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7KLUHVHDDERWR QY HVWWXHYSUHVW.KNGVRDQIBOPRWLRQDO
SRWHQRNQD® XDQG® XVWDL®DRGHZIDWKANRH HRELQWHJIUDWHG
SURGXFNW LIDKIRXKMDWHULDO FBIQ®HD AW L FHDEBVUIR® F K
JRFXVIRQKHP D QGERIITHHVLGWHKSEURMHFORURYELR EDVHG
UHVRXEBBEWVUDQVIRWWPMHRED QL QR DYDHULD O W\R/BAGHIFWWHK H
ERG\ SHUFHSWLRQ DQG PHPRU\

7KHJHVHDWFKR X Q G WH QKDY VH{OHULPHQWB WX RI0L Q J

W KGIH Y H O R SPPIB RXW W R IPRIPW H WLKDUR X QKV H U DVHAVT KU W X G \
LQYROMBYLQMXPDWHUSBRW\ EBI® D Y DRIW W KTHXDLOFL W DHFW L O H
UHVSR@OQHAYUDQVIRUSPUMANVR/® NP LYK QGHUVRIDWDYWULQVLF
SURSHWFWHWEIRUPUP QB SSOLFBNVWREKMQU HDRMILYH DVD O
DSDVVIPHGLXAKNVWXSRVLWPERQW ULDVDIGV\L Y DQH Q\QW K H
GHVLJQ SURFHVV

~QVWRIEBSKDVLEFRQY H DWQIRRQLRISVHFLRXYQENMF RQRPLF

R WP DW H Y DIDOMK U V H DLUGFYKH V W DIDMHHMY D O X WHN HPR/R W.IDG

HPRW L RIQ®HU L HIDE H OQ D U U DS\RW H Q MKLLORXWHK G H V LR (D
VPDOKRVMER G\ UH QREWH&WS/URMHBWRKRMWH[WRHHARWDQG
VI\PEROLPADRR SHUDMWHHFWRULPHDQLRQ ®W W D F KPGHYW U\G D\
REMHFWHANGHPRQVW UDQRNIMDG S O L F B BAMROX GRIBE URDGH U
PDWHULDO V\VWHP LQVWHDG RI ILQDO FRPPHUFLDO SURGXF

%\VKLIWLIRRFXVRBURGXAWROWBRDWHULDOGEHYQY\HWQ HPV

W KUHVHDRRFEW U LBRNNF X VRGIPR W L BXO EMXIMWDLQDELOLW)\
DQGHUPDQHIQHFRQWHPSRAMHMDML\SQ DFWAGWLPDWKBURMHFW
SURSRYHSDWKZIRWUHDWPRWLRQRODRE M HREW HFWWNW
IRVWAHRIQJ WHRRPWLFRDOQ HF WIKRIREBIMKH Q V LAILYGIREIXW ZHH Q
PDWHULDOLW\ DQG KXPDQ H[SHULHQFH



ODWHULD O GGHMLYMIQR P D W HWPLIRDMMR @ BOD E LAOXMWWDH @HD WHULDOV
SURGXFW V\VWHPV 6HQVRU\ GHVLJQ ODWHULDO UHVHDUEFK



%DFNJURXQG DQG&ROQWHIW
3UREOHP 6WDWHPHOW
ORWLYDWLRQ DQG-5H
SHVHDUFK 2 E-r=ye-i-
SHVHDUFK 4X%HVWLRQV
OHWKRGRORJ\ DQG-$SSURDFK

9<

O

HVDOEH
g T T T

2ULJLQV DQG +LVWRULFbO 8VHV RIl +HDPS

+HPS LQ —WDO\ 7UDGLWLRQ DQG 'HEOLQH
+HPS LQ %UD]JLO +LVWRU\ 8VHV—DQG &XOWXUD

7KH 4XHVWLRQ RI —-OOHJDOLW A DOQG BWLIPD LQ !
2ULJLQVY DQG +LVWRULFFBOSVHV-RI&ERHHH

&RIIHH LQ -WDGY—"7UBBb6tWEtRE
&RIITHH LQ %UD]LO +LVWRU\ 8VHM-—DBDOQG&XOWXU

&LUFXODU (FRQRP\ DQG ODWHULEBONVIRY 7UDQVI
%LRPDWHULDOV LQ 'HVLJQ DQG3URGXEFW '"HYHO
'-< ODWHULDOV DQG 0BWHULD LY LV P

+HPS &DVH 6WxGLEHV

&RIITHH &DVH-868WXGLHV

%LRMHZHOU\ DQG LWV &XOWXUDO LPHOVLRQV
7KH 1HZ % L R—/X[XU\

+HPS 3URSHUWLHV
&RIIHH 3URSHUWLHV
% L Q GHUV
$JDU $J
3HFWLQ
3RWDWR 6WDUFK DO6&RUO6WDUFK—
% H H \V-ZD
6RGLXP $0GILQDWH
&RPSDUDWLYH 2YHUYLHZ Rl %LQGHU OHFKDQ

DLl
7

A4




ODWHULDOV DQGH{FHXtSPHOW
5DZ ODWHULDO 6RXUFLQJ 3UHSDUDWLRGBOEGIUYRFHVVLQJ
5HFLSHV OROGLQJ 'U\LQJ DQG—6KBbSLQI3FHFKQLTXHV
-WHUDWLYH '"HYHORSPHQW-DbQG 6DPSOH 7HVWLOQJ —
ODWHULDO 6\VWHP ) UDPHZRUN
-WHUDWLYH '"HYHORSPHOQW 3UREHVNY,—

ODWHULDO 6\VWHP —PSOHDPHOWDWILROQ
$IDULXP

6KULQNDJH %HKDY
8VHU $QBO VLV

D1l

TS <

-

ODWHULDO 3URSHUWLHY (YDOXDWILRQ
9LVXDO DQG 7DFWLOH 2XWERPHYVY

-

&RQWH[W RI $SSOLFDWILR

D

D 3XUH $VVHPEQLHYV

E +\EULG &RQQOHFWLRQ

F OXOWL 6FDOH 3XUH $VVHPEQOLHY
G &RPSRVLWH 3LHFHV

8VHU - QWHUDFWLRQ DQG 6HQVRUWL\(HSHULHQFH ——
6XVWDLQDELOLW\ DQG UNHW 3IDWHOWIL D

2ZWKHU ODWRHWWILIEQ O LW HYV

7KH 5ROH Rl '"HVLJQ LQ 0DWHUtBO—HYHORSPHOW —
&RQWULEXWLRQ WR &LUFXODU DQG65HIHQHUBWLYH $SSURD
5HIOHFWLRQ RQ '-< ODWHULDOV-DQG 6HOF3URGXFWLRQ

6XPPDU\ RI )L-OGLOIV
5HIOHFWLRQV RQ 5HVHBUFK BOG 3URFHYVY —
ILPLWDWLRQV RH—WHKH6WXG\

)XWXUH 3RVVLELOLWLHV DQG&65HVHDUFK—LUHFWERQV
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7KH DFDGHP LE SDW FDQ EH FKD@IQILQJ

HSHAD® ZKHQ GDIY  ZIW
H SHUP HOMMRQ -Q RWGHU \R GDWD
VRP HKIQJ QHZ RQH P XVAADFFHSWINDW
WHUH DUH D BRI WIQTV RXVIHUH WDW

RQH GRHVQWNQRZ - $QG HYHQ WRXJK D

WHWY IV WH P DMUDQ DARQ RI P\
GHHSHWINQRZ GIGIH (WL DOR D ELJ

RXVBRRURI WIQIV —GIGQWAK® NQHZ
EXWZ DQWG R [1QG RXW

7KV SWRAHW WHTXILHG D FHUBIQ
XQBDWQI D FRQVARXV DMP SWAR
VWS DZD\ ILRP  SUHFRQFHSWRQV DQG

DFDGHP IF FRQYHMRQV 1Q RWGHU WR
DSSWIRDHKK P DWUDO IHMHDUK  Z W

FXURMW DQG RSHQQHW $V WH JUHDW
%4.D] LIDQ Z UWMU-R¥R * XIP D¥HV5RVD
RQFH Z LRM 1Q D GMWMU VR KLV 1UHQG

-R¥R &RQG«

8V U+ "Bf VhGB t h”"_'_U:t>;"
B+ BH»" B "O>"URE" y+ U G"YyHU
£ Fy GGGy " GBjfy “>"Y G'£
' b G "fy +fBGj fy "j £y GHHU
EBtt fy t HG"Ey tj ""H -»"j "Oj &y
H >+ GBjEe G B"H £+ "X

[ HMAU ILRP  -R¥R * XIP DI¥HV 5RWD WR -R¥R &RQG« WDQVFUEHG ILIRP WH ERRN 5H®P EWDP HQRV -R¥R

* XIP D¥HV5RWD 0 HX 30L E\ 91® D* XIP D¥HV5RWD

SS 7WDQVIOMAG E\ WH DXWRU

$QG IRUWH SRUMJI XHWH VSHDNHY/ LHDAQJ WDWMHWY —1HHOWH QHHG VR WKRZ \ RX
WH EHDXWXO RUWIQDO AVMMRQ EHFDXWH * XIP D¥HV 5RWD FDQ QHYHU EH IX@

WDOQVDWG

S5HH. GH YHWGDGH SDWID TXH
SXGHWH HVTXHAHUP H SRUFRP SGMR
GH TXH DOXP GD M WHAMP
H IMAGR VHS\RV @ WIS HV \BELT XHV
SUHRQFHWRV D UHVSHWR GH QRWP DV
P RGDV WQG-QADV HVFROV QM EUDV

GRXWIQDV FRQOFHVRV  DMDIGDGHV H
WDGIS HV QR WP SR HQR HVSDER

7KWV IGHD R IRUHWMQJ \VHYHV DV D
UHP LQGHU WDWUHVHDURK DQG AUHDWRQ
DUH QRWRQO DFW Rl FRQMXPRRQ EXW
DOR R OMWQI JR R D@®ZLQJ
LOMIMRQ H SHUP HQWMRQ DG
XQPHUBIQW VR FRH MAZ WK NQRZ BIGIH
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2YHWKSIDVGHFDGWMKH HAG HVLKRUVRQWKURXIKLIQLILFDQW
VKLIWR®VWURRBXR/QLQG XV WU LBOMERFADRIEUMXVWDLQDEOH
DSSURDFKMHKDMMO VRQF O XHEMHR W L RIGQIDD JHP HDEQQMGP DWHULD O
VWRU\WIS®DUPIV SRO\RHURZLBBROR LG BHQV K LFIOIO OHQJH V
ZLWKERQ VX PFHXO W XGUHY L J QKWK D GV RLQFUHD VHLPEOD F H
PDWHULDO SWLNWMRFKHDSW LR U LWHLQMRWNSHULHQFIHHFWLY H
UHODWLRDYRH®WLQJ PDNUI@BGIJOHIRIQROL 7KLV
WUDQVDWLBRQIMEKDWDQ]LQL GHILQHWGHVLIRWRFLDO
LQQRYDIVISRI® FWMLFZAKLFK XVWD L Q BIP HIM\R VR Q ONU R P

W HF K QR ORIQX BRI VIRR P R ADHV R X FKHOW @ DD OD WQ BH V

PRUH FDUH RULHQWHG UHODWLRQVKLSY EHWZHHQ SHRSOH DQ

LWKMWXIERQWHRMKWHLVRIELRPDWH U HBO WY \DHKQXW HD U HPI

H[S OR UDWH\R@\KHFR O R DL.GDIDQ WPURKDW HWDULDOAREROLF
DQE[SHULHRWWIHIO/ IRRYHBER G\ IQPIUUD WIMWYHYQVIRUPDWLRQ
WHPSRUDOLW\ DQG UHJHQHUDWLRQ 5RJQROL HW DO

YRUWKLYHVHD WFKH KRV HRDWHULIDUHY) RW SSURDFRNG
LQW H U F K D QUHNDREEXOLHE XIWD VER QW H[W G H SSHOQ\GHHJQ\W &/ H P V
ZKRVH VHOHFWLRQ UHIOHFWVY ERWK FRQFHSWXDO LQWHQWLRQ

+LVWR U IVAHZOHEDE H H DO R VBIDY R F L D MWWEG H F L R M W DDOQVG
JHPVWROQHY QIR WRVQHRM FR QR RZIRAUUWXX UDE DGR FLD O
VWDWXYALSRYHWSRX| S REVHUYRWOR QWL PBIX [ X U\
ZDWRQIXVZHBAKHPRQVW ZDRWKRW®YH Q WE®M/LSRIRDX\H D ODKG
YLVLEOH®BHVWLEGWBKBD]HRIWKRWKHWQFRQWUPNWHULDO
H[SHULPHQWBWQWD AR W OWH U QRWILHUS U HRV B VO RV
ZKLFRHDQLIQWH QH UDWRIAE ON K U R PRQ HW DRIUWEKX W O V R

WKURXJK VHQVRU\ TXDOLWLHY DQG VXEMHFWLYH H[SHULHQFH

%HVLGHID FUHDBWHMHRIGHV U X EWR YEDF BB H WL ORG X FW
GHVLIQYXFRWRUN ERVAGBGFIWRERDV&ORUSUHVH@WH® D Q

'"HVLIJ@GHN ILIXUH LOOXVVDUENW DB @KW W X W DWW R P
FRQYHQWLRQDO OX[XU\ WRZDUG PRUH HPRWLRQDOO\ PHDQLQJ

b$FFRUGLREIHQQV\OBIOMDH Y HUN S WU W PRI L F X @ MRXQURYP IRV L R ®RJIEG X F D WW R BIJBH
FRPPR®HILQLWIERRFDW HU$POWH UAHOL MHRGR S U R G X EHEL R O R RIUFID@ LY/IPR/A D @Y. P D OV
EDFWHXNQDQABWKBAIURUPVKH\WHJBOVROEBHRBORIGHLA®PB® HULBEDWHXVBIRDELRORJILFDO
SXUSRVH VXFK DV D ELRPHGLFDO DSSOLFDWLRQ OLNH WUHDWLQJ DQ LQMXU\ RU JURZ



7KLVWUDQVIRUPBWURQOHOV
WKHRUHWGRDBORSP HIQW V
HPRWLR®®DWOLIDQRGPDWHULDO
H[SHULHQ&KDSPDQ
LQWURGXWHKMW FRQFH SRV
HPRWLRQXDO E DAL L\QK D W
WKBRQJHRLREMHEWSHQGV
QRWRQO\WRQ WKHLSK\VLFDO
UH VL O IEEK@FHRRW K\HW U H Q J W K
RI WKHiPRWLREP®GXVHUV
GHYHORS ZLWK WKHP

1RUPDQ VLPLODW®EOLIKWYV
KR ZD HV W KHWHIDAVDXQ@® D FWLOH
HQJDJHPHOQRWWHDIIHFWLRQ
WRZDBERGXFAKY. O UDQD
SURSRVHYGHUVWDQGLQJ
PDWHUDDONMSHULHBQWDRD® LHV
DFWLNBUULRURHDQLQJ
PHPRU\ DQG HPRWLRQ

'LWKMWXLYDPHZRROONWHUVRPRVKHP D QGRIITHH LQD U U DBVIHYGHRN K H |
WH[WXYIK\VLEDOHJXODQ GWRIERXRO WV XXU.IY & RHULRIWHH Q V PW\P R U LIHQYG
HPRWLRQDO UHVSRQVHV HQFRXUDJLQJ VORZHU DQG PRUH U

%\UHFRQWH[W2ODWOERLELR SURGRMRYUHVFDWH VLDWHW®W X UWV HD L
FROQWULWERWREB GHYF XV WRIERRVW D L QDEG O HW VP DY\HH U LLEEH W\3 R H
WUDQVIRURD&ILRED URBSIMGV HOQWER G\ U H OREWHGBW '@ Y H U\ GIUR G X
DSSOLFDRMKIROQYHPREVHQWQRWYDBROEHDXWQEHUPDQHEBPHEUDFL
LPSHUIHFWHRG R UDQIGW\U D QV IR UPDWLMRHY V S H FIMH WRIQ DAN. MARY K
DHVWK RWIDFEL VDRLELWIQJIJROG VFRQFHRIMDNLQWRUUHVSRQG
ZKLFK PDWHULDOV DQG PDNHUV HYROYH WRJHWKHU WKURXJ

3RVLWLPQWE H QW H UV HFVPIDRAQH UHL [5G U L P H Q WHDRRIVRLR@HID\DL DR G
VXV WD L QDUED OWIKH W V H EH[ S O RKIRIAV KIHQ W U T ® & D ERNQ. BI W XPLDDADH U L
FDQUHYRNHPRWLRQAHGHINYQ®XBFRQWHP S RSWIRWB XFWW L JOB RV LWL
PDWH U LDW QW U UDGWLLYWHID PLOH VLD ®SURFHRYRWHDQLQJ P DANLWDRIX
PDWHULDO WUDQVIRUPDWLRQ UDWKHU WKDQ PHUH REMHFW

t—-QVUDGLWLRIPEVN WK EZWEEWDEL & FHQWRQWKDIFFHSWRIQ/MMNIH QFMGP SHU IH FWIRR'W H G
GHVFULEHG DV WKH DSSUHFLDWLRQ RI EHDXW\ WKDW LV LPSHUIHFW LPSHUPDQHQ



AN N\ N\
3 6 9, (] n, n/\
&RQWHPSRKHDALS QD FW MFHF U H D WK@®IMmO HWQ PPHRY HEH\ R QHf W U D ID/MLGY H
OLQSDUDGLWRY DWHE HQMWHIUMKY G L U FXPARIBUWH OWL OEHL R EDN BIW H UK. IDYOH/

JDLQHERZLIIWWHQ@®ERGHPQB SSOGHS LUV H DIFHKU VL IW HGIWD L Q V

EHW ZHHWHOF K PLIFR DU QREWLIR Q & KHX OW X HRURLMQBPRWLRBQPBQVLRQ\
WKDW VKDSH XVHU SHUFHSWLRQ

ODMIDY DH RWD GYHBSHG WG DOG YDIEDMG
UP DO WRXIK P HKOQFDORU AHP IFDOSOUIP HMY
Z KOIWHUH SHI-OAOW P ERTE DQG0H HARYH TYXODAY
UP DOXQ3U H SBUHSZ MQGAMIQ BGUAHIK

“QVLEKERQWHKHPS&DQQDERW L YIBP HU DHD F X O W XKPEHG GUHHEY R X U F H
ZKR VSR W H QW PIDARIS\D U W HPSHMR UGFER QW HP S R D BVB\G IHVQS QD FW L F H \
~\WD¥HHDLGHOIHIR BFHQ W XWQAMM W SO 1S YD) @ W U XUEXS O L F DEHIRQ W

EHFRPLIVQOLJPD WX MIBWW VR F L RMMBR/QF KR D P\D UY. M XIDQ@ED GUHFH QW O
UH HPHUJHQW KM HR I8 X VWIELGGH V L LU 1 O H FWKIHPRIV HV L O IDHEDFHV DEL O L
FKDQRHMQDUUDMQGHQH ZAHG F X O-DWNUWF R JQ LRM@WH F K QHFDIGRUPD Q F F
DQ®XVWDLQPEWGIQMQLE®WD OUHBBS O R\HER QW HKMHULEWXANV O HJD O O\
HVWDEOLVKHG IRU H[DPSOH ZLWKLQ WKH —-WDOLDQ WH[WLOH

+RZHYH@F R X Q WUILHBAMo UD VDS SO L FDWR R QW UBPWHIX O DUHRWU L FW L
DQRG VRFLDO VWLJPDV OLPLWLQJ ERWK PDWHULDO H[SHULPHQW

~QVKFRQWR [WK UW V H D WKKI U H J X O DRARRRUAW UKD @W WV H F W
PHWKR G R OLRPI.® DFCD WKLHR Q V\W DM BIL ®OR U DRADRVRI G O \
RQKHPSEXW QVWLW>OWPRQYD®MMLVRQME B UD]L ®EDEHPLF
IUDPHZRPDNGHLW.PSRVVLERAFR QG XBQWGIRUPDO/MOLGDWH
H[SHULPHQ WIDMHKPD W H WBMDEF R Q V H T X BMKRHH V H DAIFK

UHT XL WHGKLWR ZDDGRWRBOWHU ERW IO HBR X @ RHI H H

UHV L GXHIWMH O H FGAKHMZ RV K HODUDAFHVVLERGDWDLODELOLW)\
F X OWX\PER O L] DWW BRQU RIGIV R Q DQERMKUD]LDQB@ DOLDQ
FRQW H@/OR MKIHH V H DR B L Q W.INRGEF XRUF L U F X OFDOML MV L D O
H[SHULPHQ W DQMPRW L RHIDO JH P H QWK DAM Q WMK HAH U H
VWXGLHG WRJHWKHU WR GHYHORS D UHFLSH WKDW FRXOG




&RIIHH SDUWLFXQBKKRURISRVW FRQWHPHIG X HAP H U J IBED
PDWHUDRGRO W XD OPA K HUDIQWH U Q- BAS DY G HH HPEHGGHG
GDLOLWXDWKDRW HQ VR VRFOADDE X OW XV DWODS\CHIEN L F X D\W K DO
OHGLWH U UBPRQQWDIQBW @ GHUJUDVWHMWE HV S MWKRIV. FK\D\F R | | HEH
SURGXBWN W DDV JWOWH DBNEZ® VWRHUH G X AMBX Q FW L R@EZOY D O X H
DSSOLFDWRLW &KMIEHL HISOR DMG[SUHVDIQGIPRWLRERODILQJ
GHVLEQWHUBDORW DM G UDEWL FRXQWWKHBWQRMN D ORRMLW
JHQHUBMRERIFRITHHIRX @Z® VWHK PR X EGHXVH® RRPHWK PRU H
PHDQLQJIXO

7KH RU$U R E OHEG U H VB MV MVAVK H OILWH QV KED RNLQW HJ UG M\HLG Q
GULYHQ DSSURDFKHYVY FDSDEOH RI VLPXOWDQHRXVO\

VIWDWQJ P DWUDO

H SHUP HQWMRQ Z IWIQ
FROFUHWM FXEXWDOLHI XDVRY
DQG SLIRGXPURQ [ LDP HZ RUNV

GHYHRSIQI DQG FKDUDRAMUL 1]
EIR EDVHG P DWIUDQY GHUYHG
IWRP KHP S DQG FRITHH
UHMGXHV

LQYHMVAS DAQJ WHU
VHOWRY  HP RURQDCDQG
QDUDWYH DI | RUGDQAHV

~Q SDUWLFXDKHUEY D PLVVHG7KLYHVHDURYSR @GV K UD SE\
RSSRUWXWRWUDQVORWBGDSWH[DPLQLBRZ KDQGV RROWHULDC
PDWHUNQRZOHGURPFRQWHIWVH[SHULPHQWDRWUREHGULQFLSOH
ZKLFKHP L VQRUPDOLRQHAZRI WW L QRINF L UF X ODQ®& WR W L FEH/Q FQ Q
ZKHUMXW W HPDLIFRQVWUZKQBEUHIUDRHPSDQGRITHHHVLGRM YV
OHYHUDWIKGHIX OWXDPDOLIMUIG\H[SUHV\PIHOHQ L Q DIX®HJHQHUDWL
HPRWLRODNEQRIFH I MHRXSSRUWHVLIJQ PDWHULDOV

XVHU HQJDJHPHQW DQG DFFHSWDQFH



N
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7KHPRWLY DMRIUR ® ILVH V HD O EH\DW K H
XUJHQNMHVEBR H W KRLIMWH S UD® WALRMK/L Q
FRQWHPSRUBHNMLIQPRYLQJEH\RQG
H[WUDFWLQY® OLQHIPRGHOWRZDUG
UHJHQHUPXWDGI FHQWRBHG®ORJIJLFDOO\
UHVSRQVILE®DWHR D FKEW K HF R Q W HR[IW
FOLPBWIHIODWHVRXWHFSOHEHRRIQHU YV
KDYARRUWQ®RUMNMKHHVSRQVDERWLW\
RQONBURSRWHVWDLQDRHU Q EWWY HV
D O WARFE U L W LHF@ JDOZH. WMK K FIX O W B Q B3O

H W K LUFHDADD W L REGHWKZ ISR SPBIWHU LD O V
DQG REMHFWV

YURPD GHVLS$® UV SHFWKNYW VHDUW¥K
PRWLYBWHGURZLUWHOHYRBFHU\GD\
PDWHUDRQ @WVLGDXWNL WRYQQRYDWLRQ
ODWHUVBORVFRIITHHHVLGXE®HPS
RITHWKSRVVLEW&EKWOORRONHQWLRQDO
KLHUDUFRKIYDW XK LIWRYWHQWRRQ
UDULDMGHUPDQHWREZDDEFHVVLELOLW\
WUDQVIRUPQ®WRRW LRGN & Q DIKAH. U
IDPLOLDQIBW\OWKBEBGGHGHONMEOH
GHVLJQHRSORHZRUPRFDWWDFKPHQW
PHDQLQJ PIDNL®VHWQJIDJIHPHAQWKLQ
FLUFXODU PDWHULDO V\VWHPV

7TKHJHOHY RQFKNVNW X GLHQ@ WE/HVLJIQ
GULYBQGQWHUGL YV ALSHURDIFYL F K
FRPELQHDWQ GV FROWHWH[BAULPHQWDWLRQ

PDWHULDO VFLHQFH DQG HPRWLRQDO GHVLJQ WKHRU\

%\SRVLWLRRWS U IDDD@FWPWIELDWRU
RIH[SH U L HGQR¥HD O XJHD W KMBI@QD SDV VLY H
DJHQMKHH YV HDRFFEW U LERBANFXVVLRQV
RQ VXVWDLQDELWAX DYIGPODWHULDO
FXOWXWIO\DR PW B URY IGEHY L J @H WAK
DOWHUQPNWKRGR O BHLUADIHFWRWY HV
ZRUNLQLWKIWHIXODWREGBHFRORJILFDO
FRQVWUDHQ®I\R WHIBRIGRHG H V LD @
FULWLFDO DQG VLWXDWHG SUDFWLFH



V. A A. ﬂ N\ ~ ,\ﬂ ~Y N\
7KHPDLREMHFRUWXMAK HVYWR Q Y H V W EBIMAHW KW VE W L O H
DQG®\PERGRAH QWIS EDVKG&R | IHEDVHF®PSRVLWH
PDWHULIDRPELQHEGWRK HOHFWHGGHWKURXIWHUDWLYH
H[SHULPHQWQ®DR GV PROQ H WIHD/®I D UKK/ W XBLPWR
GHYHORS KDUDFWHUWIRHEDRB® HWLADW HH S O R LW\
UHOHYDRBRQWHPSBUBGWGHWLWRURERIG\ UH ®IMEH G
HYHU\REW HDFS\8 O L F DVKLIR QR/MIHFWR X Q G BAJ LQFIRIOH V
FLUFXOMRWRPQ G PRW L REQD/Q Z® L @HD \VORG G U H VW K® J

VR FLBXO W ®DQIROH J X O DMPFSD\L F D RVILPROQWH ULVDHDL WK L Q
~WDOLDQ DQG %UD]LOLDQ FRQWH[WYV

5DWKWKDRURSR VD QLQD O LJGIGX VVBURBX\WWBURMHFW

DGRSW®HVLJQDIMHIB[S O R UDMSBW\R DLRKE KLFRDWHULDO

GHYHORSPOI@NSOLFOWRWRRWXOHFWRLBEPRQVW RDWRUYV
SRWHQWLDO SHUIRUPDQFH DQG PHDQLQJ

6SHFU LlF REMIPVIYHV LOFOXGH

7R DQDO] HWH KIMRUFDOFX@XUDADQG HIXOWRY FROM WRI KHP S 1Q-MO DQG %40 1O
7R DQDO] HWH KIMRUFDODQG FX@XUDOLI QUIFDQRH Rl FRITHH 1Q ABXD DQG %40 1O

8 QGHUMIQG SK\ MFDCBURSHUAHV RI ERW KHP S DQG FRITHH

7R WXG WH FKHP IFDODQG IXQPARQDOSIRSHUAHY R VHBPMG  EIQGHY DIDUDIDU
SHAMD SRR WBLFK FRIQWBLRK EHHVZ O] VRGIXP DOLQDWM Z IWK FDBIXP FK@RUGH

7R GHYHRS DQG WAWWD VHUHV Rl EIR EDVHG P DIMUDOUHASHY XMQJ WHVH ELQGHWY/
WURXJIK Vi VMP DAF H SHUP HQWMRQ DQG UH IQHP HOW

7R HYDXDW WH YIVXDOWRWEB! DQG VHOVRU RXWRP HVRI W(H P DWAUDY

7R H S®UH SRWQWDO DSSTDMRQ VAHQDURY Z IWIQ FROMP SRIDU  SLRGXFWGHWIQ
IRFXMQJ RQERG. UHDWG REMIFW DQG P DMUDOA VAP V/

7R GHMJQ DQG SLIRGXAH D @P WG QXP EHURI DSSTHIMRQ GHP ROWDVRY/ WDW@BN\ADW

WH P DIMUDOM VWPV SRWIQWDO DQG VR UH BIPAVRQ XVHU LOMUDPARQ DQG SHUPHSWDO
HVSROQWHV

7R FUMD® H GPWRQ WH HWIFDO FXAMWDODQG HIXOWRY GIP HMRQV Rl P DMUDO
DGRSVRQ Z W SDUAEXOU DAMMOMRQ VR WH FKDIIQIHY RI WDQVOWQI KHP S EDVHG
P DWUDCSLDPAFHY VR WH %4.D] LIDQ FRQW W



N AN N 1_‘_ Y N ~
%DVHROIWKBUHYLREGMONQHGREOBQREMHFWIKHR/OORZALKHQMHD U FK

TXHVWLRQGWKHQYHVWLIBRWXRLRIPDW HUIWDROSHUNQEAH QV R U\
H[SHULHQFH ZLWKLQ D FLUFXODU DQG PRUH VXVWDLQDEOH IUI

6 XE UHVHDUFK TXHVWLRQV DUH

:KDW DUH WKH PDWHULt®ROGR GLIITHUHQW EERBHWDWY D GHVLJIQ
FXOWXUDO DQG V\PERIAQULIBOXHQFH WKH SK\VGABEDYHQ DSSURDFK \
SRWHQWLDOV RI KHPSDE®KHWLF DQG VHEWHRPWB\ EDVHG PDWHU
FRITHH UHVLGXHV IRUSHIRSHUWLHY RI KHPEFP@QWULEXWH WR UH
PDWHULDOV GHYHORSPRHIOQNMNWH EDVHG FRPSRWKWHMVLIJPD VXUUR:
KHPS LQ WKH %UD]L
FRQWH[W"

-Q ZKDW zZzD\V FDQ KHPKSDW FKDOOHQJHVY D®BZ GR WKH VHQVRL
DQG FRIIHH EDVHG RSSRUWXQLWLHY HPHNMD®WLWLHY RI KHPS
ELRPDWHULDOV EH IURP WKH H[SHULPHQRDI®IH EDVHG PDWH
SRVLWLRQHG ZLWKLQDQG '-< RULHQWHG LQIOXHQFH XVHUYV
FRQWHPSRUDU\ GHVLIBURFHVV RI GHYHORSIPRWLRQDO SHUFHS
SUDFWLFHV LQ - WDO\HL®RGEDVHG PDWHULDDQG DWWDFKPHQW F
%UD]LO WKURXJK PDWHULDO GHVLIQHG REMHFWYV
VI\VWHPV"



:KLOH WKH PDLQ UHVHDUFK TXHVWLRQ LV
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7KH FKRVHQ P HWRGR®J\ IRUWLY SIRWPAY 0 ' * 0 DIMUDO UYHQ
'HMIQ Q RWGHU VR EHWMU XQGHUAEQG W WLV UHVHDURK LV
P HWRGR®JLF EDVHG RQWH DUAF®! 0 DWMUDO UYHQ' HMIQ 0" ' $
0 HMRG R ' HMJQ IRU 0 DWMUDO( [ SHUHQFHV [LRP (OMQ . DIDQD
%DKDUHK %DIUDW 9 DBIQAOD 5RIQRQDQG $ QRXN =HHXZ YDQ GHU/ DDQ

$V GHVFUEHG 1Q WLV VDP H DUAF®! 0" ' 1V DQ LQQRYDWH DSSURDFK
WDWHP SKDMVHV P DWMUDEY DV D SUP DU VRXUAH R IQSILDWRQ DQG

LOQRYDWRQ LQ WH GHMIQ SURFHW 8 QINH WDGMRQDOP HKRGY WDWRFXV
RQ IRP DQG IXQAMRQ 0' ' KLIKQKW WH TXDDAV DQG SRMMDOR!
PDWIDY PDNQI WHP WH WBUMY SROWVIRU GAMIQ H SERUDIRQ
5RJQRQHDO

YXICQ) RQ WL P HWRGR®JILFDOILDP HZ RIN WL P HWRGR®J\ Z DV
FKRWHQ DV IWD@ZV R H SHUP HOQW ZIW WH P DMUIDO Z KL®|
XQGHUAMIQGIQ) W SLRSHUAHV HQYIMRQIQJ D XQUTXH XVHUH] SHUHQFH
7KLY VARI FKDLDAMUMAEY 1V HVSHAD@ P SRUBQWIR WL SLRMPW DV
IMGHDY Z WK D\VAAJP DA HG P DWUDOKHP S

7KH FKRIFH Rl P DWIUDOFRP ELQHV Z W WH FKRVHQ P HWRGR®J\
+HP S IVDFRP P RQ P DWUDA RUABIDQ IOGXW D VRSIE WD I@EH
H S®RWHG 1Q FKDSWU EXWAADLEBI DOLQ 940 1O 7KLV JLYHV WH
RSSRUMQW VR XVH H MAMQJ NORZ BIGIH VR FUDM VRP HWIQI QHZ
HVSHAD@ EHFDXVH HYHQ WRXJK ABO DOHDG\ XVHV KHP S WHUH DUH
QRWP DQ. P DIMUDY Z IW IMIQ IWFRP SRVMRQ 0 ' ' JLYHVWH FKDORH
VR H SHUP HQWZ W WH UHVRXUFH WILQU R 11QG D ZD\ \R FUHDM
VRP HKIQJ IQORYDWYH WDWFRX@ EH XVHXOIRU ERW MIIDQ DQG

%40 LIDQ LOGXVMHY

$WIKLY SRIOW LY HYIGHOMMDWMH DSSUIRDRK VR WH GHYHRSP HOARI
WL SIRMPMY QRWP DIQO® FRP P HIADO EXWRX@DODQG VRADO 7KH
P DWUDOLY QRWWHDWG P HHO DV D WIFKQIEEDOUHWRXUAH EXWDV D

FDUIHURI P HDQUQIV YDOXHV DQG VRADOQDULDWYHV



%\DFNQRZOHEKERD OYLIVWE IS UR G YBW H U L\l K BWK HD U H
UHTXLWRB QW U MERKIWHL VER WX Q F W LIRQD®HG R QHBI\R |
SHRSOHDVVHQ]DKO LWEHFRPHVOHDVWKD@WHZPDWHULDOV
GHYHORS PHGWS SOLFDPXIVRQHFHVV EWRXOWLGLVFLSOLC
5RIJQROL HW DO

~QDQ\WPDWH GG IYVLS@MHR®RZPDWHUDD @ YS HF WHRG
VKDSHO® I THRWKRY HUDOBH [SHULHIQ FADW H UHL[B®W LHQ F H
.DUDBW O V K R XEDHBV D NIHGMWJ R F R X3QMR G XEFWBH VLJIQH G
)25 SHRSORXVDELDQ®PRW L FQRI® HF WK R)XD G Z DEW
WDNHQWRQVLGHUDDMHRDE DA 8 H URDLE VU H BWIGI WKW H U
H[SHULHQIFOD JRRQRUED&D\ DQGIDFRDWH U IXIA VX H
FKDUDFWHULVWLFV FDQ JHQHUDWH D GLIIHUHQW UHV.

