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6RPHULJKMYW HVHUYKGYRUNWYDLORRGHVUKKBUMNHWLERPPROMVWULEXWLRQ
1RQ&RPPHUFLDO 6KDUHS$OLNH LNV Y QABRWISRQDO OLFHQFH

BQGHWKWHURYWKIOLFHQRXNPD\FRS\WUHGLVW WE®WBWKARUNRWRAQ
FRPPHUBXIG RWOHMNRYLCOSGRSUEDWEMWY HHO L QN KBILFHOWHRYL®G
DQ\ FKDQJHVY PDGH DUH LQGLFDWHG 8VH RI ORJRV DUH QRW SHUPLWWHG

7KLRDWHUWMDXOE O LMKXGD LVAKUD QVODNMUIHERMDVVEHSURGXFRELGHIWFFHVYV
KRZHYHU &R)7, FDQQRW HQVXUH WKH DFFXUDF\ RI WKHVH WUDQVODWLRQYV

7KLUG SDUW\ PDWHULDOV
7KRVIHQW H U B QWHKGE ERD W HIRRV K ZR UW K R VD W W U L BARWKH.&IBU W L H V DAX F K
WDEQHNMKURM PDJHV DHOQH R X U DVIREHIGH ZNK HW KSHHW P LV Y WRHI X LDE & KH U H
QHHGMWERHHMNUR W KWHOHFRGW LKRK@GHHN SR QV UL R BAMWK\UDLRIUR S X VHW H
RI WKLUG SDUW\ FRQWHQW OLHV ZLWK WKH XVHU

,(NNRXDGDBWAHRUNRXP XVAHQVRIXBRQWULEXQGREWIDPRWHTXLY DOIHRKH) F H
<RX PD\ XVH WKH IROORZLQJ FLWDWLRQ WR JLYH FUHGLW

%KXWBRDOBERDWDBVKYDWBOQVKXPIDYDQGQLWIDQKHLUR )RRGDUUDWLYHV
%URNHQ (FRORJLHV DQG -XWXH)RRIGH) X WK HH/OKL &R)7, 6HFUHWDULDW

$XWKRU DIILOLDWLRQV
6KDOLQL %KXWDQL /DZ DQG 3ROLF\ $QDO\VW

6KDWDNVKL 6ULYDVWDYD -DZDKDUODO 1HKUX 8QLYHUVLW\

$QVKXPDQ 'DV :HOWKXQJHUKLOIH ,QGLD

'U $QLWD 3LQKHLUR :DWHUVKHG 6XSSRUW 6HUYLFHY DQG $FWLYLWLHV 1HWZRUN :$

*HQHUDO GLVFODLPHUV
7K H) D P HXW HIBQ @&/ KZHD \O R F D WDLUIRBQM VH Q WWHKE X EO L F GWILARRWP SOWQRSLQLRQ

R QN K$D LRWW K&IR ) 76 H F U H W ®LUPLLDOAMK®HL H 2\ S U H VY U K R R IV KBIX W K RDUQ &

GR QRW QHFHVVDULO\ UHIOHFW WKH YLHZV RU SROLFLHV RI WKH &R)7, 6HFUHWDULDW

'KLOFD UKD EHH@W D NW® Q VXWHKBIFFXURFNKIHQ IR U P DSWLHRH QMHSUR Y LG H G
ZLWK RXQW XD UD QMHWMKHSUHVRH®SOLHGLQWHUSUBYEWRRQKPDWHULDO
UHPDLQ WKH UHVSRQVLELOLW\ RI WKH UHDGHU

&R)7, 6HFUHWDULDW
'$66%1

"HEVLWH 85/
&R)7, &RDOLWLRQ IRU )RRG 6\VWHPV 7THKMDWSWVUPRIWIWREB® LQ ,QGLD

&RYHU 3KRWRJUDSK
BUL\DPYDGD .RZVKLN

&RYHU 3KRWR
'RPHQFRQW L\@ I DD Y L WDROQKO D VW 6L 0W U L EEXUN IOR QUOHIVAD W BK U H FWRO \
FRPPXQLWLHVY 3KRWR WDNHQ IURP 6KLUDOL 8WWDUD .DQQDGD

'"HVLIQHG E\
1HPDQL &KDQGUDVHNKDU :DWHUVKHG 6XSSRUW 6HUYLFHVY DQG $FWLYLWLHV 1HWZRU
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S ERXW
&R) 7,

