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N_~_jZevguc gZmqguc p_glj [bhjZaghh[hZzabyhlglha dgfghhcabb ><H J:G ij \hlelhlbZ <ezZ”"b
<eZ”b\hklhd Jhkkby

1) .DWDQRY .KDNDV 6WDWH 8QLYEHLND®W\ /HQBEBV&EWU ( PDLO GUDJDQBV#PDLO UX
0zdZkkdbc Jhkm~ZjkI\_gguc mgb\ ZkbghhZbf m& NE_@bgZ ‘[zdzg Jhkkby

.H\ ZRUGSWHUD &KLURQRPLGDH 'LDPHW.FIOLBWDRQD'1W [E[RWFRG L Q 5 G.
5XVVLD

Dexq \u_ keh\YWHUD &KLURQRPLGDH 'LDPHVLQDbkZgBmgZ2G ¥ kglZelbfdy
0zdzkby Jhkkby

SEVWYUPFWKH 5HSXEOLF RI .KDND YWetD jDQicg M Kkib FROGHH Ub®W] g _Ibg_kdh_ ~_j_
WHUULWRU\ D OLWHUDU\ UHY LW E RRI VW K HKBKli V@ R PZLgd 1O YhHehwL @ uo kbd\_gkh
KDYH EHHQ SUHSDUHG DQG IRUDNXKHUDLOY W WAPIH [ZWD R 2WKV\VWHPV
DQG WD[RQRP\ RI FKLURQRPLG VSHFLHV IURP WKH VXEIDPLO\

'LDPHVLQDH DUH JLYHQ SHGHVBLHJSVQJWYJW@ X?:WLIJ_FIQQ}Q

VSHFLENVHVD EDUINVKGHQWRLYWNRMW L F
QLUHIIHINKXPEXSHOKED HW '1L9“WQH??K§[: 5HSXEOLF Rl .KDNDVVLD LV ORFD
Y
KR

\
\

F\VWIEDUUD'7R\/\H_LRUD:W(R®'DBVHQGRGLD6P \BQ‘J WKH OHIW EDQN RI W

DIIQLYRYRUW JKH E %MRIS RIMQ/GK DV W L D H
7RNXQDJD E\ DGXOW PDOHV DUB Sb SQ% MM%\A&,ZHVWHUQ SDUW R
VHTXHQFHV ES RI SDUWLDRH FRLW Bl ¥ YRURORSHV RI WKH .X
R[LGDVH VXEXQLW , &2, JHQH WRQRWWKIHW WHIRD SIHYW RI WKH :HVWHU
VSHFLHVY DQG JHQHUD DUHGH zZto WREMIM. RHFE X BD\WKZR WX UGV RI WKH WH
DOVR UHFRQVWUXF W LDR\IORBIHIUHRE DY @HEHROIRQJ WR WKH $OWDL 6D\DQ KLJI
VHTXHQFHV DQG FORVH UHODWLYH\HUWNRPQRYEWIN K YR G B/6 &/5 « @ ZKLFK
WHPV GDWD WR EH SDUW Rl WKH 6RXWK 6LEHULDQ P
DYD 7LPRIHHY @ 7KH OHQJWK RI W
J_axf_Ih~lhlh\le_g ebl_jZImjguc h[a) RoWiHK VR VRXWK LV NP WKH PDJLI
ghklb objhghfb” j_kim[ebdb OZdZkby BLiG®@OJAXxSDUW LV NP 7KHQDWKB LV
I_jjblhjbb \i_j\u_ ijb\_"~_gu ~Zggu_ ih oRyov Kb kBOVW DQG VRXWKHDVW LW ER
I_fZlbd \brh\ ih~k_f_ckI\Z '"LDPHVLQBU VN YT HOOULWRU\ LQ WKH VRXWK 2 RC

'LDPHVD EDUNKOMQRIYMDRMWLERUGUYY yp L Q WKH VRXWKZHVW 2 RQ WKH 5H
NKXPEXBHWKED HW :LODOVQBRUWR \ j 7yw2 RQ WKH .HPHURYR 5HJLRQ
7RVLRVHUUDWRUDRVH®GRG IDD@ HYRV

*RHW J K HEMWPHIR WW K D V W LTR WOQDMDH 0 Zgfyt! K\GURJUDSKLE QHWZRUN LV GHYH
i | _hibkzgby bfz]h kZz—ph\ k j_amev|2|'%)\—C%UJDt§sz] FRQz7UHILRQV $OWDL :HVW 6
<i_j\u_ [ueh ihemqg_gh qZkibgqguo ihk@WRY | DQErkOLQXVLQVN >5HVXUV\ SRYH
|_c pblhojhfhdkb”"Zau km[t_~bgbpu , 6665« re@ 7KH ULYHU QHWZRUN LV U

hkh[_c ijbgz~e “Zsbo d \b”"zZfb jh ZJLYHUY LQFOXGLQJ WKH <HQLVHL 5|
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LWV OHIW WULEXWDU\ $EDNDQ 5L VYRIWP DRI ZAKQORQRBLEMWDWARRYHQ IR L
&KXO\P :KLWH ,\XV DQG %ODFN &KXO\P 5 5L B UWURBPWLKRQH .RS\HYRYYLOODJ
2Q WKH WHUULWRU\ Rl WKH UH S0 Y E OMKHWBIH DKIHH IKELRMRD R P I0® NBIXQD L
ZLWK D ZDWHU VXUIDFH DUHD KIDRRAHH @ XWXGLHKG FHWWUHRFHO\ SRRUO\
LQFOXGLQJ DSSUR[LPDWHO\ IKHVKR Q R BL G V IDUHVN@IRNQVIURP WKLV U
7KH WRWDO ZDWHU VXUIDFH DUKD ®UIDIDRYDWHU BRGIUHW QRY.BRMHW DO
NDVVLD H[FHHRGWXWLNRY @ $PMSUHVHYMHWKBUH VLQJOH UHIHUHQFI
K\GURORJLFDO UHJLPH RI WKH XBISHWRWOWBHG YV LIRR PVKPIDOHQUYMHUV DQG
5LYHU LV GHWHUPLQHG E\ WKHLH@I@®XWQHH $SEIDWR A 6DYBIQR>*ROG
6KXVKHQVND\D ODLQVND\D DQG .UBVORMIUY¥ND@® KBDR DUWLFOH GHYF
HOHFWULF SRZHU VWDWLRQV Rl WKH TXDOLW\ RI WKH ZDWHAV RI WKF
6SHFLDO VWXGLHV LQ WKH ILH®GXB1DN PHRQWPRQBVG IDRKQPVRRI FKLURQ!
FKLURQRPLGYV RI .KDNDVVLD SUH$PRRQVOW K YOD QRW BWHKHQPRVW VW XG
FDUULHG RXW 7KHUH DUH VWXGKHYDWKQW OH HDEEPRWHEGLWR WBEG
LQYHVWLIJDWLRQ RI WKH FKLUR RRFL\G DIDK QD RRAQW K H VSHFEMVHIH O\ >30D
5LYHU >/LSLQD *UH]H HD @KDRBVWIKH ED\\5RPDQRYD 5RJR]LQ |
.UDVQR\DUVN 5HVHUYRLU >6NRSWR/RRMHHY BW ZKQAFK FRYHUGULDQRYD HYV
DUHDV Rl WKHVH ZDWHU ERGLHYDZHWKL® W KH@ER XK@ GIHPHW RQJ UHVH
WKH UHJLRQ 7KH HDUOLHVW L®&PYXGEH Q@ BWRGRO & KLURGRPAG 7KH W
ODUYDH LQ WKH JRREHQW KR VURNURIQHR R H® MBHHIF BH Y HD WK D NRKFEH QW KR\
FRPPXQLFDWLRQ E\ =YHUHYD > WRZKRDPBOQMKIR SXERXLVKHG OLVWV LQF
URQRPLG O DU WDKK RIBERX SV KRIU W KPHR VW FALGRIY SUHDG IRUPV RI FKLURQRPI
RI WKH <HQLVHL 5LYHU IURP WKH\PRHXWX Rl WKRH\RDQD.KRNBWVLL« 61
WR WKH PRXWK RI WKH 7XED 5LYHU 6KDU\SRY $QGULDQRYD HW DO
ORVW RI WKH VWXGLHV FDUULHIS RX@ RQ WKH WHUULWRU\ RI
.KDNDVVLD DUH EDVHG RQ PDWHULIZROGW WHW L Q¥ SKBLHW QG DRIURN R F
FKLURQRPLGV 2QO\ IRU WKH IDXQRRQ GROLWHHDBPNQWKH KIDNDVVLD LG
LQFOXGHYV QLQH VSHFLHV ZKLF N DR H EDIMWHB | RVK MY K H WMXFBAQRE\ FKLUR
FKLURQRPLG DGXOWV >%RULVRYD HKWYOHOEHHQA@LGHQWLILHG WR WKH VSt
$PRQJ WKH VWXGLHG ZDWHU BRGUW\D BB @VIKHV\M B UL WR B\ UV WYV XS V
.KDNDVVLD WKH PRVW VWXGLH®QE WKRY HJ CH\OPRDW VINO O HDMDL ODEOH G
YRLU $V D UHVXOW Rl WKH VWGWURQRRREM QWKRNVHQYYWRKHY DQG VW
UHVHUYRLU >9HUVKLQLQ 6 KKIORS WWIRNDV VLD *@BGSLWH WKHHRQJ SHU

HSLQD BKXOHSLQD JORY/® HWKHP UHTXXUH UHYLVLRQ DQG DGGL
RYD @ DV ZHOO XV WK® WXMWDWWREOH IZM EHJLQ WKH SXE
OLYLQJ LQ LW >5RPDQRYD @RQ WKIHFDXYDDQQO WDYRQRP\ Rl WKH |