%H RQG JXIGIQ] WKH GHWIQ SWRFHW VKH 0 DWAUDO
' LYHQ ' HWLJQ DSSWRDFK WHTXLLHV D GHHSHU UHI GIPRQ
RQ KRZ P DVWUDOTXD@MHV DUH SHUFHLYHG  LOVAUSUHVIAG
DQG HP RUIRQD® H SHUHQFHG E\ XVHW/

ODWHULHHICGHWULHR¥BIUWLF X OMKWREGKITHUMPMAHULHQWLD
FRPSROQHOQMWWKHWHBR VRULQWHUSUHWDWEWHY®IG
SHUIRUPDWKYHWRJHWXHVWFUKEAPDWHUDDGBWUFHLYHG
XQGHUVWRRG DQG HQJDJHG ZLWK E\ XVHUV 5RJQROL

LWKLM)KLUUDPHZRWNKISURMNRW WX HRFXWRPPDWHULDO
SURSHUWQRQHRNVKED\KWS DQGERIIHH EDPDH/GH UDDGIV
H[SHULHQEHXNLPBWHU\GRQW H[XARVMHZHDQ®&PDOO
VFDOH SURGXFWYV

$VWWKWHQVROHYWEKHP DQGRIIHH EPOMHULMDGORUHG
WKURXWYDFWUOHIJXODQYWEBRYK\VLEDR®WHUDFRH\RD

T XD O LDMLEHQMW H Q W B R € B B DINGKWHUF® Q F H DIDGIGR ZNKQH
XVHU WR SHUFHLYH WKH PDWHULDO V RUJDQLF RULJL

$ WV KIHQ W H U S UG MADRIRID MV H B RO HPWD Q L Q YW R F LDIWWWKG
FLUF X GOQUALY\H U\ @D W XIKGXNV R IF R | | HUHH V L GHOHR/NWHR/D U H G
FXOWSUDBWDPKYHPRUYZKLOHHPSLQWURGXFHUYD VLY HV
UHVLOLBQBWXVWDLQDERLIGIMAKMKHVADWH U LKW OHQJH
FRQYHQWLRQDO QRWLRQV RI SUHFLRXVQHVV LQ MHZH



7KHDI1HFVOIHYHPHUJWKURMPRWLRODORQVIQW U EMMBX FBEPLOLDULYV
DQEHFRJIQLMHRQD JPYD W VSN WKRIE M HIRWW.HYL PDFQ SHUVRQDO
DWWDFKPKRNRUWK®KHYHORSRHO@RWLRGRODE® D DW L REHWKZISN Q
XVHU DQG REMHFW

J)LQDO@AKSIHUIRUP DWW YWHRRMD W H BILSIOU L HEFRP SEBMK UR X VI Q G
ERGILQW H U D:RW (FRID Q G Q G5® LA MAKSHL H FIHRAV L B B RIGIW L QGXLRIXO/R J X H
EHWZHDWHURD® QX VHUHLQIR PHHIDILW K U R X HS H D WH/GV XIS
SHUVRQDO ULWXDOV

7KURXWK O\D\H WPPHAV H BHLKRI® JH P AMKWIU RMERWR Q VW KR XKHIWY D Q G
FRITHHHVLGXXKHM - WOQR®RQ MW XVWDLQBEFBNUFEXWVH[SHULHR@WGD O
QDUUDWLYH DIJHQWY ZLWKLQ FRQWHPSRUDU\ MHZHOU\ DQG SL

2 Q F M/ KPID W H I DI¥EM HXQ G/ W RARKGU R WIHR XOHY RCPD W H BILS®OULHQFH
WKH ODWHULDO 'ULYHQ 'HVLJQ PHWKRGRORJ\ VKLIWV IURP DQ

$WW K VW D JHK HR F XR/R Y HW R Z DIUGW H Q W IGRIQYIR OQABW H UH PSSHMUL HQ F H \
WUDQV ®DWHUXDO LVQMHRE H U L HLIQMLID@WE RRWGLR'I WKLEYROYHYV
LGHQWIDQ®UWLFXPDWHQ HDPSNU L HSPRMW HUHFX U @ DOV (Z K L FIK

PDWHULDO FDQ HYRNH VSHFLILF VHQVRU\ HPRWLRQDO RU V\P

7KHVSDWW BDE@VYPHGLDWRUV
EHWZHHWHBILSOR U DWICR Q
GHVLIDESOLFDIWKILREQ OXK H
GHYHORSHRH @R K H U HIQQ/\G
PHDQLQJIXO RXWFRPHYV

)LQD EDV HRQWKHBBWWHUQYV
PDWHDRQIWR G KRW®Y FHBWH/
JHQHUDW@KEARURXQFWLRQ
DQAQWHUDHRWHRJIBILUHFWO\
IURRVKH[SHULHRRWBQWLDO
WK IR DWHULDWKMKDBHL QJ
LPSRVHG D SULRUL

7TKLSURFHNYV XUW K DWK H
UHVXOWLQ@BVLIQVUHPDLQ
JURXQGHGPDWH U L DO/WHN\
HISHULHQFH DQG FXOWXUDO PHDQLQJ

7KLV VWHSWRFHNNQEH
UHSUHVHQWHG LQ ILJXUH RQ VLGH



7TKH KRLEKEDWHUWDXCHHVIQL VX UWKHU
UHLQIRBFIHMBVS SOL FOEAWRGMAITHUHQW
PDWHURDWXUVWNQDUERNRU G MR

0" WKMHHWKRGRODERIHP®R\EGHQ
ZRUNLQJ ZLWK

'HOO NOQRZWHULMNWKREMVWKRIEMHFWQRRWDWHURD®ARY DLIWMMVEOW K H
FUHDWLRQ RI QHZ PHDQLQJYVY DQG H[SHULHQFHV WKURXJK GH

5HODWXQNQRRZDW H UZRIDWHKIIR F>XOL HY QW UR GHIAL\WG I Q F W
XVHU H[SHULHQFHV DQG HVWDEOLVKLQJ QHZ PDWHL

6HPL GHYHGRRISIH&SO R U DRMMRUN U LHDQDDVE O L Q
GHVLIQHUWR SRPHD QL QDISKSO L F DMKLURRAXI K
WKH GHILQLWLRQ RI XQLTXH PDWHULDC(

7KLNMOH[LERDMNMN' SDUWLEXBO H DN KLV
SURMWRWWW X DW MIAOLIP DD LWKNIQHH FRQ G
DQ®& KLWEHQDWMMNP D QGR I HH V L GIXWIN

H[SORQR&Q MW DWH UZMV&YL VWLRIX VW U |
UHIHUHQEEXWD O VIRVVHPL GHYH ORYIRGUFH
ZKRVH[SUHVDIQWGH[SHULHRWL B QWH PDVQ
XQGHUH[S ORMHEG L F XZQ BMKOK HF R Q W HR[IW

MHZHOU\ DQG VPDOO VFDOH SURGXFW\

LWKMWXS'' ITUDPHZRWRKKQGHUVWRQBRQW H WIDAEOHD FKLH WHKG® R XJK
PDWHULDO WLQNHULQJ HVSHFLDOO\ ZKHQ LW LV QRW IXOO\ G

8QOLHN\HW DE OLY & M GWDWHDDK/L FIKUKV XDDPERPSD GLWE FK QG B WO
VKHH®NVFULEH®GED QLSADRS HUMRLEW QX IDFW SUIRFHVMHASHULPHQW
PDW H UL D DXMWKHN. HF K QLG @ 5 H U L HRXDIUDG W H WLR B WU B U H FIRP\

WKEHVLSQRFHWNHONKERQW M[MQ N HEH.FORIP BVX G D P H Q W\D O D W/IRJ \
JHQHUDWH NQRZOHGJH WKURXJK KDQGV RQ H[SHULPHQWDWLR



ODWHUWRQNHUHQH WWRDQ H[SORUDW@GLW H U DIWI.YWR DIFKZ K L F K
H[SHULPHQW\WDR®YIGMONL @UKVH® EXLMPERGLMGRZOHBUH
PDWHUED@WYWHKIDQPLRQWPPHGLRSMWLP L]BW QR V SRW LR P DADKELHY
SKD\SH LR U LOAO H QUKQUIR B 1K) PP L S X O MW DRGALKIEIH VL IJWRGHQ WL I\
PDWH SURG H URMRLOAMAW UDQ. ® RMWH Q BAMMKABU RJUH VX RYRO@EBIS URFHV V
W\S L FIDID@R EDF FHVWLEPKQ LTQERZ WWRRIRY WHDREHQ H QIEHGES
LOQWXLWLYH HQJDJHPHQW ZLWK PDWWHU

7KHSURFHEWILQYWWKNHOHFWILIRQULP DRDWH UMRYOJRROORENG
FRPSOHPHQMQDUHGLAHKRNVWHRUWKHDBFHV VL DLUORWA D EL@ERNVW H Q
VXV W D L @DBEOXDKH VIHQ J UH®@ WM T X H Q @ PO YXORF DBV R X UFWZ\D VW H
PDWHULDOV VXFK DV SODQW ILEHUV IRRG UHVLGXHV RU RUJE

0D W H GLHDYH O R SIPBI § SW R D FAKKHER X J K
UHFLSH PULR¥ODWQRQWVKQIJUHGLHQW
DUBPORRPELQWGE VW@ RGL I LLHB
PDQQHU VLPLODU WR FXOLQDU\ H[S

%\ V\WVWHPDWLFOWBUSQRSRUWLRQ
FRPSRVLWDRBQRNURFHVVRQGLWLVRQV
EHFRPISRVVLWEREVHWKRZFKDQJIHV
DIIHFWKHPDWHULSIO\WLFEBKDYLRU
FRKHVLRQH[LEL@IHWYLVWDWQ®EH DFH
TXDOLWHPBWXQE®H Q V RJW V@ L EKMYH V
LWHUDMWSNULPHQW B $/3 FREDR/WW K H
WHFKQ@LE® RHH[ S H U L HRKDIUIDE W H U L] D \
RI WKH PDWHULDO

7KLWHIOHFWWRQEGYR QCKRDWH UMW/ RQFOKBRA WLIKEBHSHUFHLYHG
LQWH U SOIGQMVEH U B EWE BV H $VW K Y W D WHKRD W H U WDDDOSR V L W LIRQ H G
UHODWRR®LEDWHURQ GIYLVWRLRSO L F DWKLIRROR'DKV H EIHIDFF KPDUNL Q J
HQDE OLKQHE HQW L | RFECRW.HR@B SDQ FO RRRIQER P L Q B SM U L HYQDADLTH/

DQG HPHUJLQJ VWUDWHJLHV ZLWKLQ FRQWHPSRUDU\ GHVLJQ ¢

— QN KFR Q WRIWK B R M WKW D W H WLLDQON HSKLOMIHD WF R G X F WWKGJ R B .IX

H[WHQW[SHULPHR)WRFHR¥XVRGKHPSDQGRIIHHHVLGXBYWLDOO\
H[SORUDWHRRL\ZHW G HY HO RISOD®R SHD® Q G Q W X LRADLYGIHWRE URD G O \
LQYHVWWXEMKDYRRWKHPBWHUZRB@RPELQHGNEL I HUEIQUG HUV
JROORZALRIYLVLHOR UDWRRQN\VWHP B WDRVAD VL. QW U R GW FEHHGV W H U
XQGHUVWDQG WKH UROH RI ELQGHUV ZLWKLQ WKH PDWHULDO



TKLWHVXQAWHWGWUXFWXKEBH&EH LD G HRIQVHRSP ED VIHH F L SIHDVWKMHV W H G
ERWKWH) &LW K RXIBG G L W IFRRQVWMEMH PNVU RW K HYBDW LRS@WDPHWHU
VXFRWKEURSRURIMRKBEULPDARRPSRQHIQMP R UFRHHWKW\SBQG

TXDQWLW\ RI ELQGHU DQG WKH DPRXQW RI ZDWHU ZHUH GHC(

2YHUDVKB VR F DWE R K$HURGXFRMDROUR[LPDWPDWH VDPG OHKWL V
HIWHQVDYISOHMQDE OB EWDERPSD U CDMDYHRIW W F K (BLHFOIDYDL. @ G
H[SHULHDX\DLDOFURY L ®LVQRIOHBSLUURBEQGDWRIKQ GHUVW DMK Q.
PDWHUML\VOVHPKHLQVLJKBM HBX UL QK LSKDVELUHRAVQOR UPWEG H
VXEVHTX\HQMBVODWHUUDYHBVLIGDUWLFXNWXFUGDWIRQWHULDO
H[SHULHQFH YLVLRQV DQG WKH GHYHORSPHQW RI PDWHULDO

$1W M/KRD W H KW DEG H@H F K Q IDRDED[SH U L H (@ GIHUOYWRBRBWILIQNHULQ
W K\WH F R 816D \RHO D W H UL IDYOHHDV L J @ F X VRIQG H 1 L QR@QDW H W[ SBWLHQF H
9LVLRAXLWBKDVEHLPWRV\QWKHWHKHQVLIKDWKH BK& L@DWHULDC
FKDUDFWHULQMRER®HUHQ@DWHZRWKDAVD QU XLGUXEVHTXEBWL.JQ
GHFLVLFOQWKWKDUHPDLQLWKEHYRQVRORENEUYDWKBOVLIQHU
UH | O RENR/ZN KRHD W H U HIDWME-HR SOUIR G XFQVBURD G X O WXQBRFLDO
FRQWH{@MWKSVYRMWKM WHUUBBYLHIAHRMFRQVWUERFWHGHFWLC
ROV KMDWHUVLDWH@ HODWBR® HQXW HEHY L V WPLIDA H DIS3O L F CDVQIGR Q V
UHOHYDQW FXOWXUDO UHIHUHQFHYV

7KLWHIOHFWQLRRO FRGV LG HAK MW
H[SHULHQWDIODGHADY Y D R® HUL P H
VXFE\DVVRF L DA WGQW X UDPDUHN YV $W WL WDIH  WKH
DOGQWLPDMVZHOO/ZKDWDEHHQ P DMUDO/ LRI Z WKIQ D
FKDQJLERQWHPSBHNUSQUWLFXO D P EHU QDUDWYH EHFRP HV
UHJDUGLQUWD L Q XMWY O R U L] D W LHR Q@AW GHI LOIQJ QRWRQO
DQGHPRWLRQW@VDFKF’\MI@N\EMHFWVKRZ VKKH P DVWUDOVKRX@S
/LWH U DMAXUMNZE DWHBHRE KPDUNLQZ /vl EXW DOR 7 KDW
VXSS RUWKIBU RFHVWOSMIBRVLWLRQuaiy b gy DoG
KHPSDQGRIIHH E DP\DHAGH UZ DW KD Q
EURDGEHVLXLVFRXTIKHUHVX0wLQYSHV R IQWDMRQ WLV
ODWHU (3O LHBIRH ROW L F xtoroaw H v P HPQWWR VXSSRUNIQ VKH
W KD W H U MODOW H /GBS HU FH DyHas FROWMW R MZ HDL DQG
H[SHULHQRH® KDMWNVLPSRUWBR W HYHU GD\ REMIFW
FRQVLGWKH GLIIHUHWHULHQWLDO
GLPHQVLRQV




2 QF MW/ KO-D W H U B BV L HILFVHLIRIDE H HIYPV W D E O WAKKMHKESKD VI R F X VR
WUDQVOIXEEY W Y D¥MWOQRFR UW D QJ DEXAW U X FW QMK @MKRMDWHULD OV
H[SHUL @MW H QYW H 8§ Y R Q GH\Q W LU MLOQDIW L REMWKZ ISWIQHQ W H Q G H G
H[SHULHQBIBVKHR UP D QVRDRIMN U X F WX D O DRVIMHR/A D W H IDLD®
SRWHQWLDO SURGXFWYV

- QVKSKDVWKHHVXRWYDWH UIKIDQ DFWHWW BWDRQHREP S D UHGG
FOXVWHKHAVLIQRHYRWHO RO RQLQW XLKMWHIRHJOHRRQNRZVLPLODU
H[SHULHTRNDIDLGMOLYHBEHHRE WD LIQR® KADWHURQ GV RGXRWVYHUYLQJ
KRZSHRSIOQHW HYU DWWK HPGZKLHRUPDW W U LEXS\GHRASW FPIHBPQLQJV
RUEHKDYLRKNVMDOORENBHVLIQHRIQGHUVWRRDEHUWPKQUDFWHULVW
FRQWULEXWH WR SDUWLFXODU H[SHULHQWLDO RXWFRPHYV

— QWK LSURM HPRPW H U HP®WU L HRF\W W HZHQW G H QW IENL BIG D O \ | MQKIH
UHODWLEGWKHBIOH[S HQMHLIDAV H Q W QRKMH F X U B DQVH TIXD@ LWL HV
REVHUYHG DFURVV WKH H[SHULPHQWDO VDPSOHYV

7TKHVFEDWW KBQRPO D WRYH[SHULHQWOQXFA/EHFRQVLVWHK@WRUWHG
WKURPIXWHURDEGD QEHKDYISRWKHQ RIWKISKDVWKH- QG L QUWH
VXPPDULIHGAL QWHUSUHVXKOWQRMFOHDPBYSSLEHWZHAQWHULDO
SURSHUWLHYVY H[SHULHQWLDO PHDQLQJY DQG SRWHQWLDO PRC

—QVKIH. Q B RD VM KIHQ V L JXVD\H U DMKHIGR X J WREHW S URHVDVUHQW HJUDWH G
L QWRGHYHORSPIAFQWH DQ G5 R G X RW F H SKAL\DAHR Q F K §\@W H U DR\DL\R Q
RFF XHUD UOLLGSWD UD QOWRD W H IH[BE UL P HQ WDKMMR QUHH SUH VW® W V
PRPHQWYKLFRDWHWLDRZ OHBP$HH UL HRQAWLB Q\V QREHA LIRD ®W H
FRQVROLGDWHG LQWR FRKHUHQW SURSRVDOV

~QVKEVRMHFWMOKHH[SHULPHRWE & HV X ORDWVOH DIQBBAJ RG KRWFH S W V
QDWXBHWKHDWHUERQFH|SWLPWRHPERGWKEDWHU(BMHWLHQFH
FUHDWHRMHQ@HIRQBXUIDFHILVLRQVUDQV OBIW V@& D LIBIG VDIQVGH
PDQLSXOWWQRQWGEGGHHILQLWLRQUIRUPDWRYWHQWLRQWDQJLEOH
RI DSSURSUILRDUPNMWKLFNQHVREW HFMVKFHR Q WR [E\R GU H O DDVHGS
DQ®&VHWKDWLIQWKKIHQWHQ G VP DB OHU\SDR G XWWH¥KDWHISORUHV
PDWHUHPSHULHGPM/KNMUKDIQ KRZXQFRQYHQRLWEDPD@XSSRUW
W U H D WVLKQRID W H UD.\DDDQ H X W U DHOPRW LR G ODREM HWWHBW FR X UD J H
FDUURHBUPLWHFDPHODFWLYMWRXFKHYRNIPHPRU\DQGIRVW HU
GULYHU RI WKH GHVLJQ SURPHD/QLQUNODW L FEGQWZLHSHIW HULD O
ERG\ DQG XVH
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+HP S \DS O DRIWKEHR W D GALOFIROE D Q Q DERWE XD W LMIRIAAQSHF L I URDO O\
LOGXVWUBRDGBGRQVXPSWURGNVRQ —W\D O \RR) R IW KIHL UY @&/D QWIE\H
WUDQVIRUPHG LQWR XVDEOH ILEHU \HDUV DJR 7RXUDQJHD)

7KH QRXQ &DQQDELV LV GHILQHG E\ WKH 2QOLQH (W\PRORJ\ 'LFV
FRPPR®PSIUR&D Q Q DER.® HADQVE Q DIGMD D PG IURPUHHN
NDQQDELV KHPS D 6F\WKLDQuU RU 7KUDFLDQ< ZRUG

3RVVLEBFDXNH.WNDURULJLIMDYGS X HVR
UHVWULRWY RIQVQ WQ TIXHEUAR X JB B/R XBN
GUXBROLMKHYROXWLRQGARPHVWLFDWLRQ
KLVWmRUWDQQDHEIHPDLORRURQGHUVWRRG
6DZOHU

TKAMWHUR GXVWHR® OWHD/MIWR KH VDQG
JHQHUDBIOHWRD QQDELVL HWHBWHBHUR ZQ
SULPDDMDOMJIULFXGCWRERPEWHH®W G
ILEHDQE&\SURGX¥WARVRLOHHEDNB QG
KXUGV -R\ HW DO

+LVWRULEDQQDEIWDNEH® JURZ®V DQ
LPSRUWRR®LE HIWQ ® HG L F LRKURS WWHP V
KD YEHHXVHIR UL ESWR G X F WK RFBKD ¥ H H Q

S UD F WIRABHLGD O H Q Q BT O &D Q Q DEDLV
DU F K D H R (DRU@/FHD WEKDLOG HIQFGIL F I WHMKOH
DFURSMLIVKGBILG G OHV\WXUR D G IU L FIW V
OR @1 VWLRAK D UD F WE\DIS]®HGU RAKWFWLRQV
DQGSSOLF DIDWVRKMIIESG L QY VR F LDIWEKG
VLQJ®RPDROXVH DQQDELWWRURSEBODWH G
DWPXOWLIXQ P\WWRHUDH/®R XKWFEEH G GLHIG
HYHU\GI\LIHVSLULWSXDIDAFMVDQG HDUO\
WHFKQRORJLFDO V\WWHPV :LH HW DO

U7 KK F\W K LFOQFA W RN UBIQD Q F L HIDWW H U Q BT K H V WQURLADIGELHR SIOKHRP L J U D W K G LVDK MV KV RW K
FHQWX®W&HR B H QWD R K3R Q V8 IWFH SISTR G H U Q 83\DUD IDAHE R X W KEXMQ/ ZRH UMK WAHPDLQH G
XQWLO WKH UG FHQWXU\ %&

<7KH KUDFLIDHIMEQ-QGR (X URBHDINEAR SDKRLQKDE IOMWSBURMRXWKHRVRIKMDQFLHQW
KLVWRKKNUHVLBBGQIOBRXWKHKHPVREPRGHUQ %0 JDIRAD QLRUWRFHGRQRNWKHHEFH
DQG (XURSHDQ 7XUNH\ EXW DOVR LQ QRUWK ZHVWHUQ $QDWROLD $VLD OLQRU LQ 7X



6 R P HR IW KHHD U OG R ¥ WP H QUMHI G U H'\W RHYWMHH G L F IXQYIROF D Q Q DFEEWLIVI L Q D W F
LD QFLREWQDKHGLVFRYHUAKHUDSHEXRSHURISIOW QWMVUDGLWLRQTL
DWW U L\E RMAHIFSS H UK« QU Q JZKRVGID P HD VV R F LDIWWKESK DUPDFRSHLE
BK«QUQWHYQR-iGJ &URFT ;LHHWO 7K KL QHWHIWE XVHWR
GHVLJERWKHE P®QEDQQDIEWVY QJXLVOWLFNWEE D Q VR IQ X P E Q D\Q/G
D QH VW KLHQ/G.IDF IWH. QUEDZ D U H QRHVWD\WQ D O JBI @ S \ FRKD F WHLIM H F WIVH
HW O 7KLV VRFLRZD\DRQUHL Q | RENDHGE R X R M YFHK \ V L F06Q X 1
ZKRUHSRUWHBSOR\IBPGKHUEDQH VW KHWHLSD U D VRIVR/Q BERQWDLQLQ.
FDQQDELV GXULQJ VXUJLFDO SURFHGXUHV LQ WKH VHFRQG FF

%H\RQ@ELQMDQQDESYHOWUNDUPHN G L ADE L WRR QW H[FUWRR/X/OWL SO H
FLYLOL]DWRA@BRWVHOSW HIHUH@RYKWRSLES®O L FRWALIR@MQ D ERWY
LQIODPPIDMER\GFRQGLWLUREBXQIGPHGLFRDES\GDWMWIRWURXQG

% &(LQFOXWIK@EH BW S\ WXL P L O 3V @\ U LIED@N D E OGHNWF UW KKV R |
D]DOALEHOQWHUSDWWEOGDERWKHUD SHXWIRVEYRFT -QVKH
~QGLDREFRQW FQH)@WEDVEHDVVRFLEZWMEKRPDD VDFUMBEVWDQFH
GHVFULBWKEL 9H GCF % & (VXJJIHVRQE I KHHD U OW H YWUXHDIGI UH Q F H V
WR WKH ULWXDO DQG SV\FKRDFWLYH GLPHQVLRQV Rl WKH SOI

& O DV VALEG DW H U UDRXWDR U W KW WER WK ADWH WDLP@®HGLFLQDO
UHOHYRIBBR® Q DEH VR G RBMXNE U MEKKHE WX\DROIKHP ® PR QW KB \WKLD QV
ZKRLQKD WHBUD JURPRWNSURG X FEH&HP &/ H H ®A\K U RRQQVIRH D WWHH/GR Q H V

GXULQJ IXQHUDU\ FHUHPRQLHV

~QVKHRPDQRUG® Q Q DZADY U L P D IULEDR HDGE R WDKX V H | LE 50 D QQVG
PHGLF IUIVR X$¥WKRXFE\B0 LWKH GHIWRVFRURQBENYOHERFXPHQWHG
L WAX O W L YIDOMR. RFY0 L F DIV R EAMUG L FDDQO® D W XKILDVGM RBIQ L QADW X UD O L\
+ L VWE@GH.\DF U IVEKIB/ iR IKHP SLE HIRMW R S D) ® H WAK L MK \QRR W IMDKIH
DQDOJBQIEQWL LQIODBPR®RURNEBEY QDERRAHFRFWLRYVFRULGH YV
FRQILURMBL®BGLF LIDEOD W LLRXHVODW HOHDB LAASD U W L F XFOUVK®I\
WUHDWPHQW RI LQIODPPDWLRQ &URFT

=6KHQQRAHQFDRMLRBKLQHV®+ D _  LW&KLQHRRRQDJIJULFXOW ®UIG L F LSICDAEW V HRED
FRPSLO RWLRWW D G L Wil RGEHVOZHMWKIK UN @8 H F R DIEQ W X3 LHRVHR U L J VQHD{IRO R Q HH{ UV B/XWWV
VDLBRDYEHHBRP SR VRI® KUHRIOMFFRQWD L Q LIQQW LRGP G L FD P DQWWWK HAWV FUL SWHRQV W
YROXPH LQFOXGHG GUXJV VXFK DV OLQJ]KL JLQVHQJ MXMXEH FDQQDELV DQC

>7TKHEH WD S\UXR QR IWKRIO G BQW R VMP SR U WD@ERH G L FADWOH D W IEADHAU L WIMGHEF L H QW W Q G
GDWHV IURP DSSUR[LPDWHO\ % &

27KBLIYHBBLIHGDURPD QVNUIKA W @ QFLHQ®/LAR® O HR WD R @ MUR @M WWR Q R IW KIRR XWDFUH G
FD QR Q+EQ@XH [MYR ZDOW K3H G D-WYW KRIO G N'Q\R 290 G 6 B Q V N\VUHBK R WHR X Q GH/URIUDWOD QVP LWV
VLQFH WKH QG PLOOHQQLXP %&(

@ DWXYIDWNRURGDWDYW XUDOWRWLDYROXREF\FORZ2ROGAFL WENBQLW KM GHQVKN WH QW XU\
$' —-WVRQRIWKPRVIWPSRUWDHJWIBRPDOQWLTRERRWWRPSLOGM UPQIOIHD QUBRWKBQFLHQW
DXWKRUV

A'H PDWHBHBLFINDRPUHHNZ ¢, j~'Z16¢ LMD YROXBKDUPDFRSRRPHDGLFLSOOOQAVN. W BAH Q
'LRVFRULGHY EHWZHHQ DQG &( -W LV RQH RI WKH ORQJHVW ODVWLQJ QDWXUI



$ORQJ\PLHEGL F LDQD®L WS DDFWKFARE HY HO RICH®OD W IXQGDPHQWDO
PDWH ULH\WR X $EHF KDHR O R QIGAHOW KFDGHYRRZWKIFW QQDEDV
FXOWLBSWPRBURQWWHH®WGLEHZKLFEKHUNVHGQVKESURGXFRILRQ
W H[W LLRSBVHVWQ G D G G LBDQHR I WK H D U O IGHHWWD IWHHF®/WRGK HP SWH [W L O H
SUR G X FIVS RHDLIIVK 6 R RAN6 R Q{J VF % & (ZKLF&HVFUMBHKNO O
SURFHRIKHPSORWRDQXIDFWHXWHKKLQHWH[WXFEWKXRHQ-LH{{

&( PHQW MRV IRIORRKHP SLEHDW KHUPQ®X O DVQIGRHU VFRW Y Q J
LPSRUWDQFH DV D PDWHULDO IRU HYHU\GD\ GRPHVWLF XVH ;L

7 DN HAOR J H WK KWK HY W RDEE F R ©Q WYWHD® Q DEVDS O D@MH SFOQWDQJOHG
Z L WHD UNDW W HPIP H G L F LLQ VX Q ® D W H $IUIRGS X F WAMRLG Q L | L PR @R
RQA\QWKDUPDFRORJIR S B OB RO \LRL WWR @ND Y H U V DRADVDHHWWLKODDN
VXSSRUBMDH/ERKPDQHHGWRWKVYRQHOWHDODQ®\PERGUD FWIRHY
ORQJ VWDQGLQJ PXOWLIXQFWLRQDOLW\ SURYLGHVY DQ HVVHQW
Q RMH U HIDWD Q. Q G X V AUWRERN\DF X O W XHUFDEHIB GPHDGV H BKBOR-HD QL Q J V
DQG XVHV KDYH FRQWLQXRXVO\ HYROYHG DFURVV WLPH DQG JI

RMEBI XAV OGP DMIDCERMOAY

%H\RQGW\XKLVWRULROBKHPS KDVEHHQ
LQF UH D WHFFRI\QDM GY H U V DSOS DE O H
RI VXSSRUWLQJ D ZLGH VSHFWUXP RI DSS

" QWHURVQXWULWHRE/ HEVDUIRQVXPHG
GLUHMWORR®RUSURFHVVAWRRXRLDQG
SURWHLPHWDICAKP SV HPKED ODE\ SURGRAIFW
RLIO[WUDFWL®QGHOWXGDRGI PSOR\B\G
DQLPIMMG XN RWB Y R U SURWFHR. QW Bl Q &/
IDWWFLSURILOHP SVHIRGDVXVHGRWIR U
KXPDERQVXPSWIQRARULQG XV VBXUBRVHV
LQFOXBRGY FBUR G XFRAXHPW IDRYV/E R D DW
5 ZHODOVL QV KB U R G X F RILYRDQ Q L VKHMOIMQ/G
S SURWHFWLYH FRDWLQJV
7KHLEURRWPSR Q HRIWKHKHP SOLEBMWEH UV
H[WUD FWRRE KRIX WHWHBUNMVHIRWH[WLOHV
URSHAVRUG IIGIG DS HWRG X F\I DRE@P RUH
FRQWHPSRR QU\D[WKW HIR B LR S O DME HEV
UHLQIRUFHG FRPSRVLWHY DQG PROGHG F