7KH &RDOARQ | RU) RRG 6\ WHP V 7LDOVIRLP D F IRQ LQ ,QGID &R) 7, Z DV ERW RXWRI WH
8QWG 1DMRQV 81 )RRGB\MMP VEXPPIW  ZIW D FRP P VP HQWR UHVKDSIQU ,QGDV
IRRG VWP VR WIDWADIH DQG QXWIMRXV IRRG LV DFFHWE®! \R DD ,W P MRQ DCGUHWHV
KXQIHU DQG P DXWMRQ Z KIBI FKDP SIRQQI EIRGIYHMW FIP DM UMIHQFH DQG WH
SIRWPIRQ Rl @HIKRRGV % EUQILQ) VRIHWHU GLYHWH WINHKRGHWY &R) 7, Z RUNV VR FUHDWM
VXWBIQDE®! DQG HTXMPE®!I VROMRQV \WDWEDDQFH WH QHHGV Rl SHRS®!I SOQHW DQG
HRQRP \  * LRXQGHG 1Q WH 6XWBIQDE®! ' HYHRSP HQW* RDY 6' * V  WH &RDDARQ GUYHV
SRVWYH FKDQIH DRLRW VHYHQ NH\ DUHDV R Z RIN' HQVXUQJ WDWQGIDV IRRG Vi WP V UHP DIQ
UHMTHQARUERW SUHVHQWDQG | XWXUH J HOHIDARQY

&R) 7,V DSSURDK 1V DQFKRUHG 1Q WUHH FRUH REMPAYHV ) LUV 7KRXIKW HDGHUKLIS — XMQU
IHVHDUK  IQQRYDMRQ  DQG HYIGHQPH EDVHG LOMIKW VR VKDSH HIIHAWYH SRTAHY DQG JXIGH
WHU P SOP HOAMRQ 6HRQG &RMAMH $PURQ  RIIHUQJ D FRAERWDWH VSDFH Z KHH
WENHKRGHWYY FDQ XQW VKDUH UHVRXURHV DQG Z RINVRIHWHUDRRW W DUHDVRI IRFXV 7KILG
OXI@IQ) &ROQHAIRYY IRWMUQ] VAWRQI ®FDODQG LOWMLDDARQDO QHVEZ RUNV VR HQDE®! WH
H FKDQIH Rl NQRZ BIGJH DQG VWHQIWHQ SDURHUKISY 7KWRXIK WHWH REMPRYHY &R) 7,
VHUYHV DV ERW. D FDIEOWWDQG D FRQYHQHU HQUXUQJ WDW,QGIDV MXUOH VRZ DUGV D MW
VXWBIQDE®! DQG QRXUMKIQU IRRG IXWH 1V JURXQGHG 1Q VKDHG SXSRVH DQG DPARQDE®!
VROMRQV

&R) 7, &RWH * LIRXS FRP SUWHV Rl ) RRG ) XW{LH ) RXQGDMRQ ))) ' HXWFKH * HVH@FKDIW 4
, QMUODMRQDG! =X\DP P HQDLEHW * = : HOMXQIHWKIOH ,QGID : ++ : DWUKHG 6XSSRUV
6HUYIFHV DQG $PWWHY 1 HVE RN : $66$1  Z KIFK KRW WH 6HRUHIUDARI &R) 7,



$ FNORZ GIGIHP HO

TKUIWVEHLHRRGDUUDWANRHMF RORIDBA X VR R BGXW X LMDAR X W F R
DZRUNVRRRBKWDPRDPHRQYHE@WWBK&R ) l6H F U HWRDQX Q M/ LQH.
"HOKIQGUVIKHERUNVERRXMIMHWEBBUY HUIWRXSSUD FWHWYRVHDU
DQEKDPSLR@W I ORMGWKLIHY W H U V HRAWR RREQVWW HIPWR O R YIXAMDAOD L QD €
MXVWLFH W LV WKHLU RZQ YRLFHV WKDW WKH UHFRPPHC

7 K U HRHW KIHX W KRIMWAKE W L H6IK D O% RX W B QY K X Py DQ QJ $Q L WIDQ K H
ZHUHQJDJHIGMKKHRUNVKBRE LWARQFHSWXDDQBIMWRR Y HGS LI H
UR OGIX'U LY KR Q Y H QILKQHD XKAR UMJ D W H DFON@\R Z OW BBIRIQ W U L E R WLl
SDQHCLYGDMU W L F LZKIRQAA L TKQ\OH | O H FIVHIRHDW W U X FLHYQK/DS QA
EULHH H[WH@®EUWLQFHVWHINWRU 5LFKIXPDUBDORRHVXGBXG
1DJDYDUPESKXFD UNHD P HWKKDWIWAD Q FKDWDU 6RQ5 . -DLVUHHI9
DQGHHS-\RVBR Q XR UV K HL. DO X DIEDS-XWWQYG R Q W U L E B WI IRQW®I P E H
PRGHUDWHDNLOLWH WRIWWRANQRZOWKHKRIQ W UL ERIRW RBYP EH B
WKBR)7$FWLRIERQ5XUDRRGEQYLURQPISQWW L FBEKDB®RRODSD
FRQFHSWXWBZRWRPY KRS ALK | R U MHAE R Q W U L W RWWEBIE Y H O R SPPIWE
LVVXH EULHI