IRUPV RI FKLURQRPLGYV ZHUH LG HKQIMNDVNGD 2 QW RHON KU HWHKBHYBPHVLQDH
YRLUV FUHDWHG LQ WKH XSSHU BPHW R QVRKKH IJHOLEHZH WKH®ERWK PRL
VNR\H DQG 6D\DQR 6KXVKHQVNR\HSUWPDXIQQW KM @i DVK\FVWRR B R R B GRU L [
LHG ,I WKH ODLQVNR\H UHVHU Y R UGDWH SWKEDHOLED,O OR Q RYHEHHQ GHW H
VWXGLHG LQ UHODWLRQ WR K\G &R, EXOYB GWHIHI WRLL L\¥ B W L6PODIQR 'LD P H V
6KXVKHQVNR\H UHVHUYRLU O DIUDYDHV R B BV \RIL FFKQ DB XMAIHGFRQILUPHG
DUH NQRZQ >'XERYVND\D *ROG '1$ EROFKRBWQDORU VSHFLHV GHOLPLWD
%XUQHHY =DGHOHQRY @ DO /HQFLRQL HW DO @DNDUFKI
7KH QH[W LQ WHUPV RI WKH GHJUHH RI VWXG\ LV WKH XSSHU
SDUW RI WKH <HQLVHL 5LYHU $(Y[PV\¥JH\U<I9W(B’\/WI9F(%‘GN>@HWKRGV
JRREHQWKRYV VSHFLHV DQG ODUYDO IRUPV RI FKLURQRPLGV
ZHUH UHFRUGHG EHIRUH WKH BUH D WH FPPQ R H D LFODDV E D G H RO WHFWHG LQ W
YRLUV >=YHUHYD *UH]H RSEHUUSIDH W \RKMKIH <HQLVHL 5LYHU EI
@ /DWHU DIWHU WKH ILOOLQYERINWRH $VNVY PR RECROMKRID2Q ULYHUV |
VNR\H DQG 6D\DQR 6KXVKHQVNRWJIJUHVHUYRLUV WKH VWXG
LHV FRYHUHG VHFWLRQV RI WKH <$EDNBQ UV WHKIHE PG ZEWH WIMKU WK H
ODWHG IORZ >$QGULDQRYD SIQGUMHDLIQRIYHHW7RA OHQ &V KURNWKH UL
%DVHG RQ WKH VWXG\ RI ODUY D8R YRIW NKIQHR X\§ MNK SORIGV 616 SWKH @ 7 F
<HQLVHL 5LYHU QDPHO\ IURP WD NDQQ D OR@IOWKH WROWKRL $EDNDQ °
.UDVQR\DUVN FLW\ VSHFLHV W/®&E QDPNOBVNRUPQJIRHIVFRILWKH MXQFWL
URQRPLGY ZHUH LGHQWLILHG 6D\DQ ZLWK WKH UDQJHV RI WKH $OWDL
7KH ORFDO FKLURQRPLG IDXQ DHW LOQUPHGR KB WH. GH BWJ DYOHMIMV X GHV R
VXFK DV WKH $EDNDQ DQG &KXGBBUWDHH QRWGENEBRGWXIIL @ 7KH PRXW
FLHQWO\ VWXGLHG ,Q WKH DUVOIRFDHWHG S @QGW KB @GEDINDQ [N DQ DOWL
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)LJ 0DS RI WKH .KDNDVVLD 5RENWEHULD DLMROSGIPAH\R A1 x HERDNQDIL &HW\ WDEVOIH]WN\S$ |
'LVWULFW $VNL] 5LYHU X SVNLEWNHDRRW WL FOWV KWABENL'LVWUMWRRH KRQQIDP RG W MHI PR V. &
2Q 5LYHU X 7TDVKW\ASVN\ 'LVWULFWKWQWD PEXSW\DWU RD PR WVKRL 2Q 5LYHU

“ER 2APOINOAIA PANTOAEEEE nAEAOAD SARNOAIE NADEAT ATEEIAGNERRDMWEIIx NE
P NEEC x NEEGNEEE PAEII DOWOGENEIS DAEP AACUIRITUE DOxMEIEA VANNAEIA B 11
2AQGOUINEEE PAEIl AACUIRITUE POXAE NHDBADB®IDEOIE D |

DYHUDJH FDWFKPHQW KHLJKW LV @ 7K WLOHUKHVRHRLQFOXGHV PRL
WULEXWDULHV RI WKH ULYH UV NL]HHWK H KK YWY H) I¥ DIDVHKWLS WURXJK VK
8\EDW >5HVXUV\ SRYHUNKQRVW Q\NKKY RBQWBIp &/ ORS@®Y 7KH ZLGWK RI V

$VNL] LV D VPDOO ULYHU WKH OHR>WD]KEXWQD\ Rl @KH $SEDNDQ

5LYHU 7KH OHQJWK RI WKH ULYHUWIROVKRIP 2QKIVVMRYXBBEB®ULYHU WKH
WKH ULYHU LV ORFDWHG RQ WK QM RISHYVUR I7 KHUONIDIQV K$ R D WIK®! ULYHU
5DQJH DW DQ DOWLWXGH RI DERXWKH WAL DPHW Q V>RQOVKKHWYORSHYV RI W}l
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7DLJD :HVWHUQ 6D\DQ DW DQ ®IOWFIDWXGEIE BV EXPQDLY O)RU WKH SK\OI
7KH PRXWK RI WKH ULYHU LV DW X0\(HBORWIWNXIBHXRIQFHW DW DHQQ DV RQF
WKH YLFLQLW\ %ROVKRL 2Q YLOOCRDUHDPFEMMBNE LHVWURPW KH K2 /' V\VWE
ULYHU VI\VWHP LQFOXGHV DERXWZH MWMH.E X\¥ DV H B X PHBFBY VG EWRID R D
HUNKQRVWQ\NK YRG 6665« @NDVVLD >0DNDUFKHQB\NRHXW FONOLH | | H@L B C

7KH DGXOWV RI FKLURQRPLGVODH B BUFRRXOM IW R &SL Q7 WHH DV GLVSO
ZLWK XOWUDYLROHW ODPSV RI: G IGIHHUUHHEQ M. WK Z H.U 2 Wbl V7 >5DPEDXW
DQG )/8 7 * : 7KH WUDS HZERWXNGIVRD®HSBYVLWHG LQ *HQ%DQN X(
IURP WR KRXUV GHSHQGLQJERQVZHOWKH2EFRQGLWLRQV
,Q DGGLWLRQ WR WKLV PHWKRG $$00U WD R/IHWIKIHO PDWH G HB® VADWHG LQ V
FROOHFWHG ZLWK D QHW E\ PRZHQWHQ WK MW KB RSO BYQODRTHUUHVWU
ZDWHUFRXUVHYV DQG WKH FRDVWB® %DDWFRIRZDBMWH b XEVR/GDIYVSFD G H P\
$GXOWV Rl VRPH VSHFLHV ZHUH RRWRMN FB&YS1LBLIYHF$6\ IURP
VQRZ &KLURQRPLGV ZHUH SUHVHUYHG LQ HWKDQRO $00
PDWHULDO ZDV FROOHFWHG E\ 6P\ WOIDQ WG R PDOHV
ZHUH VOLGH PRXQWHG LQ SRO\YLQ\O ODFWRSKHQRO 7KH WHUPL
QRORJ\ IROORZV 6 WKHU > @ )RU V
WKH K\SRS\JLXP KRZHYHU WKH WHUPQ%%#@‘{\QPEW%IYVNLM

&RRN > @ DQG 20LYHU > @ LV

7KH SKRWRJUDSKV ZHUH WDNHQ LWLF@’BDL[E@%[@N“/%FEY NL'V' [LQHY

NRW DO

> ODNDU
.DUO =HLVV PLFURVFRSH EII_WK DQ $[L@1@{;YF§%3ED ﬁ*éy Lo
FDPHUD DQG DQ 20\PSXV 6=; VWHUHR R

DQ 20\PSXV '3 GLJLWDO FDPHUD B\Qﬁ’ M&&NVFVBBE\NHSQS&EOLF Rl .KDNDVYV

LQJ +HOLFRQ )RFXV VRIWZDUH 7&KW\|LY®l@HL©O\MM-WsUEI VrdHdksopu IR
SR\!W SURFHVVHQ IRU FRQWUDVW DQG EU\NJKWIQE\X/VOXV\IMQS $GRLJ
EHS 3KRWRVKRSS VRIWZDUH '"HVFUL SSWEXPOQVW ®DOH[FHSW ZKHQ RWKHUZ

7RWDO '1$ ZDV H[WUDFWHG XWM@WUG4L58W@01W\WK OHQQRIM K/ RWDC
%ORRG DQG 7LVVXH .LW 4LDJHQ
ORZLQJ WKH PDQX|DFWX&E|MU\DL@H\§‘6@§K/'3< LF%S %Q% eJR20 wRIEODFN L
PHQW ZDV DPSOLILHG XVLQJ /&2+HDG (\H LU\ UHQLIRUP 7HPSRUDO V
&$3$7&$7$$3*$7577 DQG +&ZyyrREXODUV + YHUWLFD@SHXY¥ SRVV
7$33$&77&$** ¥ 7*3&&$$3$$8$7&$ WK + VHWDH $QWHQQD ZLWEBRSHEBDJIHOO
>)ROPHU HW DO @ 7KH — Os 8 & b HU ikl DFFHWLDRHQ |i(g|_ O +tODJIROORPHU}
WDLQHG —O RI XOWUDSXUH ZD3RKU LQ +XEBRS$L &S OMHRS ODIWHRHDHHD  $5
— 0O RI HDFK SULPHU —0 DQHQIWKREPR 7DT *UHHQ L BWO SRPHUM
ODVWHU OL[ 3URPHJD &RUS 0D GAMRK) VHQ8I6G0D7 RBISILWDWD ZLGWKK GLDPHW
PRF\FOHU FRQGLWLRQV ZHUH D9DIRPORIZNVQIWKLWLDO GHQDWXU
DWLRQ IRU PLQ DW f & IR ®ORKAH GKRU D[ F $RAHNS &R P ZLWK £ YHQWUF
LQJ IRU V DW f& DQQHDGDlQ;)\dRNh'iQWLkPBVv * f&SHEBODPUYV VHWBHXWHO O

H[WHQVLRQ WLPH RI V DW {& %@%OP %%QV{ERC@NJRC'VSH LPP 3

PLQ DW f& 3&5 SURGXFWYV
DIJDURVH JHO ZLWK (WKLGLX ﬁ-PF%UR * &RVWI

SKRUHVLV 6LQJOH EDQGV ZHUH S)ﬁMNLb}O@+ZLW(%5 [R Xo,E@-aHDVbISXU R
DQG 7KHUPRVHQVLWLYH $ONDQULRHW3RM DK D:W DViH o RKH s UM R PLG V