{i;i7TKHoRRANERQJVURKLQEVH DOWRRZBM KK ODWIBRHWNMKKRRN2GHSKLMR@KLK FKLWKH
ROGHVW H[LVWLQJ FROOHFWLRQ RI &KLQHVH SRHWU\ FRPSULVLQJ ZRUNV GDWLQJ |

{{TKEBKXRZHIQH]IWRBKLQHVHL 6 LWD&KLQHMHWLERPSLQRAG FHE\;X6KH@VFKRAGDVWKH YH
&ODVVLFV GXULQJ WKH +DQ G\QDVW\



7KHVIHLEHDVHQF UH D VLL@W €& Y UIDQWWRE VW D L GHIFQBQ P DQXIDFW X U
SURFHVYBVOXGULIQSURGXFWLRQUQLWRPISRQHQOWWRPR\EDQH OV
LQVXOPWWRQ DB BNV VRYGHNZ HOQ KR IW KPR VR W DIERHS DW H U VD C
KHPSFUHMBXUHDERYBELR EDENKIGO PN H FRPG R VRIGH B VKLY HV
DQGLPHWRQW U L\E R W H DEOEX L O GILGYJIH O RASKHH/U B B OX O IVQIERHIG X F H C
HQYLURQPHQWDO LPSDFW

%H\R®RBQVW U XRNPLSRKYL YIHWK YV HIBD Q L PBBHDG G LI GO F&KLIJKW ZH L.
ERDUGY DQG DV D UuUbZ PDWHULDO IRU SDUWLFOH ERDUGV DC

+HPSDOSRODD\QHP HU J URIQ EH Q Y L U R Q PIH@BGMVIIUQ. F X OMAXW BRWID S L G
JURZWR GHQWHDQREDNHWIIHFWRYAHHG R QW ZRIOOMAD S D FILRA\

SK\WRUHP H GLODELRKSIX ULILFRWRRYDPLYRDMBGDWHWEVRUELC
KHDWYHWIDAMSROOXVEDYRHP FDEHFXOWL YRBLREG UR G X FWY RQJ
VHHGV RLO RU HQWLUH SODQWV WR JHQHUDWH UHQHZDEOH

% XLOGRQWKLEURDWBSHFW WRAP
HVWDE O LDVKHIE. F D WIKRYV RMHF W
ZDQWWRUHSRVLWHRS®ZLWKDQ
PDWHULDQWLP DWBH[SHULHQWLDO
FRQWHRWWRDE&F XV IRGUWD VD

VW U X F WQOUWD DL WR. RFFDIV WU XFWLRQ
PDWHUWRBURMGRWL EH WKW IFOX
WKW FDGH DS SO LFDMWRZRIQWX H
GRPHVWLFGERGLOHDORKHUH
PDWHISHNGHSWDRQDL@EXOW XUDO
PHDQLQJ DUH FHQWUDO

— QVKY M Q WHKSHU R MRHFFAU DAN. MAK L Q

W KWS D FEHH W Z HH QD G L WV RFQ G
VSHFXODRRLWHULDPWXUHKLOH
DFNQRZOHKHPSQJILVWR URIHY
WKIEHVLBQRFHNVM UDFXWD/OLWLHYV
VX F B VW H[W X XH | DEMK D Y DRG
UHVSRQV L WHOMYWI R WKIH®PQ W R
PDWHULH[SGHULHQBBWKH\WKD Q
SUHGHILOHURBGXFWK\LWSSURDFK
DOLJOQIWIKGHVLIQ GHLSHRUDWLRQ
RI VHPL GHYHORSHGSORUDWRU\
PDWHUZROWHDQLOQERQVWUXFWHG
WKURXJKQWHUDFWRR®HMKD Q
LQGXVWWDRG DU G&RMW HREHQW O\
KHPS.VQRW UHDBDMDG HX WUDD
PDWHUER®WVD FXOWXBRDOJIHG
PHGLXP WKURXJKKLFK QHZ

UHODW L REHWKZ B¥MH B E M HDFR\G
PDWHULDO FDQ HPHUJH



/y QAL O0¢ Va0 “TYa
VADA

7KHFXOW L YDIQMBMRRIKHP S GXURSHHYHORSPG XDQGAQH Y HROMUL P H
+LVWR WVRFOJGVHN J HWWIXWM P SZ D VL QW U R GIXJRHESV LDQ WRU R SHK U R X JK
PLJUDWRWHPHQWWHABEDWHEGGF\WKBRG X0 DWLRYWHSWHPBUH
ZLGHBW1RUW K HUUIR S HDXD W XGFHVX OWH YV — QN K8IH G L W H U UG B[ W
LQFOXBQBLHQMHPGRPHI RDORQULPKHP SYHPDL Q@H® DWLDUHIQ\Q D O
GXH WR WKH GRPLQDQFH RI OLQHQ ZKLFK IXOILOOHG VLPLODU

~QVKHN D G RO K [WW RJQ 6D OR Q RPW K GLLQHG/L DR L G B Q Q DFQAM\H G
DPDUJLQRO® ODV \DLFW OTIXWW O W L SR 1 B 8V YD MEBON O H Y DURAMK H
PHGLHYBOLRGZDUGNQWXSWPIDGXFFL $00ODYHQD)UR M K®D MH G OH
$JH WD Q Q DFIELO/W L EIHW D R/&V U X F W GF bl i G\DUCDAR U W K-MUDGDAM R RFD O L]H C
NQRZOHEUMWWHFKQLZRM\ADQDIJHPBQWURFHVRHYXKRBMWZHHQ
W KIHR X U W HBIQ®&/KJ K W HFHHDQWKX KH R ¥ X O W L YEDMW DRSED U W L FXIOIDQUOL FD Q
L@UHDKEZWUSD WRM KHD B ®W D WHRW WAMR XBEBORHIHP SSURGXFMQLRQ
WKUWJLRRWQ RRQAA\FRQRPD 6B Q WHIXDIO LR VW LW XSULRWYBBEH B X J K
ORFOWDWRWED S GIJXODWLRIGHNG U H V H ULY LWQLIF X OWRWZID® G DHE R U
VSHFLDOL]DWLRQ DQG ORFDO YDOXH FKDLQV 9HQWXUL $PDG.

JRUH DP S®I 1Q 3RSH * LHIRU ; — SIRKIEMWG
WH H SRUMRI XQSUIRAHWHG KHP S [LIRP YRBRIQD WR

SUIHYHOWWH ®W Rl IQFRP H DQG HP S®\ P HQWIRU
@FDO FRP P XQUHV 7KLY SUIRWPARQMV SRTA  Z DV

P DIQWIQHG WURXIKRXWWH [ WHOW FHQXU DQG
UHDIIILP HG E\ RIKHUSRSHV GHP RQWMDWQI WH BQJ

WP IOWMIMWRQDOHARIQMRQ RI KHP S DV D VWDWILE
DIUEXAMDO DQG  LQGXWWMDO UHVRXURH — 9HQUKLL
$P DGXFARL +MRUFDO LHRWGV WKRZ  \WH
VHYHUW R WHWH  UHIXOMRQV $WWH HQG R WH
ILWHOW FHOXU D JWRXS R JDUIRDEt IWRP
YRBIQD ZDV FRQGHP QHG IRU SIRFHWMQI KHP S
RXWIGH WH XWUEDQ SHUP HMU DQG VHAQJ W \R
9HQIFH{U LQ YIRDMRQ Rl ®RFDOMMWMY 6XFK HSWRGHV
ICGMADM KRZ KHP S SLRGXPURQ ZDV HP EHGGHG
Z WIQ HIXOWG WUMRUDOM WP V' Z KHH FROARO

RYHU PXGRYDAWRQ DQG SLIRFHWIQJ Z DV GILHA® QONHG
VR VRADCRUEHUDQG HARQRP E WELDNV

{t*DUJLRRDUJLRODB® KEHROR JQJBWH ZHUWKKHHP SRUNHEKDURM UDQV IRKWPRHUIRB D Z
ILEWOWRPEHGEUMKHIRUNHQ PBOOURXBQGEHUGLVWLQJIKLRRHED QDS EQWKSEIL | | HUHROM V
WKH\ KDG LQ WKH YDULRXV WUHDWPHQWYV Rl WKH KHPS DQG LQ WKH FRQWH[W RI WKH
{u 7KH 9HQHWLDQV ZHUH WKH EHVW EX\HUV Rl %RORJQHVH KHPS ZKLFK WKH\ XVHG W

{< 7KH FDQDSLQL ZHUH KHPS ZRUNHUV ZKR XVHG WR FRPE RU FDUG UDZ KHPS ZLWK L



7KH VSR O L FIRHOW U L EWRIWKRR QVR O L RDWRERRIQRQHRIWKPDL®HP S
SUR G X FH@QRWHIXW R SHP E H G GW @D W H G HHZQ W KALKDHH J L RHOFORA R P\
DQG FXOWXUDO LGHQWLW\

+HPS ZDV/ IUPHS QRWPHHD DV DD
DIUEX@MUID ARS BXWDY D PDMIDD R

VADMILE HFRQRP IE DQG VRADOIP SRYBGHH
Z MQ\WH 3DT05\EMY

$ PDMRYSWRBHXUUGNKW Z H Q WHLHHQWKX HP SF X O W L YLOMA R@\D F KLWG/
PD[LPXPH[WHQVDRRXQWKH V FRYHUDSBUR[LPDWHO\KHFWDUF
QDWLRQEHGRIXHGHUJMLYDS ID® QHD WORWIHFOEQWKHDUO\ V
*LRYDQDUWAVVL 7KLMROODZDAS UL YEHQ KHX PRIV W U X F VDX WNRDL W H
ULV ISQR G X FRROR@Y P L AVHHFK D Q L ] RVKIDRIY H VRASIHQUIDWMW RKILJEHP D Q G
IRBDQXDDERQ®W KHJRZLFRIPSHW LWRIRIQH D SHEW B S V X FIK\F R W WDR/Q
ZHOO DV IURP HPHUJLQJ VIQWKHWLF ILEHUYV

%YH\RGGRQRBUHVVXWHKBHFOZMWH[DFHUEBDWHKGAFH DVDQYRFLBWLF
FDQQDAIMAK\FKRD VX EYM BIVQ WDMOREXOPLQDWKEBS SURRILDX1R
RI'HFHPEHU ZKLAKIITHFWEDIQQWBP & X O W L YOBQ/BLIRRWV U L BORW F
WKGILV P D QWIB LIQUWILURIG X FRKIIR@@QYIUD VW UK QW XWRIQ RHP[ISFH U VB IVV H
DUHVOW SURJUHVGLYBGS HODRRIGOURP IJULF X @MWDRWGD/EGEZSWD VR
IURP WHFKQLFDO NQRZOHGJH V\VWHPY DQG FXOWXUDO PHPR!

~@®GGLWLEEGXVIQGBOLYOD M BEKGHFORBHPEGWEZOWHLQIRUF!
E\VW U X F & XRIIDDDUMLCROBWAI IEHSSU R G X FIMQ @ QU R Q RPXLE S RADMD LONHQ H Q
KHP Y HHED YHL VW R ULHF DHOLONHRA IVQAGN L WX WS RRREMB RUW KD Q R

W KWH H G X U U HXWHIEG- W DD® GL X URSHDUHP SR U V8 H GP D IULFORU D Q F H

*LRYDQDWELVVL 'RPHVWIHHSURGXFWHRIMIPPWIJLQRB RFRQRPLF
FRQVW UWHEW Q& EID IOF XIOWD H Y H VLU QHIUYHIQUA MW BHD\Q ® Q J R LAQH J D O
XQFHUWDLQWLHYV

3DUDGR[LFUDRPAOQDIJURQRBHEVSHFKHPSI$SUHVHQMWH DB DQWDJIHI
FKDUDFWHUWD\EHFARZEHWZHIDQUFRQ®D\ RIW HQ T XL O HWWWR R
IHUWLOLGHWDRQRLUULJDWRBRQWHILRRIWKBRIDO MG VQDWXUDC
UHVLVWDQW WR PRVW SHVWV DQG GLVHDVHYV

YJURP WH  VRZ DB/ KPS UH HOMHS, VBIDD DQG ( XURIHID GVARXUH Z IMQ WH

ARGU IUPHZRN R \VWRTHOV HYURP HOED SURPDH DG AUXOU
HRRP\ DMLY



BHYHUD®VHDUSFKRIJUDMWQG LQVWLWXWLR
LQLWL DM SORWIHWGE RWHQIWWEHOLFDWQRQV
WH[WEBBVW U XIDSEHRPERP SR VADWHHULD OV
IHQWXS®RDGXFFL 7KLVQWHOHW®RYKH
DS S URRIDW D O DIQR RI'HFHPEHU
ZKLFRURPRWKHG® SFXOWLYRPQGR@GBHFLILF
FRQGLWLRQV OLNH D PD[LPXP 7+& FRQ\

+RZHYMWKSE B UVWLEG UD OAD BWRRB® JLOH
IDWHUHJIJXODWRBMYHORSPHIDWS/ OHJD O
LQWHU S UHWDLWY MRIRGXFAMIGL E /L RQF X O D U
FRQFHUDKBURFHVNQGRPPHUFLDORIDWLF
KHPSSHULBHWE®GXF@DQXDU\ WKHI]LR
SHIJLRQDEGPLQLVWUBWRKYMXSKHO®
JRYHUQP HEQW RQOKHV R I& % 'H[W U DRV Y H G
IURPKHPSIORZHOWD YBIQ GV WD ORUVQR Q
SKDUPDFHXBXEFHRV MW VW UL MK HQ@ H
H[FOXVLYM®X SUHVFULSWLRQPEGVYHRBGO
DSSOLFDWLRQV

)XUWKHUPRWFHHQWHQGPHQWRYDZ 1R
H[SOLFLW®RKLEWWHEXOWLYDWLF
SURFHVVWQDGMQGFRQVXPSWRIRIQHP S
LQIORUHYVBRQ@HHOD SMHEEW WY HQQVH P L
SURFHVIRW® YKL @K O R ZV QR R O HROW
VHHG SURGXFWLRQ '/ 1R DUW

7KLWUDMHAWRKOLIKVEWUVLVWHQWLRQ
EHW ZHHOD G IDPISRURKLE ISWXRQH U CB\QH G
GHVLD@G/XVWDLQNEKR®OWDW HU DGV
QHYHMWHXWHQWLEXMM NKDSHGFXOWXUDO
PHDQLQJWRFLIDFFHSWDOQRIE UHJXODWRU!
IUDPHZRUNV 0DQJLQL

~“QVKVHQWHP I Q-WIFD\Q QRMKQGHUVWRRC
VROHOYD WHFKQUARDRX BEXMDVD FXOWXUDOC
FKDUJHRDWHUEZK®VHLGHQWKBN EHHQ
FRQWLQXRKVDI\LEAKGVWRVRFIDIGG® HJDO
IRUFHV

7KLSHUVSHBWR Y HEHM W RKDWE D WRLIR IQH
SUHVHRWRMHAW FOSSURDFKHRKNS EDVHG
PDWH GBGUHYHORSPWEWOWRQBIOSHULHQWLLE
SUDF W DRMHYHKIDG X U HFQR\P M UFRIN@ G X VWU LD
HQGHDYRU
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7KHKLVWRIKHP D QG DQ QDIERAM DIMOQVHSDUDEBRDGISURFHWRMHV
FRORQ[BO QVLRQD QV D VHPPKDMLITHYGNV K AL U F X O RWI.QRIQGNHVH P H G
HFRQRPLFDOO\ VRFLDOO\ RU FXOWXUDOO\ YDOXDEOH

'XULQUKHDUPRGHWMHULRGURSHDQ
H[SDQVIZDWDFFRPSD QLR ® Q OF \
SHRSDBGRRGEXWOVWR SODQWWW
UHVKDSREDRRQRPRLEED\\RIOLLK
QHZARORQMWHGULWRUDKEGHO
+HPSDORQUJWIURSBAXFROVVXIJDUFDQH
FRITHHLAHQ @KHDMRUPHSD URIW K L V
ERWDQLFDO GLDVSRUD WR WKH $PHULFDYV

+LVWRUUFFRUGYGLFDWHDWHPS
FXOW L ZIDW.IQRMDU R G QRS DIWIOU R X J K
LQLWLDBURPRWEGWKHRUWXJIXHVH
&URZSQULPDDVDWVWUDWRHUMLQIRUFH
JHRSROISREZFNQGFRQRMPIXAWRQRP\
JURPWKRLG HLJKWFHQWRQZDUGV
HVSHFLOOWWBEEHFORQROBLQLQJ
UHYHQXHWFXOWLYZIDVHRBDRXUDJIHG
DWPHD@ R XS SOD 2 DW H UIIRDDIY D O
DQGERORQQDOD VW UKXEROOUBIRGH V
VDLOWH[WD@HYRUGDJHKOLQJ
OLUDQGD %UDQG¥R 6DDG

JURP RQVHYHV IO W D \O W & RABRV V
HV W D EKGHLPVEKX O W L ZIHIWEHR QUR K 1BQ
UHJLRQ VX6 DQWDWD BILEDDQGR
6X0O3HUQDPE Y6 3D X ORQ G5 L RG H
-DQHLBRVD 7KHVIHQ L W L WM U¥H V
FRQFH LDAHBSHUSDRM HFW\H DWW K® J
VW U D WLHIS. R U W DOQFW U L BXRKHHI® S
ZLWKLQ FRORQLDO HFRQRPLF SODQQLQJ

) U R RV K®ID @ HQ H W HFHHQW/RQLAD UVB K H

FXOWLYPIWHRQ QQUDRPAHQWKURXJKXUH /HWWHBRULQEHIHQRWP -R¥RVR
VLIQLILF/QWQVIRUP DWQRQND V SQFHYRR )HUQD QBRR 3R UW XR D G H ULKH
GULYEQSULYD\@MHVW RDQWAMIID (7 51 1Y 1 RIS B QY 8RO LR O

DSWDRQEFA\RGH-DQHLUR OX&H®S/LVERQ
HIFOXVLYHO\ E\ VWDWH LQLWLDWLYHV B6RXUFH %UD]LOLDQ 6WDWH



~QVKBWULREPEHJIDWEHH[SORPRG N\VWHPDWYBDO®GXVWDEDO
PDWH (SLOOUWON L FX@BUQD FRXL IS H D Q H IDUR6 ¥ R3 D X O-RV VE HUWUXYV H G
LQVH[VBIURE X FERB@W Q X | D F WX Q 6B U L F IRWSLLRFQN D JALIW H U VIX® X
DVFRIIHHD FNIVQ R W K B U UXLEW XIRIRAS 6 R V D 7KHVIHQ L W L IRW\W HIQV
UHF HLLYGNGW L W X W3 RRUDME O X G DQEH D QWD Q F H Q W IQYWBAKGIL VWU LE X W L
RIVHHEVWRYHUQPHWQWQPEEPRPHQRIMFRQRPUERUIRY HUSURGIXFEWLR
W KR | | WHH FWKRHPP S D\G LV F X \DWBI@® O W H U @ D RFEDYSHD MR Y H UVWLD\]L OV
DJULFXOWXUDO EDVH DQG UHGXFLQJ GHSHQGHQFH RQ PRQRF;

LWKWEKERQWM[KFHRPSDQQLJKVBHULSQUR S R WHREK D $ 1B W HIQ WKDAG

W HF K QL¥FBIOU Y 2\ MBG E ALV W L WXQUE R PR'H U FDLMDVR F L D W@ @ RWW U D W
WKFHRQILGISQPHLHIEHP SODQGHIOHMPWXQGHUVW RKGIPEWYHUVDWLO
UDZP DW H UFIDDS® BROM X SSR UWQ W H J UDWRHGX F®URPHVSBVWLFXQDUO
WH[WLOHV DQG SDSHUPDNLQJ 5RVD

7KLSYHUVSHPWLYAWWKKBESSURDBR SWIPEK UHVHDBRKFKRQVLGHUYV
KHPSQRWVD PDUJLQBI® RX BERAMIVD PDWHWLB W KRV S UR S HUMQLG V
SRWHQWLDO DSSOLFDWLRQV H[WHQG EH\RQG FRQYHQWLRQDO

3HUQLDUIXHG WDAKHP S [IEHY EHQJ ERW VWRQJ DQG | ®f LEG! FRX@ Z IWWBIQG
WH EGDKIQ) DQG G HQI SWRAHWHV FRPPRQ 1Q W WBI SIRGXPURQ
) XUMHP RUH DFFRWGIQJ WR KIP W UHMGXHV FRX@ EH XVHG LQ SDSHP DNQU D
YHI/DADN WDWDSSHDBIG VR KIP MQPH RQH RI KLV JRDY Z DV VR XWI} H WLV DZ
P DWUDOIRU WDWSXBRWH  3HUQL WIIMMG WDWZ KIGBI D& RAMVDDAYLI} HG QDWRQV
SRWHWHG SDSHU P L@ XMQJ FHBX®WH |LEEHY 94.D] lOZ DV QRWHP HUIQU 1Q WKLY
UHIDUG HYHQ Z IW DQ DEXQGDQRH Rl QDWWDOLDZ P DMUDY -+ 1V GMDWA DPARQ
VWP P HG ILRP WH | DRMMDW XQWOWHQ  %4.D] LIOSLIRGXFHG LXGIP HQWU  SDSHW/

LOMQGHG RQD IRUFRP P RQ SDANDILQU : KIW SDSHWY LOWQGHG IRUZ UMQJ DQG
P RUH YDOXXDE®! Z HH D@P SRUMG 5R\D

JLIXUH +HPS SODQWDWLRQV E\ - .QLJKW 3HULQL 6RXUFH GD 5RV



%H\RQAW G XVWREBDQ Q DLEW% Y DEKIDX L VW R URIFFDXE®W G W ESOMWDXQ 6 O
VRFLOLPHQV LRQHW/ L PHWXV HELYH U VR QUEIEF DPHPEH G GIH@ UD]LOLD
VRFLHWYD\VWKDMUD QVFHEAHBFRQRPIXRFWLRRWWR WEDO\VH\
GLVWLQIRXRKHUOD SEPOID V RRRD/Q Q DXEVLK 0% UDIL@G XVWHIGREL QD (
UHOLJDR)GHFUHDWIIRIQ® O 'LDV 6DQWRY  7KHVHD W H J RZUHLLHMR W
ULJLG EXW RIWHQ LQWHUVHFWHG

5HO L J DR\ WX\DHMF D Q QLIVEO VRRUPV LI QL | WWRRXB KGR F X P H QS\DHIGN
RILWWUD]LELDWRUDFWLEMRONDQODEDE HLGHIQWE@IUR %UD]LO
UHOLJULREBAZD QGRPE @KU W KHO DD Q R ZIV JE DV ZH @OL G D Q WR
'DLPH{>QGP R UH HFHQMOAW D | D F RP® {Q L WBLIHD/G ODF5DH
ODUTXHV 7KH\XY HWH I OEFERD GHEB F H \RVFXO WX VDIOP L ODMMLRAQV D Q|

DOQ®HLQWHUS UHMILWEBQQ DIELQYFW L PYBIBH G LD WLOHP HEHW ZHHQ
VSLULWXDOLW\ LGHQWLW\ DQG FROOHFWLYH H[SHULHQFH

7 D N HADR J H WK K UK HV W RW UBIVOH FGAHRPURLQAWWNWAUKDBAMP $. @6 U D FIDAD QIR
XQGHUVWY®& JL@DIQRPDORGNPHG W KWK HID YEHHBRQWLQXR X\
SUHV BOWRAAM | H BBHQW R\GAU UL /RBR AVD A X ®W VX P GQY HPNBQLQJV
DQGXQFWLRMSHQGRQKLVWREBROMHRWQIEHIRFRQWHPSRUHEDW H V
VXUURXQEHIPD QWWLIFDQ QDEENXSDHRP S O$R V L WZILRVQCAL QD ]LOL D
HFRQRPAHY HOR S PPHDQWIH UFLDADW PWBIKG L FHIWD FW DKV H O L J IORXRK L V
PXOWLIDEBDWMNIURXQRSY LEMVHQRROW HRWV K HR O O R ZAIQF X VRIOR Q
LOOHJDOQ®W\L JZKL®OMREDPLRHP DVD PDWH WEHHSIOQW HUWZIL\Q K G
%UD]JLO V VRFLDO FXOWXUDO DQG KLVWRULFDO IDEULF

{=&DQGREWV@kI UR % U DYIHMLODQKAR/U V K& SM. FOHL WOLLHWHREKIRR U FRIND DW X-UBAHD\EUR X MKRYUD]L O
E\ HQVODYHG SHRSOHV HVSHFLDOO\ <RUXED )RQ DQG %DQWX -W WRRN URRW LQ 9

{>6DQWIRPH\DV\QFUBWBRLYHUVBOLYVRRQGHGFURMUDHE\GDLP X QAR GBHUUWKH V ZKLFK
FRPELQHOHPHRMIR S X GIDW KR O LB UG BLISUW L WIQ\GPL JH YR BV D Q LIV@G | UL FDQL P L X/ L WK H
VDFUDPHQWDO EHYHUDJH $\DKXDVFD FDOOHG 'DLPH LQ ULWXDOV RI VHOI NQRZOHC

{?5DVWDUDFXIOWSKDORVRBRIBFELW LRARXYIH® HRIW PD L RUQ WLRBWHUJH@ KH V FHQW HRWGAE® H
GLYLRLWLGHODWVABHURILYWKSIIRDVHHRQW EODPNVVLDRRQ$IULBOVD FUBIGQIGIJKWDRQDLQV YV
RSSUHVVLRQ
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'"HV S L MWMD/R Q JV W DSUH\CHIDIF\W KA QD ] LR P QHFWWQ Q DELIVG X EE BD P H
VXEMWBWRFH\RIMNUJL QD O DIQ@ANPER GILKW WRWWBRQW LMW® DFLD O
VRFLUD@®IHRSROIGNQ BB OFWR PV KEDWHQ HW HHHDMKXWRR QVXPSWLRQ
EHJDWEHDVVRFLDWHG VO DM HGFDRS X O DV DRQVH QBRXBQGDWHU
ZLWAKRFLPOOVYLQDPRPHPGLQ LOINVD GWGIKFHR Q V W U RARRLUIREDD F DG
FXOWXWDOPDKYURFH\DW RONKWMEUD QRIEODPMRIRUHLRQ XEDOWHUQ
JURX®W G KBEURJUHMV\QLWWLW XW LARQD BLPVEBRGH S RIVRIQEOD QW
LIJIQRULQJ GLIEMWZHFHH KHBY \FR&REDFWLYH PDULMXDQD

'LWKWXER QW A G L FDHDID@B R U IBQ V F R XIWUYFHWH D WIH) UOWFI® QDELV
DVD VRF LW KU HDDAV R F L 2 MMAGR U DBOHJH Q H U DWW BRQ.H Q Q | O X H DKELHV
WUDQVIRUGD@RMFF X @ VARD W L RIQU U REBIRSD & MW D WRHY RIFYFIRQ W U R O

G X ULW@K$R VW D E FDGLEADLLRIM S X E O3 HFDIQZ &V @/ KWIH J X O RMELHRKD Y LR U V
DQG VXEVWDQFHYV EHFDPH FHQWUDO WR VWDWH EXLOGLQJ SURH

$NHPHFKDQL@WPKESVRFHEDW KWMU D QR IBHOD PH) 8 W L JRQWR UJLQDOL]HG
JURXDWGHUFHLRX®/ VL GHIUQYQDEVWDVIUHTXHQWOQOMMBR UP HUO\
HQVODY¥IHGEFBRSXODWLRIQIWQAERPPXQLWPHYIJUDQWE RZHU FODVYV
XUEDIQYRXSUVHLQIRUWHLFLD DIQEF®DVV ESVHIGX GLIFE VFD@EROLFH
UHSRRMWABRUW UPDI® DIED'Q. P S R U WIHFBY D P LIQM\DW K UHQMRPSDWLEOH
Z L WKKIHG HROAL Y LDQ R UBORJUWKBW D] LOQDRAMHYWWBR QV W %X FW
DWW U L EDHWS@D V WERRALHNRDQV W RPQY/® X E D O \W X O W XA/ W L WXRWULHR Q V
DEOWR [WH U QWRRIDEJ L H WK HRIE V F X W.KHO D QR QW VQ GL@QWHJUDWLR G
LQWR %UD]LOLDQ HFRQRPLF DQG FXOWXUDO OLIH 'LDV 6DQWR

JUXH  1HZVHSRUMIRP WH QHZVSDSHU 2 * /2% 1Q ZIW WH KHDGIQH 7KH $IUFDQ 3RMRQ  $
GIDERTFDOSOQMY EHQJ VR@G 1Q 5IR GH -DQHLR  IMWBDGV VR GUHDP V P DGQHW DQG GHDW.  6RXURH ( @DV HWDO



2YHUNLPHVKHWHR UDOLPHG UDWAHUHEB UR JUH V V@ M BIOW L P KRR X J K
LQVWLWXAKRQ@DONG LF DDA WHUDEBHIDIPVRHPSKDVLEDWKRORJL]
LQWHUS U HRIFDWQ IQFOFEV N H JIDO® P H Z RUWW D WWBHGER SWR K LER WY XU H V
LQIOXHBWHXGN HUQ PR QRGIDPR Y B H G LLDH S U H V H Q WROOWL B QBERVKHHG
FRQ VW U RAMAIDRIQE DMWHDGR QL AKX LR QYH U JRIYFHH Q W HUIDFO® RUD O
GLVFRXUNWXYQ\WWHKEHQ VW LW X W L RQEQ D]\DWICHR F D Q Q D EQ\K L FLKW V
KLVWR B DRMHID QIEX O WXV SE WV VW H P D Vi IUFDD/OHED Y RUW LPSOLILH
UHSUHVHQWQ ®WR QRDHP SRQFSHURP R W NIV WU D W & XV WHY RRU F H
EHFDPN\PEROLFIPQWD QJDHGSV\FKRDFWDYHMXDFFHOHUDWYQ.
GLVDSSHDUDQFH IURP OHJLWLPDWH SURGXFWLRQ V\VWHPV

TKLEXOPLQDMWMHKWRVEDAEKLWREFQOWLYRMLRQVINIEGPISORLWDIWLR
FDQQDEREISWLYDQ/GLYLEXDABYIKUHH ARZ R WKBRQVROLGDYV
WKH DVVRFLDWLRQ RI WKH SODQW ZLWK FULPLQDOLW\ UDWK

D GLVWLQFWLRQ WKDW ZLOO EH | XKMAKH U H RSSHRIWHL.G] R C

7KL¥RQFHSWRQOO D ®H BQW ME UR X J KRRKKAIVZ H QW E H QYW O\ D V
UHLQIREWHKE VH T YOHHJ WV OIDQFICRXTBH IR R Q VR O L & D BQIRGPI 06 R

ZKLAKYW D E OO MRWSW RK L ED Q/GREQ W URRBPWEDREIBODVVLILY
&DQ QDED W L X)X H/W VW30 D QMWKBW\R UL J L QDW ARPYE FRBW\FKRWURS
VXEVWDQ@EMNK REOWLQOGLVWLEHWRIOEXVWHRBDQSV\FKRDFWL
YD UL HW\HHNX DWW REIO DQWY Z K R ZHL WLKO OG. B KWK UV I X ODWBPMZRUN
FRQW UL BYRW®OG JDQG\PER®DRJLQD O R]IBWER BH IFHW L WHKG\S UH V V L C
LWVSRWHQWLDO LQ %UD]LO

/IDWHAUD]LOLDID Z /DZL1R EURDGORKLE LWK®WHKNDIW LR
SODQWRPKLFRRQWURXEM® DBRBHEHH[W U D FAKHGDHD O R ZAIQRIL W H G
H[FHSWLRW@M G L DDV F L H Q S UISR X I\G W DIMKHWV K R U L JDWI URIY X O W
KHPS GHVSLUWHIHIOLJIJWEHMWHUDK\GURFDD«XDERQWE Q\WWHFDPH
V\PEROLBRQ®®\J DHO@ON D Q2 DWEKWW L IJPOUUR X B&/ABDKRD FAB QYD E LV
7KLWQWDQJOBPHOH UDMN AGX VUR@® HJ LW IDPIDWWFX TDQOE Q G X VW U L
VAVWHPYHRVLWRD W H (SIBDSH U WIHPD L QUG HONFRIJQLQMEHUQDWLR
5RVD

7KHITHFRYWKKYVWRVWED®WHBIB\R B RKLELWVRODS LFRIOOHF WL
SHUFHSWQBQVWLWKQYHBOREQDEDN M EHGH I L QHHEEY LWADWHULD
TX D O LRWBKYD F WDLSDAL F DDALEBRRWE \ W KWR F LLOBGH Q WS WR.M M R O W&V V
XVHUIKLWK LOWWEHI RXQGZRHK G X UALRUBO QDR G HJX O WHRUVWD Q|
SURG X AL®LIV F R Q BHHW WHHIOD | D& MUD PHZ PWONE RQWHP SRBDHOQ W L | |
HFRQRPLF DQG HQYLURQPHQWDO UHDOLWLHYV