‘H DOVIRIDW H IXHOFRJQUNRYHUDRODSRIWRYLEHEKER)7&RUHUR:
PHPEHUYDGL@H GHUWKDKDUBORNEH\$YDOHUPBDUXRDSBKLO
"UHV U XHMWH GA.OMDY K Q BIQDB K D Q W HIRUX] | R W KIHIQ D E CH@YL U R QW K
IDFLOLBFOMWKKEUJIDQLVRIWEHRRU N V KRS KEH Y HO R SR WEWVV EH L
“H D O WRK DBMPE H IRMW K&R )76 H F U H W' QIHDA&D O (3R L\D P Y [RZIV K D\
"LWHQBUIR W K HOLFUW VXIS S RQW F L O L WEBR QN V KORSH KGIH Y H O R SK
WKLV LVVXH EULHI

‘H WKDQWKHKR)7,)HOORZ\BKIRSIUDP PRIUV XS SR UWKQ W D NWHKLY DV
FRQWULERQRWHRQWRIQKLYVEHLH DUBIOVEDW WIRR) M Q 566 $ 1IR
WKHLU FROQWLQXHG VXSSRUW LQ EULQJLQJ WKLV SXEOLFD

"KLOWKIEWLIBMUDZROQWKHRPROHF®LYHXVVIURPGV KARUNVKWEMLH
HISUHVXHGBIUM KRRHWKBEXWKRUY&G RQRWHFHVYV D BRQLIORM R RHD
SDUWLFLSDQWY RU SDUWQHU RUJDQLVDWLRQV

6KDOLQL
6KDWDNVKL ¢
$QVKXPDC

'U $QLWD ¢
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URERIIFDO LYHIMW $FW

&RP P XQW ) RIHWB HVRXURH &) 5

&RDDARQ [ RU) RRG 6\ IMP V7UDOMRWP D FMRQLQ ,QGID
&RDWECE HI XOMRQ =RQH

) RRG DQG $JUEXOXH 2 W DQ] DARQ Rl WH 8 QWG 1 DARQV

) RRG) XWXLH ) RXQGEDWRQ

) DLP HU3WRGXPHU2 W DQVDARQ

) RUAVWB LIKW $ FW

' HXWKH * HVHOYFKDI WYL, QWMLODARQD®! =XVDP P HQDLEHW
* LDP 3DQFKD\ DW HYHRSP HQWB@Q

+LJK / HYHGBDQHCRI ( [ SHUWVRQ) RRG 6HFXUW DQG 1 XWIMRQ
QM UDWMG &KIE ' HYHRSP HWEHEHY 6FKHP H
,QGLYIGXDO RUIHWB LIKW

, QM ODWRQDO<HDURI O L@BW
0 IQP XP 6XSSRUABUFH

1 DWRQDOQ QAWM [ RU7IDQMRLP 1QJ ,QGID

3XEQE' DMMEXWRQ 6\ WP

3UP HO LOMMUV 2 YHIDUKIQ) 6FKHP H IRU+ ROME 1 XWIMRQ
6XWBIQDE®!' HYHBRSP HQW RDO

6P DOMD®! ) RRG 3URGXAHU

8 QWMG 1 DARQV

: DIWMUKHG 6XSSRUNSHUYIEHV DQG $ PAYWHY 1 HVE RWN

: HOMXQIHKIOH



[ HFEXVIYH
6XP P DU

7KH DMXH EUH DIP V VR UHOQYLI RUDW FRQYHUWDMRQV DLIRXQG IRRG W VWP V E\ GLDZ LQJ DIMAQARC
R WH LRI Rl IRRG QDUDWYHY LH WH FXGXDODQG SROAFDOWRUHY WDWGIEVIOWM KRZ Z H WIQH

DERXWRRG QXWIMRQ DQG VXWRIQDEION ,VWHHNV VR HQIDIH D Z IGHU DXGIHQFH 1Q UHWIONIQJ W
IHDARQWKISVDP RQJ IRRG HR®J\  DQG MVMEH

;WIOAMRGXA WH IGD Rl ELIRNHQ HRR®IJIHV 1Q GHVRUEIQ]) WH Z 1IGHQAQI GMVARQOHAWEHVE HHC
FRP P XQWAHY DQG WH HFRV WMP V WDWXAMRIQ WHP 7KLY EUH DU XHV WDWRRQWP SRWDU | RRC
VI WMP  EULHDNGRZ QV DUH QRWDERXWWFDUAW RUWIFKQR®&I\  EXVDERXWGHHSHUWAKRXUDG LDRMUH\
Z IWIQ RXUIRRGM WWP V

