\GURFEK©ORE&OGH 1+ + +
TR[LF + + 3 3
(QYLURQPHQWD + + 3 3
KD]DUG
3
3
3
3 3
3 3
3 3

6WDWHP
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3|6 WDWHP

1DPH JRUPXOD .0 Mo |1 e d |+ swowHPHOW
.H\ZRUG J PRQ f& J FP
3 3
3 3
3 3
3 3
3 3
3
+DUPIX|O * * 3
7ULIOXRURDFHWLF D&2%+ &) i + +
&RUURVLYH N N 3
3 3
3
3
3 3
3 3
3 3
3 3
3 3
3 3
)ODPPDEOH + + 3 3
, + + 3 3
HWKDQHGLWKLRO +DUPIX[O i
+ + 3 3
7R[LF +
3 3
3 3
3 3




$QQH[HV

*
1DPH )RUP XO/D .H\+26RUG JMPRC T;‘& Ty f& JdF"P + GWDWHPHQW  3|6WDWHP
3 3
3 3 3
3
3 3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
3 3
JODPPDEOH 3 3
+DUPIXO T 303
%RURQ WULIOXRULGH GLHWKLNO o ool o , * " 8 33 3
HWKHUDWH ! : : s s 4
+HDOWK |KD]DUG I
7R[LF 3
3 3
3 3
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/ILVW Rl *+6 +DJOHGDXQ/GERQDU\ 6 WDWHF

+D]DUG 6WDWHPHQWY + FRGHYV
S3K\WLFDO KD]DUGYV

8QVWDEOH H[SORVLYH

([SORVLYH PDVV H[SORVLRQ KD]DUG

([SORVLYH VHYHUH SURMHFWLRQ KD]DUG

([SORVLYH ILUH EODVW RU SURMHEFWLRQ KD]DUG

J)LUH RU SURMHFWLRQ KD]DUG

0D\ PDVV H[SORGH LQ ILUH

(IWUHPHO\ IODPPDEOH JDV

)ODPPDEOH JDV

(IWUHPHO\ IODPPDEOH DHURVRO

)ODPPDEOH DHURVRO

(IWUHPHO\ IODPPDEOH OLTXLG DQG YDSRXU

+LJKO\ IODPPDEOH OLTXLG DQG YDSRXU

YODPPDEOH OLTXLG DQG YDSRXU

&RPEXVWLEOH OLTXLG

)ODPPDEOH VROLG

BUHVVXUL]HG FRQWDLQHU PD\ EXUVW LI KHDWHG

0D\ UHDFW H[SORVLYHO\ HYHQ LQ WKH DEVHQFH RI DLU
0D\ UHDFW H[SD®WLKH OENHGWHI B UY \DWK B B RU WHPSHU
+HDWLQJ PD\ FDXVH DQ H[SORVLRQ

+HDWLQJ PD\ FDXVH D ILUH RU H[SORVLRQ

+HDWLQJ PD\ FDXVH D ILUH

&DWFKHV ILUH VSRQWDQHRXVO\ LI H{SRVHG WR DLU

6HOlI KHDWLQJ PD\ FDWFK ILUH

6HOlI KHDWLQJ LQ ODUJH TXDQWLWLHV PD\ FDWFK ILUH

,Q FRQWDFW ZLWK ZDWHU UHOHDMHWH BBRRBMHHIRXN®\ZKLFK
,Q FRQWDFW ZLWK ZDWHU UHOHDVHVY IODPPDEOH JDV

0D\ FDXVH RU LQWHQVLI\ ILUH R[LGL]JHU

0D\ FDXVH ILUH RU H[SORVLRQ VWURQJ R[LGL]HU

0D\ LQWHQVLI\ ILUH R[LGL]HU

&RQWDLQV JDV XQGHU SUHVVXUH PD\ H[SORGH LI KHDWHG
&RQWDLQV UHIULJHUDWHG JDVQMRUFDXVH FU\RJHQLF EXUQV F
0D\ EH FRUURVLYH WR PHWDOV