~QHFHEWUWKER QW U D GUIFEH. R F U H D HLYQ BHRMOFR X QW U L H V
VXFRVWKBQLWEHEDWHWQ DB®R ®HPEHWIWKHXUR S HD@L RKD Y H
HVWDEOEQKHD® JBQVWLQ FEW MRZGNHDG X VKHPBDQ G V\FKRDFWLYH
FDQQD®IUNDUHPD LKW YGESHQ GRHIRWSRUWHBS HULYD®M XBYHV
E\(PEUDSDQ@H G HWBH® H DLUGKW L WEKWAWL. IRRIBAVIMIK B H J X O DRV R €
KHPSURGXFRAKRIER X Q8 QH U DWEV W DQNWLH@XUHH DWKR X V DRQ G V
MR EM G XS REMWSHQG BQREI ORAKERERW H QIMALYHIQ W KG RPINWVW L F

F X O W L YLDHAPLDR.@D/U JHHIDY W U IUFHW H G IOR ZKIL VW RUWED PR Q W L @)RH V

V K D SIHH J X O DSMVFOIRWH FHIQQW KHD FRIPRX QW HBRQRPIF FLHQWLILF

HYLGHQFH *DPD
TKXV WH %0 1an0 ADH LGVADMY KRZ - 1BIDDV LV

Q@RAP HHDY WHURXO\R O DRI RSHWAY
BW WH RMWRPH R KWRUIDD AFRMWXPMG

@UDAH PRID MGPHOAMIG IQOAMMARDD HG
POMXGHMWEEQY 7KH SHVMMIFH R WHAH
| LIP HZ RNV FRMDAY \R KIQB-U WH UHQMIUDARD
R KPS IQR \XWRJEB PDMIID SROFMRD
GAAWM IW SRMADODY D UHQHZ CEBI YHYDAB! DG

FXOMUDD \LIQLIFDQAHRXUH

SHFHQWFLVLRQW BhUD]LBXBE ULRVW RRK U7 -HV W D E O WKKDH/G
LQGXVWHRSSM I L CHE&ED Q Q DERLW Y DD L HVRIGHVD IOHWQK D Q 7 +&
FDQQRWWRQVLGHGH®BIQGMK®IDD | VLQBEW\V.QFDSMREOH
FDXVIGHS HQ G HEHH OIDOB®RVVED-5 (VR | 35 2QWKEDVLV
WKIB7-DXWKRUW]KIEXOWLYDYERQW UL DIDQEPRWRUFLDORIDWLRQ
LQGXVWHPB® OHIJBQWLWLFHYXVLURHMOHGLFLDP@KDUPDFHXWLFDC
SXUSRVZKYONVLJIQLEQYLVIDIE KHGHVYROHUQPWRMHYVSRQVLELOLW
IRWVVXMWXBHFHVWHIXODWBPMZRBNY$& -GEDUDQPEHWDSD
UHFHLYX\K R U LWDRXICRADIEYDIVOHLEE R Q W U RQOW GW M Y Y. ROP@P HQ W V
IRUHQHRR.GV H U Y DMLV HEDUF® KGIH Y H O R SPIHQGVX V WHIR.H O
UHLQIR DRIUPG X¥KQIWR B E VR OXWRK L E MARLZFIOQ GHXIO D WG H Q F H
EDVHRR G HDLW K DOW HWIK@EU RKLE IRQIGRP HVWRUGERQ LQVWLWXWLR
FXOWLYDWLRQ *DYHW

7KV USSRV D VBZ  EXWKXIH VKLWIQ GIDD \AHWIE DQG P RIDSHYSHFRYHY
DO 1) GICOUHRAAHY VR B0 VR XQG-WEQGE P MU GLI HHIAHY B HHD LGBAAIDD
KHP'S DG SXAKROANYH POMDD  DOG RSHQQ) \EFH \R \AHQWIF DOV DQG
P DMIDOQCRDARD

{@KHUD]LOHLD QPMK X O DWVIRID\FM QR UW X J$H VE AIDDF L RQI® DJ L O S@RLDN $ QYR VDU H J X O BMRBW \
RIWKHUD]LORYIQU Q PHUHWD WG UHVSRQ VRBW®®HHJX O CD/MIEIRSB URRIBRDUPDFHBWKBUDA LWD U\
VWDQGDUGY DQG UHJXODWLRQ RI WKH IRRG LQGXVWU\

{AKHUD]LSIWDLF X BWMXHBDR®RK SR UDWIRWN XIXASHH¥DDV L& HY D X$EMDR S H F X(BUELLD 3.0
VWDWH RAHYHERRAKS R UDW L 8 QDLWRKEN U D | LOL@LQ/RAIRIU L F X G\ HH O/RIS VK Q R ONRQJIR O HDGIG
WHFKQLFDO VFLHQWLILF LQIRUPDWLRQ DLPHG DW %UD]LOLDQ DJULFXOWXUH
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(YH@ KRXPKIIH M LVW R UWMDRODIVOKR F LDIWWHKES$U DER U Q@D R/DW LY H
WRUDELBOH R DROWL J L QOPENYYVLGUMHVHQW KIDMPURRVKUMILRQ
DWQORXQFHUWBLQWKLVWRWDVWUDQVSRUWRMWMHFH KHUHUNHYHUDO
K\SRW K DERWWKHRWLYDWDWQRBE@XVRIW KWW D QD DIHEWHFRV &R YW K /WK H
ILUUWVWFRUBWIRIFRITHH'WDEHYHUBFRXUU&GGIPHQURXQG VSHFLDOO\

DPRQIUDFWLWRIBRFHUWPZIKRFRQVXPHW R HPDD@Q HEEXWLRPIMWHQGHG
SHULRGV RI SUD\HU DQG PHGLWDWLRQ &UDZIRUG 9HJD

&RITHEHORQURNKHHQX&RIIHDLWKW®BXELDFHDAH. OAKLFKQFOXGHYV
DSSUR[LPDWBI®OHDQ®YHU VSHFL$#OWKRXRKWKDQ VSHFRHYV
&RIIKKIDYBHHQGHQW RQB&ZR &RIIHDDUDEDED&RIIHFIDQHSKRBD H
FRPPRQMOORZOQV&RIIHIREXVWDHFXOWL YFRWFAIBU F LORDIORDU D E LKFD
HQGHPWRWKKLIKODRIGWKLR SIRXWKHD¥WGHD@Q G R UW KHILQD
UHLQIRUFLQJ (DVW $IULFD DV WKH SODQW V FHQWHU RI RULJLH

TKHHRUBRITHHRPHN RRVKHNWRPDQ
7TXUNINKO KYKLFEADVERUURA4HBP

WKHUDEAFKZDRULJLOQQROGRUDELF
WHUP XVHG WR GHVFULEH ZLQH

6RPH UHOLJLROOMWKRULWQHWLDOO
GHQRX QFRIGHDRD QDU FRAVLVRVDNH Q O\
DVVRFLDWKIE@DIP Z LWWKHITHFRIV
DOFRKROHQKRXBRIITHADVWLPXODQW
QRWGHSUHVVIEAWHQWXTFGI SWDQFH
LOOXVWRZWBYJXBHUFHSWQRQ
PDWH SUDF WDRHFRHQWDQUQHG
SURF H VR/IHFX O W QWD 8 W L D2 LRRWG
(QJOLVK 'LFWLRQDU\ &UDZIRUG

)RU DOPRWWZRFH QW X UL IFWH IUW V
LQWURGXFWQR@®$UDELDFRIIHH
FRQVXPSWHRDL @D® JHROQ | L QWRG
~VODWRFLHMAHWW HIM2LBSUHDGLQJ
IURP<HPHQVR&DLURPPDVFXDQG
HYHQWXDOO\ —~-VWDQEXO

t;6XILVPURBUDES&R8 ;p LADP\WVWERGRIUHOLJEBRVWREKBLGLW KIMPD OFK D U D F W B U RJHX®/Q
-VODPLF SXULILFDWLRQ VSLULWXDOLW\ ULWXDOLVP DQG DVFHWLFLVP



'XULQUKHYSDQVMRERIITHHKRRNHIWDE SDEHHGLFMRAG W ULQNLQJ
FRITHEXVD OWRRFRQYHUVRWLROP D W[LFK® QDK G5 R O L WELHFBIDWBIU O \

(XUR S HOEY H U WHIEFR J Q W]KIGBN U R/@ JF LUDRABHL JJU D Q BAD/F RIQY HQHVFULEHG
7XUNLVK FRIIHHKRXVHV DV FRPPXQDO VSDFHVY DQDORJRXV WR

JURPWKBWWRP@PGLURRIIHHQ W H UXIBGR SMK UR XMW D G RX WHR/HI LUV W
(XURSHIRQIHHKRRSH@HQ@H Q LE® DQG\WKBDWHYHQWIHHQWK U\
WKH\DGUROLIHAURI® ODQRBPEHURYHU  E\ '"HVSLWKUDSLG
FXOWGEUIDXOVORWDR $HH O DIO® RVQW LRIGSQ\D E IFIRQI HRIGHF D GHMVG LF D W L G
WKDW HDUO\ FRQVXPSWLRQ YROXPHV ZHUH UHODWLYHO\ OLPL

7 KH VHD UIOL V W RWH HINOIRO | HHR WH U HDWD QD J U L F X GR/IXRJIFED®L BVX \V VD
PDWHULRDDHDQMPEHGGHQUHOLJLFRNXDOFWOERIXLWWDLRE VIR UPDRAHLRD®
LQIUDVWUXFWXUH DQG JOREDO WUDGH QHWZRUNYV

$VW KFHX O W L YRORRUIRHBHS D @ GE H\R QGW\H J L RRQR/U L JIL\PU D G X B B BD H
JORFIRPPRGUWDSHGFRORGBLDPMQVRRGJULF X VWOWIED UGHL)\NWHR Q
W ZHQ WHEH@MW OFR\ | HHJ R GXIFR@ EHHBORQVR O L GOVOH.E L\ M BE HU
FRXQW @ L We§U DHRH U J IDQAV KER U O G DW JFIR WHSHU R BB 9% \ %UD]LO
DFFRXQWRWIGSSUR[LPDWRO®OLRQLORIJEDBW XUSDVRWXIRDMRU
SURGXFHUV VXFK DV 9LHWQDP DQG &RORPELD 9HJD

% UDPLODERI FD R R IWKSIUL Q FLSRDHRIER | | D D E MFKDUSHFUHQHUDO O
DVVRFLDMWWGJIJKADUNWWORB GHUFH ITXKD® £ WLAWK | %R V L W LIRRY HHEGH
QRR/Q M\\D F X O W XWIDIQQ \ LEFF-DYQHW EXHY VD IR X Q G D W I9RWD ] DO WL F X O W X L
HFRQRPHLQIRUWMIOMNVWURQWHBUB®HQWRBEDOWHPSYURGXFWLRC
WUDGH DQG FRQVXPSWLRQ



Gy OEAAOO ¢ ~YDi

7TKH FRQVXPSWLRQ RI HVSUHVVR FRIIHH D\
FKDUDFWHUL]JLQJ WUDLWV RI "WDOLDQ LGHQWL
WKDW PRVW PDUN D VKDUHG QDDALRIQIDRO EHC

&RIIHRFFXSDANQ WIUDEGHFOV\PER G RN L W IL RVFMD G XD@UHSUHVHQW L
PRUWKIDEDLONYHUBIAR QIRIWKPMRVIL GHV S DHDEE. W X D®WU DHFGLE H V
HYHU\®RVKQFWLFRQDODUNRLDWLRGBQWKWALPSDFRIGULQNLQJ
HVSUHNWRKED UNDFROOHB WAWBOQWL Q| RURHIER® ®WQ & KD UFGOW X UD
YDOXWR/KSRLQWDWDEHHGHVFUDBEBILQ LEGHW W KD \ W K Q WWHK H
FRQFHSW RI —WDOLDQLW\ DQG FUHDWLYLW\ *ULPDOGL

~QVKYMQ\FIR I 1 H I3 W RGH U DDMEHRMDR DWHU LD O

DQGP P D W HAX MWK K D IOWDRB B RHP E H G GLHG

JHVWXVUSIDVFMMFKQR MRUERVILMAWHUDFWLRQV

7KHLVWRGH ¥ B O R SPHWY VG VB Q HWWVGRR V H O\

WLHGRVKMWHFKQRORQDRYDWQBE@®GXVWULDO

GHVLIJGOWKRXIKLQYHQWDR WWHPD\LQH G

OLPLWBGLVWULELXMDRIQRXQG ZRUMKH

PRGHUQL]IRWERQHFHR QVXPSWIKRG K IWHU
KDVH[SDQGWNGJQLILFEQWKHVLGHULR

3DYRQL V FRPPHUFLDO SURGXFWLRQ Rl HVSUHVVR PDFKLQHYV

— QV KHID U@ X H Q WALHHQWK% U G X LLCHRE R J Q W]IKIHE
WKHVSUHFBRKLQMD EDU FHQWHFHK® RORJ\

FDSDERIBIURG X FARJJHHX L F D@Q\R QGGHPD QG
+HDOWRP SKDVLMKE H VW KG MPLHQ VR RIQK H
PDFKLQ®W UR GXHFILGDGUH IDAM UQDPHQWD O
G HW DLIOMW D Q V | RINPGIVBR \PERROHOHJD QF H
DQWLFLSDKMN\GURFRIQQRPWHW ZHFR)I | H H
GHVLJQ DQG -WDOLDQ YLVXDO FXOWXUH

%H\RQMBHFKQRD@®EFARQVIWLRER I HH-W DKDW O VERHH @K D S WGK U R X J K
FRPPXQLFDWILM®R QVXPXOW$YB QDWLREBRQVEHFDPH.GHDGEYHUWLVH
SDUWLF&RD LWL \RHW H O H Y LD/Y.RJED D\BSL R Q H HWR Q&W K LLMH @G W K

W KFK D U D F&ADHUPP\H Q B QVED E D O Q HUXR GW KWL GIHWKH V ZKRSURPRWHG
FRIIHH WKURXJK KXPRURXV GLDORJXHV WKDW HPSKDVL]HG —-WEL

JURPD @QWKURSRIRIVED BW LIYSHW D FWLLFWHEOIUYMOH @K URXKKFK
EURDGHRFLD@GEXOWXUVQDP LFWEHREVHUYYGHUQD®GD X®HOXHG
FRPPRGLWXHRMVFRIITHEFHORWRVKHDWHJIRIUSOD ®RWVLYLOL]BWEBEROH
RUJDQL]LQJ ERWK WKH PDWHULDO DQG SVI\FKRORJLFDO OLIH R



7KLYURIRXQRFLR FXOMWOXHWYBEPH YDMWHG WKE&RQV R UWRLUWK H
SURWHFWIZBRGLWLRQO®BSQHWRQLWWKEBHRFHM¥EDQGLARB\
81(6&2—-QWDQXBLDEDWM XBLQ WDWH WRD OR ZR\PK HW D QIILDWAQV URQRP|
UHFRJQ LWXABQW KOMH G L W H U UDLOBWD & KBIURM1IHD SROS MW P PDNH U\
7R G DA W D GHLMVSQ) H MDVFRHQ/H ZF K D O O HEQUIRIX/JEK\WI O R P @D Q VI R U PLODW L F
FRITHFRQV XP S VB IDRIQV L F WXBIWSH WKWMR FDOBHG® YHRI&RITHHt{
THYHUWKWRMY B G L WY R Q BUOOMRXD@W L O RHD | | L WX O WXSHDROL I LF L
DQG/RFLIXQ F W IDRIQWF R Q W U L\E RAWHIM Q J WAKRIFQLIDQ® | | H F W IDYOHK H V
*ULPDOGL

% HVLGWWOWXDORRI|HH WRISUHVIVQWE L | IHFIRGMRR HF VL RW D O\

$WKRZIQQLIXUHEH O OW E-HV D G RDIGPID U NIHSW R M H\W \RUWESZU R B 6 '
ELOQIRQ WRHG' EDOIERQ 7KLKLJIJKOLKRIRIIHRHFFXSDHV

FHQWUDO SRVLWLRQ QRW RQO\ LQ HYH WGP BRI @D PIGW EX

t{7TKLUBYHRRITHNMDPRGHPR Y HP HWQ WH DRARIQRDHD CD UW L VAOUREBEH RWXVRQ@ILJIK TXEEGDWYV
PHWLFX®UWRKSD U DOMLIKEGD WWU/D FHDELROLMVWSB UWDRWKVWDLDEPWDRERALYRHY KO T XH
IODYRUV VLPLODU WR ILQH ZLQH PRYLQJ EH\RQG PDVV SURGXFHG FRIIHH



BN\ N\

(EHIOIEA@U oealeh
ATYA ¢ "¢ A

&RITHKFD B OD\BGR X QG D WUWURQBMKHF R Q R PULRF LDDQOE X O W XRIDR®D WRLIR Q
%UDJVWOUSDVBRWWKARPPRGILWVHURVLWYRQJ WIHED RWQDWLRQDO
GHYHOR SPRAODVR Z4 D] L-OG B OH Q G HFRF HEH F D RHKMHS L @ W KHFR QR P\
VWUXFWXULQJ H[SRUW G\QDPLFV ODERU V\VWHPV WHUULWRUL

7 KLFVH Q W UHDBDULQFHRE | WFKW\PER MWD WXMWHKHRO G KD S IUQUD | POWHULD O
DQG FXOWXUDO ODQGVFDSH WKURXJKRXW WKH QLQHWHHQWK D

7KHH[SDQVRRER | | HHX O W L YLDQ#6 UR@IEOVX Q | R O GMKGJ R X/IHKY HKDWW R ULFD
SKDVHRANHLUSKD VAR Q FH Q WL KD GEH3 D U D " BBt LR)QU LVOKGIL QHWHH Q W
FHQWXMORIGEQ V O DOMHERQG H D F K M&H DEHW ZHWHKH VDQEDUO\V

+RZHY W® HQK D X V WILLR/QO@IE RRIV WR\O O R IMKSIU RK L E RWALIRIDUD Q VD W O D (
VODYH WUDGH DQG VWUXFWXUDO LQHIILFLHQFLHY OHG WR WKH

7TKH/HFROKBD WK L I VB® G X FW B\REH VW WBIQ L RRQ64 R3 D X O/RV D IWHH U H
FRITHHXOWL YZ2DWURQ U J QYR X QUH B DERW UJARRSRVRIAXURSHDQ
LPPLJUDQSWHGRPLQD\MIMDGSDQLDUBGXSSRUNWEHD SHESDQVLRQ
RIUDLOEZ@NU DV W UXAWRGE K@ G H U S L\@ KBHR®O L \W QEP R Q R PSLAFEZ HRUW K H
FRIIHH HOLWHV GXULQJ WKH SHULRG RI WKH 20G 5HSXEOLFtu ¢

$ WKLBEDVHPHUJH@QWKH[WUHPHVWI6¥R3DXORQADQRUWKHUD Q£
FKDUDFWHBUWRPBDGOHRSHWMGERRSHUDMURRRUIDQL]DUMUREGMNLQJ
JUDGXDO GLYHUVLILFDWLRQ RI SURGXFWLRQ VWUXFWXUHYV

tt7KHBDUD EHDO@QMMUHJILRQ@Q RXWKHD¥ WBHARFD BHHWZ HHKHW D WHY¥RRDX R GLRBHDQHLUR
+LVWRULFOROWR®R/IIHFHHR G X FMWQWRKEHWKEH QW XWWD VERHFED DFINHL QG XVWQ BNE FRUULGRU
SOD\LQJ D VLIJQLILFDQW UROH LQ %UD]LO V HFRQRPLF DQG FXOWXUDO GHYHORSPHQ

tuwKRROB6HSXE RWYEUYMS XEOQFUDZDWN K$FHU LIR® P WR EHJLQ QLOQWKKIHI RF O D P R W/IKRIQ
S5HSXEDQBE QGLOMKKFHYROXRVLRQFKDUD FWHW.KEHEBP L Q DRIEX UP®L J D U HK/ISHH\F IL DB:&\
3DXOR FRIIHH DQG OLQDV *HUDLV FRLOHMNH ZILQVHRIOHOWMNRFFDOOHG



JURPWVKH V RQZDUBQHZSKDVRIFRIIHHKOW L Y®NMYHRORSMWE BHUUD G R
OLQHLURDYUNHG WHFKQRORR GHL® L ] DUMLCRHY 8§ G D Q WILK)RK Q L D QHKEV
L QF U H DBVUHRGS X F WILKYLIMAKL. WA SUHV HIDWLH G L ILWDQ @V IR U RDWUWR]JQ O L I
FRIIHH IDUPLQJ DOLJQLQJ LW ZLWK VFLHQWLILF DJULFXOWXU

7KURXJKWXKWSKDVHWR I IHH R G X FIW@RLD LLHOP D L GBHHGH SWQWD Q ZOW&

ODE R H O D WLER®W DIV H U Y HIGXWLRRYO LRIVR® YHQ\ DFFHOH WIKWMH
WUDQVWWREZROIBIMDERKL WM FXUBHQWHRYHUSURGSBERRBWMA RQJ
JRYHUQP HGIW B RQEHEW H T XLHOQ/WY L WYX XABRXY KHD W L RRQRD I0&HR X Q B RG

ODWHH UD]L@RDIGHQ VW LWHLVOHR WKN®/ U D W R IRHF R | | FZHL W KQEDW L R Q L
HFR QR BIRFO LIEQ F O X G U@YVRH.IFV X WH\E R VW K8 HV W U XR WIXRIG @ XWR F N V
GXULQJ WKH FULVLV IROORZLQJ WKH VWRFN PDUNHW FUDYV

%H\RQBWRQRPPSERUWBRHAMKMWRIRXYE&DS G D]LOR BIQHQEX O WXW H
VW U X F WXIWHI® WILCRRZ \D FFFO H U DWIKIMB FF X SDWRIR@Q O DWE U U L WIRQG H \
FRQW U LWRVKHRG P D WRLRWIEQF H Q WIHQ® U D Q EHRW DR UKNHFR | | HHFFR Q R P\
LQWHJ WKW BIBGXPEHULPPLJUDDIQMG\HR UJD GILYHG\ ®RDHU RXGD QWD W
ILHO$V$ UD XM R IORWHARIHHYPSRUWOGHBBHYRWQO®RPLWMW RQRF DO XH
EXWO VRR P W\H U P D Q HDQIFFU RISQ @&/ K\HWS H FEDOWDNXW VM Q WHR Q QIGR P
WKRVH ZKR FXOWLYDWH LW $UDXMR )LOKR

KL O%UDINOREDBGGRIQEUHEDDDSWUR G XEFBW WHKUDG R Q VX RHAR | | HH
%UD]LODZOWBWKDWIHRRERIITHMQORUH[SRUWRRERQ V X PEH GWR\Z Q
SHRS @WK\ VW RW UPMALFHWRIWDROF R | | HHQ FWLB®BE FL\DLIHQ W KDSLQJ
QDWLRGBQWRWWL/OU X F\VDXEHYVO D W L RZLWAKKO R\EFDIDU N HMOW K VA Q V H
% UD]LBR DG O WKRIHHS O KDR\V K-HW D GILVISQ HWUR G LON VR @ VOUHEY LR X V (
ZKLOWDVAID QV I RARAHIEO WHLWRIBRQVXPSHQBE \VQ % UDIROJ H&\D
PDWHULDO IRXQGDWLRQ RI ODERU WHUULWRU\ DQG HFRQRPL

t<¢ HUUDGRHULWRUHILR@LQD'MUDLYPRXR BURGXKLIK TXFALWHVWKH U%WWD]LBDRDEH
UHJLRIQDKHVLIJQDRIZBRILED WKIHUYMFRJIQLRELARIQHKXDUD Q WMKI/GRR | | MM URGXE®R®R |
WKHVI®PXQLFLS OLALLVQIDHAU D LR/O O REL QR U\RWX P Q GRIT SN O Y YW\ W D L QIDE® ® DWW H DER O HWR P
WKUWJILRDXQLTERKDUDFW H/XIFPBWLFH W QHR/WRINE D U D PGIXOVWD\WQ & L WINEIEG GW RV RVKWHILRQ V
FOLPDWH DQG VRLO






7KHLUFHFRQRPD PRGHROS UR G X FIMLRRQ V X P SIKIRQ YR KBV L Q
OHDVUB IV UGS DL UHQJUEAIEG H F\ F B LLQ/MP DQVUH WIDLP®WR G YORR/R'Q J
DV SRVVLEOH "Q WKLV ZD\ WKH OLIH RXAORESRD S BRWOLD Y HQ

7KHRQFHRIMKFL UF XGEBRQ RIPP H U JBIWDF U L WWLHFDSORW MHKHHIQ YLUR QP H Q)
HFRQRPRQRRFIODLE LW RWLIRML\Q 8 D B G X FR\RAGRHION U X F\B ¥ @ X BWED N H

PDNH FRQVXPH GRMFREBW S H QR D UTXD Q W RWFIKHI\DISD V DEF H V V L E ¢
UDZPDWHURQG®WHUZKLNVWHP DWLRHUMDDORYVRP HQYLURQPHQ
GHJUDGDWERG GHAGW KUIKPRGHOWKSUDFVRISED Q REG ROH V AKQF |
ZKLFKURG XFWE/MH VLJQHEKL P L O HIG VS\DROVL P X 0B SHHDRRHG/ X P SW LR |
DQ DSSURDFK LQFUHDVLQJO\ FKDOOHQJHG E\ LQVWLWXWLRQ)

~@FRQW UDRMLUFYHFRORPHHNMR LQLP IZ]BIV VDI & HW B D@ H UZIDWKL Q
HFRQR PLFOHRVD \O R @AS RV V L BOHOS U R G XUFMD/AKKHIQ & IW K HOLLUMAK H L U
PDWH UDLDWDHVXVHBF\FRWGE FRY HIUHR IMIQIRP B H H QSAUHRIE X PWW . WHH P V
DQGHQHUDWM KIB®SNGH I LQENGVKEX UR S HIDQ O L D FFH Q WX OLDAQ R W\
OLPLWRGVWBQDIJHPHERWHSUHVHIOWWHVPKEDWP HEBWMQYLURQPHQ
SURW HFWHGXQFGHES H Q G HR@ M U JURQZ DW H U MIREV HD WOLR®Q R QJ WHU
HFRQRPIHVLO LRSS BDQYOLDPHQWKLW UD Q VU WILRGE DY QR I/V
DQAQHYLWDBORGREWRGXFEWXBP®GHVLDLORQYWBORRESRUWXILW)
YDOXH FUHDWLRQ



7KHVKHRUHRX G B O VWRIRGHLUF XHFRORPUHHODWR/ERQWHUFRQQHF
FRQFHSWKHORRIPDWHUWKOWRXWKHFRQRPQMKHFRQRFIRRQGLWLRQ
UHT XL WHGK VWD K® VAR Z¥K H VIHG H BBWH Y H O ROBOHREQ J WALIGHHQ YLUR QP HQ W
PRYHPHRMVKH V DQG V DQGRXQIBDUB)SUHV\LIQRQGXVWBRDAJ\

'UDZLQQVSL UDNRIPRIQN XHJRO/ \ V WIHPG/X V WIHR O BIU\R S R WHK® @/G X VW U L I
V\VWHFRXEBUHRUJD QWRDE W MRKQ R R DKV H D IQIBA) H UOR RS B W KHKWD Q

OLQHDU WKURXJKSXWV 7KLV ZDV SDUWLFXODU\ HQYLVLRQHG

x7KH WDGWRID PRID R IQEAADD [RAMW [Q ZKIEK 1[QAYIGDD P DX CRAMUQY
SRAHWHY VENH 1Q Y. P DMIDY DG JHHDM SIRSEN VR BH \RT BV Z DAM \R EH
ARH R KRXG EH WIQMRPHS IQR D PRH IQMUWDMS PR3-D DD [QGAMADD
HRA WP @ ) IRFK DOG* DBR®Y S

- QXFRQHFRV\VWBRFWUHRRQIBURFHWHFRPHYSXRWDQRWKRHUURULQJ
ELRORIAR\FDALWVZKLFRRPDWHUIMMUX®ANVFDUBHGO/AKQGDOORSRXOR
HPSKDVLWHEBGWKHSHLQF LMNKRHKWOGVHRB\RQGBGHFKQREFWOP L ] DAWILR/QL Q J
WKDQ/GXVWRROPNRVEH QVWILOQWRER FHWKIRYOGRSWHRYHUQBMQW
ZHO@® QG XVWU\S 7TKLWKLKWIKO LW KFMKVOWXQOROLWLPEQVRRQV

FLUFXODULW\ SRVLWLRQLQJ LW DV D WHFKQLFDO IUDPHZRUN

2YHWLPFLUFXHFRQRWKLQKDMW[SDQGAHE®IRFXR/QUHF\FGLERR UH
FRPSUHKHRVHYBRPKWUDWHIULERUPXODWP BRIV LWHG5YV UHG XFH
UHXWHI F\FOBIWHH 8§D Q GHG KXQ RSHPRO LBDPHZRWRWYFOXEHRRYHU\
UHSDWHIXUELVKPHPOWXIDFWXISXQS FDVQA®@H I XWP\O  VFKR OO/
LG HQWX BMHRS L QGIL V W\ QWS J LFFR\WQ W U L BAKRALLLORIX O D M ILOMVAW URZ L Q J
UHFRJQ MWKIBRMW H V XV @/ D L QEHELLMIWY KGIH V L\ DU B W KMHKUDQW KHHQ G
RID SURG XMW YN L QWD O 7TKLMYROXWDRGUVFRKHYFUHDVLQ
LPSRUWIRQEBM VLEMNFLVLRYKDSLBDWHUDRZ 8 UR G XFRQ JH DIQ/E

FRQVXPSWLRQ SDBWWMKERO W IRDMWHUSODDVK XJHW R QIEH Q D E O RQJ
FRQVWUDW®MIIDQV MR RQUF XHORQRPROORZLQJ
.LUFKKHWUOF L UF X OPYH. WD DA O W LVSFDHOHY G V
H[SOLFIOLQWNMER VXVWDLQOGHYHORSPHAWDPLQJ
FRQVXPSUWMRINDIRURIVXVWDLSDBE PW DFHWMKWD Q
PHUMHVRXGHABOHWHRBRUEBVXVWDLERBWKP SWLR(
KLIKOLERWNRQVXPHIRFW® QRHFLUFXWOOWXWLRQV
LQIOXH@KFBGRG XBW O IGX\U D E LSOHWAH LYIHGOK G
GHVLUQWHJ)DIPWRY¥R VS URGXORDJH Y XWW D BMRO L W
XVHWHHGWHFKQRORXNSFIWYQGEUDQBUHGLELOL
VLIQLILPDIGNEH. OO L QWRIS\RWWXVHBIXUELRKHG
UHF\FOHG SURGXFWV &DPDFKR 2WHUR %RNYV



&RQVHTXHQRFHOU F HFRWRPPSODISWRIRXUHG HIL QRIWRAQXP SWQR G
ZKLFKDOXWMQRORQJGMWULYHRMRYHOQW®LVSRVDEXBURMG XUDELOL
DGDSWDELOLW\ DQG PDWHULDO UHVSRQVLELOLW\

~QNKNMWQVAD W H UILKDW U D Q VD WIR R @ H X WAWDED/ W D EXF\H ¥ W DY H Q MQ/
UHVKD S$IFRQ RFLFWHPXOWPGI DQL QM YHU\GDDFWIRKHVBWOHFWL
WUDQVIRUPQWLREROUBPLBHFRPHVVHQWRRAW H VL J QHUHN MR
FRQWULEXWH WR PRUH VXVWDLQDEOH DQG UHJHQHUDWLYH I

7KLVYHFWERRQOGWR G [LVWRIOQWHUR@POWNH UG BEQNVH® HUJILQJ
PDWHURQGVUFXQBRHFRQRPUWLFXZODDZOYRRKHAHR U NM
'XDUWHREOHSRPDQRQGRIQROL DQGRJIJQRBOROODRQG
$OHVVDQGULQL

7KHROORBILY F X VWIQRDK H WLKVHHRXRIQ W U L EWRWIRRPD W H U L D
IRWUDQVRWERQFHSIVX®HH UDWRRQRI®HVLIQ GROWHQLE
LQQRYDWLRQ

LWKWG@IWDPHZRUWKFL UB BTG RQRPD W H UHLPHDWDNY/ W U D W H .
DJHQRMW UD Q VU VW RVEKIS® VV ERIP S R Q HROBWR G X E WH/W K H
ODGWFDGHIYWHUGEBOMDRWVRQVROLGDVWNINU HFR JQ DG
HYROYLB®@GW KALHV LUBV HDMFE UD FWLIRYH. EH\R @B XUHO\
WHFKQX@B BUVW ROBLW H UWREDPDQH[SHULHGWQW® QO
VIVWHEHBVSHRDUBMW X GHRMYK DV LWHKBI[ S U H V WIHGV R Q\G
VIPEROIDED O L WLRANW H U LLODOY\H VW L KREWEHD U S HUF HL Y H
H[SHULHRGBBEXHEGWHKIDQLEAXVH WK HWHSOR UDWLIERN
IRXQGDWRWRQWH UUB BV L HIIFH QWK D/WW X IPVD MAH U D IVOR/H
LQWHUVHFWLRQ RI SHUFHSWLRQ HPRWLRQ XVH DQC