JREFXV DQG $SSURDFK

7KLY DQDOMY GUDZ VRQ WH GMPXWRQVILRP WH &R) 7, Z RINVKRS Rl WH VDP HQDP H KHTG 1Q -XQr

R GHYHBRS D WEQGDBQH NQRZ BIGIH SIRGXPMKDWIOWMI DMV SHWSHRRYHY RQ HFRBJ\
VRADOFRQAHQV DQG IRRG FXOXUHV ,WGLDZ V ILRP WH @/HG H SHUHQRHV Rl DILDUDQ  SDWRUX
WEDO DQG FRDWEOFRP P XQWHV \R LOMADM KRZ IRRG i VWP V DQG HOYILRQP HQWORKDQIF

LOMOHRW

.H\ ,QVLIJKWYV

7KH GRP LQDQWQDUDWYH R |RRG DV D FRP P RGIW LV FRQMEXWQJ VR \WH P DIQWMDP P DUNHV
RUHQWMG SLRGXPWRQ DQG KRP RIHQVDARQ R GIHW HIRGIQ) WDGIMRQDOEIRGLYHUWH IRRGZ D\ V
YRR ®& HF X WDLSAB\U R D WKKHRWK ORE H\R QFAD OR U L H EDS/UHRED MKRIM F R J

QXWULWLRQ HFRORJ\ DQG FXOWXUDO GLYHUVLW\ DV L
JRFIDERPPXQLW\ ERQWREG HG Y MW HPH/P DE I§Q WWERD J L QFLRMUM >
DQG UHVLOLHQW IRRG IXWXUHYV

2QHVXFKLVLRIYWXVAR GXWXWHVHPEHBRCLWKUIMPWFRORIDLGGXROV
FRQWH[WW HZRMR WKMASRIDSSURDRKHBIURHFRDARERRERYHUH
DPROQRWKHQWKHNSESURD FKKIHYWH UWVHWL O IDHOSF XV VEZLBWD YSHULR B!
SURILW DQG SURGXFWLYLW\

%YURDG VXJIJHVWLRQV IRU SROLF\ DQG SUDFWLF}

6WHQIWHQ ELRGLYHUAW JRYHUQDQRH DQG FRP P XQIW FXWRGIDQWKLS RI ®FDARRG VRXUAHV

( QUXUH LOFOMRQ RI ®RFDOSURGXFHLYY DV YDIG WENHKRGHY DQG KRGHW RI IRRG Z IVGRP DX
NQRZ BIGIH

( QUXUH SDUARSDARQ HVSHAD® RI Z RP HQ LQIRRGW WP GHVIQIQI DQG GHAMRQ P DNQU
5H WP HIRRG VHEXUW R LOFRUSRUDW HAR®I LFDCDQG FXAMUDXY HOEHQI DQG

$QQ IXVXWH IRRG SRTHRHV Z IW MWWMDMUWRQY SUQAS®N WDWHRP ELOH VXMRIQDEIDN Z [W
HTXIW

7KH DXH EUH DUXHY WDWMHP DIIQIQJ ,QGDV IRRG M WMP V LHTXILHV UIHARUQI ULHDMROQWKILS)
DP RQJ SHRS®! IRRG DQG HFR®I\  YXIGIQI MVWIRRG | XWUHV P HDQV UHFRI QMRQ WKDWiH KHDOK
Rl FRP P XQMWHV LV IQWHSDWDE®! IIRP WWDWRI HFRM WMP V' DQG WDWIRRG QDUIDWYHV DUH DQOF

QDUDWYHV Rl MWIFH DQG VXWYLYDO
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OWRGXPARQ

)RRG QDUDWYHV DIH WH VWRUHV WDWIWDP H KRZ ZH
XQGHUAMEQG YDOXH DQG RUDQIWH IRRG i MP V DQG SO\ [
GHAMYH R®! 1Q WKDSIQI Z KRVH NQRZ BIGIH FRXQW Z KD
SWPWHY DIH GUMP MHG DQG ZKIFK IRRGV DSSHDU IC
VXSS® FKDIQV DQG II0D® RQ WH SOW 7KH  RSHC
SRWIELDAHV Z KI®I DOR FROWMDIQIQ] [P DILODWRQ HBIDWQY
FHUBIO YREHV ZKIGI MOQAQI RWHY 1 DUDWH
GHWLP IOH ZKDW LIV FROMGHHG D SWREGP 1Q IRRC
VWPV KRZ VROMRQV DIH ILDPHG DQG ZKRW
NQRZ BIGJH DQG YDOXHV DLH WHDWAG DV DXWRUVDAYH  7KF
YXQHDEIOAHY IDFHG E\ DJWDUDQ WEDO SDWRWDO DX
FROWEO FRP P XQMHV 1Q RXU FRXQM DWH QRW RQG