PR)LVKHU 6FLHQWLILF 3XULILHG 3R % BAUR 6 XFWVRZ RUBIGWHL ELP * —P
TXHQFHG GLUHFWO\ LQ ERWK G LOUMHFW k RQY WIVEHLPD OF@ AEXIN. REKBWRHBW D H -/
VHTXHQFHU $%, [O *HQHWLFSRQWQ RO R HOMXIHVHRIR Y QWY DUH DV LQ 7DI

$SSOLHG %LRV\VWHPV 86$% DW GH*S\DBWF’LI-P@’W)RJV&I-&OO PHIUROWH ,; ZLWK
J\DQG *HQHWLFV RI )DU (DVWHU'%R)HHB bDo PREUVALWMA\ORQIDDQDO SRLC
6HTXHQFHV ZHUH HGLWHG DQG WHLP%dM WHF@QJ g\lf\\(/VH&VVDLSF\t/l{NLF?JQI)DLSJR
>.XPDU HW@ OBOVR 0(*$ XVHG 4k
LOQWHUVSHFLILF JHQHWLF S GL ‘F B Q' LdDQZ (13 WWUIED%J;‘
HV %, zZDV SHUIRUPHG WR UHF%:%;@ ,ggjpﬁ) LE REH ]
Rl VHYWHOPHWVESHFLHY XVLQJ OU%D QRQJ . ZLWK ODMH®IODQJIXOD |
TXLVW HW DO @ 7KH 6<0 ¥ >2|KD¢JN\IL85KGLVW@O)SDUW GHQVEDVEFAYHUHG
>)HOVHQVWHLQ @ DQG +.< * >sHPMH RD ZR GIWH OE®D ZLW® JUBXS+RI + VWI
PRGHOV ZHUH GHILQHG LQ 3DUW %\WVRRHEOEH UHW D H> FDQ@ VAD-UVHIBAD K+ C
DO @ DQG XVHG LQ %, DQDO\VLVYDERXW LQIG HRHQINHQWLU X QV*RQRVW\IOXV
ZHUH FRQGXFWHG ZLWK IRXU 0RGWSH ELIDQIORROBDUWYNRY &RBL @YLFPOO\ ZL WK
0&0& DV JHQHUDWLRQV RRQIWHREG WRRWKYH —P ORQJ )LJ +5
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LQ GRUVDO YLHZ x WKH VDPH DQ WYHQW b D\OWHILHID S R:G WRIH
~ °ENw  TAAT NADIABVD EDUNMKGIWQWRYWNLM  x AEITTEAEE AENBAEDBIDINC
NAADOO  x O £A AEA NIECO  x IAIADAxIAR NOADIAITA

LIV w  $GXOWLPBBWDRED I7WIXGIHQWRLYW N LM x K\SRS\JILXP L@FERUWBIODWIGHZR Q R VIMR\@D X
o) 0i1BAEEA
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7TDEOH /HQIJWKV LQ P DQG SURRRUDPHRQVERIZGBH G VOIREWRMWW PDOH Q
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3XSEZDV GHVFULEHG E\ 3DQNUDWARWXK > |@DJHOMHYRAKHY DQG GHYHORSHG !
ODNDUFKHQNR > @ —P ORQJ WHUPLQDO IODJHGHOWRIPHHUH ZLW
/DUYZDV GHVFULEHG E\ 7VKHUQRYMWNLMP OR@J /BOHY LEK 3DOSRPHUH OHQJ!
> @ 3DQNUDWRYD > @ DQG /LQHYLFK ODNDLFERIMHNRH L@ HLWMWIDD SDU
> @ FDSLWDWD ZLWK GLDPHWHU WKP +HDG ZLCG
5SHPDUNEDLFDOWM@VUBUH (DVW 3DODHTRIFMWLBYWHSIUHRWQRWXP ZLWK YHQWUR
ZKLFK ZDV SUHYLRXVO\ NQRZQ RIQOYREHYWH DONH %DLISDEED®DUBH 6FXWHOOX
7KH ILQG RI WKLV VSHFLHV L QP DK DALDLID /IHQ WAKKH | L URVRNV RLEEHWV K PP $QDO C
RXWVLGH WKH W\SH KDELWDW 'D® G ® O8/TRX DPWD WKW KI LU VWWDIER MK URBWDIBDQG
EDUNRGLQJ ZDV PDGH IRU WKLV VSHFEZHWK 50 0&X &RVWD H[WHQVLRQ
"LVWULBSWERBY LV NQRZQ IURP %DLHD/O /ONH $0QD =+ %5+ 6SXU RI
UD (QLVH\ 5LYHUV DQG .KDNDVVLDIURQW WLELD —P ORQJ 6SXBYXRIVPRG WLE
KLQG WLELD DQG —P ORQJ VAHWOBHWLELD
'LDPHVD GUDNDQEKHAORRAAKHQNBIWK —P DQG SURSRUWLRQW¥DRI OHJ VH
"LDPHVD GUDNDQEKH®HWRHBMKHQNR EOHLQ
ODNDUFKHQNR HW DO +\SRS\JLXP )LJV % THUJLWH ,; ZLWK
ODWHUDB®OW PDOHV 5866,% 5HSXEVRH ¥ILGhhRG BPQADO SRLQWURVWAHPUQRYH )|
7DVKW\SVN\L 'LVWULFW 6D\DQ ORXRIWDLEYWXQQD¥YHW ¥WUAYUPQVYHUVH VWHUQDSR
%ROVKRL 2Q 5LYHU EDVLQ DOWLWXGHKLIK PQ@QERYH—\PHBLGMY KLIK 76$FRI[GWK 76%
; o1 «( )LJ LWH —P ORQJ LQIHULRU YR OQ HEOV DI -
SHPDUNBUDJIDQEHVFULEHG DQG NQRLOD RORZX INR® ILQJHU VKDSHGRRY GLVWD
.KDNDVVLD EVWRDQERRMBRDQG FORVHWDHHOIPRHGPDUJILQ )LJ WPRVIHPHGLDO
WR WRBLVDUDBRNU¥FKHQNR HW 6HPHQRIQHQNRVIBIRP)LJ *RQRVW\UXKNOH—P O
3DPLU DREULQWINNDW FKHQNR HW 6 HRH@FHHD NRDISIRPLQI LQ GLVWDIQ XZOWKDORQ
7LDQ 6KDQ DQG FDQ EH VHSDPDWBASDIWIR R/ MRKUHW BRVWODOEVVDSLFP ORQILWK VI
HU VL]H IODJHOORPHUHV DQEMHIGND JyY WASH 4l DQDO WHUJDO
DQG E\ VRPH RWKHU IHDWXUHV RI K\SRSRWHLWKRHVFULEHG E\ 6HUUD 7RVLR > G
"LVWULEXQRIZRQRQO\ IURP WKH W\SBUYRFWGHWFUIEHG E\ 6FKPLG > @
6D\DQ ORXQWDLQV SHPDUNKDPDWLIFRYBUY FORVH PRUSKROR.
, DQG JHQHWL FOL@\UMAROB'Q K\SHUERUHD
LDPHVD KDPDMWHIFRWQLY 4 RoPIJUHQ WR@GVDOLGD\ VHH EHORZ IURP Z

yLIV =+ GLIITHUV SRRUO\ $SSDUHQWO\ WIKQVDGGLWL
'"LDPHVD KDPDWHFRIWQ LYV 3DJDVWRXS RI VSHFLHV LV QHHGHG
:«ONHU 6HUUD 7RVLRLG "LVWFKEXWHR® GLVWULEXWHG LQ WKH :HV
$VKH 2 &RQQRU WLF >$VKH 2 &RQQRU @
ODWHULDBXOW PDOH BSHSXEOLF RI .KDND E _
&LW\ YDOOH\ RI WKH $EDNDQ S5LYHU SRsob@{}éQ‘B\AS\AﬁR%%WMGW :LOODVVHQ
. ( DOW PDVO .9 yLJ DGXOW )LIV
PDOHV SHSXEOLF RI .KDNDVVLD S8WMILIVN) 5bY\WHLRWx S¥RbkBUGHW :LOODVVHQ
IURP VXUIDFH RI VQRE - - (. ODNDUFKHQNR $VKH 2 &RQOQR

yLJ

"HVFUL SSBXROW @DOH[FHSW ZKHQ R v

VWDWHG 7RWDO OHQJWK W 7R W&‘é/}@ R s Lo ver EbVLe R
&RORUDWLRQ 'DUN EURZQ WR ES% o RIEY IR N D ¢ DOW b

JUD\ YHQDWLRQ EURZQLVK DV O w 9.
+HDG (\HV KDLU\ UHQLIRUP 7HPSRYEQ | \Shiahiddv L®HOXBLRWP O OHQJIWK PF

SUHRFXODUYV YHUWLFDOV HRQ\G XD & LAVHQ sWKI W IDdly §RWIwK

7DEOH /HQJWKV LQ *P DQG SURSRWWHNQVKR P OKMHAIMRUBBRWH Q
2AAEEOA cEETA xEATEETA ITA IRATBEDP BVOAERNEDMWHIFRU Q LY
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5HYLHZ RQ WKH IDXQD DQG WD[ROQR PNURIP' MDKPHH B HG R B OLFERD PK DN D"

JLIV. w  $GXOWLPPOIWNDRKDPDWHIRRUQLW ' DNXPEXJBHAWKDBIU HW :LOODVVHQ w
K\SRS\JLXP LQ GRUVDO YLHZ x KYSRE\JLXPSDQW HRQWHMNILWH ,; ZLWK DQDO SRLQW
*EN  w "TAAT UAIRKYD KDPDMHIFRWQ W NEXPEXJHOWEHU HW :LOODVVHQ w x AETI

AEA NAAPOO x AETTIEAEE AEA RETO ,; & AMEWIVOADDINOETI

&RORUDWLRQ 'DUN EURZQ WR EODMNRUDBIVVEWRIQRQIRWXP ZLWK = YHQWUI
JUD\LVK YHQDWLRQ EURZQLVK VRFHQWUDOV # SUHDODUM 6FXWHOOX!|