7KW HFRJQRWDRVH UG IDVIDG LYWL QRN QTXEDEHNUDFHC
EDFWRVKH V DQG V SDUWLFXOWK-D®D A HM\OLEROWXU
WKURRRKHPH@WRBVHVLJIQLPDUDRIEGQVWLWXWERR RV
$FDGHPWYOWKERQW WDWHUZBOR ROR QJBIHJIDU G R G DM\
IXQFWLRROBWOW UDWHNH URHGLDWRW\KHHODW L FEQ WKZLHH G
KXPDQV DQG PDWWHU

t="HVLJRULPDUURFRQFHSUMDWHIGW D GBI JRBUQ@BL QD VW HRORXY LRIV X E WHHY V FDUAS H RW V
HQYLURQPHQWY VXFK DV FRORU WH[WXUH DQG PLFURFOLPDWH

t> '"RPXV $FDGHP\ LV D SULYDWH VFKRRO RI GHVLJQ LQ 0LODQ -WDO\



(JLRODQJLQUWIOHFWOQRQWH V
| X UW KIHSJD Q GMIGK YV LIRPGXHVWLRQLQJ

KRZPDWHUDDNGWKOWLYDWHEUSUHWHG
DQGURMHEQWEHWXSHRSRMVLQJ
PDWHUEROW XWKDMFHHGWHFKQLFDO
SHUIRUP DQEH J D JHW K L\FR DS
HQYLURQPHQWDO GLPHQVLRQV

~QUHFHOWUWKBRXQGDHEHMMZ HHOKLVGHILQLWIROHQWLROBODKHYV
GHVLIJDQGPDWHULWHWHD KAKYH PDWHUDMONVIITHUBBWHROPDW X UL W\
EHFRPRRUHDQGPRUHEOXUUB% IURPH[SHULPHSWDWRWWRRWKHUV
GHVLJQBBWLYH@IDIJHQPDWHULDOUHDGRSWHGVKRDUNHWIDFW
GHYHORSPHOMHULPHQWDMWJI®®DQ\RI WKHWPHDWHUUMHGRQZDVWH
SURFHVVIZ®&ILIVVKLIWDV IRVWHUN®/ UHDWPAAN LG XHQH Z DEEKWHR X IRAH V
SUDFWLEKVYFKDWHULDBRORQJHELRORII FRPHVFRYFHSWXDIOILQJ
VHOHFRVHBWVKHQRIWKBHVLIQVKHP ZLWK FLUFXODU HFRQRP\ S
SURFHEXWUHARR GHYH®MRISEBPHQWYV
RI FRQFHSWXDOD{IGNIRMHUDFWREABY BPWHFHFWRODBNXKWS\WR RN
7TKURXKRQGVH{SOHULPHQWDWHBSHUFHLYKGWDLQ REIFQAIUWXORULW\
LQVSLUHG '-< PDWHUISNOWVW LFHRVHUJLPODWHULMQRW QW U LMYE F
GHVLJQHB\ORDBWH U QUWMNWRXU FBINT X L WDHOVZ D\WU L W IHFYCDGD X D W QB Q
DOQG®DQXIDFWRHMKXRGVZHOIMDY FODVVLILFDWLRQ DV ZHOO DV WU
VHHRHZRUPRIXVHUQJDJHPHQ@W
ZD\RISRVLWLRRQDWQRUDRDUYOM YRUVS$S VLIQLILRX@WHBI PDWHUUBOV
VXVWDLQDEOH WUDQVLWLRQVWUDQVILWVYR®XDINMXWEHKLUFXODU
ELRHFRQRPSULQFLBOBMRPELQHYV
' LWKIMXHY RO YOAMJIGVRADISBHRWLRBOLUFXEBBRQRPALWKVKH/ XVWDLQDEC
Rl HPHUJLPDWHULRDYIJDLQH DORULDIWLRQ@HVRIXVUEGHNM QHG
SDUWLFXODU UHOHYDQFH 6WHJIPD/RQ GRQGXQJLQJHU WKH
FLUFXEDBHFRQRRFXVHRQ WKH
UHVRXUFH HXMHRLERRW DWWK UR XJK
$OWKRXKBKIVPRXQLYHGMOD@QLWLRQVFDELAQWHPXOWL RIEWBEMNFWLRC
HPHUJIRDWHUED@WXQGHUVWRREGDLRYWKRSWLPL]RW.IRMRN HU
DWDWHUIWDRGXREBGRFHWVVILMEK WLPHDODQFH@YLURQPHEWOQRPLF
XQFRQYHQWURDMRXUFBQG RU DQWRFLAOIPHQVLRMKSHUVSHFWLY
WKURXN®FRQYHQWWHRKI®R ORJIEH R O R UIHAVDRX DAY Q WWRIPGRQH QW V
RIWHQHDFKIDQMOHDWWSURRI Rl RIDEURDGHUWRZDEGLPDWH SRVL\
FRQFHSW VWDJH DQG QDWXUH SRVLWLYH V\VWHPYV



7KHFLUFXQBHFRQRPYRQHUMMERS SRUWXQLWLHYV
IRUGHVLIQQRYDWDR @ LEWAKDUR XU K K V HR |

RUJD @IDVWH GJHVLGRMWD ZP DW H U LIDUWDH Z
ELREDSM®BGXBWNFW\VRFARYV—-< PDWHBEOmDV

F U X F UR@LHW K IF\R Q W HE[\VR | W HUGH O\IRQIDRFD 0 O\
VRXUFHEBGYWMHQ GORZ WISEHKRFHV ¥HIMR Q@K H LU
PDWH WRXONMFRPMKHEHDFWEBHBQHGXFDWLRQDO
DQEXOWXDO®H R P RWIZ@U H EHNVNW H B LIDMH V

UH VR XWAFDHU PIO/A\Q Y L UR Q PHDABRQ V 5 RIRON G
LRSHQ VRBQBEHSHULPHX\WWXY4EL RO R D\G

ELR WLQMHHWRBHPRFUDMWAAHWELRWHFKQRORJ\
DQGDWHWH[BEBULPHQWMPSKRYLPFFHVVLELOLW)\
ORFDOLW\ DQG FRPPXQLW\ HQJDJHPHQW

YURMGHVLIIQU V S H PWD MWHHUI RIVOWD Q VR SH.BRW H
VLPXOW D QR@PXW LCSFOYHH/ONF K QHE®DMULHQWLD O
VI\PEROIQRS\VWHR KFHNQDEIDAWHUGDWGXHAWLRQ
DOQGRQVXPSWREADKL @ \WR VKD KRZXVHUV
SHUFHY®8>3X UDE IDMLGAVD W H WLHMWB R Q V L$BL O L W\
GLVFX\W\WMKSU H Y L\REKMW E R QF X GFIXUDIO/D\RADKIH V
ORJRFGLVSRYVDPDWWNIDWNIDQVEWNRWXLV
FKDOOMW®IHIIEEGRER G\ LGQHIZQ D U U D \R LFTHWH
ORQJHPDRWHJIHQHUBQLKRUM Q \PHD W H GLHD/Q J Q
EHFRPHVSRZHUMWRRRWPHGLD WLQMW UDQVLWLRQ
WRZDBPBUH XVWDLQR®EWW UD QV ODEWLVQUD FW
HQYLURQPISQIMPRLEQWRR Q FUHMGHSFXOWXUDOO\
PHDQLQJIXO H[SHULHQFHV

~"QUHVSR@MAKBURZLQPELIJXVWUURXQWEKAJ
GHILQLDMWQ®RPPXQLFIRIW.ROWDLOQREQHFXODU
PDWHULDONVHQWVHD KPRSURSRVHBUXFWXUHG
FODVVLILADWWREWR VXSSRUWMVLJIQHWG
SUDFWLWLRQBYNIDWLKQW[SDQGLEQGVFDSH
$PRQIJWKHVWKMD[RQRRY HPHUJLPDWHULDOV
SURSRENXDUWREOHWRIRPDPQGRIQROL
RITHWVIOH[LEWBHPHZRURF DWHJRRDLWH ULDW V
WUDQVDWARQGLRYK HRWLIEQRGXFBRURBHVVHV
DQ®HODWLRDWKLEF YHFIRWO RBUL QF LSIW K H U
WKD®VWDEOLVKIQBRX@ELHWKHWD[RQRP\
DFNQRZOMXKNEUD® G YR O QW RUHHP HUJLQJ
PDWH UIDDODOOR ZRQHUODS®E QWHUVHEMWR BN Q
FDWHJRUDHAKDV ZDVW W HE® UHQH Z D EIDQHG
ELRIDEULFDWHG PDWHULDOYV



) LIXWH 7D[RQRP\ SWRSRVDOIRU HP HUJIQJ P DMUDY |RU WDQMURQ
VADAM) WH PDQ FOMMY ZDWMEDWHG P DMIDY HQHZ DEG
P DMIDY DQG EIRIDEUFDWMG P DMUDY DQG WHU IQXIG LQMUIHPARQY
Z IWIQ WH EURDGHUELREDVHG SDIDGLIP  7KH I LIXUH SRUMRQV VHBIPMG FDVH
VWXGLHV Z IWIQ WH VB[ RQRP \  KLIK@KWQU WH K\ EUG DQG G\ QDP LF QDWH
Rl HP HUIQ) P DMUDY 6RXUH ' XDUM 3REGMA 5RP DQL DQG SRIQRQ

7KLWD[RQRPYSDUW L FXJHIDHNY RWMK B UHVHQW
UHVHDODFKVBURYLOHRRQFHSWRBWR/ LW XYW H
PDWHUGB®OHORBIHBGKWXLSURMHFEMD UWLFXODW L
PDWHURDQJLRURFHVVRQWKR®WGHQG RI OLIH
SRWHQMKIDDPHZRIQWE DWW D QV SG®INHRXWR/IL R Q
KRZWKKURSRVMBWHURODIQVWERBULQFLRBOHYV
FLUFXODULW\ ELRHFRQRP\ DQG VXVWDLQDE

LWKWEWKHR U HWDLFBORUKHD WH GIHDYGI O R®H G
WKSYUWRMHF@WHSRVLWLR@QWMH D[RQREQ WWRKH
PDFUR F®DENVRE D WDV H U IDDQOS/ L W X DWHMAK H
LQWHUVHFWLRQ EHWZHHQ ZDVWH EDVHG DQG

—WOH Y H O R SIPEIDWHRGEW KD O R U L R IAD VREND Q

DFW LO/HHV L UH V R X ZKH. OVHL P X O W D Q H R R VIE)Q)
UHQH Z DEFLGRHD R LIQFIX@/VL J LAWK U F XHFIRQ R P \
SULQFLS@W K RW KRIDW H BILCDI® JHMMKS SURDFKH YV
UHODWRGRGH\DLQ®-< PDWH WAMDRORYRWQYRO Y H
WKBURZWKOLYRQUUDQLERVLYURGXFINQRY
WKHUHCRUMODVVDIVEHGR IDEUL FBEWSRVLWLRQLQ J
KLJKOLWKWDWHUURGWD PDWHURDIUD QVLWLRC
FODULWK®SHFVMWEDWMKURX BK AKWR QW ULEXWH
WR XVWDLQDGEEQ UWX OLDOUN MEKUDY V X P MKIH V H
TXDOLWLHYV DV LQWULQVLF



7RPRY HUR RV K H RS U D F W.MFHV V H QWR BYDH KREW K$HU L Q F IRSPBIW H U L D
IRWUDQVRBWRQ LDLONFRRX F UBIMAMHLD Q G U R G XGFHW H O R SPRI@W/HT M-/

IROORZH[@P SOHMPLQWKBSSOLFRWERRPDWHDEDRWYIIHUEBBWLJIQ
DSSURDKKKHKOLJIJKRZQWHBKROFHWR G X FS\ULARFH \D\QHBH V LLI@W H Q W L
WUDQVODWH FLUFXODU HFRQRP\ DQG PDWHULDOV IRU WUDQV

" UIQMGRBQHIHR . W@ RLJQ6WAR

$ ELRGHIJUDDOQEB®RHFP SRVWEBPON W LFDOMHNBAHDYCHO RSRE JUL IERG
SURGXNVWNFLILFHDHEHHOW GHVWWHUL YURSEB L F L QRULEDP JHWU R XWK H
DSSOLFBWLREL WDWXIDFWWHEFEDR RORIJUWVY.FXOPUIOQWALIQRUID QLT
UHVLGXHHIBURFHWHEH& UDQV IRWPWRBRDWHVIXDLW DRRIGHVLODQGURGXF\
DSSOLFDWLRQV VXFK DV OX[XU\ SDFNV HOHFWURQLFV KRX'



SQHIF 7UHUR3ODMAVE 0X ' SURWANV
DG0$% (MMGR

$QJILFR ROHD@BHKHWO RSHG % ((VWXGLWW SODQW EIDMIBUFLIHD W H G

W K U R ¥ BIK/ H DLLORR IR W H RUWQLLDVOWYHD | L'YDS 1B OL-MNG H U L MUHREB Q J L F R
DODEXQGBRXVER H UL FDQHE HG HXOM HIGQ R U HVAW W R UDUNRLVRHF W IV V
GHYHORSHG LQ FROODERUDWLRQ ZLWK SDUWQHUV VXFK DV )DU

/IDWHEBLR OZPSGHYHOESHG' $UFKLWIFROW D ERADWLRQVW XGLR
XVLQUKBIQJLERRSOD Y KRWHPEW H URRDRCE L QH.GMEKD W XUILDI@ H Q WR/RJ H G
FDEEDUW®RY HLQQ WRHHWVDL O W RWXD W XDWD®U WL IRAFLEWPRQVWUDWLQJ
WKH H[SUHVVLYH DQG IXQFWLRQDO SRWHQWLDO RI ELR EDVHG F



308U HMQ B $EG-DHS

3DSHWHDYL SUHVHQBMWGKHDWHUSOPKHPLVWYV
HIKLELWWRQHQQDOBGRSORWKWUDQVIRUPDWLRQ

RI SDSHUQWIR WKUHH GLPHQWRQMVOXUHG F H
WKURXJEHULPHAHDY OB F K Q L TIKIHAL RIK L V
EDFNJURKQMBROHFXBIDRORIDYHGHLQWHWSUHW V
PDWHURPPPRQOHUFHLBHIGWDJILBFSD QG LWV

VWUXF VWYX BYGRQFWLERW A QWKHSORMHFW

GHPRQ VW WIXWPHMV H ULCDQOR Y DML\RDQD VHRP H U J H
I[URRVKHHFRQILJXRHWLRRW H U UDGAMNHLD Q

VROHO\ IURP WKH GHYHORSPHQW Rl QHZ VXEVWDQFHYV



%H\R@EDGHPRBQGXVWHYBDWRKJIRQUUHOHYRIEERP D W H.MLDDR/
HYLGEDWHKIRQWHPSRXNOWXQBEGXFDWLAQWDWXWLRYKKHUD]LOLDQ
$UFKLW H%WHKQGLDIXAR U S R B D RVMHIBV HLUQ B BVS/X E O3 FR JUD PW KU R X J K
KDQGVZARUNVKRS¥FRVWKBILQL ZRUNRKR SR P D WHSWLROPR VEN & K H
%LRGHYDREQUDWRUUF XODQYEW RPDWHU[(DBYRIDXORRQFHLIYWG
VSDFHRY FROOHHWINUHLPHQ VDIMVELRI® HF WKRIGZHIR UNV K RSWD QV O DW H
FRQFHBNNU F X OIQUE.MA\H Q H UIDQVE IRFOH V VALIE\D H S UDG WWRHD\WQ VIRUP L Q
HYHU\GDUJD @OFV WL.H) WQRH ZP D W H U L D OR. S\R_UHW DVQHVIOQ L W L DUADLPYHHG
ELRPDWHQURWQWVWHFKQVRDRWER@WD ILHOWKBBMPDQSROLWLFDC
SRVLWLRQERELR HQYLURGFB R Q/\DIIRIZOWNEU U L \E RRIRH\W B8R U H
WKDQ KXPLAK LLVQ VW L W X MWVLREQ BIDOM RW RMHR/@ HE L R P D W HDUA VO B O\ V W V
IRUVUDQVMNWKOGH\DLISQ D FVWIMPHP HG L D WIRW Z HRHIOW H WIQDQR Y DW LR Q
HGXFDWLRQ DQG UHJHQHUDWLYH IXWXUHYV

t?27KHVWLKXYWRERHIVLIQ('LDQ QWHUQDWRRIGIV LMEK R ZQ VFR X/W R QG H V L UIV K L RIQV XO0UQV V
DQG FRPPXQLFDWLRQ 7KH\ DUH FXUUHQWO\ SUHVHQW LQ HLJKW FLWLHV GLVWULEXW!|



7KHPHUJHRER —W <R XU\EDW H ULLWIOW X ZW\M BL Q
EURDGIMDPHZR&MILQBGHPHUJIP@WHUHPSHULHQFHYV
.DUDBW O 7KHWHSHQEHDULMIHR W KFHRQWLQXRXV
RIWHNQFRQVFL@WW UDE®G&RDMEXDEWPKDOWHULROV
HYHU\GDWHIBBWWWKEM L @H X WAIDU RHIXY FWLRQ
PDWHURPWYVYKDSHUFHGWHBQLMIEVH QIOXHQFLQJ
KRZ SHRSOH UHODWH WR SURGXFWV LQ GDLO\ OLIH

" QWKLFWRQWHEWVLIQBUWM. QFUHDVHQF®RX UDWHG
LQYHVWKRPEWHZP DWH U LDDQCBD W H U L D O SKHIIRPH®@ D
HQDE OFAGN HF K QR O R XICAEODWD GV R F LDIOL | WW VKD S H
HYHU\GPSHULHQKHWD ® HERJURZL@HIHIRGHVLIQHUYV
WRHVWDEOLVKUHRWQGY BRODWLRQWRISWHULDOV
HQJDJL@SURFHWIRYNLQISHULPH@WGQUQNHULQJ
6XFRQOSSURBRRW UDLMWKY DGLWQREUEDUDGLIPV
ZKHWH WH GHY® OR SIPAIMWARI | L VHR® ERUDW@GLH V
UHVHDUFK DQG GHYHORSPHQW GHSDUWPHQWYV

2QHRIWKRRVWLIQLILAPOWILBROWHUHD®WULHQFHYV
LGHQWLRQFRR®WHP S RBUHDWMI QN KW UHRGFRPSRVLQJ
PRGLI\L@RGVHOI SURGWKLHIBZQ PDWH UL DIOMW
SKHQRPHBREHHGQHILQBN\G"<0DWHU 5RO Q ROD O D
*DUFLBDULVL 7KHDUBHYHORMBHKIGR X DG LY LRAX D O
FROOHFWLOHS UR G XFWDLRRQL FHYT X H QUMD \L @ O
WHFKQLITQUNQRWBGD SVENGH VL JQWKNPVHOXHVH
PDWHULDWHR IWHBKD UDIF]WBEAN ORZ WHFKRFHVVHYV
KD QG F U D MAHVEK D\ BFWL V L ERS$H U | H FVWKLIRWY D Q &V
RSSRVLWRAKFWDQGDUGQINE QG XVRWDWBHO LR BV
PD\WDMWHIRRURIHQW LQH2 D W H URUE 8G/H U L MUHRGW K H
PRGLILFDWLRQ DQG UHFRQILJXUDWLRQ RI H[LVWLQJ RQHYV

7KHSUDFWRFWHO!| SUR GKBW®U QAR X U DRBIR'V V
GLVFLSGIOBULPHQWDWER@N S L UDWNRIPR B OGNF K
DWXOLQFUH@AHYQGEUDIMKUWUDQVGLVFHSDEQHB Y\
WKHPHUJH@®FRULJLDOQ® [SUH V\PIDAVHH LRDDWF RP H V
ORUHRYHY ODWHU DB HTXHGWRE XPHME QIRFDO
UHVRXUFBHYQIRUFRQOHFWERWYHRQWHUBDO FH
FRPPXQDWGHVLIJ@KUGH RPRWLXYMW DLQDEE @ MW\
UHGXFWLRQ 5RJQROL HW DO



7KHKGLIIXVRR-Q<0DW H UIL\B O R VOIIOQ N\HRE KW K LAGY R1'—< )R
ZKLFXLIIHURPDU®IRYHPHEWWWURQODQHFWRRRG ZUQWHUQHW
F X O WXQUGIL J L VEIJQ 83-HY LDQED QX IDFWWHER QR ORHWAR QGLWLRQV
HQDEIOHGLY L GRBIQDN R DN HE X \W O WRR Q Y HQKAD D) G RPPHUFLDOL]H
SURGXFQ®DWHULZRKE\HPRFUDWR[DWURPWMMERQ R ORILHYE D X P
HWD O WRJIJHWHKMIXIJURZLGBPDQRBWBHUVRQDO KDWN\RQHUH G
GLVWULBERWH®UBSGRGXFWURBHVRHVHA/XSSRUBAFRBHQ VRXUFH
SKLORVRSKLHV DQG RQOLQH NQRZOHGJH VKDULQJ SODWIRUP

LW KWEERQWHQW X V&KV DIDF U H D WIKQ MIR/Z DAK®WLD QFKLQL
GHIL@AVQ G XVWIHWRX@KLFEKHVLI@QHFWLMBOBLEUD I WLIRINLQJ
PRGLI\IDIUER QW U BU®RIGXF SWLREH VAHO/I SUR GKIFRRREQVHQWUDO
VWUDWHRSKDVLAH[SHULPHQ/QWLARHQ 6K D OO HWEWQYD GLWLRQD
YLHZ Rl PDWHULDO GHYHORSPHQW DV DQ DFWLYLW\ FRQILQH

7K LWK LDV® \LR W H U ¥ H\WMMKFR Q F FRSMD W H DEIVQ YLIQMWP U R GERBHEX O
WRGHVFUDE®RZ WHFXKH@® QGGHPRFUMDMESEH RDFRPDWHULDO
GHYHORSWHKBWD O O HFQDIRNHGS X V W\WIDHE Y W H UDLFDIOY LDVRIDWD
IRURIUHVLVWIVGFBIWHUYBOHBOVBURFHVWHKDMWFOXGHVLIQHUV
WKURXWKFKQRABO/WHFELFUULAKVRXBEHQ VRISMEBLFDIVQRQV
PDWHUUBPLSIHY KR SHULPHQWB WRRRWNBPHDQWRERHQHUDWH
DOWHUQDWLYH SURGXFWLRQ PRGHOV QHZ DHVWKHWLFV DQ:

. H QRARY/ \IXFK D/ G-P RADNDARD \KDUQ) KIMQ ®Z
WK SRFHWHY QG VHD SIRSAENRD AKOLIRMU H WY DRAYMNV
DSSROK DQG WH GRWELRDG PAMUD\KUIW R WH HOLD

\E HQW [ LAVAHQMY  -CFRBAR)) . DD HADD
7RIHMHU WHH | DRRY KDH HIEBG Q7 HPHJIQ) P DMIDY
H SHIHFY . DD HNDD DOZIQ) GMIGHY W

GEHGQO® QWM PDMIDD H SHIPHORARD  XMQ)
CFRHMEBI URRXUAHY RQHNGRZ BGIH DOGRIHD VRXUHVRRY

ODWHUILBDOULPHQWDQRINQ SBDEGRPHVRWZRUNVKRYLURQPHQW\
VXFKDVWKHLWFKHQ W KIARKURWUWULYBO DQGSHREBRUD 8 GWKH
DGDSW RWLRAMLQN W U X F\W LIRSBW R DWIK | O HE @WHKSU H V HUAW H D U F K

L @ KL FKD W H GLHDYAH O R SRFHFW UGG RP HVWH\W WG IQRR Q V W WDKWL Q J
IHDVLEDQEWOHYRDHD QOB FW LYWW IS UDG WLIKHWHUJHRF+<
ODWHURQONWHDEWL YWK/BWH S UHVIHR@/GD P HQRUD@R 2 DWHULDOYV
DUH FRQFHLYHG SURGXFHG DQG LQWHJUDWHG LQWR FRQWH



YROORZLKEILVFXVRQRE DWHURLQODWH DIEML YW KEW F WH FO® L QIH V
VHULRHNFD VW X GIRFKVRGKHP DQ ® W K& DW XFUFDRS RVRBMWH UZRBVH
FDVWWXGRHMHOHPMWRGO X VMRIZDWMW HU QDR LEBIVB@ HURDBMLQ J
GHYHOPSHEP SOHPHQWRQWHP S BHNUNRQ W Hf RMWZK. W KOL@E H\R Q G

LQGXVWIILPDHZ RUDNQJILUQBRMDUWLVID@QEOSUDFWWRKHEU PRGHW®XKDW
LOQOWHJUDWH VFLHQWLILF UHVHDUFK RSHQ VRXUFH NQRZOHG

+HP SDOG0\ FHDP B <RYD<DJHJ SNUDQD

—-QFROODEREDWH DOIBW XGGRVLIQRYBRDIJHHU[SORWHIHRVHRIKHPS

FRPELHGPHFHOLWBURGXKRFWLR@GOFRUREMHDWEB® D WWMHW V
EDVNHWMN H YV X ORDLVOH B OMDE W/HKHU H D VRIARIQJ KW Z EILRGM J U DIRDPOH
WKDW SULRULWL]H HQYLURQPHQWDO UHVSRQVLELOLW\ ZKLO



+HP S &DHODIGEDBXP +\ GR IGH B
3KIISS +DQNH * HIP D0

- QGXVVWHIVLRLOQKUO P QNHUMD QEROOHREWY RYWIMWRMWMY XFW XUD
SRWHQRRWHDRSLEHERQGAGWKXELR EDVEKHVAERPMSR@ IFDVHL@QG
FDOFIKABUR[L&KHRFDWHWLAD® HH) D EOWHKNEUR G X FVIIORQ KW Z HHWK W
UHVLOVHDOVEQB P H @ WK OMLLIKWX LW D RLIOHMS ED¥RBSRVILRWKH YV
FRQWHPSRUDU\ IXUQLWXUH GHVLJQ



+HPS &0 DG/ IPHE <DPIQYY D

$UWDQWHVLIOBWPRADZGHYHORSMUIRHWHVVEQ®PD XA QL \8 KM FH V
XVLQFRPSRVAMGHURRHE FODDQ G LPHKLRDW H UR D P®X O DDADLARRWKH

FUHDWIDMFX O SR E M BIBIWWK ROKH HE & L OLQJ LYLII QLI L IBIGW BAQK U J\
FRQVXPSWLRQ DQG VXSSRUWLQJ PRUH HQYLURQPHQWDOO\ F



SRR +HP S DOG6IVODR 0 DML
UEP DMIDY' KMJQ ,QaD

ODORM FRPSRVWBIER FRPSRP\DLGHH R FE D F W HRH O O X DRR/AR Q
FRFR@OWH®RPELQHGXDWXIWEOHMEDQDYWHRHPSDQ®LVDO
'HYHORSHX]DGRPERVRYQPGE XV P L&KKH P SR @/IK@D W HW.DIQ VIRUPV
DIJULFXQWYXWRWRVWDLQOEDRYDVKLRMS URGBHWLISURGXFHG
LQ VPDOO EDWFKHV LQ 6RXWK —QGLD ZKLOH DYRLGLQJ DQ\ R



+HP S 7RICAFR DQG* WILsH® \WRYHUE
+*+62&(7< \ED

7TKHLIKO ISIKRWMIHWPW HULIRHELR FRPSRXVMW@EIVU L FXDEV XS URG XFWYV
GHULYHRGRHPSEZLOQBQW MEFFRURGXFWHRRXKKIK SUHPRXOIBLQJ
DQ® QDWXEBKVZD[QLWKHYBWHUWMODW V ILRAWPL GEXLLRPP DVY W R
GXUDEHSRWXUHD HW RQ VW WKWRYWH @RWAMVONH EDMMBXUFHV
ZLWKLQ VXVWDLQDEOH PDWHULDO GHVLJQ



% X L O RIQN KU H Y LRXWF X VR/IKRI®@  Q @ D W XARPG R V IWMHAKM F WIIRREQX V H V
RQFDWHW X GW K BIY\8 O FEBRHII FDHD 8 W KRIWJ D EL S UR G RRDAOW HU @ DWHYH DOV
7KHVM[DPSOBIWWHOHFWRIGRZRZGHVLIQMUD Q V IRDANPWHV U H W R
IXQFW LIRQ®KWVWKHWRPBBORRLWBHUGBHORQVWURWR Q DVEISYHR D RKRH V
VXVWDLQDELOLW\ UHVRXUFH HIILFLHQF\ DQG PDWHULDO H[SHU

(JIVKHODQGER | HHIURXQE/ B -RQIRQ 7D 6IQICERH

6KHOOFD\LVDQH[SHULP HEWRDOR P S FPADLGHHU R FH J JV K HPRIVHHI R X Q G V
VRGL PP JL QIONFH ULIQHH IDQUEDWHKH DWHBW[SORGBH¥DWFUHDWLYH
SUR F HDWO/O R XIX@.D QWR R O O D ERIW/QRY W XIWIRA W\ OBIQY &/ UD Q VNRWFF K H Q
Z D VWK VWDRF L U F X B BRIF H QUWHMEFAEX WA I R Q W U RIDIORLIQLW X G V L J QR-DUQY/

L Q1O X MAQKRHD \R H) D W XSUDR¥WHKK D O O HOR Q@ B Q WPLDRIMDHDBURG X FIMQ. ® Q
IRVWHULQJ D FORVHU PRUH VXVWDLQDEOH UHODWLRQVKLS EHV



2UDQH SHODGERIFHADI B %RP SQWG
1QGP

25 %L \D QDW XEDRGHDEDBLR FRPSRVIGMHRMRUDQISHHPORIIHH
FKDIDQ®SODQW EDWVHGBHYHORSBERKFRVXURRGQ®JULFXOW XL
ZDVWIWR UVDWXOWDL® DR BYEEQNKBREVFXUMHP S VKD GMKH
PDWH DIFVDYD FDUERRQGILY HUDWMBR ®DQGIRQEU EHHL W KIRO G
FRPSRVVRMGHLQWHJUPWERIB G X FWIWRQG RI GUIRIG XFRIGE GHPDQG
WKURBFIORVHG IOBRS QR FEBORFH\6WR | I|HDVHQ H Z COEIDMH U @QIRW L Y
WUDGLWRRQDEDVKIGROWULEZRVGRPELQHQYLURMWMWPIHOVSRQVLELO
GHVLJQ IOH[LELOLW\ DQG IXQFWLRQDO SHUIRUPDQFH LQ D V



SRIFHZDMW B =KH\NDL =KD &KI(D

&RINILIDHPSLVD SHQGDODWPBDGHURPBRUFHORIGHF\FEREAHH RXQ GV

HPSOR\DQ@IGDS\8HWE | WH BPKQ WIRUH DMK T XD Q G R PQI\D W W R Q/QR/H

VXUIDKWL@RZ WHPSHUWUDWNKXHX JDDYELRGLHWKER | | HLIQWHWRF W
SUR G GALH/ W L QWWHYWYBKH P R G H U QW L OI)O/ORZH F E W LRRVOH P SHU D W X L
DQ G RO RWIW X U DMQL\RQUE R Q V L V VDH)QBFR D O D ETIOLSA\R FHVYD QVIRU P
FRIIHAD VW WR/XVWDLQRBEAN XH)OU HV WPIDWHH UGB PR Q VW KKIREZ L Q J
WUDGLWLRQDO WHFKQLTXHV FDQ EH LQQRYDWLYHO\ DSSOLHG



ERIHH JURXQG DG S5HAFBG SROHM GH B
6 16 1 IHQP

/¢EQK)LYHRRGQHVNVWVYDEURBGHURMBURFHVARIGHW R X QIBQYG HF\FOHG
SRO\HW K SIHRGHKRMGQI& W HFKQRVERRFIK L DBRURBX UD D@HEHUVDW L O
PDWHUUDDLQQVSLUDMIPRQVKXLQ @& KIHL YHHOHPHQW YV ORIR@ DW H U
JLUBPQGDUWK WKBHPERG LFH\O W X UDER O IDWPE S L U L VDXUDROR @K L O H
RIITHUBQDF VWELHFQHONXWBW RROTQLFN GBI RNUIRW HFDMERERAR QW UR O
%\FRPELQS&BUIRUP DAXFVIDD ELDQ&MDQLQGIKVLIWKXH YHRRGQHVVHV
VFDM]HPSOLKRAMW QR Y DD XURPGS RV IEW @Y U JMFR O R ULHADSRQV LEL C
ZLWK DHVWKHWLF DQG V\PEROLF YDOXH



SHIP IF DGER T HHIURXG B 6DDY%BM@D
610D 3RIWXJDO

%DUGRDI«&RIIK&DDANDFIDPPBWHEDM®D GHGR | | HHY R X QUEY/G
ZDWIGH YHO RVSBHL.GDV H F RQIGNHR E X Q G IRRED V WBIE R U D W R \DWQ\G
SURGXFW[SRHQY LPHRWIMEKHR UPXODWQRRURQLJKW Z HBIRIKRWX V
DQB®HFKDQLBBYDWHUDWL A HW LQW KRU JD @ DRVYVEK U @\Z D \
7KH DWH UXIVONG R U H D WGIF W LRREQMDHIF XAFB\D LKUX P L GilUI'E O DRRWV V

DQGRRG SUHVARYWDPLERPEL QL VWD L QBEUPXOMYERRORJILFDO
EHQHILWYV ZLWK SUDFWLFDO GHVLJQ DSSOLFDWLRQV



LW KWEFR Q WRITWKFL U F ¥GRQ RP® 8 D W H U RMDWD Q¥ E WR.IR H ZDHSCSUH\D U V
DWDY D O X DAEWHIEOV LI QL | IGAHDVQBWQD F WIRFPHE L QR QMU LS HULPHQWD \
FXOWKHDOWDY®RFLR HQYLURPIPHGWBBYWLFXQURXDWVUXAKYV