HFR®JLFDODQG HARQRP IE EXWWH. DR VKDSH QDUDWYH\
DERXWKRZ 1RRG A WP V \VKRX@ EH LQIOHQAQJ WH YHU

FXOXUH VXURXQGIQ IRRG

7KH Z RUBV IRRG | VWP V \RGD. DWH I DAY VR GHOYHU RC
WH SWIRP MH Rl IRRG VHRXUW DQG QXWIMRQ |IRU D@ ) $2

D ,Q P LGRQ SHRS®I IDFHG KXQIHL
WHSUHVHOWQ) DQ IOFHDWH R RYHU P IE@RQ IRP
ZKI® D® RW  SHU FHOWRI WH ZRUBV SRSXOMWMRC

H SHUHQFHG P RGHIDM VR \VHYHH IRRG IQWHRXUW ) $2
" VS WIRKQRBRJILFDO SIRILHW  WHVH  FUVH
FRH MAZ IW HFR®JIFDOGHI LDGDARQ  EIRGLYHIMW RW DQC
Z DMU VFDIAW DOIQMOMLIHG E\ FIP DM FKDQUH ,3&&
,QGD P IURY WL JREDO SDIDGR] 7KRXJK 1
RAFXSIVMW  SHUPFHOWRI JBEDODIQG DUHD IMKRW
SHURHQWRI ULHFRUGHG VSHAHVDQG \VSDQV  EIRJHRIUWDSKIE
DQG  DIURFIP DWE ] ROHV VXSSRUAQJ P P HQVH GLYHUIW
IO ARSV [RUAVW Q/HVRAN DQG DTXDME A VWP V 0 R() &&
<HWWLY HFR®JILFDO DEXQGDQFH QRZ  1DFHV DFX\W
VAHW ILIRP RYHH SBMMRQ JUIRXQGZ DIMUGHSBMRQ DX
@QG XVH FKDQIH  7KHVH HAR®J LFDODQG VRADOLOHT XDOAH
IOMIHPW DBRQI @QHV Rl FOW FDWM DQG  JHQGHL
FRP SRXQGIQJ YX@HDEIOW  &UHQWKDZ $JDZ DX

8QGHU WH RRQMP SRDUY J®EDO SDWDGAJP Rl

GHYHBSP HQW WH GRP L.QDQWQDUDWYH KDV EHHQ RQH Rl

HRQRP IE JIRZW  IUHH HOMBUWH DQG  JBREDDVDARQ
Z KIEK WHDW | RRG SUP DU® DV D WDGDE®I FRP P RGW 7KL

HWDPAYH WP IQ) KDV SWRGXAHG  IQGXWMDO |RRC
VWP V' SURUMMQ] \ IHG SWRIIWDQG HIFHQR  EXIOWRC
P RORFXGXUIHV P HAKDQMVOMRQ DQG  FKHP 1D
IOMMLIFDARQ  $QGHURQ 7KH SWRP IVH WDWWHW
VI VWP VZ RX@ [HHG WH Z RUB KDV SLRYHQ KRTRZ Z KHC
H DP LQIQJ WH H SHUHQPH RI GHYHRSLQ) QDWRQV @\H RXWY
,Q,QGD WHH LOGX\WIDOIRRG M VWP V KDYH SURGXPHG [

KRP RIHQMOVMRQ WDW KDV VINHQ GVWWORFWIRWP V' DARLIRW
FRP P XQWAHV ) RUDJWDUDQ KRXVHKRGV IWARP HV WURXJIK

WKHRVRI VHHERYHUHLDQ@BHSHQGHRE H
SXUFKDVRISXMRWJIULFX BWREXE WRBVQULEDO
SHRSQMDQLIHDAWKHWLIPDW RIRWHR® G V

DV EDFNZDB®RGXFLRRG/KDPH QGGLHWDU\
GHFO)RUBDVWR U DWDNWMKHRURIUHGLUHFWLRQ
WRZDV®DQGDUGDVW® GSRXOWHKDLQWKDW
ZHDNH®GLIJHQERMHBY ZRPHQ WROHRU
FRDVM B ROHWXS SHDQVKHIU RV RROQU W LWILEH O
ILVIKQBPDOO VPDOQERRGZD\@DYRRIB[SRUW
RULHOUNGFX DWRWHKDQLUOHEGWDWQLWHYV
WKHWHLIWXWVKMHGXFVWLRBQYHUWHRORJILFDOO\
HPEHGGHR® GUDFWLEWR)DUURIVDQGDUGLVHG
IRRGSODVDH LJIQHIGNKQGXVWIQEGRRUSRUDWH
SULRULWLHYV