HDOWK KD]DUGV

)DWDO LI VZDOORZHG

7R[LF LI VZDOORZHG

+DUPIXO LI VZDOORZHG

0D\ EH KDUPIXO LI VZDOORZHG

OD\ EH IDWDO LI VZDOORZHG DQG HQWHUV DLUZD\V
0D\ EH KDUPIXO LI VZDOORZHG DQG HQWHUV DLUZD\V
)DWDO LQ FRQWDFW ZLWK VNLQ

7R[LF LQ FRQWDFW ZLWK VNLQ

+DUPIXO LQ FRQWDFW ZLWK VNLQ

0D\ EH KDUPIXO LQ FRQWDFW ZLWK VNLQ

&DXVHV VHYHUH VNLQ EXUQV DQG H\H GDPDJH
&DXVHV VNLQ LUULWDWLRQ

&DXVHV PLOG VNLQ LUULWDWLRQ

0D\ FDXVH DQ DOOHUJLF VNLQ UHDFWLRQ

&DXVHV VHULRXV H\H GDPDJH

&DXVHV VHULRXV H\H LUULWDWLRQ

&DXVHV H\H LUULWDWLRQ

)DWDO LI LQKDOHG

7R[LF LI LQKDOHG

++++++++++ A A A A+ ]+ A A A A+ o+



$QQH[HV

+DUPIXO LI LQKDOHG
0D\ EH KDUPIXO LI LQKDOHG
0D\ FDXVH DOOHUJ\ RU DVWKPD WWPLSWRIPIVL RK CEOH® WKLQJ GLII
OD\FDXVH UHVSLUDWRU\ LUULWDWLRQ
0D\ FDXVH GURZVLQHVV RU GL]JLQHVV
0D\ FDXVH JHQHWLF GHIHFWV
6XVSHFWH® RUFRQKWLF GHIHFWV
0D\ FDXVH FDQFHU
6XVSHFWHK®LRIJ FDQFHU
0D\ GDPDJH IHUWLOLW\ RU WKH XQERUQ FKLOG
6XVSHFWHG Rl GDPDJLQJ IHUWLOLW\ RU WKH XQERUQ FKLOG
G 6XVSHFWHG RI GDPDJLQJ WKH XQERUQ FKLOG
| 6XVSHFWHG RI GDPDJLQJ IHUWLOLW\
0D\ FDXVH KDUP WR EUHDVW IHG FKLOGUHQ
&DXVHV GDPDJH WR RUJDQV
0D\ FDXVH GDPDJH WR RUJDQV
&DXVHV GDPDJH WR RUJDQV WKURXIKHSURORQJHG RU UHSHDW
0D\ FDXVH GDPDJH WR RUJDQV WH(SRXXWISURORQJHG RU UHSHI
+ )DWDO LI VZDOORZHG RU LQ FRQWDFW ZLWK VNLQ
+ )DWDO LI VZDOORZHG RU LI LQKDOHG
+ )DWDO LQ FRQWDFW ZLWK VNLQ RU LI LQKDOHG
+ o+ )YDWDO LI VZDOORZHG LIQRRQWBFW ZLWK VNLQ RU LI
+ 7R[LF LI VZDOORZHG RU LQ FRQWDFW ZLWK VNLQ
+ 7R[LF LI VZDOORZHG RU LI LQKDOHG
+ 7R[LF LQ FRQWDFW ZLWK VNLQ RU LI LQKDOHG
+ 4+ 7R[LF LI VZDOORZHG LOQLPRKQWBEW ZLWK VNLQ RU LI
+ +DUPIXO LI VZDOORZHG RU LQ FRQWDFW ZLWK VNLQ
+ +DUPIXO LI VZDOORZHG RU LI LQKDOHG
+ +DUPIXO LQ FRQWDFW ZLWK VNLQ RU LI LQKDOHG
+ o+ +DUPIXO LI VZDOORZHG ILQQRD@MMBFW ZLWK VNLQ RU L
L

QYLURQPHOQWDO KD]DUGV

9HU\ WR[LF WR DTXDWLF OLIH

7R[LF WR DTXDWLF OLIH

+DUPIXO WR DTXDWLF OLIH

9HU\ WR[LF WR DTXDWLF OLIH ZLWK ORQJ ODVWLQJ HIIHFWV
7R[LF WR DTXDWLF OLIH ZLWK ORQJ ODVWLQJ HIIHFWV
+DUPIXO WR DTXDWLF OLIH ZLWK ORQJ ODVWLQJ HIIHFWYV