% U D PLKOH WDHJ W L VNDQQRIY@ HDGIGEIL R G L Y DWBIHA\S@\W H U WEZ IL M I ZKHRADUE\ V
ERWKKOWNXQEPORQRBHPOHY B QWHWIE®R L QU XSWXIUWKUDGLWHREDO
SUDFWLWBEHXQGHUVIYWEFR QWHPSRBRWL Q XDIWLRIQQWHUSBHWL
ORQJ HVWDEOLVKHG UHODWLRQVKLSY EHWZHHQ ERG\ QDWXU

%LR MHZUWBNJIXOOHOLQIM®UWLIDFRIX ENKBED QBE\ HWK @IUNV UDGLWLF
FRPPXQLWLHM ¥XIOWRUDDQJHRHOWIVQWP DWH U GCHOV YHRRVKHL U
ELRPRWRULJLRSHBFKLHUKROWKH\SH D F WH.RESK/D VWKV RIUHQHZDEO
UHVR X PHHQXBORFHWDWOHAMMPERGHP QL QYW R F LDIWPKEW HUS ROVW LR Q|
ELRMHZDHMKIMQWHUVRNWYR®LQDEHQDM EMVLIQVKYMQ\EHLRMHZHO
L\D RRQ &R Q F H LZQ MWKKBIH V W KR-XWMLAFRRPIBIQR E M HERVIYO \Z R VWWKK®ID U U D W L
HPEHGGHG LQ LWV PDWHULDO FRPSRVLWLRQ DQG SURGXFWLR

KAMAMUIHDODOGPAOMUBOJRRV R HRW HO 1Q%0) 1O

7RIXOXQGHUVWRRX® WXHBYDREH RMH ZHIORQWHP S RWDYL DR BIQH W \
LYWW HF HV WERAH Y MK V W RIRXRDGD VRUARIW H ¥ VB@ 6 G R U Q PSHDF W L F |
LQVKFHR X Q WAD |LRLDWRHP R Q VWW B IP\H W XWH\COR X KPH@IR GO D\B G

FHQWURIDGY RFLIRD LW QBEF® QRBHF LV IRHYHDIORB DWH Y DDOR I WH Q
FRQVWUXFWHG WKURXJK FXOWXUDO SHUFHSWLRQ UDWKHU Wt

7KHHWBHJILQ QRIGM D] GEAP HQ WHLG/ WIRB® R V\W DAMVG® PDW H B[ YO D F W |
|UR® D W XUW KHD UD\[WHIFEYWXRUWXJKROR Q IL]GHYWW KSHG VH Q F |
RI"TELUDSLWOWMRXRZINVS DX EUDWIUM B SDRIFHURG X LA O W HQW G\ H

K LJ KD O XH)X UR SR KWL PH B FR Q R B RV H (RW\LKOQDD W XSULD © HEDMWAE D P H
RQHRI WKIULPDPRWLYDWRRWNIBRUWXJXRHRVAK S D VRL RVK MV HU U LW F
GHPRQVW UCREZDQ/IL Q JOGID § ®H F LAFRX OMGX VWILD U JH VFRDODRQ L] DWW GR G
H[SORLWBWDR/@LIJQLHUKLKLVWRHSEDN @GCHGHUVFRKANQWURDLW
QDWXUDO PDWHULDOV LQ VKDSLQJ VI\VWHPV RI YDOXH H[WUD



7KHDFWK DWL Q MOWMBH FEZBW X | 1 L F MWHRDXW WIKFHR O R Q L JRNYWRIQ UL W R U\
PHDVXURQHU PLOOYRXQDNHORPHWWUY NPtFRXQWU\LQIRWRHYV
LPSRUWIRQF) YLUR QP H B WRDXULFGHBM | L Q IQDIW L RQDDM H F W R W XKD O
PDWHUDDG)R Y HXWVUPBVWD WKHAUHMPEHG GHIGN KERZHUHODWLRQV
VIPEROLNWHP®GIFRQRPLFU X FWHKULIBWUVSHAWXKQ-GDPHQIWBQ
FRQVLGHRIQWHPSEURUEDPB®WHUNXGEVKHP SZKLFKR QW L\ K
VKDSHG E\ FXOWXUDO SHUFHSWLRQV OHJDO IUDPHZRUNV DQG

DWP HEHR QDM DGR P HONS LRAAY

5DW KW KHP HUJIDQD UHFHQV) RYDWKSQL Q F SIGHU B\L RN H ZKHDOYUH
EHHRUHVHQWD]LPLWE B XKD OMUNWHKAR ORSHDORIGHROORRIYBUYLHZ
GUDBWLPDROQEUKKLVWRDIFO\®LWYUD]LDGRQ Q PHHOMW WIEHYVH EWH G
&KDWDLJQLHRQ&LJIKOLNKMRP HQWNKD®/O X VRRIIMAMDYBGRUQPHQW
HYROYHG DFURVV GLIIHUHQW UHJLRQV DQG VRFLDO FRQWH[WV

WAQMY DOR %I}1O

UQl WH HDUW® FRRQIDOSHURG MZ HDY DP RQJI SRSX@U FOMHY Z DV OUHYO HSOFHG E\ VP SGU
DGRUQP HQW P DGH |URP  DFFHWIE®! QDVWUDCP DWIUDEY VXFK DV GDWHU [HDHY |&Z HY \WDZ  FRUGV
DQG WP DOFRE®HG JOW HOP HQW 7KHVH REMPW DDHDG\ GHP RQVADWMG VWRQJ LQGLIHQRXV LQI OXHQRH
SDUARX@UD 1Q WH XVH Rl IIEHY VHHGV DQG SOQWEDVHG P DMUDY &RWRQ IIEEHY LOMD@® XVHG IRU
IMKIQ) QHW DQG KDP P RANWV EHIDQ VR EH Z RYHQ IQWR JDUP HQW DQG DGRUQP HOW (HQIRUAQU WH
LOMI UDARQ EHVZ HHQ P DWMUDCDYDIMELON ERGI® XVH DQG HOYILRQP HQBCFRQWM W

WAQMY  5RGH-DGHLR

-Q HIKWHOW FHOWU 51R GH-DQHLR DGRUQP HOWSLDPWEHY EHFDP H GHHS® FRQQHAMG VR VXSHUAMINRQ
SIRWPARQ DQG IHDIIRXVEHIH : RP HQ IUHTXHQW Z RUH P HGDY FDSX@U/ DQG DP XMW DWBFKHG \R

FRUGV RUFKDIQV RIWQ VWRUHG LQ WP DI DEUF RU GDWHU SRXFKHV EHIHYHG VR FRQWIQ SUIRWIPAYH RU
P LLDFX@XV HBP HQW -Q WLV FROM WMZ HD | XQPAWRQHG GMW DV DQ LQGIFDRURI HARQRP [F WXV DQG
P RUHDVDW P ERTF LQWUDFH EHVE HHQ WH ERG\ DQG VSILIWMDA RUFHV HP SKDM] LQJ W UR®! DV D FDULHU
Rl P HDQIQJ EH\ RQG DHVMHWEY

0IG WHROQMY %KD F

% WH P 1G QOHWHOM FHOXU  SDUARXOWD [Q 9OKID DGRUP HQWSDPAEHY UH BPMG WH \WRQU
LI OXHQFH Rl $1UFDQ FXGXUWDOWDGIMRQV ELRXIKWE\ HQVDYHG SRSXOMRQV : RP HQ FRP EIQHG EHDGV
P HGDY R VDIQWV DO DQV DQG RUQDP HQW P DGH ILRP GIYHUH P DMUDY IQFOGIQ] REMFW
DWRADMG Z W OFN SIRWMPMRQ DQG SHWRQDOKIMRY  VXAK DV QHANDAHV LOFRUSRUIDWQ) Z HGGLQJ
UQIV 7KHVH K\ EUG SUDPAFHV UHYHDCD Vi QFUHME P DWUDCFX@MUH LQ Z KIFK MZ HDY | XQPAWRQHG DV D VWM

Rl FXGXUWDOHVIMBQRH IGHQWN SURVHUYDMRQ DQG HP RWRQDCDWIFKP HQW



7 KH WKL VW RH LIFRDSO0GHH/P R Q V WAUKDIWAEKV HR 1Q D W XRIIVCH U KIDAWR B/H H R
PDUJLEIMOWHUGRRILEMEPHDQLQDIX®RFLDORXQ ®WG HF¥WUD]LOLI
FXOWSUDBWBFHRGY | | HWSIHU L FDGME HJ L RIQN Z H S DW K BIGW Z HEHRG \

QDW PWHE\PER O LVFW HPNU U\WPRW L R/GR O LDVQEX®D WXDOBOK LKL VW R U L
Y L HZH OWR L W XLDARHMD U H F HIQWH B)XSY\S D IRWDP D W HIOIRDW R DW HP HU JH
WKURXJK VXVWDLQDELOLW\ PDWHULDO H[SHULPHQWDWLRQ D

HP RARCBOHRIHAWRD)

)DV K LIRID O ZDBEWM H@H H SFARQ Q H FMRHRRR W L R'Q)
DQGGHQWIKWAYHU\@IFW I GUHVVHRNH Q G

EH\RQ/®F EFRQ Y H Q WIQRFQV L BAIRU RIVHO |
H[SUHVW/RQRXIMLFKQGLYLGRPEXQ L F DWW
EHORQJLWDVWMHQG SHU\VRIQQDUUDW I$YH V!
JUHXGHQEHUJHDUJXHDVKLIR[Q VSAWWH F L V HIOA
EHFDXREMHKWY M UDQVFHS)GHHE Q FW LR QD ©

QHFHVVLW\ DFTXLULQJ V\PEROLF D Q GLEIR@WMHGIHOIHY DO X H

7KLW[SUHVGLPH QVRIRI)NV K LIRKF RPHYL G HQ/\R F IFIR@ W K KMVLHY) WH U D F V
LDLPLWRIGV )SHIQ FH S WY R DKL W X D \B HR @ \KDHB/8 HID U BB FRPWYSHU L P D U\
PHDQWKURYXKK FKQGLYLG®NOIWSQHWR W KHR W KLE® F F H V V RAUKLHW
RSHUDBMYLVXDO®QJXDFARQY H\LQGHQWALWIKRXMUEBBPPXQLFDWL
&RQVHTXHDWOREM HFWAR @/H X WW B B\UWH O H FARKE®Q @ Y D O X B DV IGG
RQ HPRWLRQDO UHVRQDQFH SHUVRQDO DOLJQPHQW DQG SHU

"HZHQQWHQWKIEHRWLREDO W LRGWHKLISE OQ RRQOJ
D YLVXBXOWOVRSK\VLAFRMQHFWILWWKERG\8QOLNH
JDUPHQWRLFIRIWHRHGLD®HWZHWXEHRG\DQGWKH

HQYLURQMH QM®\S\L FDKRD IL@S/L U IF R\Y WDLRWKKAEN L Q
7KLSUR[LPHOK D Q¥HPVBHUFH SMQAEF L O LMPIRWH\R Q D O

DWW DFKPNMODWHUDRDBRWQOAHHBX\WOMROMH[W XUH
WHPSHUDAMX UBW & D F WELHFLIR®I) W HB R P ®R Q HFROWVKR/H

XVHU V H[SHULHQFH UHLQIRUFLQJ WKH ERQG EHWZHHQ SHUVIH

7KXWPRWLRQRQH FIWJIIDRAK LFROQD QRN Q G H U V ' R®@\®/
LQGLY LASHYDHIW\D O WK D SIEGV R F LHH®D R Q DLQBROOHFWL Y H
LGHQWHWSDGIHQ WILWEKL | | H UHUGRW SA\D FIV V R F L DIMWAHKG

G L VW DRIFW K HVQLEF YV XIPROG HYK H VB I L O L D MWQIRQXW Q F H

IDV K LRCR L FAHOH D WV B D RIE HO R Q WKQUR X KID UHHIGY XD O
ODQJXBWHMKWHD P W L PID V K LLRHP D IGQHVH @\l O X H B\FHKH

EURD &R D& L VW RFR.G D/RILWYWL P$V& KDWDLJIQLHU

s REVHUYBVKLRED VHQVLWXYW ®DEWQ FIDVY\Q R W

UHPDLQ LQGLIIHUHQW WR WKH VRFLHW\ LQ ZKLFK LW LV HPEH



7KLWHP SRD@®R F IFIRA G L W IRRY DYGHP R Q VW WBREWD WS H U F H IDWH G
IDVKLR QE 8 B X WDHY NQL Y H RWUDDW X)) DDV LIRVROFBRQJIVREHH W\
UHVSRQWERQYXDWXKDIGNR QR FMFU X F VD)XQUBHW W RRRFEQW@®PHGLHYDO
-DSDIRWQVW DEHIHBEHVFUIDBHE FFRUGZRWMBVKLR®DPHNDYBY
FRQVLGWWKGIKHWRPSOLPEQ@WHOH S L O O X V WKLIRIZW D QUIVHVIENO |
KLVWRULFDOO\ FRQVWUXFWHG UDWKHU WKDQ LQQDWH

$VWRXUGLHX SS DUIJXHWVWKSEWHIHUHQ¥KDSHG VRFLDO
VWUXFW R WHKHIMKUIDQ L VIILGRIW KHQOWUT XV OERNREN H AWHY H O WHKIB MU W D L Q
REMHEG /W X LIBIJARY \FONH WHKSHOHLD VIXRJKAID O O HER WHKEKIL VW RDQ BXO W XU D O
YDULD RUWDWWIDVKLRWBEEPWYWD QVKZWDMWFRQVLGHWWMH@R MKV LUDEOH
FRQGLWERRRIGOHRUWMWHNBF LTSRO/VLWLRQIFXOWRDBOWBRXVDVKLRQ
RSHUDBNP\RUKNVKDEQQLQGLY LEKXROLOEMY HY H WBMUQ Y L VY WA F WNXKLDHY
RUJDQL]H DHVWKHWLF MXGJPHQW DFURVV WLPH

-~-QVK2DAIDVKURBR N RWRPLDEOWLQE® GG LWIERQ). Q1P XOWD QHRXVOW L F
HFRQRPRFOLWLFGRFLROBMI P WRR XF KIBR QVV XRIWKH[SUHV\RUR Q
VRFLDO LGHQWLW\ *RGDUW S

)RW KUWD
WRWDMB HILQEHAGDUFBDXVVLQEWLPXO
SROLWIRFDL.®RORIQEROWE UPKDQ VL
H[SUHVVLRQ ZKLOH DOVR HPERG\L

WURPUHARRLWRFLDO
QHHRID/IBW W LN R GRPLF
S ~WHIOHRWYYLGXDO
URDGHU V\VWHPV RI PHD

$ VREOVRADOIDAW ILRP WH ) UHORK IDMARADOVREO LV D VRADO
SKHORP HORQ  IQGIYIGXDO H SHUHOFHG  WXGIHG B\ DQWURSREIMV
0 DURHOD DXW WDWMP XGEQHRXVO DI HAW DQG FRQQHAW DOVSKHUHV
Rl @HZ IMIQ DVRAHW VXFK DVHFRQRP \  SROAFV IHDIIRQ DQG FX@XUH

%H\RYEPEROQRFRFIGD® H Q V MRIQHINBIO WR) R W& Bl LH U

RI FRQQHFVEHRZHKRXPDQUBQGIDVKLRQKK\VLFDO
UHODW L ROQWRKAIESH® FFHVVRURDHMKER GG L U H WG\
WKEK\VLEDR[LPIOWDD¥UXFUROBIPRWLRGMDFKPHQW
'KHQWKHHODW L E8 WKIHSHUVRQ ® EM HRNY HMJR P
VLJKWRWKH RG\HPRW L REFRO@Q H F WYIR@W H Q V  KLLW/G
EHFRPSDUWLFXNODEROQW WXDWKROMIGLYLERROV
SK\VLFD@WMIIDPMB W H UV REBAZ KHEKRRVLIDUPHQW V
LQSHUVRRHQSUHVHQA MW KNDPHSLHFRDGHURP
GLIIHUMMWW LBV H U HRIMHHIQP H U J HFAVK U R XWIO FW L O H
H[SHULHQFH VLPSO\ EHFDXVH WKLV RQH IHHOV

ODWHULDOKIMWAH IBBWIYVD PHGLDVERIWZHBR\VLFDO

VHQVDWQRB® RW L RGIVG R QWH Q | R WA L PEDR/QHE
EHWZHHQ ERG\ REMHFW DQG LGHQWLW\



WHP\ WAMP

7KH/\PERGLPHQVRRQMZHODEHHYUHVMIWRXIJKRRIVALVWREUR VYV
FXOW R QIBM PFHH R SIOIHYSHX WS RW K HP V HRD.Y MALIF D\ L | DREWRQAM H Z H CRUW
GLIIH UMDV RBQR W H PWXISRHQ V WU WQ RIUNRW YEDHIDVX VE\U W L | DHFWBO Z D\ V
DSDWNKXPD® UDGLWRR@WERHVH ER®HD QL @H/GHHSIOQIRUPHG
LQGLIJHQRXVFDQGXURSHDQIOXHQFHHWX O WILRRPFHQW X RLIFXOW X UL
FRQYHUJHQFH VKDSHG E\ FRORQL]DWLRQ DQG VODYHU\

~QGLJHQBRV Q PSHLDW¥F WAHHAO R VAR Q H FVRHDGN XHPFS OR\RQWHU LD O
VXFEKWHHGVE HUKHQ®R GO R Z HDQOVG D W XSLD @ H GI\WVU D FIMRHS3D D Q W V
7 KH WD W H UZHDWE/R WH U H®N F R U DWK.FFB U UV R BL\DSTL U L IVQX® OO W X U D
VLIJQLILFDQFH RIWHQ PDUNLQJ ULWHV RI SDVVDJH VRFLDO

~“QKHWKHQWOPRQWKPARVWRPPRQRGRUQPHKYWE\GLIIHUIQQ@WLYH
W ULBHUROORYWPRICEUDFHERWMDYXSL *X D UHDQLU ISQ HW FAIHD U V
DUUHF DEGID@H FN O BRH X OXD E U HW V F RMW P HRKIVG\R IZ R R & K H RAV
ERQHVY DWWDFKHG WR WKH ORZHU OLS &KDWDLJQLHU

6LPLODSYIQ\LFDAUD G LWIRMDWR G X\FKHLER X J K
HQVODYSRSXODWURQ®IRUWHKGXVH RI
DGRUQPHBEDAPHDQRISURW H FIWGLHR@WD D\G \
UHVLVWDQRMHJIUDMBLQLWXPBROLYBWR
HYHU\GD\ REMHFWV

7KHVSHJDFWGEHAARQVWAKDMWHR UQP S QWW LFXOWKHQIG LI H QRXSMULFD Q
W UD G L WERRLDEDQ QRMX Q G H U V W WORSEX U HEDH V W KRIWE HF R U DWW VYAHX U H
"HZHOWQ ERGLMDUWL IR S WWD VR FLIDIDUNHUSLULWRBODY&\PEROLF
VI\VWHPYSDERIBUHVHUYGEDWEMO ICHJGROOHPWPRHW\ HYHXQQGHU
FRQGLWRIRH{IWUHPHROHDGEF XOW XXBSUHVVDOREMHQVBIGRUQPHQ'
IXQFWLRQMWEODQJIJXMHKHURXIMLFRHDQLADVSURGXFWGDQVP IDVP\G H C
QHJRWLDWHG ZLWKLQ D FRPPXQLW\



7KLOLVWL EFHWZRHNQF WRLROHD Q LEHFRPSHNUWL FXIOON DR 8 QY
FRQVLGHWHDHOQRR QW UDRFWRW KIKQDBDUPH@VWWUDGLWLRQDO
DV VRFLDMWWBKGR W HRSIUDH WX DB &/ LIRRF\H V V B QIGHYZ HIDWR | W H Q
XQGHUVBAR RGP DVR PDIE X 0 WKRQWOW UPRZAMY BAVH P SKDV IHHG
“HD®DXGULOODWXIKQFW LKRIQDHR VRIPQR E M HPFHW HDH U YO-VD
JXDUDQ\WHMSULPDIROHWLIQ H[FKDPROMKRWKBERUGREMHFW YV
GHULWHKHWWXH. JQL I L FDRMWUHR PXW L OEXWYURPWKRHD QL QUK H\
FRPPXQLFDWH DQG WKH V\PEROLF V\VWHPV LQ ZKLFK WKH\ F

. QWY UP HZ RIN MZ HDI
HP HJHV DV DSUMBIHSP HaXP
|RUM P ERTFH AKOQIH RHDA
DANHIQMYHRARQR ERG
PXOMUHDOGP HQQ)

YRV HD  1Q DWEXOU LQMML I WY G @P IE D/ IW P DMIDY DH R WQ GUHD

FROHAWG\VR QOMUH DA DGHMURCP HOAOY DHHN

%\ HQJDJLRUWJI D PLAW WELR M H ZOIRWQ OHY RN H V

KLVWRSWPB BBORIPIE\R UQ P BHYWO WA D FW LW BMLHN
VI\PERCAKDUMUDQVIRPPMWHWH[BG ULPHQWDWLRQ

LQWR D FRQWHPSRUDU\ IRUP RI FXOWXUDO DQG VRFLDO H[S!



QM SR 1P STDARY | RUAR EDHG
> DMIDY

8QGHUVWDWIGKOUW R WHPRIVQ RQQG/\PER LA HQVLIRRELRMH ZI\O U\
HVVHQWWDR® XDPVRIQWHPSRD /MU LDOUL P HQ MDVWKIEXR D GH O W X UD
IUDPHZROWWHUSOMYHQWIRIAKHGHVLIJQREAXPDEHLQDVGLITHUHQ\
P D W H USLLDROS H UDMULIHIVS D EROBH Q H U D W/IL\QW UGIBW W L WQK/K V H U L\Q D O

H[SHULH®¥WBDQ]LQL SRLOQWXWFRQWHPSREWDWLILYQRORQJIHU
FKD UD FWE\DV]HBIREY L FPYOWY H B KBOE X WD W E H1LS O X U RGAIRP\S HW L Q J
PDWHSRN® L E LKOD FEKDH\J \W. §H F SILR S H IDWQIEHD Q L @D @/l O X K@ ZH

XVHUV XOWLPDWHO\ SHUFHLYH DQG LQWHUDFW ZLWK DQJLYF

(VSHF LDKOHIG H D OZIQAKD W XALDDADH U L D & MKV

KHPS ZKLFRIWHY RNGHSHUP RW L RIDD®
FXOWXDOMMRFLDWKRQNRBDUHWRV\QWKHWLF
DOWHUQDRWAHFRPHWXFMDRERQVLEKDW

PDWHBEDDFER PP XQLRMDMRVKKYV HW R VEK R SIDIG X)FUDJM—Q&RE(P\N
PDWHUSRWOWHNYYWRIUQEDNFNJURWEGOWD SH

W KW\SHVFR QQHFWVRVDE OF M WH GMAIQH R Q WHHV RBIHD
W K MH Q VRHD W H UV B O H F W VRIDY HUH X W tExay I G1P DMIDOKDN
GHHSQWQIOXHQEHGEXOWXRHPRU\SHUVR Q DBHHINIMHD D/ \WH

H[SHULHQFH DQG VRFLDO FRQWH[W FEYIRAV FKREH DB RW

DV WHRQD U0
—Q%UD]WGIRQJRLQOOHJDQGMMLJPDWLF}DWLR& 17
KHPSFDQSURYRGHY HUMIHD FW DRPRRWY XVHUYV HI

UDQJLIQRPUHMHFIVQ 8RR VW UW R U L R RWWW \ DHGLT HHAP DIMIDY
VIPERL.$FSURSULPRUVR® KHPSPD\HYRNH \KDAFRP SHMRH

Q H J D WDLWAR F L DKM RW VFX H @W V R F L B R Q0 (\-FK R
SV\FKRDFRMDLYGID BRVYR WK MS D UW L F XAGKTRU/GA\
IDPLOZDWLKWH/QYLURQPHEHQQ\I—DDWG(LVWRULF%EQIQ' S
XVHKNHP®D\UHSUHYEQRY DWURQDLQDEGO LW\

DUHFRQ Q HEMWO® @ XAKH \GH Y H U SHQWHSWLRQV
GHPRQVW WKREH DWHUPHDQLQUV VRFLDOO\
FROQVWUXFWHG DQG FXOWXUDOO\ PHGLDWHG

%\HQJDJLAAWELRMHZBOUFXOWXVDWRDWHG
SUDFWIGHVLJIQIMWWDEOMRQD Y LJDWHIH VH
FRPSOH[LWUBQV IR PBVOH U LQOFD U U LRIU V
QDUUDMWANGWQ®EPRWLRGNAQD-QWHKED\
ELRMHZEHHOARP QR WQ M SURG XEFW XVWDLQDEOH
PDWH WO Y DAY \BQ\DRP HG L XW K UR Z KK FK
KLVW RRHFR R XOWX\WE®ODWYABRQWHPSRUDU\
GHVLJQ SUDFWLFH FRQYHUJH



~WLPSRVVWFROMHGHUVWEREOBZO X[ XOLWKRRWEDFWRVKEHILQLRULRQ
OX[XU\ DQG LWV KLVWRU\ $FFRUGLQJ WR WKH 2QOLQH (WLPRO

F VH XDAQWUARXUH
PIG F OVAYIRXVOHW MQXOMHD LOGXOHQAH
OM F VHQXDOS®DVXWH

0 HDQQJ KDEMRI LQGXOHQAH 1Q Z KDWY FKRIFH RUFRWD LV ILRP \%
WDWRI  VXP SWRXV VXURXQGEQIV LVIWRP
WDARI VRP HWIQJ FKRIFH RURRP |RURE® EH\ RQG @HY QHFHWIMHY LV ILRP

$OVRFFRUGLRLERYHWQBR X[ S PRUARQWHPSRUBWLRQDULH
GHILQHG OX[XU\ DV

&KDUIDAMURI EHQI H SHOMYH LHIOHG VXP SWRXV

( QYLRQP HOWFRQWMYMWMG E\ FRWD REMIFW DZ D\ Rl @MQJ WDWY H SHQWYH DQG LH LOHG
$ UHDAWHO FRWD SGDVXUHWDWZ H RITHURXUHIHY Z I RXWHDOQHAHVWMW

© KDAVZ H D@Z RXUMHIHV 1Q DQ H FHSWRQDOZ D\ RUZ KDWZ H DARZ RXUHYHV VR VD' RUGR 1Q
H FHW R JLYH RXUHOHV SGDVXH

* UHDWDEXQGDQRH R VRP HWILQJ

21 O XU VDG Rl REMFW SURGXRW RUVHUYIEHV WDAFRUHVSRQG VR HDERWDM DQG FRVWD VMMV
\VDIG RI DRI WDVWADGH 1Q WHVH SURGXPW RUVHYEHY

7KLNWQW WBLUHR/Y IDXW HIR®HU YR KR ZW KHER UG X [XKDEHH®HUFHLLYH G
GLIIHUBOWLRBXWKHRQORDSWXUBJPHQ@WE PXK EURDGRXOWXUDO
SKHQRPHQRDRWDWRQFFHRQGHPOM3GFHRWLQDVWBBMWEH- HOHEUDWHG
DWHILQHPKGW VW L QRMHIRQRKRIY G H U VIWDWE D XUPHD QVR G D\
HVSHFLROHODWRRYWDLQEER GHWIQJ&ER QW HP S R X O WWK D@/ IVWV
HVVH QMR D OKFRIZW KIHG HRIO X [ XKDV YR O B A G RMW WRBHWWSISUHFLDW H
KRZFRQWHPSRRDRRIOX[XHPHUNIHW W\LKAW DURIWDHZAZ QWHUSUHWDWL
WKDW JR EH\RQG PHUH H[FHVV RU RSXOHQFH

D6 BEc&

IX[XUKDWOZDEHHB®RUMKDWKRHUISRVVHVWRLRIO XD REN HBW V
JLSRYHWYRX[ S REVHUY@VYLPLWRFNHHOXPMDWHPEHGGHG

L Q/RF DOV S L U LA X B D Q WHDWV KVHAUIP W H WDIFIFG P X O D'WIVARBI UHPR QLD O
RITHULDQWRVWHQW BWY. RGEI\NR R GWH U YBI\BV R RIRVWD F T X L ULBLLQHIV W L J H
UHLQIR WRLFQEIR® AW ®VVHURRQOHORUFPHKH WD UPDQLIHVWRWLRQV
OX[XBHUBHHSWWPEROIRFYHUENB\WKRORDIQRPDJL FPKD QLY G

QHY HUD W XRIW SR QW D QMIREW UWR F UXOFR/G L WY FNHFEHOR Q H J
WKLV VHQVH OX[XU\ ZDV LQVHSDUDEOH IURP WKH PRUDO DQG \



7KLWDUXOQGHUVWRQ@RUBDUWLFEBOHORB®RQWHP S BHEDWR AV
PDWHULD@EWVLI@X[XBULIJLQRPOPW L RKHE XIRERGI[FKD QDA G
F R O O HFEMOLQY HODW WHKIS® V V H V WLKREIY\D OXHV L GH& & H U P D Q HDQRH
PRUH QH[SHULHQEW oMW QWHUDFWILBBUVSHFRVKIDYAHO HRRBW U Q
DVVXPSWLRBWX D@ XDLWKFFXP X0 DWSBRKQJHWKDW[XKDDOZD\V
EHHQHODWHREROLHBYLWXDWLRDPPDOWW EWF R P AMQ WRLIDAL®
FRQWHPSRUDU\ SUDFWLFHV VXFK DV ELRGHVLJQ DQG H[SHUL

‘LW W KBIG Y HRIWL H U D U /KRB D DV W RFRIBIWHIFX HYK L | WHRBR \PEROLF
FLUFXOWRERQP XODWGRYSRIZHD ONFKE R U GLR.E RIYW VNS R X [

s ZKHQ/KWHSD UDBHWE @ RUBY & X EM HFHWFD PHV W D E O D\KK K G\
EHFDPMHOLQ VW UXRHQV8 UHV HQ WIDM HREGRLIEQLIQMH TXIDNQ W HLQIRUFL
SRZHUN U X F V8 X U W W RHFRIDORIHGED E R O R\ K/IXPB W XIRX KK L W HDFQ\GX U |
UH I L QRIESM H PAMRDAN V HIUXW K R WLUAD\Q V I R X[ RUWQ WRQHFHVWRLWRFLDO
SHUIR UP D-QFKHNRQ W H[QVWG/X O JEHMBRMR QGHP @ M®WH O HE UDQVEM IGH
DHVWKHWLF DQG FXOWXUDO GLPHQVLRQV RI OX[XU\ EHFDPH

7KLWYHYHBRRZO X[ XEMFD R VWLWXWD RQM. @ MIGE D W H OO X R I H

SRZH®HSUHVHQMDWYRORRY RHUN L EQBO Q G D WR[XREMHFBMYP HQ W
DQESDFHWQFWLRYHMHG FBBHWDNLRAIHUDYEKLEQ®QTXHVWLRQDE
WKBXDVBX[XBU\WWDQQWB® HURDPWKBWLY LOHRIGGP HQ WID@GE W \
YLVXOBPHVVFKDUDFW MUKIWILG KR WA D G L \g RRVQBRMWX [ XWR G DKLV

KLVWRPRPEQUHOBYSOZIKOFRQWHP SRXDXER QWL @¥&HDVVRFLDW|
ZLWK SHUPDQHQFH UDULW\ DQG GLVSOD\ HYHQ DV WKHVH Y

7KHUDGXB®RFUDWR]O W[XRIQWUR ®QFHG\QDP LA XUZDWRORQJIHU
UHVW U LVE RWHKGHH O LWHWE HD Q WRF LU F X CPIRWHZ L G H ®AK U R XLJIKL W D W L R
RUQDPHQWD@WHRSUHVW[FHVYSRYHW\BNRX [ KLJKOLKRMWWK H

VSUHPIBUVDRRG\REH U O RGKHAUDVQRER D QMW@MY REHBD GH U
VR F LA X SWB D UW L FILOMDKMS H F WRIRGIHL Q H HYGIRIV\P ER O L FIIXQ @ \

FUHDWWGE QVERWZHHQXDDEDVFRQVXPSWKRQEHHVLUBRKMLYVWLQFW
FRH[LVIMMEKKBFFHVVLEKRWOX{XHYRODPNVGBGVRFLPOGLDSHBFWLF|
FRQWLQXRXVO\ QHJRWLDWLQJ EHWZHHQ H[FOXVLYLW\ UHSU

t@UVDIRIRDWHUXEVWUIRRBFUHDWRG/ DOGRDJIJHQ X LR GXBAMX D OWD VR Z A X D O W WRNUH
SHUIRUPDQFH EXW IXOILOOV D VLPLODU IXQFWLRQ VSHFLDOO\ LQ VLWXDWLRQV



(YHOVOX[XEMFDPHRUBHPRFUDWWMRGH SXOVWKHXUVRISOHDV X UH
UHILQHPKGW VWL QFWHLRIL QHSR Y HWSRIX [ HPSKDVMWHKBW[XU\
L\QHY RH U HPD W H WLWWDIOQ W H U WZIVBHH 6 R U H P R W LIR@GE X O W XYWDIDX H V
$OB[SUHVVRRQX[XW\HYHWBROOW G X O JHHIHK WQ G/RF LMD QL Q U H
LQVHS D UTKEWH D M HE WRRRJQ V W W B WYX UND 1 O X IK& W R U LFRP@WLQJH QW
SKHQRPHQ@R®VWDIUHVE&D NG R F LKOLH U D U FRKR.BIMIR U PVQ G X OW XUD O
LPDJLQDWLRQ