SHLPDJLQWOMWRGAXW X UIRRW, QGLWKHUHIRUH
UHT XL WHIW L V LGWRRYLIQ DM U D WDLYGOVR RN L Q J
EH\R Q/GH F K Q R ORRUWPLLFIDNOH W EVCRODGNW RAMQKWVH
VWUXFWRKQGDWLRIMWD XKRZIRRGWSURGXFHG
GLVWULEDXQGABOXHE&HFULVXYIROGRBURYV YV
DJUD UMD BV W RD@@ R D VW B OL RBQUA R W
LVRO RWHG LGHYWDWHPRPIJUDGXB®HULQJ
RIWKWHODWLRBNWEZSFRP P X Q L VDIQHW K H
HFRORWHKMYYVWWKOBVODQGVFDSEMMOLKRRGV
DQORFARBEXOWEHHARFELVHPEHGGRINE KHL U

HF R O R FIRFD/OHYWRD W H D IQIBX O WDRXEAE DW LR Q V
RI ,QGLD V GLYHUVH IRRG V\WVWHPV EHJLQ WR

SYMWKGHWHBSQ W H U GIURNFHRGHFE R O R DICHRDROF L D O
GLVFRQQHWWDWEX ROD@SUDFWLWKRYPHUYV
GHVFULEHG DV WKH HPHUJHQFH RI EURNHQ H

'UDZL@RIQWKBHOLEHUBWLRI®R)7ZRUNVKRS
YRRGLDUUDW EYURN KRR OIRHW Q G- X VWRR G
JXWXUHWXQH WKLVVEMLHISORKRXRRG

Q D U U D WQ WH\Z\V. MA®R O R DLFBROF LDGI TXDOLWLHV
DFURRXNHVHFWRBURXBNK DWHURSURGXFHUV
WU LERPP XQL\SDNWR UDDPERBYV IOIXODWLRQV
DQGIQYLVISPOWK Z BAR'Z DUISI H Q H U DI W \DIHG

L QF O XNRIR/@\ VW HPKH) H[WH FWH RGP L QR/Z
WKHEHRNHBROR KIDHYW DNWRD SIH) Q G DD G
KRZVKFR QW VDRKHSUR G RQFHT XDOEWRRR G
SURGXFLQJ FRPPXQLWLHYV
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UDFNILRXQG %.RNHQ
( FR®RJLHV DQG
VWXV LDO

OHT XDOMHV

7K H. G HROE U R NHHIOR ORBD S W XWKIMD WHUFRQQHKWEW K HV 8 L W L IPW UYEHQL P S R U WVIKQ WWK H U H
VRFLDQGHQYLURQPHRSWDXOWKIZRFFXZUKHQ UHP D LD HE R D NWK HRHD V X WHRY KGID ¥ WO H
SDWWRIHFRQRPURZWRGHYHOR SWPHENW DWH UD U LIDEL Y DVIGRUHVW GHSISQEWRHQ G
SHRSOMRPAVKHFRV\VWHRNYVWWKFKHVH FRDVWRPPXQLWHHNM/ REHIXOOHFRJQIDWHG
IUDFWXDUMQRWRQOHFRORJLPDORKDY VRLO FHQWWW DN H K RIOGERIRI@ RO LIFQ B UD [LAK H L U
GHJUD G DEN RREQ Y FOIRWRAND O OA MW WD E EXW Y R L FIMYG L YM@R Z O HF®JBHH 0/ D SHKGIH V LR IQ
DOVRRFLDUWKHZHDNHRIRPXQDDFFHWDYW G | XW XWHU D W R ULHHWL MLHE WL W DERE\VWH P V
PDQDJHPBEWGERFRY HQEE\VWHPYGRRG 7KH)H[WHFWGRQF X\K\RZE URNHBR OR DLHW W
FXOW X YgpV 'RPLQDORWR G DUUDWKMHWWKHVH FRPPXQLWLHY LQ SUDFWLFH
HPSKDVLBMRGXFWLNILWALHQF®G PDUNHW
LQWHJUBRWLHQ HD WHGH VU X S MDVRGIF KQLFD O

LV V XUHDAW KWHKUIDQV KWHH V REGBAH SHQHTXDO DG LHV

H[FOXVLRQ 6FRRQHV HW DO

7KHUHHEHY RO XRVLRRNOPEGY X U QERUQYQGLD V
IRRGVHFXUVW\WUDW,MIDFKLH YW L RO Q
VXIILFLEXQWHORMEHVRXUFH LOWONYVYRYWLRQ
ULPH) EKHDOWHDGW®R GBI JUD G DIWRRKQ GZDWHU
GHSOHWQMBXK®GDUURRIPU L F X OGLXYUHIW. W\