OD\ FDXVH ORQJ ODVWLQJ KDUPIXO HIIHFWV WR DTXDWLF OLIH
+DUPV SXEOLF KHDOWK DQG WKIQH QYLWRR PXSGW LE D & IR R W S IRH LK

+++++++++F+tF A A A A A+ o+

SUHFDXWLRQDU\ 6WDWHPHQWYVY 3 FRGH
*HOHUDO SUHEDXWLRQDU\ VWDWHPHQWYV

3 ,] PHGLFDO DGYLFH LV QHHGHEH®DDW ISDRGXFW FRQWDLQHU R
3 .HHS RXW RI UHDFK RI FKLOGUHQ
3 5HDG ODEHO EHIRUH XVH

SUHYHOWLRQ SUHFDXWLRQDU\ VWDWHPHQWYV

2EWDLQ VSHFLDO LQVWUXFWLRQV EHIRUH XVH

'R QRW KD QGI®IHVX © WH BIDYML RMQFQ G HRGHUVWRRG

.HHS DZD\ IURRWKBBWY KRSD YN VG RHNKH UODIFHWDRQ VRXUFHV 1
'R QRW VSUD\ RQ DQ RSHQ IODPH RU RWKHU LJQLWLRQ VRXUFF
.HHS 6WRUH DZD\ IURP FORWKLQJ FRPEXVWLEOH PDWHULDO
7DNH DQ\ SUHFDRIWLRQ MRVBYFRRPEXVWLEOHYV

'R QRW DOORZ FRQWDFW ZLWK DLU

'R QRW DOORZ FRQWDFW ZLWK ZDWHU

HHS ZHWWHG ZLWK

+DQGOH XQGHU LQHUW JDV

WWWWwWwwwwww
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BURWHFW IURP PRLVWXUH

.HHS FRQWDLQHU WLJKWO\ FORVHG

.HHS RQO\ LQ RULJLQDO FRQWDLQHU

.HHS FRRO

*URXQG ERQG FRQWDLQHU DQG UHFHLYLQJ HTXLSPHQW
8VH H[SORVLRQFDUR MK EONHBWNQS P H GV

8VH RQO\ QRQ VSDUNLQJ WRROV

7DNH SUHFDXWVRIDIDWQRMDVWIDWLF GLVFKDUJH

_.HHS YDOYHV DQG ILWWLQJV IUHH IURP RLO DQG JUHDVH
'R QRW VXEMHFW WR JULQGLQJ VKRFN IULFWLRQ

'R QRW SLHUFH RU EXUQ HYHQ DIWHU XVH

'R QRW EUHDHVKMD & XMW WXPDSRXUV VSUD\

$YRLG EUHDWKLQJ GXVW IXPHV JDV PLVW YDSRXUV VSUD\
'R QRW JHW LQ H\HV RQ VNLQ RU RQ FORWKLQJ

$YRLG FRQWDFW GXULQJ SUHJQDQF\ ZKLOH QXUVLQJ
‘DVK WKRURXJKO\ DIWHU KDQGOLQJ

'R QRW HDW GULQN RU VPRNH ZKHQ XVLQJ WKLV SURGXFW
8VH RQO\ RXWGRRUV RU LQ D ZHOO YHQWLODWHG DUHD
&RQWDPLQDWHG ZRUN FORWKL &H \ZHRRIXNSB® QRW EH DOORZHG R
$YRLG UHOHDVH WR WKH HQYLURQPHQW

"HDU SURWHFWIHAW LY R YAHO/RSWKRI R B HH S B WRIWWE W QR Q
‘HDU FROG LQNXODMH YKUB®®G H\H SURWHFWLRQ

"HDU ILUHVODRMV UHMDUGDQW FORWKLQJ

> Q FDVH Rl LUDCBWXBOY® YHOIEWHR/GLUDWRU\ SURW
+DQGOH XQGHU LQHUW JDV 3URWHFW IURP PRLVWXUH
.HHS FRRO 3URWHFW IURP VXQOLJKW

HVYSROVH SUHFDXWILRQDU\ VWDWHPHQWYV

) 6:8//2:("