+HDG (\HV KDLU\ UHQLIRUP 7HPSR@DO/NAWIKH LQFP XA IANK OPR $QDO O
SUHRFXODUYV YHUWLFDOV H&GEBH XY POL WKW K V HWHDAHD HE DBWK U RZIEZ\W\IDKD & 5
ZLWK IODJHOORPHUHYV DQG VAWIXWCBDGHEXEHEHGC TOXEPH RI &RVEIRPQH[WHQVLRC
WHUPLQDO IODJHOORPHUH ZLWRQJVXHEHDYL BBXWRWDHRQW-WALELD B-P ORQJ ¢
$5 3DOSRPHUH OHQJWK —P —P ORQJ 6SXUV RI KLQG WLRIGDWLPERQIO —
3DOSRPHUH LQ GLVWDO SDWK GULWHRY H VDKUY B WDIS LYWWV YK —P DQG SURSR
WHU —P +HDG ZLGWK SDOSDO OHVHIWK QWY DUH DV LQ 7DEOH



($ ODNDUFKHQNR HW DO

7DEOH /THQJWKV LQ P DQG SURSRDWHWRD W RX FEEWEKHWDILEWQWYODVVHQ PDOH

2AAEEOGA cEEIA xEAIEETA (TA TRA®ADPBVDARKYPEWKHOLBW :LOODVVHQ Q

| w Wb WD WD WD WD /5 %9 69

w|w|wl|e

+\SRS\JLXP )LJIV = THUJLWH |, —PLWKQJ+Z K LVHWIDBHY WHUPLQBIWIGRUYPDO NH
IURP RQH VLGH DQG DQDO SRLQ@W VHQVWLRD @®R QD WHWRKYWWUROWMHY H YIWMK =+
DOQOWHULRUO\ GLUHFWHG PLFURWWHEKLIDRIGH ED VDS KDW U D IQIK \R QR WRRRORIIODW LPHV F
)LJ /IDWHURVWHUQLWH ,;VIMHWUK BYRWB R WLWQIDQVIWHVURODWHUD® GARUQHUV
GHPH 76% WULDQJXODU ZLWK DR&EQGHB DISGH KLIR KEFKLGCGWK 76%$+ *RQRF

—P ZLGH KLJK 76%$ ZLGWK 76% 3K POOMGER GHRK ODUJH LQIHIWRRW YROVHC(
—P ORQJ *RQRFR[LWH —P ORQZILYEKEW VIV RDOS GRWHMD % DVLPHRIHE VHWDH
FRUDFRLG SURWUXVLRQ L QLRWLRROERKENHIO D QURIGIX FHHGO K XIS\HWU V HIW D H * —
ORZ %DVLPHGLDO VHWDH FOXWW{IRDRWMQ WX VRE RVWOIWORWUWHDSG DQSPUHODWLY

—P ORQJ ZLWK PHJDVHWD —PORRQJ ZUWWK PHSDVHWD —P ORORDQPG DSL
SXSDA@DUXYPNQRZQ JLJ +5 +
'LVWULEXQRIZRXQIURP 1HSDO 7DG]KLEKBW@XDU7¢£Q)N.®JDDQ
/IDNH EDVLQ DQG .KDNDVVLD '"LVWULEXQREZRQIURP ORQJROLD 1RUZD\ 81
JLRQ %DLNDO /DNH EDVLQ DQG .KDNDVVLD
'LDPHY/DUD QFMWWD 7RVLR
YLIV o+ 'LDPHWHWUUDMRWOIDR/LV HQ
'LDPHS$DUDQBWWID 7RVLR :LOODVVHQ Hw JLIV =
DO $VKH 2 &RQQRU QLUNRY.UDNKHWHQU D WRWICRLY HQ $VKH 2 &RQQ
'LDPHVD FRUDNBWHEXKHQNR ODWHUDB®OW PDOHV 5HSXEOLF RI .KDNDVVLI

ODWHULDBXOW PDOH 5HSXEOLF RI KYWBVRWD XQEQINDEBS VWUHDP LQ WIQH EDVLQ R
&LW\ YDOOH\ RI WKH $EDNDQ 5DYHBOW$’(§JDLXQWLUJ@\YWRQ(FG\W@DPS ‘( DOWLWXGH
ODPS . 1 . ( pow w P DPvDbV O

.9 DGXOW PDOHV WKH VDIPIH GDWD HVEULSB\@IXR)QV (?DOH'H[FHSW ZKHQ RWKHUZ

'HVFULSWXRP® PDOMRWDO OHQIJWKRWDWHEP 7TRWDO OHQJIWK O HQRIRKIRWDC
7RWDO OHQJWK ZLQJ OHQJWK + *

&RORUDWLRQ 'DUN EURZQ WR EURZRO:RQDWUBQ\L'WVK NYHYDZQ WR BURZQ /HJ
WLRQ EURZQLVK RI IHPXU EURZQLVK \HOORZ :DQJV JUD\L

+HDG (\HV KDLU\ UHQLIRUP 7HP®RBRROEVHRWOHVIKQFOXGLQJ

SUHRFXODUV + YHUWLFDOVH &O\SHX¥ PWHVKKDEU\ \HWMD IRUP 7HPSRUDO V
$QWHQQD ZLWK IODJHOORPHVHWD S G HRHFKIDDRIS/H GxS FHRM RFDOQ WHMAQ B XV ZL
WHUPLQDO IODJHOORPHUH ZLHVWKORWXIEWEKLFD@ODVHWORPHUHY DQG UH@GRBGHG SOX

$5 * 3DOSRPHUH OHQIJWK —IP®ODJHOORPHUH ZLWK VHWDHO BEQG—P ORC
* + * SDOSRPHUHZLW@ ELFNWWD O  BHLWWHQJIJWK RI +* IODJHOORPHUH

VHQVLOOD FDSLWDWD ZLWK GISPRBDWU £+ —ZFP +HDGHLGWK * $5

OHQJWK + 3DOSRPHUH OHQJWK —P * * * :

7KRUD[ $QWHSURQRWXP ZLWK Uz Y HBNWUFRRFPO-WHUDOQVIGWYW DI WDUM KWK V
VRFHQWUDOV + SUHDFDUWHWBOHSWHRHOWIRWZ LWK —P +HDG ZLGWK SDOSDO
'LQJ /HQJIWK PP ZLGWK PP QWO QQREH UHRXDEGKHEDOSDO OHQIWK +
VOLJKWO\ SURWUXEH 6TXDPD YLWK 7KRWHWBRWBSURQRWXP ZLWK + YHQV
DQG BLWK + VHALBVK 5% VHWDH 'BROVRRPHQWUDOV  + SUHDODWVWWDGFXWHO

&RVWD H[WHQVLRQ —P ORQJ :LQJ /HQJWK + PP ZLGWKH + PP $
IHIV %5 + %5 + %5 + 6SXURXQG DQJXODU 6TXDPD ZLWKJ +5 VHWDH
IURQW WLELD #* —P ORQJ 63XU4+MRQ®BEWKLEED VHWWK & 50 0&X
—P ORQJ 6SXUV RI KLQG WLBIRQJ + /HIYQ ®%5% —%5 + %5 + 6SXU RI
+LQG WLELDO# RNHWDWMK/HQIJWK —PUR@® WURISRU* —P ORQJ 63BXUMW RI PLG V
WLRQV RI OHJ VHJPHQWYV DUH DV LQ 7BPOMRQJ 6SXUV Rl KLQG WLERD + —P

+\SRS\JLXP )LIV = 7THUJLWH QRQWK+IGQE® WLIFAWGVHRPE ZLWKSURHWDH /
JDO EDQGY + VHWDH IURP R@H VISRN W RREQVOMICOSIRL\M MW PHQWY DUH DV LQ 7D

7TDEOH /HQJWKV LQ P DQG SURSRLDPHRV@VSDIGGIPEWHRBWIRN PDOH Q

2AAEEOA cEETA xEATEETA 1TA TRABEDPBMABERNGBQEP\Y WRVLR Q
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YLIV  w $GXOW!' IHDRHYV RISD UEHQURUBWR VLR w VHD@G W RWVIDR/L HQ w WX
K\SRS\JLXP LQ GRUVDO YLHZ XJ EDR ZQ VEIORXW RW KUSRWH ,; LQ RRQWDDQYQBX H U R OD Y DH
°EN w “TAAT \LDIAOVD SDBBHQOE\Y WRVLR ' WHUWEDWRUDRNVHQ w w x AETITEAEE

AEA NAADOO x AACAEUIAR xANOWA AETANEAEBAAAQGADAEATAEUIVUEOIODPINOTE AEA NAT



($ ODNDUFKHQNR HW DO

7DEOH /HQJWKV LQ *P DQG S U RSRILDPHRO®VVRIUDBNDRNIFREQRMD OH  Q
A TEIA IS EXP B MDA F N OLUDOMDRMLRY.  Q

2AAEEOA osEEIA xEATEETA 11
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+\SRS\VJLXP )LJIV # /IDWHURVWHU@UWH QIWRVHQELQ PP ZLGWK + PP
EH\RQG SRVWHULRU PDUJLQ RI WK BUDWH ZLBAKRXW ZAMNKRH+ 5 U AAN IBHK
ZHDN + VHWDH + —P ORQZLWK VHWDHURIQVBISH][ &RVWD H[WHO@VLRQ +
+ VHWDH + —P ORQJ DQBEOZ$SRUIKDSD DWW KK OB.E LQHQ@IWKEOH 5RQO\ LQ EDVDO
+ —P ORQJ ZKLFK LV QRW BIMWHUEEDR OGP OFERWVGHQYW® @&\ RI IRUN )&X DW +
YLHZ SRLQWLQJ GRZQ )LJ SRYWHULRU BRUVO. QRERH WHYHOWSHGZRWKW OLQH |
URXQGHG WHUJDO EDQGV < WURHRSFH VHWDUHDOQYHUVRZWWES +
RGHPH 76% WULDQJXODU SHDNHG IHIV _%5Kt JK %& = %5 * 6SXU
—P ZLGH DW WKH EDVH 76% KHLJKRW IRs$HZW & RUD & —P ORQJ V¥SXUV RI PL
$HGHDJDO OREH DV LQ )LJV QRFARDN@G FKHL WHtEHLRMIGKLRG WLELD ®RQ3I-P DQG
+ —P ORQJ VXSHULRU YROPAMHD®DYUCLYLEKBOFRP RZPWMK + WWWDRYV /HQJ\
FRQH FRYHUHG ZLWK PLFURWULFKIRD @@\bVWIQRUQIW\)‘/HW\DHQﬁLQ]EOH
*RQRVW\OXYV + —P ORQJ Fx_wwmeﬂl‘éBﬁb]G)ﬁfW)E—@V 4 + THUJLWH ,; Z