DUH V X\0UAD G L WL R Y EIK\P L O OGHHAF\D IMXHD® S O\
IURP SHBHQAWRWBOWDUALOWKH VWRHVV
WKDQSHBHGEW )$2 SHFRJQLWKEYH
FRQVHTXH@RHD Y Q F U H D \DIOQLUGAHSIKO RE D O
HITRUMRYUDQVIRB®\VWHPYSDUWQHDMKKS
WKIB1 WKH,7,$D\RXKDWLIJQH@VWUXPMR WV
SURPRMK&LYHUVLIRFRWERDON FWKBIL Q NRLIQ J
DIULFXQWWBXWULDQROKHHYLRDFEOLPDWH
UHVLCOLGI® WWULWURIWKURXIKHQWHUQDWLRQDO
< H DRJO L O O H¥R\OL Q 6 W DSWHR J U D PP XIRBV
2GLVK®OKVY BB QPEKL\DRUPHNOQRZIMV2GLVKD
OLOOGIMWVLRIQG$SQGKUIUDGHVERPPXQLW)\
O0DQDJHDBW X)LDUP LRQUE R W DHE[®IP S GRHW K H V H
HPHUJLQJ HIIRUWYV
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o HFVRLDO,P SDFW R
" LYHOH$JW RRG
6\ WHP V

7KW/ WUXFW@WXUDRIHFROR EUFHDIN GRXWOLQHG
DERYWDNQFRQFUHRMUIPNQVKBLYRMWSHFLILF
FRPPXQLWURSURG XFPMUVEDROX SWVWRUDOLVWYV
DQGRDVWR®XODWURRKRQONKHMWHZDRIGV
ELRGLY HDOW WD G L WRRREZDIB X IO WRIHL UW W
H[SHULHWRH XSWXJHE URNHFRORJIZKNLU
H[SHULHQFGENUVEKRIPID ULIQ D Q WMKD S B @& K H

LQWH UV HRF WERQR JLED@IH VW LW )XQWMUIRE B W
DQG XQHTXDO SRZHU G\QDPLFV



3ROLPFHDVX WKV RVWLQLPXPXSS RUM Fab 3
DQGIRYHUQPHQRFXUHFRHQRMRGUDL®DYH
LQFHQW WWIH[{BBQVRRIQFH ZKHBWHRMVHQ
D W/ KHH[ S H QR/IR L O OCHWG\X O V HXWP D U 7KHVH
VKLIWDYKDUURZHGIWWHGXFHBVLOLBQGBH
FRQWULBXRLHFG R QX VEUWHL HBRW QR PBWY VD O
+HDYNHUWLDQGHY WLRY &KW \GHIJUDGHG
VRLOROOXWRE\VWHPE[S RV HGJER U N BALR/
KHDOMKRENLOHVLQSB KRV RARQW VDR FHXHH]H
VPDOOKROGHU LQFRPMWOIHOXJIXUL

TKEXUGHQWKH¥RORHKDXOVWLRQQHYHQO\
GLVWULERWSRUFRWMROLKB VW HREYD FNBHG
LQWHOOIBRWSBOIHILPHXQGHUPL QBHYWPHU
VRYHUHLDQ@WWURGHROOHMNMIDYGIL WLRENG
VDYL@QXXWDQL $JULFXOCODERXBBDUWLFXODUO\
6 FKHGX&OMMVANDHMGFKHG XOHEHMPDOOQQGOHVYV
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DQG LQVHFXUH :RPHQ ZKR FRQVWLWXWH WKH PDMRULW\ RI WKH
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3DVKZ D\ VVR
XV RRG ) XVXUHV