21 6.,1

21 6.,1 RU KDLU

y1+$/(

1 (<(6

21 &/27+,1*

(;326("

(;326(' RU FRQFHUQHG

(;326('"LRURX IHHO XQZHOO
PPHGLDWH,CB\ZEE&CQD?DBBGZRFWRU

&DOO D 32,621 &(17(5 GRFWRU

&DOO D 32,621 &(17(5 GRFWRU LI \RX IHHO XQZHOO

*HW PHGLFDO DGYLFH DWWHQWLRQ

*HW PHGLFDO DGYLFH DWWHQWLRQ LI \RX IHHO XQZHOO
*HW LPPHGLDWH PHGLFDO DGYLFH DWWHQWLRQ

6SHFLILF WUHDWPHQW LV XUJHQW VHH RQ WKLV ODEHO
6SHFLILF WUHDWPHQW VHH RQ WKLY ODEHO

5LQVH PRXWK

'R 127 LQGXFH YRPLWLQJ

, I VNLQ LUULWDWLRQ RFFXUV

, I VNLQ RUUJDWIDWVKRRFFXUV

,PPHUVH LQ FRRO ZDWHU ZUDS LQ ZHW EDQGDJHYV

%UXVK RIl ORRVH SDUWLFOHV IURP VNLQ

7KDZ TURVWHGNESZDWK ZDWHKW 'RAQ RWHWDXE DIIHFW

] H\H LUULWDWLRQ SHUVLVWYV

5HPRYH FRQWDFW OHQVHV LI SWHYNWQ®WIDQG HDV\ WR GR &RQ\
5HPRYH SHUVRQ WR I UHVK DLUKDL@G@ NHHS FRPIRUWDEOH IRU E
,f HISHULHQFLQJ UHVSLUDWRU\ VA\PSWRPYV

5LQVH FDXWLRXVO\ ZLWK ZDWHU IRU VHYHUDO PLQXWHYV
:DVK ZLWK SOHQW\ RI ZDWHU
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WWWWWWWwWwWwwWwwwWwWwmMWwUMWWWNWWWWWwWwWwWwwWwwwwwWwwwwwwwwwwww

5LQVH VNLQ ZLWK ZDWHU VKRZHU
5LQVH LPPHGLDWHO\ FRQWDPLQDMWHT EZORWKLEHIRQB VNPR YAL
7DNH RIl LPPHGLDWHO\ DOO FRQWDPLQDWHG FORWKLQJ
7DNH RIl FRQWDPLQDWHG FORWKLQJ
'DVK FRQWDPLQDWHG FORWKLQJ EHIRUH UHXVH
$QG ZDVK LW EHIRUH UHXVH
,Q FDVH RI ILUH
,Q FDVH Rl PDMRU ILUH DQG ODUJH TXDQWLWLHV
(ISORVLRQ ULVN LQ FDVH RI ILUH
'2 127 ILJKW ILUH ZKHQ ILUH UHDFKHV H[SORVLYHYV
JLIJKW ILUH ZLWK QRUPDO SUHBR¥WLRQV IURP D UHDVRQDEOH
JLIKW ILUH UHPRWHO\ GXH WR WKH ULVN RI H[SORVLRQ
6WRS OHDN LI VDIH WR GR VR
/JHDNLQJ JDV ILUH GR QRW HMRSEIKGEWDXKHMDHYVYV OHDN FDQ EH
8VH WR H[WLQJXLVK
(YDFXDWH DUHD
(OLPLQDWH DOO LJQLWLRQ VRXUFHV LI VDIH WR GR VR
&ROOHFW VSLOODJH

) 6:$//2:(' ,PPHGLDWHO\ FDOO D 32,621 &(17(5 GRFWRU

) 6:$//2:(' &DOO D 32,621 &(17(5 GREWRKQZHQO \RX

) 6:$//2:(" 58 PRXWK 'R 127 LQGXFH YRPLWLQJ
) 21 6.,1 ,PPHUVH LQ FRRO ZDWHU ZUDS LQ ZHW EDQGDJH
) 21 6.,1 :DVK ZLWK SOHQW\ RI ZDWHU
,) 21 6.,1 RU KDLU 7DNH RJWDPRIQ®MDHNCH PO PWRLEOR 5LQ