&UXFLRDOKR ZW K OX[X KD OZDRW F L O EHWHGHROHVYQ®HDQLQJ
EHW Z HHRF LOIOV W L QF QUGHRPR W L RHIBPB U L HRHFFHR J Q L W.IQUI\D VW D E VO L W\
IXQGDPHOQRWO@GHUVWIRGWE P S RUKDLUMGD X [ X $\D U W L F WERWEKD W
PRYHDZD\IURPDFFXPXODWRRMUGSHULHO®BWHUHLWRLFYG/HQVRU\
HQJDJHPH@W LWKLRER QWWKBWKERWIRRD QHDX[XU\ DQG®RUH
VSHFLILFDOO\ ELR OX[XU\ EHJLQV WR HPHUJH

QATA ¢c&

~QFRQWHPSRRFUHIM[XKEDWKQGHUJBQRIRXWGDQVIRUPDMIORHFWLQJ
EURDGNOW MWKQABQ®HVWKHWLREERYHWBRX| S LGHQWLILHV
WKUISHRFHVWHKEGW I L QWK IHY RO X W.IQREQ. Y L G X D GIP|RWILRQD OR QIBW L R Q
GHPRFUDW UM WURQRO R Q AU HDRD UNR IZ H D ORWKR F IGCOLY W L QIFW/ L R Q
KDVEHFRPBQH[SUHV\RIBBUVRQBE QWINQ\WV LEHO RW\L RRDI® JHPHQW

&RQVXPMHWH[SHULH®ENADYD G QW H U D AW DROAR QDIWMKK HLRJO X H V

GHOLJKW WKHLU VHQVHYV DQG SURYLGH PHDQLQJ EH\RQG PDWH

7KLWKLRWUNMXQGDPHBKYQIHW KHD\OX [XUH[SHULHROBIGEDOXDWHG
5D W KMKIIRG H U D W[LF@IX V WAKHUAR X R IGRLO' W IR@FFR QR KB H U L B LX)\
LQFUHDVXQFOMLRIQWR XIKLPDFQ ® | |HFMKHY DO RHOX[XBREMHBWS
H[SHULHQEHQW K HAS D FWW\Q JD W HKMXEMHPWWDRRQQ&HQVRULDOO\
UHLQIRDBH@Y R QDUH QPG L RIQAFARLEV X P S WORKU W Q \OX [ XEMFRPHV
OHVV DERXW EHLQJ VHHQ DQG PRUH DERXW EHLQJ IHOW

7KH QZ o[ XY WHBQ/ KMRIEDDHBPHON R H AHW DG
UH [Q-P HOABMWRKDIHY WHP IO\ME®UP RHH SHIHONWXY. DV
$V/IRHAM  5R{ S RAHYH O XY WD WD
WUIYH/ R) AOBIIH DG SRRDAR) O RQ K SHIUHIDAWRU
HPRARDDHS IRPV R HSHMRY O BWIWLY LGRUDIQIO
FRIFH.OHSZ W TXOMW FUDM WP DQKLS DQGHMEDOHSRQMELDNV



'"HVLJQBWUMBKLO LGS B AN XHK WU O [ X UNDER XM FRJQ HLFMIOOHQF H
DQGQGXUYROXIDWHRHUDQDXQW®WHDQ OIS RY HW\BNRX [ S
HPSKDVLVHKBWK MWD QVIRUBBRWYR®WP S @M UHMH FRM HREH VAQ W K H
FRQW UDXJXUM P D LFQD\R VWM DM@ [ D J J H U DWH.QR\OX DQIGH\Y LUMS SHD UV
DW@[SUHVRIRRULR W L ¥ HGX F VB IORI@ VEXIWD B O WRKHP R W L RIGDDADH Q VL W\
DW R UGHL P H Q V1KROQF K D Q JIHW KW\ P E R ® MFU X FRMW 6 HY/F H UMD W KK Q
UHLQIRUE[QELHUDUFBXHMDRZSURGXAHVHFWYKNRFNMASHUUHDO
VHQVDWLRQV DQG HPRWLRQDO LPPHGLDF\ —-W SULYLOHJHV H

X X XY WVNIZ Q) KRZ \RUHRIQ] HWKH TXOIWV
Z KDMHUMP D EH UIDGBWR \WHSUFHD
O 3KISHEVERAN

7KHVEH UV SHFW.LIYEAH G H I L QRIW X RXED V HREG L V F H U QPG MWD Q
RV W HQ WDDIORGX\U D E DQIBVW\D Q L Q X NXHDH F R AFtH Q WAUULLAV RS BR VL Q J
WKBIRJRADVARQVXPSIVQ R ® S H U | QRLYIH® QMK LWD P H Z ROUX\ X U\Q R
ORQPHDVXUFHELVLEROREM W\ WKGHS\RKVKBHODWLRQWIIED LVKH
EHWZHHQ REMHFW XVHU DQG WLPH

~QDVKLRB®VYXLLYEDUWLFN®D&DAMQG UHVVALRDIRQJINQFW DRRY
KRQRULLURWILHAG/WDBOHVWRPSHWLOK[RQHGLUHFWWREZDUG
SURYRFDWISRSHFWBFAIBRYHWBRWX [ S QRWHARQWHPSRUDU)
OX[XUMFUHBVWHWKURRQKHGHUDQJHRINQWIBYRUYBOQVDWLRQDOL
DQWL WDHWRWKK HDWIGFFRWLRQ@WHQBKWMQRPHOQOFBOY SRUQR FKLF
H[HPSOMKLRRYHPH@KMWHOX[XWEDQGRWANSHEMNME IDYRRI
SURYRFDWLRQ VHGXFWLRQ DQG DIIHFWLYH LPSDFW

TKHVHHUVSHFWLIYHDWKLIWRAFRQVSLFERRYXPQWIHRRUHIOHFWLYF
HQJDJHG DQG UHVSRQVLEOH IRUP RI LQGXOJHQFH

IX[XUWRZQVHSDUDEM[ISHULDQBHDQLOWQJIDIJFHPRUNPRWLRQ
DQGPDJLQDIKLRO®YWHBSDODVXQEHOO EHLBRY HW\BRX [
QRWWYBFWQWH P S RXDXW\K U LLYGMK HQ W H UESHODZX HHXE CALIFV SO R G
SULYDDWML V | DEFHW. RHGHRT WIHE R J Q DW GR G L Y HEXDRO P HQWK Y. M Q V H
QHZX[XBMFRPHRWKQHWK DM ® H VW KHWDLFFALMEEDOQ F WHILQHPHQW
H[FOXVRYEBWQVEBOHD\DLWAR F DID@ Q Y L U R Q FFHR@W B DR X Y\I¥D\D\X H
L\Q RO R Q JAHD V X UHR® IE OV D U RWAR VBX W\ W KGH SR KH QJD JH P MM
TXDOLW\ RI PDWHULDOV DQG WKH UHVRQDQFH RI WKH H[SHUL



7KLWHFRQILJIX RDWXRQFUHDWHYWLORXQ®&UQHZ
LQWHU S UHMWKBWWRIE®W\R QGUD G L \WDRGIIIMBOPEROLF
IUDPHZRYWWX[XBMFRPHYFUHD\H[SBHOLHBRRWORQDO
DQG'DOXH GUXHVQVLIR@XVW DL Q PHBIVDH WRDIOD Q G
HWKLBBOSRQVLDLMMOWUPSHR UWD-QENZ LW KWELV
H[SDQGHG XQGHUVVEDR ®XEHWIQDMWWR WDNH VKDSH

7KHWAUDQV IR UPHMWKRAMDRIE LR O X [XFRQWHPSRUD U\
PDQLIHVWOD®XRQ\KBIWEUDRMXWWDLQEERGHWJ®
PXOWLYVHQQJJOUH P PQ R O XH KW H QVGYHL V W RN & DROL W

SOHDV&UWW L QFQVELRIQ Q H LK)AWRK HW K LIFQ@® FRORJLFDO
VSKHWHIHUIHISHU L H QVKHIRYR Q Q MFRAMV HW PDW HULD O LW\
HQYLURQPO®MUVRIDAO EHWEIX [ XQRMWXDWH[FHVV
EXWWKRXJKWHX¥SGRQWDE®PRWLRQDRBBG\VLIQ OX[XU\

WKDW GLDORJXHV ZLWK WKH IXWXUH UDWKHU WKDQ PHUHO\ U}

7TKHHYROXWLRQI X WKURXIJKRYXWRKRZYV FRQWLQBREURENMWZHHQ
PDWH WL BIOWR F lCDLY W L OFQMDRAW RHD QL QKIDW HVEY R O X PSDUW

W K DW[ W H Q\GHR/IHY W RS EQ PIL RAWRKHHW K LHF RO R DIFBHHQ VRHUD O P V
UHVSRQWERDWHPSREBRENOERXWVWDLQREDOGMWE PRWLREDO
EHLQELOMUDG LW XREDR | W HRF X VRIGDUDWE [WUDYDHLEFBIX[X U\
HPSKDVIUHVSRQUQBX® JHERAKBHKSHO HD VRIBRIQVXP SUWWLAWHUWZLQH ¢
ZLWK UHVSHEW IRU WKH HQYLURQPHQW DQG PLQGIXO LQWHUDI

~QNKMWQVEL R O X[UXHUIO HE B/RY HW\BIRX [ V REVHUY DWVER@WK H
FRQWHPSRXOWRO K[ X V\KSHU R F H\RWHMG L Y L G X DIOR. RV IRFOD LY 6 W L R G
GHPRFUDW LQRAMLRQH UXHFNW KLBQGIFRORJREDOHQ ROV XPHUV
LQFUHD WIDQISHR G XFQ&[SHULHWRBWE RRQ M\H VW K H W H FIDEHRGV
DOVWROYLURQPHRYYEDRRNL AHY'SRQVLEG@ARWLR QB U RQ DRI
UHSUHVBIQMARUMRIFXOVORUDW L QFEKH.URBX [ X UW HD V X UE B\EY W K H
YLVLEOH DFFXPXODWLRQ Rl ZHDOWK DQG PRUH E\ WKH DELOLW

ODWHULP@RYDWERQWWEQR OX[EQOLARDYHQWLDERBWLFKIWHQ
HPSKDVLUBVMWK\URXIKOXVRVERYBLR OXNMHH KXY LTXHQHIMYR X J K
VXVWDLQBEDOWWPDRY &HQVRIRIDIHPHQWHUVRPRVELR EDVHG
SRO\P HWW W D L QR XDRHIRN DIOE HRIK S F\F FIR® SR Q HEHWFR FFDUULH UV
R IE R WKH V W KY-DADLRFR G W K LFFHDIDQ L @K HD X [ XRIW K H R BIW H UQ DIQW IAVQ

WK HHLB HQDI® R G W QW K HQ W H Q W LHRROEDHOA. GH@V KUHRLU H D W-L@ADK L V
IUDPHZ H

DWLVIDFV



%R O XY 'KHUHDM VWR OXFR@WHQHLQ IR WRHFGDWUDWLILFD)
FRQWHPSRUILR OX[XHWQFRXUDJHNVUWLFLSDWGRQ
HODJH/ HQJIDJIHPWEWRZNGHXGQRHAHWKHGHPRFUDWLRDWLF

OX[XUWRORQJRQMERXWLWDRURYDPHQWEXMLR C
WIGMRID DERXMWWKLERGOXVIL@RE/ KDUH®OXHM LQWHJIUDWL

FROUXP SARD VXVWDLQDEQGNMWQVRBSHULHQHR OX[XQYLWHYV
FRQVXPWW®MHFRQVZIGHW HD QW R QG X XKIH KOLJIKWL
KIHDAKEY GHSWK PLQGIXOQHVVY DQG HPRWLRQDO UHVROQI

JLOQDEBOR OXPOLIZQWWKKH[SHULH@YWLQ@RQWHP S RXD W K ULV
QRWXDWR REMHEXWE R XW2ZWKHHDWUH[SHULH GHWG H IDYYHEQWHJUD W |
LQWRDLOWLIHWRQQHPWRRU\SOHDVRQIBHPRWLRIQVKHVSRQVLELC
WUDQVIRERPQQIPSMWQBERHIOHFAWLENH DQVIRUBDWAVBNMAFS RY HW VN
5RX][ ZULWMK [ XKDV O ZDEMWHIQQ W H U WZLVEH G D VIXQB! K$X UV X L W
RIEHDXBWLR OXYXPSONRULWREMUVWIREDMIGHH OO ERIEGWKIRSOH
DQ® K$O D QHWWL ¢1VVH@RHX [XRFRQVFLRXY QMMM VW KHIWLEHPHQV
HPRWLRQDO ULFKQHVV DQG HWKLFDO UHVSRQVLELOLW)\ FRQ

~QUXPELR OX[XHSUHVWRH[WWDUBNKKLVWRHYRDX R/IRXG X WW
KR QRWNKSHU L Q F IRSWHHIY Q H PSHOHD \DXQUER F PBHI® Q L DX WL W X DAK HIRD
FRQWHPSRUDBWHZRW KDWD O XWXV W D L Q CHFPLFOW WRH)®JID J H P DB
PDWHUDRM®RYDWHY\RIRUMRIOX[XWKDWLP X0 W D QEHHRDXNDHN WKIOLLFP®
LQWHO CRIJHQMIID OW H BIODARY Y HQWQRWDRQN[W UD Y D JIKQH
UHPDLQLQJ GHHSO\ SOHDVXUDEOH VRFLDOO\ PHDQLQJIXO D



10 Tko




A\ V4 N N\ N\ ~\ ~el
28N 6 A@
~QVKUWVHDKIFRE\FRQVIHEERRQOR WWWHF K QSHFDIRUP EQ B VRUW V
FXOW OWIEBOHQVRAWLPHQVLRWYYURSH UMRKYIW K UWRXP DW H ULHDIOD Y LR L
SHUFHS\WORRBQVHSRVLWLRKMPGDVD UHO H YDIMWH UALDMKERQWHP SR UL

GLVFXVWRPEQRGHWI@HARUPRIOX[XUKLVHFWLQ®Q U R GOFHI VD

PDWHUKROHXD O LM WHBIB\RQBQFWLREUOWDWODVR DG H SMRXDG D WL
IRU WKH WHFKQLFDO DQDO\VLY WKDW IROORZV

GP\ W [Q) WH7+& IMAH

7HWUDK\GURFDRWPELWYWRKBIDLOV\FKRD FRPBRXRISOD EW®R Q WR J
W K&D Q Q DEH@ XMVWW HV SR Q VR BVAKKHH F U H D WD QREQXCSA R I FDWAY R EL D W
ZLWFHKD Q Q DEER@'V X P SW L RRQV KHRJU GW KX E VW DUKBBHVR G XBHM. JK-HP S

FRQWDLQV RQO\ WUDFH DPRXQWV RI 7+& LQVXIILFLHQW WR Jt

$OWKREXRWFKO Q Q DARLWP RWABR&HPSFKHPRWASHMI9D QG EHORWRAYKH
VSHFIKDW Q DED W IWHKHM S U H GH @ W LIQR XVR VRO H F VE UHKBOU
GLITHUHQW SK\WRFKHPLFDO FRPSRVLWLRQ QG XVHV

7KH WP FXGRYDU LHHWY VR D FXGRYDWG YDUHW P HDQIQJ D SOQWAVHBPRYHD ELHG E\
KXP DQV VR H SUHW VSHALIE WDIW + HP S KDV KMRUED® EHHQ ELHG |RUILEHU DQG VHHG
SURGXPARQ Z KLBI P DUMDQD KDV EHHQ EWHG IRUKLIK 7+ & FRQMQADQG UHMQ SLRGXPURQ
6P DD &HOWUHV Rl VHBIPAYH ELHHGIQ) UHVXOMG LQ KHP S VAWDIQV Z W P LQIP DOV + &
FROFHOADARQV 1Q FROADWIR GUXJ WSH FDQQDELY FXGRYDWG | RUSM FKRDPWYH H | HAW

XQGUMNIEQ) 7+& DOGE&Y

$VSUHYLRXWDWH® UDK\G UR F DR D BIHWRWOD K\ G W R RIMO&LME KPD L Q

SVI\FKRDFWPBR XIRX QIAEDQ QDEQ Y QWM HVSRQVWRE & AU H D \NW LIRG VY
DQEDEHSUHVHQWULRXWP VV X FIK\G U L HOR Z HUANGRWK D V K L VAL WK U\L Q J
FRQFHQW UOMQRMVLE&EN RIOFRQW UDNYARQ SV\FKRPBEQQ B B LGHRWLIGY H C

SULPDUULRKHPS-VRHYRWQGXEFOWR|[LFDWM¥RRZORDGGLF®RWH QWL
+DUYDUG



$FFRUGNRYKHR UOGHDOMKDQL]DWHKRIQBIRHY L G HRIBME KIHFD OWK UHOD W
SUREOHPV DVVRFLDWHG ZLWK WKH XVH RI SXUH &%' QRU LQGLF

&DQQDELYREBW+& Q&% DUSIULPDSURGXEBVKWULFKRPRY DR G

W KI® R Z H KIHPIB) GV RO H V VW HR@W K®IH D RHPD W XFUIHQ Q DEQ.IVQ WIVO H
FDQQDELPREGYUH VH@W KHWDFON WXFIKXW HH GWK IRFFX W LJQLILFDQWC
ORZHU FRQFHQWUDWLRQV 86$% &RQJUHVV

&DQQDELRRQBHQW UKMLRYD ULHRFRUGERVULFKRRSBQ&HFUHWRU\

VW U XFWLWMEWY X J JUPIEGIQ DIELKLELWLDJL | L ACDLQ WIDM VER Q W WEW Q
ILEHU JUDGH KHPS 86% &RQJUHVV

KHP S YVP DUMDD

+HPSDQG@®DULMXDWDHB L | | HUWDWL H RVIWAR/H
VDPHSODQMSHFLIEYQQDBIDMWLY D-XV\BV
&KLKXDKXDSUHDIMQHNUBRWIRIKHP QG
PDULMXDQD DUH ERWK FDQQDELV

OLFKLIJDQ 6WDWH 8QLYHUVLW\

2N "¢ QA O YARAY
"1 uofet “O0l @ O E” @1 w60 161 O pAl AN
W a1 ADO " 5T AL 7 @i F QQOYA A OO oY Oy
o Vs A & <% 1@ c A0 GA A TOE% < &1 A J
AAEA]

-—-QHQHUBAQFRQFHQW UDIERMRESUR[LPD WIHORARQVLGWHKW®& UHVKRD G
SV\FKRW BRRISQW R [ L FHDIWH_.FQARM VID O 7TKHUHIRAWKKEL VW L CBHW.RHH Q

KHP®QEBDULMXDMOWD[RQRPXWHJIEDVHGEY + & ROHQW UDSWURBXOW X U
~PSURYHPHQW $FW RI

SCCGLWLRKHPCGCORZAYLOHYHRRNEL QHOKKL IKARQFHQW LRD&RA ROV
IXUWKHU DWWHQXDWH WKH SV\FKRDFWLYH HIIHFWV Rl 7+& /LX

tA7ULFKRPHRLFURVRARSWLIFQ VHBOBW®EYDHRD L QRO D Q Q DIBIRZ HELXA O \RRO H D YEHID FIMYG
VWHR®D GG LWLRD@® Q D E L QRILGK RPOIW K HRAW KNHHUF R Q ®BIWMD E R O Q VBEDQM H U S DK HQ RO L F
FRPSRXQGV VXFK DV IODYRQRLGV 86$% &RQJUHVV



W) R

7RDYRE®PPRPLVFRQFHSMURIRX QKGRI Q & D Q Q D BIKWR O O R ZMIDEO H
SUHVH@KWD[RQRFAFV VLI IRAVQ@DQEDR W L YKL J K O L JW W@ I YTHEDK L F K
KHPS DQG PDULMXDQD GLYHUJH

JROORZWRWD[RQRWDE QW
EHFRPHW YLGHQMKDWVKH
GLVWLQEWWRGIHKEAPSDQG
PDULMX®RHDY R W F F XOMNV K H
VSHFLOINY HEG W D W KIMW K H
FXOWLYBYH®RW EHOR QUR
&DQQDEDWLYDHW KHIDYH
EHHQHOHFVEIUHIBWG LI THUH Q'
SXUSRVHWPS LV EXOWLYDW
SULPDUR@NLEHVHHGDQG

L QG XV WIS DOL F D WIKRIQ\H D V
PDULMXMEQUMHERBHOHY DYW& G
FRQWBQ®&V\FKRD KXW HS H
'"HSDUWPRIGWU L F X OMNHXPUBH
J)DFWVKHHW

QRANDAUP 1OJUO WUBOD

'KLOKHPDQ®DULM XDHYDRWBVKWDP W SHFLEDQQMEDWLYDHQRPLF
UH V H DIUF&L F DK BWK HD\U B H L WXHHQH W LLFEOHDGDWOLRFDM@F W L R 8 DOIORD O H Q
([W H Q WLHOIH FRNWIHYHGK.IB U R G X BB GRR\S X O D WIL\RRLW WLHFEMB/ULR I L O H V
PHWDESDWKZDOQWKHPLAPSUHVVERR O HW BERHQV X P S WIKFERGIP B Q G
PDULMXDQD GLIIHU RQO\ LQ OHJDO RU FKHPLFDO WHUPV

$ JHQRPH ZVWNERQGXFENBBQDGUEQH D U BHHPRYD VW WEKBWE D Q G
PDULMXDOQWLJIQLILF®IQWQAH Q \B MWW HIEQ HVOLFY IFA Q F O X GLKDMK H
GLVW L @EHWMWRPHIQHTRS X O D \W [\R B EGVYR QG Q HM OBWR+ &S URGXFW LF
6DZOHU HW DO

6LPLODIEBQLY HWRMQMQQHVRMMXIRX QK EWP Q8 DU LM XPIM@HUHDGLO\
GLVWLQJELWHKHEL | HU HRUARLAXCF RVIMRHV U D K\ G U @ R DIDFELIZEE $D Q G
FDQQDELGER®I%'$ ~WWDVREVHUYDH® ULDWQRQWKHHQNHTXHQFHYV
HQ]\PH FROGRBDA[SUHVSDRWVNNQIHVRXQWDIQNHGHBR¥FKDSHG
E\WHOH FENMIHHG Z R WX XU WK QG L FIVWBWU L M XD GH U JRRMHLWLY
VHOHFWLRQ WR HQKDQFH SV\FKRDFWLYH SURSHUWLHV :HLEO

$0VIR& D QD G WRED V HRG L Q JJOH O H R\D UG B Q VO L\GLH/Q WK L HE&H YRH O
JHQHWDRBLDOWRRQEDQ QDWLYHWX S SR UWEQHDHQ HWL¥W L GEFHMLRHH Q
KHPS DQG PDULMXDQD YDQ %DNHO HW DO



IDPLQY)

&DQQDIE\DYG L R H F ISROXOM WD Q L\§ K PWOBIQ GH P D @H S UR G XAEWIIDYQHY H
IRXQBQVHSDUBWBQMDFK[KLELVGLYWIQRWWKDUD FW HUQG/WXIF V
RULHQRYBN LY DMPLDRIGFO WD U S UH IHUG KIBWRVK K LJKHFD QQDELQRLG
FRQFHQW UQWKIHROMR Z HAKMH U HIDD/OSIO D X\WW VW UD G L WERBDO\ORFLDWH G
ZLWMKEHWRGXFVBBBORQIUHVY 7KLERHYRWPSONKDMPD G DQW YV
FDQQRHXVHIRKHP $XOW L YUDIWL RVGUHMH O H¥RPPRIQQLEHU RULHQWH
VA\VWHPV

+HPS DQG PDULMXDQD FXOWLYDWLRQ SUDFWLFHV GLIIHU VLJQL
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SHFHQWYDQEEPD QQDEHVHDE PO BWHHG DQIW KEHYHOR S RHQMZ

F X O W IDYQDBNE U LIGD'YEIO X UMRBIR IWK HWKH D G L\WRR S R R O RGILL\F\W DQ F W |
6RPHKHPSDULHDWBIRZ QWHQWERGBEMNVKRDWEXVKHQFRXUDJL
ODUJPRZHWNWULYHBKLIK &WRZ 7Y QHWBEY&RQJUHVV 2YHU

PXOW USIQM U D WHROHVFEAUBHGH. B D YR S W L P IF]BIQQ D\EW VW DHIQWKRIWL E H U
DQG/HHSURGXFWIHRRBRUIRUWHVD@ & +&FRQW HRDW LM X BRDRSHDC
~QGXVWULDO +HPS $VVRFLDWLRQ

Rm/mmwi EH FDUHIXOO\ DYRLGHG WR SUHVHUY'

RIHDFKDULMW\DQQDIEDYRSHQ SR O CGLAYDMME WREWDPL G
ZKHEGUR®SWBURZIQFORSHR[LPLMWHFNHU  7KLMFULW RRID
JLY MQKIHO O H RORDL WL\ M YOm@DKWIL WNK BWR VYV SROPDFRWER @
SXULW\ DQG UHGXFH WKH HFRQRPLF YDOXH RI WKH FU

WH\RQARUSKRORBPSH[KLEDWVRQRPKP UDFWHW K FWIOAVWU LW RWH/
UHOHYD@WAKVWDLDOQGEROHWWROKOP S VFDSDROVWHXUYLODQPGEHSURGXFL
XQGHUWUHMHHNEHILBIHW R Q VW DR WIBHI URIIBK\VLRG® BV L O I*H@®H
DO &EXOWEMDURUPLRYRHWKRUOXHEFWMIBBU DRIBIDUY RUW K RGW
VKRZQ LQ UHFHQW VWXGLHV RI KHPS FXOWLYDUYV JURZQ LQ -\

+HPSVHH®W B OV WHUULBRKDUDFWHURRR® SORIPJID FRPSRVLWL
LQFOXGLBLBEMNRWBIQEBUEHUV &DO O DZDU L GHRRO ~QVKUWVHDUF|
W K HKID U D F W HDWIBMAW IQARVZ O HOGRIMR BV K HIDUW U L W DREBIBR W KD W H U L [
GHQVLW\ DQG YDULDELOLW\ WKH\ LQWURGXFH LQWR PDWHULL

+HPSIORXWREWDLBDHREL QOWKB HIDWWHNL GYXKHB VHHGW\SLFDOO\
SURG X PHW R US[W UDF®Q\WRRWUK G LWDR QR PIODMWNMK W U L MWK B )

LQFUHD\EHMMDIS OREH R QVKIRR R GQ G X VR\BIHQ ISRV VLE LR B\WW MWHMI LD O
H[SHULPHQWDWLRQ DQG VXVWDLQDEOH GHVLJQ DSSOLFDWLR!



+HPSVHHGVHIGQR QG XVWRBQMREWDLQR®RZ 7FOWLREBDQQDELYV
VDWDYWIERQV IRMIVGR X WH.IE U RXXMD@Q ® QL Q Q ARUHLAKRLOQGURWHLQ
EDVHGUJD @IDAV WKL OW K H V I/ U X F \WHXOMD)XOD B R | W HEQGH V F U LLEQHRGR G
UHODWHWHUKXWNWHKHD UHFRQVLGHWHGGLFDRIRVKWN HHGOW\HUHG
FRPSRVLWRQRQWFDSDFMWRIHQHUDBWMHUEMHR EDMHBFW LRIQWR X JK
PHFKDQLFDO WUDQVIRUPDWLRQ %XUWRQ

- QG XVVWUWIRFH VBIUVRIGXFHMPDH\WUDHRILDQGURWQUDFWLRQGE
VHFRQGDHMLGXHFRVKHPSYHHEDNBQ®HDOLWKDELUFXRIDMWHULD O
SHUVSHAMWKIHVHV L ELRCDVIVUESSURDMBPKMHBY D O RWH YVHRK UTAKHAM. U

VW U X FWOSIBHRLLOWY H J UIDOMELERR) EDWRIBSS RV IVHH QY IRDEHYID®SURD FK
JURXQGQHBDWHUILDKRY BURFHMWLEDQIGWKMW UDQVIRURDWILRR
LQGXVWULDO E\ SURGXFWV LQWR PDWHULDO PDWWHU %XUWRC

KHP S1 GXUBH RIGI RRG P DMUIDOBGG-MIQUHBYDHH

~“QWKARQWR[WXVWDLQRBMDWHULD OGGHWVILKSIP SORXWSDUWLFXODUC
FRPSHOBHGDXMRULJILQDWRHYJULFXOBNSUROGXB W NVNIDWKLUFXODU
HFRQRBULQFLBOEVXOPLRGHJIJUD ®GDWOBQVIRRPQYH HEL GIXHWR
IXQFWLRRW® ULFORB R Q H ®WR/'SIO R YHJH P S O LXISHFWF O Y U D W WXLIHW
FKDOOHQJH OLQHDU SURGXFWLRQ PRGHOV

6WXGKBYBHPRQVWWBRBWGEIOURXABP XX UBWHH®XBDQXQFWRLWRQ
DVXVWDL QUEMDIER O\PHU EPRMSR V LMROW U L BAXRER QMK H [ W D050
PHFKD QISHMOR U P D-OHFIHW ] P DI @I0 $VDELRILRBUWELQ) G IDEIGLWLYH
KHPSIORXULQKBDUWLVAQH QGRUJD QAP SRV LW UR® R WRIK H V LLRQ
H[SHULP HRRVPB® V LMMVE OQ 2P DWH WH[BOHVVURGWHBJULFXOWXUD
ZDVWH VWUHDPYV



&RIITHA PR QW KMR VI G HFIRQ V X PBHHSY H U @ RHMO G DLGQBGHH S U H VDFQUW W L D
DIJULFXC\RRBBGZWWERWKFRQRPIFEXOWNXNHDEYBYHAHSODLIQH G

F R X Q WMXL_FHB®6 U DPIQGSW BIQK L SIDW W L FIX\WU D B Q U1 HFX O W XX W IHIVIGHJ L Q N L C
FRIIHH IXQFWLRQV DOPRVW DV D VRFLDO ULWXDO

JURPDQHFRQRRSIHUV S HFRVRL YHHUD NHVRRGRP PR G LWLV Q L | LIRDERMW K
SURGXFIRXQWUSHMVYPDORGDWWG R SDOBE EW U RSH. FIDRZKH UAR | | H H
RIWHESUHWAKPRDYRIULFXGMSFRIDDQEGR BPDQXIDFWXKHRUEBDUJHC
FRQFHQWUQWHRESHQ @ RUWHKR HULRZKHUFR || HHU R D V WEHDGH Q CHXEG
SDFNDJHG $ORQVR 6DOFHYV

7KHWZBULQFERBPPH U WISIHF DR\ R | | HODUD E L F|
$UDEIDRD&RIIHD QHSKEBRBEXV$ADD E EHD Q V

ZKLFKFFRXQWRXJKO\ RIJOREIDURGXFWL
D UBIHQH U B 0 IO)\HRBW K HAMRDLWDHF L G VWRHW Q H'
DQGRP S OIM[D YRWR | L5GRHE X VEVHD QIMF R QW U D \
HIKLEKLWWKHHVLVWDORHFWYYGLVHDFREWDL
PRUFRDIIHLDG®UBVVRFLDMWWG UR QIRIWH

ELWWHQVRIUWWULEXOMMBMIXNGZLI &UR]JLHU

SUDEERDIHNV\SLFEROMUXL GHXISEWLRRIE XV W I
GXWRWWIDQROKXKDW LIWQGWR QVHTXARWHD \
HISHQVERBXVWDXYHH@HVFUDBHEGDN IODYR
DQ®RFFDVLROQKWDUWEQWWHKWD UUL®WHB UWKD XC

ZKHUHDWDELMMHIDUDBWG O GIHUX L VWDLCH3J
PRUH DFLGLF %HUWUDQG HW DO

2WKNBHFMKFB\&R || HOOL E H B ROV U PE QW P DADBOD\ RESDU R G X FEWWRRO G
UHJLRIQIMSRUW RQO HE H BILEVWMW ZR DU L H W LOH\E H Y DRDL E H DIQFR®
OLEHYDBMZHY UNHQR ZD[FH ORI IHEKLAKD SSUHF LR WMX® L TIXHD Y R L
SURILOH +HUDZDWL HW DO

TKHFKHPLPM@WHQVFKDUDFWHUERWHHYNWURQODOXHQEMWBSHFLH\
JHQHWDRLHWRIUD SKLIFDEQLPDWRHFRPSRVLI/QBEFXOW L YDRWDLRRML F
OXUWK\ 1DLGX 6RORPRQ OHNDVKD

3K\VLPI® RUSKR O RFK.FEODH ULRNEHBDWOWX FRVEHDQL]WKDSEHQV LW
SRURVPRLVWRREW SQWWHKHL]ELVWULDXQERIQ/WRREWHQWOXHQ
URDVWEHXDY LR QGHQILFLHBFNUDFWQRI® UFDLQ\GT XDOSWUFH S WL
BRORPRQ OHNDVKD $QGHUVRQ B6PLWK  +X\FN /LF



5R DV WY KMR VAW L WWM\F DLOBIO D YORQUG U R PAOH Y HO R SPWQWJ FHKWW LFD O
WUDQVIRUPDKERQW U MERROERGDQ® ZLGHDQRIYRODWURMDWLF
FRPSRXQGV )JUDQFD OHQGRQ®D 20LYHLUD