PHIJDVHWD + —P ORQJ DSELF@IDV\V# @GHDE/&E/\NGWJ $QWO BBRSEQWLRUGH
VHWDH +5 + WR DSH[ DQG RIWHQ GLVWDOQAMHWLIRUP
LWH

3XSD@DUXYGNQRZQ + /IDWHURVWHUQ o ZLWK £ + VHWDF

5HPDUNVHUUDWRRH®R G DLYQ IV BVES D% P ORQJ EDVDO OREH Rl OZUWKVL]H Z|
PDOHV RI WKLV VSHFLHV IURP 1RUZY @R&%éﬂ\gy?@ﬁ&%%@ﬁ_ﬁ%ﬁ&fgehﬂh 5
GLIEVL.G/AD
W LY WKH 1LUWN UHRRR G REVLD ) 28 5SLED0OL ZLWK ¥KRUR SDOH P
'LVWULESSMEREY LV NQRZQ IURP QP%?N(%%Dqgtk'?L%Y(H VWHUQDSSKRD(ZO'HDB#SVI‘?’%%?:']
6ZHGHQ >$VKH 2 &RQQRU @ bQ RNFPOWEB Do DHGHDJDO OREW ZLEH —P O
3VHXGRG DD® HYRVOHW JKHE X HWQ EDVDO DQG QDUURZ LQUBXQWBG F
YLIV + DSH[ )LJV +
. 5HPDUW\K\,43VHXGRGLVEBH+F\L[B{V ZKLFK IRXQG
6\QGLDPHVD"RHWBKBEXHU .KDNDVVLD EHORWYRX®R®QG LV PRVW VLPLOI
3VHXGRGLDPHVIRHWYRHEXHU ~ 3DIDVIN QL YRMD GLITHUHQFHV LQ WKH VKDSH RI
SHLVV )LJ 6HUUD 7RVLR JZHO®* BV '1$ EDUFRGLQJ GDWDGBRWIRW DO
$VKH 2 &RQQRU DWWULEXWH W\KLQLWERPVFD_HV WR
ODWHU DBAOW PDOHV B5HSXEOLF RI .KDNDVVLD $VNL]V
'LVWULFW <=LPQ\L> 6WUHDP $VNL]15LYHU E@\/RSRW-WKDVWLDRWEQDW:HQVLV
. ( Dow PD V 0J 9, )L yLIV  +
"HVFULSWXKR® @DOHRWDO OHQJWK =+
7RWDO OHQJWK ZLQJ OHQJWK + siQc{BPHVD waNnweey LY
&RORUDWLRQ +HDG WKRUD[RDMHJIVE'B %Wd/‘é’%DFYWH CEBOAP R\YIHD
WR EODFN DQWHQQDH EURZQKWR GD VBN ERRY D VW 81 WIS RHIN R/
+HDG (\HV EDUH DQG H[WHQGHG GI@WFRWG(LDD/@/@VW@@WWQWMDUF HQNR

VHWDH LQFOXGLQJ + SUHfosmz)\w\(/ H_ oV DQG REDLDV\‘,’KDLO( GR
WRUELWDOV &O\SHXV ZLWK +
IODJHOORPHUHV DQG GHYHOW%M@%@RM@" %\vf«%ﬁ W‘,E E%Bf{;}@'()é\gg‘gl\a’b“
WHUPLQDO IODJHOORPHUH ZLWkK Pz EDS H H DOW 9P D v
ORQJ $5 x 3DOSRPHUH OHQ@JIW \ébe\/‘PBOHV WKH VDPH GDWDDOH WKH DC
+ + + 3DOSRPHAUWK SV WHWE w

VHQVLOOD FDSLWDWD GLDPHMMUWVK "'HR/F@IP@@MM@"DV@I-RWQO OHQJWK +  PF
KHDG ZLGWK + 7RWDO OHQJWK ZLQJ OHQJWK +

7KRUD[ $QWHSURQRWXP ZLWK * ©OPNWHIPP G$F\/$|RNUD[RZ)Q-|JV DQG
WLFKDOV DEVHQW GRUVRFHQWODOY¥R gODER Lt) IMQVQDISUEHURZQ WR GDUN E
* VEXWBOHDUV VTXDPD JUH\ YHQDWLRQ EURZQ

7TDEOH /HQIJWKV LQ P DQG SURSRYMXAGRGD RIPIGMRDROHW PKIQEWHU  PDOH Q

2AAEEOA cEETA xEATEETA ITA TRIATEBN 6 XE RERDPIHMVRARMHWIKHEXHU Q
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19
YLIV  w $GXOWVHXEBHR BDDIQ HYRWRMHWIKHE XHU x K\SRS\JLXP LQX GRORDOLXPHZ w
ZLWKRXW WHUJLWH ,; LQ GRUVDOXYDERO SRLGRWRVW\OMIILWH ,;
°EN w "TAAT RAHXGBG RGDDIRHYRA\RIHWJIKHEXHU x AETTTEAEE AEATNARBEOAACw x AE

OAPAEOA ,; AEA NAADPOO x ATITRNGEBUNOTEX ATAEORDAEOD ,;



($ ODNDUFKHQNR HW DO

JLIV  w $GXOWM\PBRWWKDVWLDRWRADWHQVLYV x K\SRSVILXP LQIRRRWMAON\HZ w

x DQDO SRLQW x ODWHUDO H®GRPHUH DQG IDOODSRGHP
 CEN - w_ "TAAT BWARWWKDVWLDRWRADWHQVLY x AEITIEAEE AHAMRAADOOwW x A
ATAEUIOE 10PINOIE x EAOAPDAEUIABANMBIIADA E OAEEAI

+HDG (\HV EDUH DQG H[WHQGHG GRUVRPPFAGOP@D\50HPBRIUWRK 0&X OHQJIJWK
VHWDH LQFOXGLQJ * YHUWLEDOSHDBHE H@R SSRoV WRRIEQB/HM® W QG SURWUXGHV I
ZLWK +* VHWDH $QWHQQD Z&EMWYXHO tODVHWORPAHUHYVY DRBV

RSHG SOXPH WHUPLQDO I10DJOI O/GIRVDHABE VZ LAWK+ = VWeGED SL PS5 * 6SXU RI

+ —P ORQJ $5 + SDOSRPHURIUBIHRQUBMKDY LK) —P ORQJ VSRWORBI PLG W
SDOSRPHUH H@GWLIVOMED G+ FZLARAMKKVQG WLELD + +=R®QG —F

FDSLWDWD GLDPHWHU —P DGOOMWMWH BORFRREWIRMK DSLFVBOW@DHRI/GIQRIWKYV D (

SRPHUHV * OHQJWK KHDG ZLGWK VHAPHQWV DV LQ 7DEOH
7KRUD[ $QWHSURQRWXP ZLWK + OBWSWDOPVHWBH +$FURMUJLWH ,; ZLWK
WLFKDOV DEVHQW GRUVRFH@WUVUDORQ HDFK Q/LGH ZNQDSUBRDQWRY DRIQID RWH R\
LQ JURXSVFD/FXWHOODUYV WZR VHWDH * —P ORQJ ORFPWRQJRQ WK
'LQJ /HQJIWK + PP ZLGWK LIV PP 5 BE®@W PD\ EH Rl WKHERYDPD® WV WU X
5 ZLWK + VHWDMKRRXW VHWDH &RMWW DIS[AMMH@VULWR D SRLQWHOWIBHWRY —P C



BHYLHZ RQ WKH IDXQD DQG WD[RQRPNRIP' WVDKPHHBHG@RHOWLFERD RKDND

LIV w /IRFDOLWLHV RI VRPH 'VUPBVLQD HEDNRPQ KLLMD FKDQQHGRIODKHIRBENIQ 5

Xx XQQDPHG VWUHDP RI %ROVKRLH2Q 5PYBIEREBIVVYRD BOHWHWXG x $VNLU BIWWBHHIDP x t=LF
RI $VNL] 5LYHU EDVLQ 3KRWRV E\ 6 9 'UDJDQ

JLIV  w /IRFDOLWLHV RI VRPH 'VUVPBVLQDHEDNRPQ KLLMD FKDQQHGOGRIOMDKHIRBENWQ 5

Xx XQQDPHG VWUHDP RI %ROVKRLH2Q 5PYBIEREBIVVYRD BOHWHWXG x $VNLYU BIWWBHHDP x t=LF
RI $VNL] 5LYHU EDVLQ 3KRWRV E\ 6 9 'UDJDQ

WHUQLWH ,; ZLWK + VHWDH OR®®BIDOSOREH WHKH BPHUDJIH S GLVWDQFH E
LQ GLVWDO SDUW VKDSHG ODNH SRIRHERHHOXE )ZKLFK3KRUUHVSRQGLQJ WR V

—P ORQJ *RQRFR[LWH * V-HFOQ/RIQEO\)(LWINIBV\BU XYBOFRQVLVW RI ILYH VSH
VPDOO URXQGHG ZLWK PLFV RWULLIBKYL VI@/IHQ:Q/YRPZNQp@ VSHFLPHQV :-'
RXV *RQRVW\OXV + —P ORQ.(DE[LG4HVW LQ @ LQMLDQJ &KL

PEG W
DQG QDUURZLQJ WRZDUGV DSH| ZLV‘PI, J?/YL(;;JWD ]t:RO—dDH%mG L'Q :UDQJHOC
DQG VXEDSLFDO VHWDH + S BIO RAVGMDG D
7UDQVYHUVH VWHUQDSRGHPH WD ODUJHP%SEBE)%?\%K PLOLPDO LOW
—P KLJK +5 + ,
3XSDQ@®DUDMDH GHVFULEHG E\ /LX HIRE BSK\O@SFD'UDQDQ/(WD VSHFLPHQV RI
"LVWULE(WMR@DODHDUFWLF VSHFRRHVYEHvi-&o® IYRPQD ;-'4 DQG &C