DWHU VKRZHU

) ,1+$/(&D0OO0 D 32,621 &(GREWRULIKRXFHEQ XQZHOO
) ,1+$/(B3HPRYH SHUWKR Q LMWRDIQG B\W B ECHR PRRI EUHDWKLQJ
) ,1 (<(6 5LQVH FDXWLRXVD® PLVQK \Z Bl W HBH FRRUY M HYRHQUV D F

UHVHQW DQG HDV\ WR GR *FRQWLQXH ULQVLQJ

) 21 &/27+,1* 5LQVH LPPHGLDW KO \DRR® WHPQ ZLWHKG 668 RWK

HIRUH UHPRYLQJ FORWKHYV

,] HISRVHG RU FRQFHUQHG &DOO D 32,621 &(17(5 GRFWRU
,] HISRVHG &DOO D 32,621 &(17(5 RU GRFWRU SK\VLFLDQ
,/ VNLQ LUULWDWLRQ RFFXRY§ *HW PHGLFDO DGYLFH DWWH(
,/ VNLQ LUULWDWLRQ RU DRI-DUWWHRXNWMR FHW PHGLFDO DGY
%UXVK RIIl ORRVH SDUWLFOHADWJHRP MNLSY) L QP PHWVHD IQ®@ B RHRD
,/ H\H LUULWDWLRQ SHUVLNFR®&V JHW PHGLFDO DGYLFH DWWH
, ] HISHULHQFLQJ UHVSLUDWRUMY{P SREMMR ULDOO D 32,621 &
7DNH RIl LPPHGLDWHO\ DOO RRQ WD FEIH} B WH @ HFO\RW KLQJ D Q!
7DNH RIl FROWDPLQDWHG FORMKLQJ DQG ZDVK LW EHIRUH
,Q FDVHWRSLOHDHE LI VDIH WR GR VR
,Q FDVHRI ILUH 8VH WR H[WLQJXLVK
,Q FDVUHRI(YDFXDWH DUHD
,Q FDVH RDAXKDWH(DUHD PN\J&WHIMWRI WKHIPRMWMWMN RI HISORV|
,Q FDVH RH PMNRODIULH TXD/QW DWHBYV )KYOWXILUH UHPRWH

ULVN RI H[SORVLRQ
6WRUDJH SUHFEDXWLRQDU\ VWDWHPHQWYV
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BWRUH
BWRUH LQ D GU\ SODFH

BWRUH LQ D ZHOO YHQWLODWHG SODFH

BWRUH LQ DFORVHG FRQWDLQHU

BWRUH ORFNHG XS

BWRUH LQ DLNWRADWRAY LY H R G W\IL@OWM UL QWK O LIDHML V

ODLQWDLQ DLU JDS EHWZHHQ VWDFNV SDOOHWYV

BURWHFW IURP VXQOLJKW 3  HMGRIQH DWBHPSHUDWXUHV QRYV
'R QRW H[SRVH WR WHPSHUDWXUHV H[FHHGLQJ f& f)
BWRUH EXON R\DKD/GIV JNBIDW BE M VD QY RWH I [FFHHUHIGW. Q J f& f)



$QQH[HV

BWRUH DZD\ IURP RWKHU PDWHULDOV

BWRUH FRQWHQWYV XQGHU
BWRUH LQ D GU\ SODFH 6WRUH LQ D FORVHG FRQWDLQHU
BWRUH LQ D ZHOO YHQWLODWHG-ORDHAB .HHS FRQWDLQHU V
BWRUH LQ D ZHOO YHQWLODWHG SODFH .HHS FRRO
3URWHFW IURP VXQOLJKW BWRUH LQ D ZHOO YHQWLODWHG
3URWHFW IURP VXQOLJKW 'RH[FRWGLSRVH &R WHPSHUDWXU
BWRUH DW WRWSH|FMWWMGUBYHS FRRO f) .H