$ M X VR\R GX W XHJ®IY L V DRRORG\VW MK BIWVXUHV7KBH$2 V (OHPHRKWIW R HF RERRIXRIGHFD GH V
KHDOWX®OW XUPSURS URPHHFRIQWKPINHGY RIIDUPHPRYHPHPWWFLHQBRUWLFLYBALRQ
DQGERQWULERWRRGVRGXFHDUXHRMRORJIJLFDO DUHQWH UF R QSUHRFHGOHHUVLQWHUJLHV
LOQWH Q@ LVW U LERZEWMIN VR X DRHG/HFLVLRQHIILFLHQRAL O WHHFRACGFIRY B U H MVWQIBR® UR®Q J
PDNLBTXLWDENOKYMQ\VLMND\WPXFIOERMMXVWLFNQRZOHKBYADOQQ® R FLYIDI XHXO WXQ@RR G
DVLWVDERXWKVWDLQDEWXKFARQWRIWRRG WUDGLWLIHRVERQVIREYMHUQDREBEFLUFXDQG
V\VW HPWYD QV IR UG DWH BWWHULAE L GBIUURN VROLGBBRWRPIZKYNDVUXUWKEHBHE[SDQGHG
SURSRVMBOXWLRIMWAOLPDWH \DPIWW WX O W XJGEGU D Q X O RV 5@ L Q F IRSIHM F RB\RMIKHL J K
VXVWDLQQRGIVLIEERWLRWYL I DRIRVULIFOPDLF/HY B® Q RO([SHURQRRGHFX UDQ/E XWULWLRQ
IDUPLGRZHYHWRVWIWKHVUHPDMWHFKQRFUDWA3 )617KH\HD HP H\Q RVMH WK LDW W H QWRLRR Q
UHV SR QHWPHEH G GLHI®/ KD P i [W U D FRDILDHG LIJP\LHOVGRI HVLO LW R SXWRI FROR FAFD®\) G
VHOGRRDOOH@QXKMWUXFWEXDPBVHFRORJIJLFDIODRPDUNGRIWRXPDDHOO EBRYQHPHYWNK
GHJUD G MWIERDQ J L Q DOORQ@YAN Q HG BIR W DVD9 &DPSHVRQWLFM® DRRHEX W X DNV KR
$JURHFRERIR QW UIHVAN H VIHKQROM. S VLB G LJPURRWHIRRERYHUH UHPWQ H¥ R QR PR HF\D U H
VKLIWQWHJWFW 6 R SIUADYF 7S AR F IMXO/ WLFB QER XWK WHBQ VIR U R RMWYIRQSKID ZHR\P H Q
FHQWHBURGXFHQUFRPPXQLWQRR\VWHP DQGRXQEHRSOMWNK IFHQWRIH H E X L OIRIRE]
WUDQVIRUPWWIARWL PSDVHRISUDFWEXW®WY V\VWHPKDWHRRSHUDWEYS URFBUORXQGHG
IUDPHZRWNYW HPE HRBR/GQHFROR BUFDRHVVHGLIJQLMMGDXWRQREPDWKWHKDQURILAMKHVH
FXOWXUH DQG FROOHFWLYH YDOXHV )$RUWLFXODWDRBKPHDQLRIWDJIJURHFERIORP
HFRORJ.XDWDLQWR/REWNQ G HQGHWMXVWLFH
UHDIILURMWHOHYDRBEHXLOGHDYNLWDERE
VIVWHPV LQ ,QGLD DQG EH\RQG
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5HFRP P HOGDVIRQV

7KHJH LPDJIRY,IQEGILRR G\ VW HPHD Q/H S D UWIR® HF K QR FIUBINILFY RRIMXVWLFH RIHIRQRW G
WR/UDQVHAHARGR GLHF\DWU XFQ/E R QY UH QFFIXWIE. Q D GKMR BV R UIHFRP P HQ G RYL ROD/UWDQ ED O
SDVWRUDO DQG FRDVWDO V\WWHPV EXLOG RQ ZRUNVKRS GLVFXVVLRQV
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(QEFRXUD QKB XS 'S RMAUKMH O H E U R MY IUR.ERIRGG
IHV WL YIRQWDRW X VWKHVULEDRPPXQLWLHYV
WKHPVHEXMM VIRV'D PHDQW EXLO&LGHU
XQGHUVWDRIGWEHIQDWXUH SRVOWRIWH
UHVLOLHQW DQG ELRGLYHUVH IRRG FXOWXUHV
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&ROFOMRQV

% XLOGMROVRRGXWXUHNVQGLWDHTXLUHV
LPDJLQIRRE\VWHPYFRORJIJEXOD®RQBO
VR F LLDHDO D W L RUQDMK KABRIDVQ. P SOHR G XFWLR Q
DQG ODUJH VFRDLO/MULEXWDRQHG@KH
H[SHULHRIPEYDUWNQ EDYW RQBE& D VWD O
FRPPXQLWKR®Y KBV GORRBUL\DHUMYRW
IURWHFKQROPEEDW REURNHBRORJILHYV
WK IBWV U K 8W Q H F VE HRAWHIHR SDE GV K H
HQYLURQPMWXWWXSSRWKHLIALYHOLKRRGYV
NQRZ O HGIBER RBEX O W X UK Q VRIMX WRALQ Q V
WKHRIQFDQQBMWSDUKHXBGHUOMNQIHV
,QVWHW®GDQVIRUBSDWEKY BWN\§O D MK H
QHHGNQRZOHBQBJIJHQRIIRRG SURGXFLQJ
FRPPXQLWRWWKHFHQWW@HKLOHHVWRULQJ
ELRGLYHVWIUWQ JW IOHRE DY H U Q DIQFG
FKDOOH@UKIQD UUDWLKIMDY®RUPDOLVHG
HFRORJGHF® LIMPIGWKHORVRI GLYHUVLW\
$SSURDFKMHKF KDYV DJURHFR®RIGIRRG
VRY HUH LXKV WR DWHY Q6 HM X V WOLG &
FXOWNRBR® H GO\ GMHK WU D Q V B WM X/ QY
IR R GX W XXI®IW L P W R)OLW K BR\R S R O IEFH
DOLJQBGWIOLYHRRPPXQLWHDOLWQIBV
UHFRJQHNRI® R ZIHRD®D EHG Y R F HIT X LA
LQVHS D U DAEXORIG D W IRR QWX V W D L QIIRERGEH
VA\VWHPV
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5 Hl HUHQFHV
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