&KLQD .RUHD -DSDQ DQG 5XvwumLd/ (Bvw )RUHBN KleIE WV XSSRUWHG %D\t
UHFRUGHG IRU WKH ILUVW WLPH RU SUREDELOLW\ %33 ZKLFK FRQILUF

ILFLW\ )LJ
DWLEB\AQFLQ/RVHG WR D ZLGH QX
SHVXOWV RI '1$ EDUFR/%I!FF HQV EHCRQHWHOWR ' KDPDWLF
$ WRWDO RI VSHFLPHOQY HVIDOR\G HUER@EW RQ¥OH DYHUDJH S GLVWI
OHLJHQPSRWWEDYMWVEVBXG RGLEMWZIHHQ VSHFLPHQV RI VSHFLHV ZH
*RHWJIKHEXHU ZHUH VHTXHQFHG+LJKHV LLRLEO® BDLAEYN @RPHOBD WLBRGQLV
WKH &2, EDUFRGH UHJLRQ \LHOGHWR Q@B GH \SHXWMHG LQ /HQFLRQL HW D
‘H PDGH D FRPSDULVRQ RI W KiHQREQNDH QMR B HOX XV R I IQNA G M G H R UMIKOH
ZLWK GDWD RI %2/' VIVWHPV 7KHRFORRRAWNQHQWBQFIRWAD\ DQG 6YDO
' SDUDQFYHWRDPHWDS :-& %ZHUH LQFOXGHG LQ WKH KLJK VXSSRUW
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yLJ %D\HVLDQ WUHH RQ PLWRAKROQDOPHRYLYY, REWBLRMIHG VHTXHQFHY DQG FORVH
*HQ%DQN DQG %2/' VIVWHPV &0 DBHSWRYSBHRWIVR U\5HQE DERYHGHBFKHEUDQFK 6SHFLPHQV |
LQ WKLV VWXG\ DUH LQ EROG

A~°EN iAEANTANETA AADPAAT TTNODEARITAANAE ~(IA§IAI"EAG'{ILD§§I5IN§:ISIAEAA§AU _TA_TNITAAIEE TTEO
ITNEAATAAOAEUITNORBEVBOABAEAA NOTAIUO NEEAAINTA EC BA%W2IAT APARATERNAINROARDEIDITE

AADIROITNOE AUGA OEACAIU TAA QAERDEAARNQAERTRANOIRBAE PAATOA INTAE AUAAEAID

PDEOOITI

6HTXHQFHEDRF D @HGEWLKX P E X JHIOUWHIDFH EH® ROIVQMAVKDVHTXHQFH GLY
ZHUH XQLTXH 7KH FORVHVW DHREGDEOH VSHFLHV ZHUH
" JHUQ\L DQGZKLWR @GUDIHUHG IURP VKB RERVDIGEH VR WKH %D\HVLDQ WU

VHTXHQFHV E\ DQG UHVSHMNDROQLO\ 20 ZKLFK ZDV UHODW
6BHTXHQFHW HRUUDIHRML FFIR Q V'S HFR I'WA{ WVHRL Q ERRIFSIDQG FROOHFWHG IUR

" VHUUDSWRSLRL %,1 %2/' $$' VLD >ODNDUFKHQNR HW DO @

7KH DYHUDJH VHTXHQFHV GLYHUJHQF IS BHWEB BBHNHEMWRIEE Q/ S HF L

HV ZHUH PHQ3RI QLFRUDHFWHG IURP 3HUP .UDL !
7KH REWDLQHG 6VHW R N (DAHRQ RREOME RVHG LQ %2/' VIVWHPV XQGHU QXPEH

VLPLODU WR WKH WHDTNXEPKERW LRUHL, 1 %2/ $'% ZHUH ZKLFK LQG

SULYDWHO\ DYD I7&BEROOR VG VAR /S WEKAHLWK FE QMUMSHFLILFLW\3 VS QRIWKRHNWID V St

7DEOH /[HQIJWKV LQ P DQG SURBR\WPERRQWKRD N O/HARMEORBXDWOVDLOH Q
2AAEEOA cEEJA xEATEETA (TA TRAIBARS EWKERN YW LTR MDQDIDH QW L V
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BHYLHZ RQ WKH IDXQD DQG WD[RQRPNRIP' WVDKPHHBHG@RHOWLFERD RKDND

%,1 %2/' $3%) XQLWLQJ VSHFLPH®NUYBRWP LIRWKH ILUVW \HDU@ RI LWV ILC

2 RS P S v O e e LRIV ¥ R D A VR v g Rip v

DJH VHTXHQFH GLY BVDHQLIFHTEEGV Z >0 5XVVLDO®

3V QLYRMD%2/' $9%) ZHUH *Ro7&H:V*H 6KXOHSLQD 6 3 R 2ZD WHWB DVVH
UHVXOWY LQGLFDWH WKH QHHG IRXYDODLWDI[R GBRIRE ZD®@HU HMIVEHRARYKREF E\ WK
WKLY VSHFLHV FRPPXQLWLHYVY RQ WKH H[DPSOHRRU WKH .UDV!

9RGRRFKLVWND 9RGRSRGJRWRYND 9RGRVC

3 >,Q 5XVVLDQ@
$FNQRZOHGJHPHQWYV *rROG =* BNRSWVRYD *1 6KXOHSLQD 63 §.
>0DFUR]JRREHQWKRY RI WKH .UDVQR\DUVN
7KH DXWKRUV DUH GHHSO\ JURWHIX®OWRWKMH KOO R WKH =RRWQR\DUVN :DW
LFDO OXVHXP RI WKH 1 ) DWD—QR/YLNV\R'E)(RILD’V/R/UGWbWEI-I-%‘@Q ZDWHU UxDoLw\ .UD

$EDNDQ 'U $$ $VRFKDNRY D&KZHQO! >,Q 5XVVLDQ@
QRJRUVN DQG $ * .DUPDQRYD @ED'N %/ G,_@z JNRwR;\DQL/LXVRKp
RUJDQLILQJ RI MRLQW H[SHGIDWLRQV

>,Q 5XVVLDQ@
7KH UHVHDUFK ZDV FDUULH@HQH(QY\MG-#WKLQ |’E>H >V7VM WL“leé/LVd—b@UYDwxmsRP WK F

RI OLQLVWU\ RI 6FLHQFH DQ%XVWKB@QK\GR(\FQJMLQ&@RRJL WRELRORJLFKHVNRJR REVE

JHGHUDWLRQ WKHPH 1R 3 + >,Q 5XVVLDQ@
*UHVH 9 1 E )LVK IRUDJH VHVRXUAHV DRQGNK F
WKHLU XWLOL]JDWLRQ JJYHVWL\D 9VHVR\
SHIHUHQFHYV LVVOHGRYDWHO VNRJR LQVWLB/QXRWR R]HUQR.
, FKR \DLVWYD o/ >3URFHHG ILGLOAVRILWKH $0
$QGULDQRYD $ 9 $SRQDVHQNR $ 05 UINPP ng WXWH RI /DNH/B@QGOSLYHU YLV
SRVWQLNRYD 3 9 3RQRPDUHYD ,X $ % GD S >,Q0 5XVVLDQ@
BWUXFWXUDO FKDUDFWHULVWLWWY HR/I« ﬁ @liRod:\,le Qp F$R§>PXQ > DACIUREN B DRWL FD O
HFRV\WWHPV RI WKH ODNHV ZLWK & @,44 W ,_‘]|_LJI-||EI-|1|\(RB|L| LWV UMKKODWLRQ
PLQHUDOL]DWLRQ 5HSXEOLF RIL\IKDND VY R\ B% URHOHFWULF SRZHU VWD
HFRORJL\D >:DWHU FKHPLVWU\#D QG Hlﬁll'f((azlj\’\ 9R3\/WRFKQRL 6LELULQ .UDVQR\I
$QGULDQRYD : 9 ORGHUQ GDFWDWIRHD l(yrm RR%@H@L KRV 7KH SKRORIDWLEV D
&KXO\P ULYHU ,QWHUQDWLRQ®O MRXNRP A uRIU % ,&)mtg‘ﬁ; Pio R 1 ‘LSWHUD
IXQGDPHQWDO UHVHDUFK 1R Q@3 aKLUP@Rﬁﬁé’MHD OHPRLUV RI WK® $PHULFD
$QGULDQRYD : 9 6W U X F W XW/DFOP R D Xk FR WWR Q ofiRIGER 3 +

LQ WKH <HQLVH\ EDVLQ XSVVWURQDRDRGPILEGVWHHDP K RV: <pQR 7OXPDQ 'DWLQJ |

MRXUQDO RI DSSOLHG DQG IXRGDFHQOWRH YEHSHRWIHI I D PROHFXQBU FORFN RI F
O Rl OR

%
>,Q 5XVVLDQ@ RXUQ OHFXODU (YROXWLRQ 9RO
$VKH 3 2 &RQQRU - 3 $ R RQ® RIGDDBIO R &

'LSWHUD 3DUW  %XFKRQRPARGRIMH &KISYQ
PLQDH $SKURWHQLLQDH 7DQ\SRGLRDPE\pGNL
'LDPHVLQDH 3URGLDPHVLQDH D\QXG 7|—hcpP&DKvgB,;Q|;?
%LRIHRIJUDSKLFDO 6RFLHW\  1DGVLRQDOR WHYH
R

'XEOLQ Ss RYDg
R
8

I
&KLURQRPLGHW QRXXURXH RX U
LLQDRho GRF +LVW +1DW ORVHOO!