LVSRVDO SUHFDXWLRQDU\ VWDWHPHQWYV

CTWWWWWWwww

3 'LVSRVH RI FROWHQWY FROQWDWEHODRWRO UHJLRQDDFERWERBRQPI
UHJXODWLRQ WR EH VSHFLILHG @

*+6 SLFWRJUDPV
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&H WUDYDLO YLVH j VIQWKpWLVHU @RHFHOQ WWH QG HRRHW WK
SRO\PqUHV j KDXWHV SHUIRUPDQFH\H BWVXQ &8 DERD X H H\OW
WUDQVIRUPDWLRQ VXU OD EDVH G4H VW pOWLMXHEW W OWSXKWD W L T

/JHV VI\QWKqVHV GH GLPpWK\OFpWQQH '0GLpWKNEKEKP PN &
‘(. PWK\OSKpQ\OFPWERHKpGQ\OFApWqQ@HVXGLpRYWIXWY O TKR
OD FRSRO\PpULVDWLRQ GH FHV PRQR® WUW pDpW X GALpIH YU KT
GH OfHQFRPEUHPHQW VWPpULTXH SNQ 8 H © WQWX O KXY UFpDVqD
GHV PpODQJHV '0. '(. HW '0. '3. RQW WXHFFR SRRX\P [@3RYQ M
SRO\FpPWRQHV GRQWKGHWLSNRSUBNWYMEGWH QW DR HR USRIV
VDWLVIDLYDQMVEIBEWa f& /H '0. HYW OH VHXO PRQRPQqUH
KRPRSRO\PqUH SDU YR VAD'WHR QHVX HKR Q/\R B RIQ YAHW L& B V
FDWLRQLTXH QTR QSR 6bRHp WRQGE XD IDWHDIEDQ XGiH PIPWIL.OQ R F qQ H
OD VWUXFWXUH SRO\HVWHU 'HV VVKDXFWHX BB VVWHP R GFRJLLW/F
SRO\GLVSHUVLWp ROM pWp DLQVRRREWHAXH® a f&

6 a f&

ORWV FOpV FpWgQHV GLPpWK\OFpVWiNGH H P poWWKK GDpS/K i \aD\ oy
GLSKpQ\OFpWgQH FBRQRRPLUILVHD WSLRRIQ F PWWOQ B O KRR @ OHV W H

SEVWUDFW

7KLV VWXG\ LV DLPHG DW V\QWKHYVLPWUWFKEZW\WNMREWXYBW IR
SHUIRUPDQFH SRO\PHUV SRVVHVVLRVMLQHDRWQGWHN D XRQ kK
Rl GLVXEVWLWXWHG DOLSKDWLF RU DURPDWLF NHWHQHYV

7KH VIQWKHVLV RI ®L P HRHKWE NGNWHQ\D N HGALHHOWHK \ @N.H W H (
'(. HWK\OSKHQ\ONHWHSKHQ3ONDIQWGH QBURDFEHGH 7TX$H Q KR
DQG FRSRO\PHUL]DMRIFRHU R IZWWKVEHLPIRHH B W W RGWH G WRAUH L
LQ VWHULF KLQGUDQFH Rl WKH PRRRY HFR\® DONPFHW M G BAKHHE |
'(. DQG '0. '3. ZHUH VXFFHVVIX0OO\ REWWRQHE ERBLRU R

WKHUPDO SURSHUWLHV hQG SHKRBO\GALQFZLQGRZ

2Q0\ '0. KRPRSRO\P HAYL]H G DEW IFFO@L F R@L WH. D MW DRQ REK & WM

OHDG WR DQ\ SRO\PHU IRUPDWLRQ \OHWLHGELRE® MRV IO

FU\WWWDOOL]HG SRO\HVWHU LQ DQ LONVHUMMRW BKRESG UWRI
J PR a (B a f& a f& ZHUH REWDLQHG

H\ZRUGV NHWHQHV FH\F KVOKAW K HOWHOMHOBIH H @/LKH O/ B KB IPMO |
GLSKHQ\ONHWH Q # UE DIWA IRRYQ. F SSRROOD NFHHAWRODAHO FSARHOQHV W H U

(TXLSH GH ODWpULDX[ ODFURPROpPFXODLUHV
805 &156 3RO\PqQUHV %LRSRO\PqQUHV 6XUIDFHV 3%6
,16$ GH 5RXHQ 1RUPDQGLH
%3 + $YHQXH GH Of8QLYHUVLWp
6DLQW (WLHQQH GX 5RXYUD\