D LLODH 6\QRQWIHFRQRWHYV RQ
WBRGEWWH LsWHUD GHVFULEHG E\ '
R UHODQ,
$

. >3UHOLPLQDWAWEGBRWDRRQ WK
%RULVRYD (9 7RORPHHY $3 'URERWRY Ki®dG JRRSHULSK\WRQ RI %ROV

(PHUJHQFH RI PLGJHV &KLURRRRPLE IDNDVVLD @ (NRORJLD\ <X

D VDOLQH ODNH DV D VRXUFHH'@'W'RD@QQSBHP%W%%K'B(%U'WWNRULLWHOSVWYR $E

ELRFKHPLFDO FRPSRXQGV IRU DHHIE BiFRYIYVAN G5 Vol Rp AWK 16L JRVXGDUVWYHQQ\L X
-RXUQDO RI 6LEHULDQ )HGHEDO 8QLY BURORIN . 5 0 5XVVLDO @

bwWh'Q
. 1R 3 - XP 6 WHFKHU * 7DPXUD . ODU 0(*$ OR
%XUQHY 6 / =DGHOHQRY 9 $ HGEQKD é{NQR BO\HHOHWLFV $QB0O\EDW B MHWIVR Q
R

H
SDWWHUQ RI JUD\OLQJ GXULK DR RS Rl I%q_‘h@IF\KJ\ DQG (YROXWLRQ 9RO
6KXVKHQVNR\H 5HVHUYRLU®@ 5\ER i_\ Q
Ryt

LVVOHGRYDQL\D QD YRGR\RPDNK .
9\s /| *RV1,25.+ 3 % >,Q 5XVVLDQ@ xEoOL
"XERYVND\D 2 3 *RO G = * H3EREBURGGR QR JLF D Q
ZDWHU TXDOLW\ RI WKH 6D\DQR 68X WHARRMNRHL
V H]G 9VHVR\X]QRJR JLGURORJLEKHVNRBJR REV
+ GHNDEU\D J 7HILV\ GRNRBRRY &K > LdH
GXPND 3 + >,Q 5XVVLDQ@ X HWVRY

JHOVHQVWHLQ - (YROXWLRQQEJI\-IVWUBH]-[ I ERPH |
PD[LPXP OLNHOLKRRG DSSURDFK -
(YROXWLRQ 9RO 3 + 3

JROPHU 2 %ODFN 0 +RHK : /XW]'8$ gtxwlwwlgﬁm
SULPHUV IRU DPSOLILFDWLRQ FRH PLW R/KKR QEsHIH DPWWMRIFKUMRVHUYRLU @ 9HVWQ
R[LGDVH VXEXQLW , IURP GLHWWHWUVIRPHWPOOIRWREQYHWWHBYIRWR XQLYHUVLWHWD LP 1
ODULQH %LRORJ\ DQG %LRWHFKQRORJ\3 9R® 3>,Qx5XVVLDQ@

*RO G = * >%LRORJLFDO DWVXDOULRRARRY HRV WRKIBD ZDBWHU > (FRORJLOADIDF WE G LEMRGRJ L
VPDOO ULYHUV 6RUD %\XU\D QNILVHU %YWUXEWXUH IR¥FKQJ VSHFLHWRH ERWWRI
GRNODG\ Y\VVKHL VKNRO\ %LRORJLEKMHWVNR\DUYNXNHVHUYRLU@ OWWB LD6FLHQF
1R 0 9\WVKD\D VKNROD 3@ * P RIKXXYDDRGQRL QDXFKQR SURKWLFKHVNRL

*RO G = * 'XERYVND\D 2 3 /X]KEWQRQI9RI0O IDREKQR L]IGDWHO VNLL WVHQWU ©$NWXD
WKH K\GURELRORJLFDO UHJLPH\RI WKHQ6BDXDVYPRDEXKVKHQVNR
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($ ODNDUFKHQNR HW DO

/IDQIHDU 5 &DOFRWW % +R BUWLWLRGRQBXIUKQRILYVVOHGRYDWHO VNRER RIRVWLWXWI
FRPELQHG VHOHFWLRQ Rl SDUWWWRRQ IUQHE QRFIRH RKR]IDAY WKE VWIDNVQRYVUDN R @3  +
PRGHOV IRU SK\ORJHQHWLF DQDDOGHW]KXIRQBEFXODU % ERIORAR U S K RIORR MIFOOHNH D W X L
(YROXWLRQ 9RO 1R 3 + RI WKH $VNLV DQG 7HV ULYHUWKE @ROHMAKHP LD |

/HQFLRQL 9 B5RGULJXH] 3BULHWRRRJSRBADHRKMLOVN 'HSUHVVLRQ@ 9HVHWMDDL N % X U\D\
EHWZHHQ PROHFXODU DQG PRUSKRQRJGEADO\M\VWHPRWIFN\RI ¥ HRORJIL®DQ 9\S 3
QRQ ELWLQJ PLGJHV &KLURGRRIORIM F L OWPHMLQ®@ H

6FULSWD+ KWWSV GRL RUJ PROWDJQD 0 OHUHJKHWWL 9 /HQFLRQL 9 5
ILQHYLFK $ $ 7HQGLSHGLGIDH RISK 3B HUWHIUWWHGS@D[RQRP\ DQG '1$ UDWFRGLQJ R
7UXG\ ,UNXWVNRJR *RVXGDUVW$ HQQRLF W& UDHU&K WHRVDR PR G D H 3/R6 21( 9RO
=KGDQRYD ,UNXWVN 9RO 1RVEDQ® Hz >,Q 5XV
IJLQHYLFK $ $ 2Q ELRORJ\ RILOLBOHYHBI'WKH IDFFKH DGXOW PDGMM WD 'LDPHV
7HQGLSHGLGDH %LRORJ\ RI %RZNDO&KDYRQRMEDWHRI WRM +RODURNHN UHJLRQ*

/HQLQJUDG $1 6665 3 = > Q 5XVVLDQ@QWRPRORJLFD 6FDQGLQDYLFD 6XSSOHPHC
JLQHYLFK $$ ODNDUFKHQNR ( SNQRZQMRURU.KOLMDV@H L LNK U\ERNKR]\DLVWYHQQRH
VSHFLHV RI VXEIDPLO\ 'LDPHVL®DH 'LLSWHYDYLEKLURQRBY .UDVQR\DJKYMRH.UDVQR\
I[URP %DLNDO 7HUULWRU\ 6\VMYHAD WILJEVD WR G \WERP RJI\ Bl B,Q 5XVVLDQ@
RUJDQLVPV 90ODGLYRVWRN '91& $13B@MNUDWRYD 9><D /DUYDHHVQBI SXISIDH RI \
5XVVLDQ@ VXEIDPLO\ 2UWKRFODGLLQDH 'LSWHUD &
JLQHYLFK $$ ODNDUFKHQNR ($ $OHNMDIGLBRIGLIGDH RI WKH 8665 IDX®D .H\ WR \
&KLURQRPLGV RI %DLNDO DQG 3ULEDSX\EDQMKHEBRERORPOARILEDO ,QPWRWXWH RI W
7DQ\SRGLQDH 'LDPHVLQDH 3URGHDP HWFLGIMFHZUWKRPXENGLLORO 3 = >,Q 5XV
,QGH[ Rl VSHFLHV DQG IRUPV 1RY RBEDWRRRYDXND S>)DXQD DQG /BNR@XFWLYL
5XVVLDQ@ 7UXG\ 7RPVNRJR JRVXGDUVWYHQQRJR XC
/LSLQD 1 1 >7HQGLSHGLG ONH YDW VPRI 97 HXOHEWVIIRYID /DT 6HUL\D EDRDRJLFKHVN
WULEXWDULHY DQG WKH %L\D SRJIRHU@Q D XFEXQ®\\ - RRRO@RIHEKBWW L\D 7RPVNRJR JRV
LQVWLWXWD $NDGHPLL QDXN 6B6BWYRXQLYHUVLWBWWHLP 9 9 .XLE\WKHYD SRVY\D

$NDGHPLL QDXN 6665 3 + >,Q 5XVOHDQE JRURGD 7RPVND 6HNWRAILID JRRORJL
/LX : )JHUULQJWRQ / & -UB\FDSRWWKDVWRMBVN ,]G YR 7RPVNRJR XQLYHUVLWHWD
ZX\LHQABL® IURP &KLQD ZLWK GHVFULSWYRDDRI@GNVKH LPPDWXUH
VWDJHY WDNDWRRXQDJD 'LSWHUD ZXRERQWPEGMWKPPRQG $ - LH '0 %DHOH * 6
=RRWD[D 9RO 1R 3 % 3RVWHULRU VXPPDULVDWLRQLEY %D\HVL
ODNDUFKHQNR ( $ 7ZR\ PSR WASICENMMMBA VL QJ 7UDFHU 6\WWHPDWLF %LRORJ\ 9R
'‘LSWHUD &KLURQRPLGDH IURP(DRWWK RI WKH 6RYLHW )DU
%LRORJ\ RI [lUHVKZDWHU RI VWWKE )BH(RYW SRDBUNRPRWRWQI\NK YRG VB6I6BN 7R P $
$1 6665 3 * >,Q 5XVVLDQ@ UDLRQ 9\SXVN (QLVHL OXUDQRY $ 3
ODNDUFKHQNR ( $ &KLURQRELEOWWI *WE&H RERINLHRWL ] DD W S >,Q 5XVVLDQ@
6XEIDPLOLHY 3RGRQRPLQDH 'LDPHVERDRLDQG<XURGXDPHMWYYND\D 0 OWR¥DOHY , 9
90DGLYRVWRN '91& $1 6665 3 + > D15 X WIHUP@ QGIKL $ * *URDNFKGGLHW DQ
ODNDUFKHQNR ( $ 1HZ RU OGWWRIH RRRIRYV IFW L B R QRIPHILEVOL ¥LWQS AHNH. 5K L U D
3RGRQRPLQDH DQG 'LDPHVLQDHIURBWHDEURKNURKR ZDVGHDH ERG\ LQ G RX W KEHHIQL BIQE H U |
WKH 8665 (QW VFDQG 6XSSO 3 )HEHUDO 8QLYHUVLW\ %LRORJ\ 9RO 1R
ODNDUFKHQNR ( $ 7ZR 'QBEZHYDHFARPD RRYD , 0 >)HHGLQJ RM& KQLSWURMWLRQL

'LSWHUD &KLURQRPLGDH IURP WKH | (MKW UWK 8D QDNVDREMLY N 5HVSHHIYIRREG@G X UL Q

,QIRUP %X0O0 %LRO ,QQHU :PRWU /HQLQBURGRIDKKBVNLH LVVOHGRYDQL\D .U

3 = >,Q 5XVVLDQ@ YRGRNKUDQLOLVKFKD 1RYRVLEL@VN 1DXNE
ODNDUFKHQNR ( $ $ QHZ DQHV DRIOUWKVEGIN W.ORZA VSHFL

JHQUWPHVDSWHUD &KLURQRPLGDH 5BRBPQFYAMLNLVWDQ>%LRORJ\ RI RR®KLSRG LQ

9HVWQ =RRO 9RO 3 > Q 5XVVIBER@ QLN QDXFKQ\NK WUXGRY *RVXGDUVWYHI

ODNDUFKHQNR ( $ &KLURQRPLGV RIVOKERYRBID® VONRIR LQVWLBEXRIR R]JHUQR.
'LDPHVLQDH 'LSWHUD &KLURQRPLGDNKRUBPVWYIDORV,U\ENKR]D 9\S DQ@3 + >,
6\P S R W WXDMWMD %X00 1DWQ BEQTONWW JRNARVOHQNR 0 ODDNGBLOJ $ $\UHV
6HU $ 9RO 1R 3 % +]KQD 6 /DUJHW % /LX / 6XFKDU®B 0 $ +Xt

ODNDUFKHQNR ( $ 6XEIDPLOWRDPHVLQD®D\HVH (IILFLHQW % DQHNWUBQFIK\ORJH
LQVHFW Rl 5XVVLDQ )DU (DVW LSOMHUIDIRYG BRR G HMOELKRXNB $FURVYV D HRDWLFRGHO 6¢
DQG 6LSKRQDSWHUD 9RO 3W +3 %LRORMX 9RO 3z

> Q 5XVVLDQ@ 6 WKHU 2 $ *ORVVDU\ RI FKLURQRPLG |

ODNDUFKHQNR ( $ $ QHEZDPHMDLQUHBPLQRORJ\ 'LSWHUD &KLURQRPLGDH
NKXPEXJEONLIGIU HW :LOODVVHQ 'LSW HWAD Q&K QIR FEPL GEOXE SHOHP HQ W
'LDPHVLQDH IURP .KDPDU 'DEDQ S5DBQWHK H G 2LN D OL Q0 BAKMHD ( LPH\QHZ VSHFL
5HVHUYH (XURDVLDQ (QWRPRORJLFDELIRXQUQDO 'B8WHUN &KLURQRPBNVGRH IURP
3 + 1HSDO (QWRPRORJLFD VFDQGLQBYLFD BXS!

ODNDUFKHQNR ($ 6HPHQFKHQNR $$ 3DODWRY ' 0
7D[RQRP\V'LIPHVD VWHUQRKIFNLSWBWD 0 $ 6BWXGLHV RQ WKHD AKWMKRIQRPEEB YV F

&KLURQRPLGDH 'LDPHVLQDH ZLWK G®RHVEKURSRMLRMNBD @R GIRQ WKH KLIHEODQGV RI
EDUFRGLQJ RI QHZ VSWWHHQ BRIGREIUFRKER\D P D 6RPH FKDUDFWHULVWLND/WRF ZDWHU

=RRWD[D 9RO 1R 3 oz RUJDQLVP LQ WKH FKLHI ODNHVNHQ 7R\DPD
ODO\WKHY $ $ >$VNL]@ (EWYNNORSREH\D BRADP® 3UHIHFWXUH 3 %

.KDNDVL\D 9 NK W .UDVQR\DU¥N BRRRNRUW3 (7 $ 1$ NH\ WR WKH ID@®& WDIOHEK LURQ

>,Q 5XVVLDQ@ LQVWDUV IURP $XVWULDQ 'DQNEM PDHYKRQ VW

ODVOHQQLNRYD /, 6\FKHYD $H¥Y SODOMWRDWWYRXOPU UHIHUHQFH WR DDBKPHULFDO
DQG EHQWKRV RI FDUS SRQGV\EQ®KX]KQWWLYK 'LDPH&LQBH 3URGLDPHMVLQDH DQG
NKRJ\DLVWYR 9RVWRFKQRL 6LEQHD LU XBY VEHE DUY® REZ IRMWGHW 6XSSOHPHQWEDQG



BHYLHZ RQ WKH IDXQD DQG WD[RQRPNRIP' WVDKPHHBHG@RHOWLFERD RKDND

6HUUD 7RVLR % &RQWULEXWDRD |KO DSHQGHE WD [RGFOUY  -RXE8QDVHRINEMAHULD
SK\ORJpQPWLTXH ELRJIpRJIUD SIOPTHAHL @1 pRRBRYIORCH G HVR 3 =

"'LSWHUD &KLURQRPLGDH G (XURSKHUQRRY¥MLMWKHVLYV .H\ WR Q/EKWBYIDH RO\WKH F

$0 8QLYHUVLWp 6FLHQWLILTXHO9RW ,0pGHRDGLIS HZH. GDHQREOWR WKH 866 RDIXKDID SXEO

3% (= 9RO ,, 3 + > @ SOWVWLWXWH RI WKH 8665 $FDGH®P&6BI 6FLHQFH)
6HUUD 7RVLR % 1IRXYHDX[ 'WFMH\GHI DK Q®H SXE BIVEKIDE E\ =RRORJSFDGOHRVWLWXW |
PpULGLRQDOH HW RULHQWDOBSL[SOWURI &RLMWEREHRPLGHMH 1DXND 9ROQ@ 3 + >.Q
9RO 1R 3 % 8JG\]JKHNRYD ( $ >7D[RQRPLF GLYHU"
6KDU\SRY 5 6 >6WUXFW XU DAK HF K PIDF BW HRIRIEVHV) MAKWR \R IR1 WKH ,ULNNKDUDVXJ V.

PDFUR]JRREHQWKRY Rl ODUDQNRXR®XNDNHEDVLQR@RG\RIKORJILD\ <X]KQRWHLELWRULVRS!
6ERUQLN PDWHULDORY 9, 9VHURVNRLVNRL QDXFKQBEWNNRQLFXDWHO VWXRL)*%28 92
NRQIHUHQWVLL VWXGHQWRY DWSXLUDQ@WRXGD WPRORRDQK XFKHGHUVLWHW, QP 1) .D
.UDVQR\DUVN 6LELUVNLL IHGDED ) \BX¥\QMLHU@LWHW $YD
KWWS FRQI VIX NUDV UX VLWHV HPQVHEMWHKAWLRQL BEWPO >=RREHQWKRWWRYRLKH .UDV
-XQH >,Q 5XVVLDQ@ DQG LWV SURGXFWLYLW\@ WDRORJLFKH'
6KXOHSLQD 6 3 >(VWLPDW MRKH R3 HAZDBWIDY TRDWMWRRR YRGRNKUDQLODVKFKD 1RY
ZDWHU .UDVQR\DUVN 5HVHUYRIM@E\ EBQWKLF QY BXWWER@® H
6RYUHPHQQRH VRVWR\DQLH YRGQWNMELRUHVX®WRYYLYB® HKHFNORPW&RL@EKLURQRF
PH]IKGXQDURGQRL NRQIHUHQWVLI* 1RYRWMEHUDN $FRIRWVLFEWHU 2\ 5GVHDRWHK WK .
>,Q 5XVVLDQ@ RQ &KLURQRPLGDH DQ $QWKRMRRQDAP WKH
6NRSWVRY 9 * >=RREHQWKRV LRMV & I6DOSPWQL XBNRIQDIGLURQRPLGDH 3  # 6KD
SURGXFWV@ 5\ERNKR]\DLVW YHNIQRH$DFXFKHQLH YQXWUHQQ
YRGR\RPRY 9\S /3 % >, Q0 5XVVQODRW HQ ( % WYV B ZEREDVIGY DQG WKH
6NRSWVRYD * 1 >6WUXFWKDB®HUQ G EPRBEWRRKGDO FXIDLDQD 6XSSOHPHQW 3
Rl WKH FKLURQRPLGYV Rl WKH 'RIDV\GIRADOWN BHQHUYRLD@YVHQ 2 'RDNRNYN - ,
EHVSR]YRQRFKQ\H UHN 'DO QHJFE I9RLYW B N D DLQ BRIWMWR FKRMIR 6IDQ (DVW 3DOHDUFWLF |
9RSURV\ SURGXNWLYQRVWL L ELRLQEURBWV LLS WMHUDDRBKHLQRIQRPLGDH 'LDPHVLQ

90DGLYRVWRN '92 $1 6665 3 = >, Q (RXWRRRQ @9R O 3 =
6RFKDYD 9 % 7LPRIHHY ' § K CRKOVANB® JHRIUDISDPHVDULHQ 6WXQ®IPHGDH SWHUD
UHJLRQV RI 1RUWK $VLD@ LRNQAEGULQFWRFXWEKZBEJIDOG $UFK +\GURELRO %G
‘DO QHJR 9RVWRND 7 3 >, Q0 SXNVNDRI@ $ (VWLPDWLRQ REHWRIOKX@/LRQDU
7RNXQDJD 0 &KLURQRPLGDH BYURP -Q%3PQHRWIVEHUDHTXHQFHYV -RXKEQDO RI OR(
‘LDPHVLQDH 3KLOLSSLQH -RXUQDRO RBRBBLHQBH QRO
=YHUHYD 2 6 >7R WKH VWXBN WKHMVKH SUF
7RNXQDJD 0 &KLURQRPLGDH |URP -DBSWQRPLRWAMKIH <HQLVHL 5LYGIHWRRQG3URFHH
7DQ\SRGLQDH DQG 'LDPHVLQDH LHEKLHD LSS URID RRXAMM® & RO BUHVYV RI 8 6 685 KHOG L
9RO 3 $SULO 3DUW ,,, 6HFWLRREOHRVODWKHP|

7RORPHHY $ 3 6KXOHSLQD 6 3 GBDINKXWRYD+2GUURGRHNY +\GURSK\VLFDO +\GURELR
"URERWRY $ 9 G6XVKFKLN 1 1 W LD R @ RPURWHRPKS@RIVAID O/ *RV X G D UN@WW QWXIWJIL G U
DQG ELRPDVV Rl JRREHQWKRYV Wg WBOMQOH #DNH>6RLEBRVWKLQ @
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