*ULQWAL]ELFW MWBINOFHHR UH [W U D FRWLRIID W MU P S H U DRARQUMD E VH
DQG EUHZLQJ PHWKRG LQIOXHQFH FRPSRXQG VROXELOL]DWLRQ

JRWKUWVHDERKHEZIBD\ERXJIBWUHDWGCN\Q GFHRIZGHRIUL Q GAOMD R®/D UW
RI REVHUYDWLRQV 2WKHU FRIIHH SRVW SURGXFWLRQ PHWKRG

JHHMY PXAOWYDARD DG RFHMQ) P HKRG/

*OREPRIITHGH VVHPLQLHOIEAI®BO L P L WHOGH FRMERDQ QUWRPDYRULJILQD OO\
VRXUFHIRPR<HPHQHVXOWQUHVWUUAWH®LKF HURLWUDELNBHOI
SROOLQDRALIERWYV RWKWEHFIDHMURVY SR O @HPEOMWIEIIH D WHQHW L F
YDULDWLRQ

2SWLADXO®W L YHOOMLYRDQU L RIGQUWFD QHS KRURVEVMHORZ PHWHDKL @GH
DUDEURIRZEHVEHWZHHQ DQG PHWHBVYDELGERPLQDWIREDO
SURGXFWLRQHVSHFUDOONBSQHULRED ZKHUHDREXVSULH Y DL IQO V
$IULFD SUDELFHODPPDQG&GVIKIRPDUNBWLFEXHWRBHUFHLWHSGHULRU
TXDOLW\ WKRXJK 5REXVWD LV RIWHQ EOHQGHG WR LQFUHDVH

&RITHHURFHVRHQXRIBOASRI R IR X @GIGIWWHEK HP LVIKUE HWZ DV KH G
PHWKRQY R OGHIS/X O SILGEFHUULHVPHQW HBIIWR H P R PE F L O QG
GU\LQYZXH®R PRLVWXKHU\QDW XRIIDWKBE LEKNREHUUEHWUH
KXOOERPPRD@MUDP@®SDURMIULFKH/ HPLGBXOSHG QPWWHRG
UHPRYHV VNLQ DQG SXOS WKHQ GULHV VHHGV ZLWK PXFLODJ}



~@®DWHGHYOIQEGR UP X O DRLLRGIB OF U X FLROE HW H U P E @ WWK& H
VWU XFWXWEOULGVKWHQVRND O LRVWHKYL Q BOR G XAV SK\V L PG
FKHPLSDRSHUW\WLOIXKRRY OWH[W X WH ED Q IGW U D E EX DM WWRKZD \
PDWH ULQW M Z DWW W H WQMDLCPKOAR VK H DR LV WK UPHH F K D Q MRVDUH V V
% HF D XVKMWKHWLSORBEWHUGHB®NO RBKIWGR XARORIILFEOR EDVHG
UHVRXUFPEH U VW IWXKEHE.D YR RILD W XEJLDQOG M MHW V H QIR DY O X D W L ¢
WKHLU SHUIRUPDQFH DQG SRWHQWLDO DSSOLFDWLRQV

TKEELQGNUHOVHAWMXKXUWVHDUPBKDWJDB8HFWIRW IDWRE R UMW D U F K
EHHVZDRGRGLO®ILQDWHO OFIFPX® RULGHSUHWDIEQWHUDIY RH
RULJDQWBROHFXWXF WEKWHNWKHELU I HUHY KWK D DARPPRQOROH
WRUHDAMRKHVER®W KALLQW X WDHAW IDQN WD EL QDIHEVQ G FSIHVIRUPD QF |
GHSHRXQYSHFEFIKRPLPQGK\VLFRDOUDFW H/XIFBWLRFEOYXEUIBOWWLRC
FDSDFLW\ YLVFRVLW\ DQG LQWHUDFWLRQ ZLWK RWKHU FRP

7TKH\EHQGHAHVHKRVHERVHRE QVLIKWFD WHN X G VXWKY KHD B RR N
$*XLARUQOQRYDWWHUEDIQ¥O®ODULPRPWHODYDQODEQOGESWOLFDWL
SRVVLELOLWLHYV

$FRUFRQFHBWKUW VH DLW¥F KB W H ULID@RNQ G H U V WRGRMBB\U R X J K
W K MLWF K GBLHFDI® U P 3QFBIQ]LQL DUJXH\WRPSHWRRRE@D W H UMD OV
LFRQF WHMUHP R P S HWD WR QR F HIAOW L WDNWQRICBW HUBDO V: H
OLYBDVRFLHEWMKKXJISOROLRVRPDWH ULBXOWO WRHFKQRORIORYZLQJ
GHVLJQWRKRRIDNSHFPIDWHDIQDEDNHWRUNRDGHWHUP SQRWH FW
7 KLLMD RW KFHD VRIW K Y W X 8\K DWPW R Q G H U VW RRIDGV H UW BVAVGEQR V L J Q
WKH QY& DSAKHPXOWLSORAPWWRIQDQGVKHARP SHW MWLM LV H V
EHW Z HHIQHPR Q V W E R YWAKKHFD X \DHD @&/ KHHI IHRVE HHSWUDQV IR URMW L R
WKHLU YHU\ QDWXUH 0DQ]JLQL S

+LVWR U PBDCHOIWU B P D L @HH® D WALR/GNOWLLDAY WHTLUD O LIMQ@& VR SHUW L H
DQGDULDWRWEMOWURGRFWHRDW HUEZ B OWO RZQRI KW B H U PW WH

DGDSWRWI[RQWLYWHPIRHDQLODQ]JLQL S ~QVKFHRQWHPSRUD!
FROQWKREZHYWHHFFHOHHPWHWGIREBLYHUVL IR PDWLHRUBKINO/O HQ J |
WKHVYWEROWPPHZROBNPDQGQRBAQWHUS UHVOBXDRXQYWAIJUDWLF
LW KIMK LWD P H Z RUKMW X B \Q D W XEJLDQOG H QWK WAK H VR N ¥ H\R QK H L U
SK\VLFID@GF K HP L FID@D O\ \BIRW L W L R\DK.HDR L W K E Q R D GBI E D WRHY/

VXVWDLQDELOLW\ LQQRYDWLRQ DQG WKH HYROYLQJ FXOWX

7KLFNKDSWBWUR GXEKNSURSHURNWHNMEL Q G KWW GQN K 8 U R M BoR W
H[DPLQHQFRDWH WURIBQYRLOAX®HFRPERVVLERBHQWKIMMWUHQJWK
OLPLWDDWQ®QVUTX¥IRQWULERLRIPNE HULPH@WPXODVBHRGWVRSHC
7 KHWH V L JXRWVQ CB\U R Y MBIV H F K QN RXIRAS D WRLRXQE V H T YXOHXIDVD B W
DOVR IUDPH WKH EURDGHU UHOHYDQFH Rl QDWXUDO ELQGH!



" HIQWROD X2 WIQ

$JDU DIOIWDW DW XS\ VD F F KD WIU®H WRHRY KHH@DORN HBHDZHHGV
5 KRGRSK\FHDH SULPDULO\ I[IURP WKH JHQHUD *HOLGLXP DQG

$JDBRQV LPDL QRN S o
W Z RUD F W LLRIQW R V H 1T oA 176 ATO
DOLQIRO\VDFFKDULGH

SULPDUUGWSRQVLEOH

IRUHORUPDWDRG

DJDURSHMNBGUH

KHWHURJHIQBRMXALR Q

WKDRMRQWDV®®IDWH

DQG S\UXYDWH JURXSV

()6%

7K SURSRUMQ&RWY U X FRMWHKHMID FWL Q QO WWKSHK\¥DDQEBHFKDQLFDO
EHKDYLRU RI DJDU JHOV

) XQPAR DCBURSH WA

$JDU DIDNQR ZIR WL WWW U RIGID OR BUO1KH\QG LV VR Q YRR D W BIQ G
FRROIHWR UPDW K H U P R U H YIHHWBWLIEYDRHD VWD B WHR RW H P S H U DEVIXW H
FKDUDFWIHW K@Y UG HI | H U H 6 FHZ HHKN H P S H U WKW ALKWH B Q &/ K H
PXFKKLJKRMVHPSH U DWHXTUKHGW RP H OMWU H V X O MQVQNIU X F VWWKKUDHW V L V W
PRGHUBWBMQ ®DLQWBRKERWP3DQG YD NV K&K D WP ~W\WDOVR
HITHFWIQY PD ORD QW LSVIRB/X ALQ B HORY HRVD R ERBH Q W U D WHLIRRKV
PDNHV LW D SUDFWLFDO VWUXFWXULQJ DJHQW IRU ELR EDVHG

5RBIDQG) XRANRQ DY DUQGU

$JDU DSDRYLBRIKHVWRDKW\VWIERPIRUPLRERQWLQXRQNWZRQN
ZDWHWKLFRD QWUDNROSBUMONXSSRARP SRVYWHXFWXUEVHVHUYH
V'S DWRWDID Q L] ZWW RDKQPDWHUID@GYWDNVKAKDUPD -WALQGLQJ
DFW LLR&K \ V L DOV K\HKLDFK FiL F DODJ DWW D E LW KMAV W BVPK U R QHW Z R U N
IRUPDWLIRQVRISE UP D QUIQHVF WZIRARW KFHRIP SRQHDRNWKDUDFWHULV W
PDNHWX LW DEDSS O L F DMOLRDTVX UBIN HU EHKONDR B8 URFHFRQWURO
ZKLOH VWLOO HQVXULQJ VWUXFWXUDO FRQVLVWHQF\ ()6$%



" HP RQMDMG$ SSTFDARY/

3DQG\WDNVKAKDUPD CHVFUDZHGHDQRHDSSORRKDMARDJIDU DJIDU
LQFOXGWQMH VW IHOORQELQGDIHQWRR® HFKQRPIRIURELRORJL
FXOWHKHWGILSKDUP D FH XRULFFOO@D N QRBPH U JIEQRP D W MULDIOP K H
()6$UH S FDLOMNR Q | L WAD WD (¢ L\VZLGHOAHBQ @HMOD UD FW HALIWHK G
IXQFWLBEDCRUPDIFFUHRVYG XV VDISISIDA FDWHRQM URDYD JRRG
SRVVLELOLW\ DV D ELQGHU PDWHULDO

5 HBYDORH DOG 3RAMADCE VH IQWH 3UVHOABURVRN

% DVHREQ WK URSHURXWW® LIQPMEK H
UHYLHXREUFBIMDU DSDHVHQMMHUDO
FKDUDFW MUKB/MNLEDY XLWBBEQBLGDW
D\DE L Q GH.W KA IQHF R SRHW K 8§ U R M H\W W/
DELOLRRURWDBQ®B/ KHUPR UH YJHHDWL E C
DOORZRUFRQWURQOWH&F W XGXLALY J
SURFHVYKQGPHD L QW D LLQWDH JXQ &/N U
XVHAR QG L WLGRBNF D XO\IHIF WSWU LPDUL O\
W K U R XSIK\ V L FI@ D WILWRQ IH UV QR Q

UH D FVDIQ®IR G X OBLY G LPHF K D Q LMW
FD@HDGYDQWDUGHRS U R URMRUMLIQ
GULYPDQWHULH\OHDDKKUBGDSWDELOL
DQG VHQVRU\ VWUXFWXUDO WXQLQ

2y MO
" HIQWRQDIG2WIQ

SHFWLMD SODQW GISBROXWVBFF KW EHREQGQI U X MV V V Z KW UIHW
FRQWULBWEWHDG K HV DR@/ WU X F\WRK¥UDQL ] DWILGRQV W U WD/ DL Q O\
REWDLQHG IURP FLWUXV SHHOV DQG DSSOH SRPDFH OLQNLC
7KDNKUD O ~WIXQFWLRQDO

EHKDYURUKG@HSHQRY LWV

PROHF XPROAB RV LVBDRIQVLFXODUO\
WKBHJURHHVWHULILEDWIKR Q

LQIOXHRREWKRADWHURD® V

JHOD/Q ® FWDWD E L QG HRIUW K LV

UHDVR@HFWLRQV FRPPRQO\

FDWHJRUL]HG LQWR RIKPHMR\QVI RUBZHPWKR\O/0  WDVKDYH QMR

JHDWRQ DQG EIQGEQI AKDIDAMIMAFY DARZ [QJ YDUDMRQ LOW] WU 11LP QHW DQG VMKPMLDO
SHURWP DQFH Z IWIQ P DIMUDOA VIMP V 7KDNXUHWDO ' HOOHAFKIR HADO




) XGPWRBBURSH WA

3HF WKLY VW URDEL OLR/N W KLFROQWDELOL]H
DTXHRXMVWHPBA IRUPLGQUHW ZR WNKDIL Y H
FRKH V IDRYQ®B/ W U X FW MDEQ OKLMUBU KS LI THUH QW
W\SHMSHFWIH®VRPHH®DLQRQLQWHUDFWLR
SURPREWXJDWOFLGIQY LURQ ZHQ®@M KH UV
IRURHWZRWKYRXRQLEOWH U D ZWWRIO/F L X P
LRQUFLHQFH'EKNBISWISWL QBKDS WMWK HV H
PHFKDQLVWPNVSRQWRYDDEOHWXFKDV S+
FRPSRVLWQBREGRQWISEIWWLQ KEDW\W BPD/Q

EH WXQHG LQ WHUPV RI VWUXFWXUDO EHK

5RBID0G) XRANRQDY DUQGU

SHFWXQFWLIFRGWRPRWL&KHVDRERKHVLRQ
EHWZHWA@PSRQHQWANSRO\PH WHWZRBEDQ
LPPRE L @ D]W HWQ W (S WLIF@® D L Q W\DS.E)W L D O
RUJDQL]D W MRHU D WKSHKID V L BHHWF W LUDR DLHQ
UHLQIRUFWQXFWRWHWMKDRFWLRVD ULJLG
IUDPHZRBRQWULEWWHQDVWDRIGMH[LELOLW
7KDNNWD O %HFDXWFWLQ HE CNGE H
IRUP H\® K URXERWSK \V L ALIAV H U D DWIGRRYL F
EULGJHWRIIHUWPWKO W LBIOHS LSDIW K Z MV K R X W
UHTXLUUQHYHBXNHPQEDBRWVLRQMWXSSRUWYV
L WXV H QV\VWHPKHUBHYHUVLEGDSWDRUOL W\
SURFHVV FRQWURO DUH UHOHYDQW GHVLJ

" HP RQMDMG$ SSTFDARY/

3HFWIDQEHH[WHQVDSSODNI/WUXFWXUEIQIGDQBH QWRRE\WWHPV
V'S HF LIIRGQYOD PD/Q GU X LW EDU/RHGEX F RVQYW U L EWXRWHL [QMDQUAM W D E I9OH\R Q G
IRR®SSOLFDUMWKREHHE[SORWEPESK D UP D F H YOWIGEIDFOP H G EREAV H [ W
LQFOXBRQWUROOHBDWHQIFGI®HG UR YHOWHBROLQ 'HMHFFKL\R

/JLWHUDBOMBL JKOL SKWW UQRZLOBHOHY RQFBW HULFL®I Q F F
UHV HD PR K UHMYD W XRIDIORQ® G M X V VQBIFMZHSWIR S H UDVLBHH/Y H U DVIRY G
GHYHORS ELRGHJUDGDEOH DQG IXQFWLRQDO PDWHULDOV

5 HBYDQFH DQG3RMOADCB\VH LQWH SUHHABURMRW

(LW KWEFHR Q WRIWMK § U R M IHE WH V HSRMMH @K IMDEDWAXY U X F WEKW\DEDVQ G L
W X Q DEHOOHD WHR®D QLS RWLGDSDMLRRUFRKHVRLYB® GDSWPEWM LFH
VXSSRUWKW H Qi [SOR U PWRUHAW LYW HPKH WH QVR M D O LWILHH Y ER Q GW
VWUXFWRGRODWUR® S ROULQW WYD W XRDIOIDQG VWDEOSHKHRBUPD QF
DFURVV PXOWLSOH DSSOLFDWLRQ GRPDLQV UHLQIRUFH LWV



N\ N\

YHEO" 6 " O TVAM6T T 1O

" HIQWRODXG2WIQ

3 R W DWW\RD W RIXQ D W XSR@AFAX D UH PMHU D F WRIRE KW X E HRUW K §IR W DS/OR Q \
BRODQWREHUR\&RUQWD UFBPDL]N WD UF SOD®MULYSHR®\VDFFKD
REWDLQR® KHQGRVSRIFR UNHU QB RN UMHU YOWIQHQHUJMVHBY B FH
WKWZRUNMWDUERWXURRPSRVSIGLPDRLWE RO XFRWRD\PHRA O R \DH

PRVWO\ OLQHDU PROHFXOH DQG DP\ORSHFWLQ D KLJKO\ EUL

SURSRUWQEBRQJIJDQL]DWLRQ

RI WKHWHZRFRPSRQHQWYV "i'@® AT® T A
LQIOXHERAWKRADWHULDO

EHKDYHEZDWIBDUWLFXODUO\

LQVHUR MW K L FN HD@LEHO

IRUPDWERQ@RRQ

3RW DA U WKV R U IVBK H

IRUP RI VHPL FU\WWDOOLQH OLWWOH

JUDQXOHXYKRVH VL]H

PRUSKROMIGLQWHUQDO

VWUXFWXUH DUH BKDWDRRWMXIMK WWFIURP RWKHU ERWDQLFDO \
%HOLOOHU :KLVWOHU

) XQPARDCBURSH WAV

'KHQKHDWHZD W ISB W VWP UB R Q XIDEHMRRIEL VW X DHEDQ GUD G X BO®D N
GRZ @ HOHDWK RIDUW HERMIR Q H@WIER\HX U U R X PGICQIPQ G HD GW R J
ULVE'LVFRYVWWKH VW HRR OW D\E W KIR U P D WRLERQH P E R Q W L GSYOR DRI
JHOVKBWR Y LFIGRKH VD R @ W U X F VR@\DLOY WY HRQKIFD W H U<LOD O R R Q
6WDUFKSDUWLFXQORI@UWW URQBIOEHED YRL®O E L LBMAR G X\FKHL F N
FRKHVYWHVHP®LDVVRQ $VWKW VW HRRGAKWWD BRIOHFXJHRWJID QL]
LQWRVKUHH GLPHQWWR&BEVGER JHWIHOB\SK\VLER@HUD ZWLRR V
JLYWKPMDWHBREG VDR® HFKD Q \WVADIOH QKAXH O IRUBHBD YX®GHUOLH
LWIXQFWDRIELR EDEHGGBHQ® W U XFWXIH@WF RPSRVDOY@&DWHULD (
DSSOLFDWLRQV 7DNR +L]XNXUL

7TKIBHUIRUP RQFFRHUQW D BBPKE HI XUW BB X WWKHIR S KKV LRDHOQ [\PDWLF
WUHDWPWMIQIFVE G LINWNVQWHYVOMWMUXFWKODRINXFROVLQFUHDSARHAERV LW\
LQIOXHQOQMEEVRUSWIARQEHEDYDRGBHOWUH QIRK LIKRIZSURFHVVLQ
FRQGLWLRQV GLUHFWO\ DIITHFW LWV ELQGLQJ FDSDFLW\ DQG



$VE L Q G HEIRW\SKR W DAWM D OKE R UNQW D U¥®F WE\RRU P LQRAR Q W L QXARROX\P H U
QHW Z RWKIIDA Q@ V' S H USHBN LEIOMKD. §\VWHRULQHODWLQ MDRQARDQ
JUDQXDB®ROXELYWBIGFKO\PHIQFUHDKMLYVFRRLWKRHGLXPQG
SURPRIVGIKH V ER@ ZHWROEBPSRQH®BR/QFRROLRKRIOH F XIODMWHUD FW LR
EHW ZHWWD URKD L QWDWRIHORUP D W LRQW KHAD E L OL KIMQN U X F\Y ® G H
PDLQWDEQKBYDRE@ S DWRLDI® QL]DYW LRI G POIF KD Q UM RBYK\VLFD O
LQWHUDBRDAWREKW®HPLFDRVYV O ID@NLRELKEHD W H WIEDHP DS QRFHVVDE O
DQG UHVSRQVLYH WR WKHUPDO FRQGLWLRQV %HOLOOHU :KLV

3RWDWRDURKLGH®VH®VD
WKLFNIEQSEGHYSWDELIOQRR G
VI\VWHEXMW RWIM IJKLVFRYQS\
HITHFWLYZBWHU ELQGDSDFLW\
%H\RQBR®SSOLFDMWKB®WOY VR
EHHBPSOR\H@®RQ IRRRBEQWH[WV
VXFEVSDSHW]RDWDGX H V IDYH3/
ELRGHJUDBDWOMRN® XODWLRQV

Z KHUWD\E L QLRRU F R K H VILLYOHP V

DQG JHOV LV H[SORLWHG (OLDVVRQ

&R U@ W D UIFWD O VIR[W H Q V DNHO® V D
WKLFNEQ®B GHYEWDE LIOQIRRBURGXFWV
ZKHUMAMWODWL QE HKDIYR @ S O R MWWRH G
FROQWWRONVBPQIERQVLVWHORAJARBRG
DSSOLFDWRE®WDUFEGPRGLILAHRBUQ
VWD UFKBMPSOR\HGL QG XV \WBDQMH[WV
VXFRVD GKHVLFRD/W IDQJ®LRGHJUDGDE
PDWHUEZEBEB UMK HLEL OLRRUFERKHVLYH
ZDWHU EPMWG LLAHVVHQ SH DIOD B BK
VW U X F WXRI®LO ORRGJ\DW D GRHP RQ VW U D W
H[SDQG LL@W HUHWWWD LORWWOQUFK EDVH
PDWHUILFDDEYDQFXGFWLBRRPOLFDWLR
UHLQIRUWFKBHOHY RQFRIUQW D WDRVD
YHUVDWLQBLODWHUDBORWXKOWLSOH
GRPDLQV =KDQJ HW DO



5 HBYDGFH DG 3RMADCBVH QWH 3URHABURVRW

— QV KFR Q WRIIWKSHU H V B Q RIMEIR VBKRR W IVW/R D DS R WQV D DEBKIH O H DYQ W
ELQGIBXW RVKHLELOVRRUFERKHVEDMWHU EDPRO\®EHWZRWKUYR X JK
W K H U PIDFOVOL Y DHADHDGV L Q Z KKHELRG EQ K D YIL @ ORRREZG X O DRIY RYF RV L W\
W H[W XU | | DHOW U X F WQW B LMWK R XYWHY HBXHPQ RRG LILFDWLR
$GGLWLRQOEHDO HVWDEDOUXRKWE&UH BHR B MWUWRRVKICEWR KW H PV
SURYLIBHHOLDEDOPRHZRIEBRNPDWH UH[BO®R UDWLRRR U WIKHX Y HD V
IXQFW LRRIQIDEA UW KOLGH VLJQ R UR HHQ SHHGL P HRDWMDHOE REDAV H AN R
+L]XNXUL %HOLOOHU :KLVWOHU <X ORRQ =KI

Zyly pAA ! &
- HIQWRODG2WIQ

%HHVZIDP QDW XWIDL G EANMBEGRGXENBRUNKRQHHHWSLRHOOLIHU
WKURXJK VSHFLDOL]JHG JODQGY RQ WKHLU DEGRPHQ -W LV \
WKH®DQLSXODWH

D Q 8 R OIGQ WWR H

KH[DJRGBORV

WKKRQH\FRBE

PDLOWWUXFWXUDO

|UD P HZR U NIRIVRUGI KRQH DQG UHDUQJ ELRRG %RIGDQRY QFKHP LFDOMP V

EHHVZDYD FRPSOPIL[WXRHORQJ FHKID/WDHK'G URFD U ERWWE L GD/Q G
D OFRKRIOWKVY W BDE¥ R X Q VRIIDBRD M SR UWRRQARP SRWLRROORFK
%RJIJGDQRY

) XQPARDCBURSH WA

%HHVZOKLERDWAPL FU\VWWO R EWKIWDQV LWRBQVIVBODLWRZH U
WHPSHUD W RURMD/O O H DSEOIDH/ W LAFD V-NMSCROB H D W -QMVH O W UQ R J H
W\SLFODBDWRXQG r& DGLWRIWHQYQLILFEHDWERGWHPSHUDW XU
ZKLFBEOORIWREHPROGRGVKDSHGWIH QWM WLAXIOORFK 7KHVH
WKHURFBROUDFW HULMMRPYKBLYHOLISEBPSRQHD@QMW KBK\VLFDO
DUUDQJHRIFQW W DIDDR AU SK R KV L ZQW KAKED [ TKHK\GURSKRELFL
RIEHHV Z®H D QM\WY R HYRMD V PQ [Z L WDKT X H RXK/D V IE X WW\J H D GULROQ X E O H
LOUDQRHRUJIJDQYRPO Y HDIWVED EHEOHQ @HGRL O ® HVL'XWWRVKD W
LQWUBQRSHUMRLIEMVEHHVZOD) & EHDGDSWHGPRGIFLEBEDWHU
LQVKAHR P SRV LBQRRHH V ZQD W XUV V WERJ E €@ D VB IQRBQ H O D VWELUYR-DO3
VROLGLILFD@ERQ@H WVHIXQDSSOLFDWHRQWLVQDEBWVKHUPDOO
DGDSWDEOH PDWHULDO EHKDYLRU %RJGDQRY




5RBID0G) XQPARQ D/ DY%AQGU

%HHVZOURY LIERKWHVDRBGHFKD QLB WKWRXYROLELWLERODWHULDO
LQW H U O REHQRHIO WHIBE RROEIBHV ZPD Q GKHWR XU ID FH®DFUR JDSV
DQGRUFR QW L QWROBMEBW U LVF KB W OFGR P S R Q HVQR\I\H W-KAHYUQ FW L RIQ@® O L W\
WKLV UHJDUG LV QRW EDVHG RQ FKHPLFDO FURVV OLQNLQJ EX\

' HP RQMIDMG$ SSTFDARY/

%HHVZDXYFWRWEFRKHVRYHQWRDWR XGGI I HUHHB Y VWRULRBDYO\
XVHBW QDGKHVLYE HDOD@WULRXD VOB HFK QR O-RED W\ [HBL WK

Q D W XWHD\OVDR/U H DARIR S R VIL@/KHH V LR WI\R L QR.EDW H UGBI® R Q VW BIDW D® J
UHFRJQRW MRKQ GDQERKH SHURSHUWRBEDQRY —~PRGHBRQWH[WYV
LWV HIGD UK H LWL Q SVJP H QWRY H DBXKW D ED HQ WXIGI D EERRVPHWLF V
DQGKDUPDFHXM HOEWVDELDQMHWUXFWXHBERQ R L QW P HOIQQAE\Q

L QG XV WRUWLFIXG D ¥ KR QBOHG R IEH H V ZDUWKH V IRQRL SU R G XSFHRWHFWLY F
FRDW LDQGKHV RYWHR/O GHIGD SHARIJGDQRY 7KHWEL RHMQOHVROLGLI\
DOOREHWYVZW R FE\R WDKDE L Q GHYB \DV W U X F VDX Ul IQE\ VW HPK/BEWQ H | L W
IURP UHYHUVLEOH WKHUPDO FRQWURDO

5 HBYDORH DOG3RAMADCE VH LQWH 3UVHOABURVRN

%HHVZIDWHOHYDQW®LQGRNWHULDO
GXHWR WSK\VLFAL®GLRHFKDQLVP
DFWLYDWHRX\KHUPBG X ODWWRQ

W U D Q VILRIPPQ OO HOEDWHRV RO LG
VWDX\SHR GRR O HQ.D E @ MV L @) G
LPPRELGR]MSRQHILWAK RIMW X LULQJ
LUUHYHUVKECPHF NG DFWLR®YV
SURSHUWHVSHFLROWIW®GHVLJIQ
FRQW K\ WBVY\S O RPLDHWV H DIGIDGS WD EL O L W\
ORUHRYEHHHV Z IJRKL VWRINV 1B V

DVW U XFRXWBOQIHURYDGHOLDEOH
SUHFHARQ@W\QWHJUDQWPR® HULDO
VA\VWHPAKHUHRKHVLP®FKDQLFDO
VW D E IDAQLGNV K H U RIHY SR Q V L YOHUQHH V V
GHVLUKE@D PMK DWW QGE@ KD YLL\R U
JRYHUG@ENSK\VLNR®LG L | LFIDWK IRQ
WKDGRPSOH[KHPLVWDNH\WD
FDQGLGRW[SORUDEE 0L FDVMWKLIRY V
SULRULSWIRAHNVRQW DRGPDWHULDO
YHUVDWLOLW\ 7XOORFK %RJIJGDQRY



Nl GO "¢ O A T g0

- HIQWRODX2WIIQ

6RGLXPOJLQDAVGID W XWHIBI HG G H ULR'®I\W D F F KIPRJRLFSRIQOM H (R W W V
DELONR/LYVVR@IHWEQGRU K LVFRRWD XW LR®ARO H F YOQUHAR P S R VRHIG
PROHFXOBWDQQXURQIBFDQG O JXOXDRIQE RQLWRZQKRZHYHW
GRHYR®H Y H® WS X F WIXILIHER W K DVKPR VAR P P RDH O OL\M@U D WGIYR O Y H
W KBIG G L VRLRIDO F IEXFO R U& B&I0- W\H V V H QI\R LKCDAJ G H QR@RELVVR QYWH G
UHOHDB DOV LREWK DWQ 8 M D PG WEKWD HDRQ Y H UMKBQ T X R® X W Q R/@
DFRKHVVRIDLGKOGHRBIOER ZDFDOF DXORI L QDWHHW & KDB\D O
$XJVW HW DO

ovOi "¢ O A

T qoi 105 GA

) XQPARDCBURSH WA

7KHEHKDYRR/®RGLOP JL QOHAUH MHRER WAR O H F X/G\VDUK F BWKKLUAKO O R IW/R
LQWHUZDWRD O F LARQIVQGRUPD WKUHH GLPHQMWR®AIX® QF D O F LLXP

LQWURGIXEHGGM SHFUHEFLRQWKBOJL AIKWHBVHDWRQEBRVYV OLQ
W K BAW D Q VWRK¥R O X WQRI@RHO DPHFKDQEWRPP R QGE®H VF U DEM & HH J J

ER[PRGH®DJHW &KDB\WDO $X J VAW O 7KH KD UDFW HRUL K MAL F
JHGBHSH@R®IDFWRWXFOVFDOFLXRPQFHQW UREEROQXYVDR@ OJLQDW
FRPSRVL®QR®ZWWKLIKSURSR URVLRMX URQLWMNQRRURWURQJH
DQGLUPBMHOXKL OWK RV HF KHPID Q Q X U RQLBAWR G XWARH WU X FW XU M V
W X Q D EHDGHD VE HK® YR BN HWR G L P J L CDMAK V DEA ROED F HGGBOORZL Q
FRQWBRBULJLGERUVRVDYE® HW Z RARU SK R OW BV R XUJH O D WY Y O H
SURFHVVLQJ DGMXVWPHQWY 'UDJHW &KDQ HW DO s



5RBIDQG) XQPARQ D/ DY%AQGU

7TKWRGLPPJILQDWH ¥ D/RFKXXPF W MRQM K RIQILGW H U DWW BRQYD HF W
SRO\PHKDLQWWRVKUHH GLPH@WWRRRBQFDOFILXPG G HBKBILTXLG
DO J L QLROK WDBQ & ® UIQQVDR\G UR FIDG D ROKROGBEQUWLFOWDLQLQJ
ZDWIBQEeDLQWDVQUXF ARKIIVIZR G HO D8 URG RVFY XWS/R @WIER XV O\
RQFFDOFLX® W UR ®QFBDEHV X QWE UR S UR F H VYW QLD B®IHF D XAMdH
ELQGPBOFKDQLWK\VLERGDUWUBGEUVWWRAMWNRSSRERQMW URO OHC
DVVHPPQ\®GMXVWBEREQEHKXDYPRPWLQWMYVSHFLMQOADE EHR
EDVH®PSRVIDEMLF DWIER SH ULP FOWMIGIHD/Q JQDHW  &KDBW
DO $XIJVW HW DO

" HP ROMDMG$ SSTDARY/

6 R G L XO0PO J L QZLWWHD O F LPKFO R UL\GLHG H O\
XVHGLQ ELRPHGLBQGPDWHUWVBDHQFH
DSSOLFDWDREYRP JLQRVWH R JHDQ\H
HPSOR\HGQ HQFDSVXODMHRKQRORJILHYV
LQFOXGPPRELOL]PWIOQRPHVQGEHOOV
PLFURFDSRY®PBWRRFRQWUROOHG UHOHDVH
VI\VWHRPNHUD S I8 O DWISR® R Q WDIEWK

FD O F IH)XQPD E @VHH\E K Q LVDXFBAH [W U X RIUR Q
GULSSL@WBOFEDPRVWRRUEHDGQVEHUYV
DQBWKWHKUHH G L P HRRQ\RWY DK DV

DO $XJVHAD O ~QVLVHROHLQHHULQJ
FD O F DXOR L KD @/UHR INHHOLU/Y W E D | | RDIKGIYW
VXSSRUMHOQURZWRKLOHDLQWDLQLQJ
PHFKDQLPMWHJIJYURR G FLHQFKWDPH
LRQLFODVBIRQFLEKVYMGQ/'SKHULILFDWLRQ
SURFHWWRHWYH DW B VIS H DHM H[W X UD O O\
GHILQHG VWUXFWXUHYV

5 HBYDQFH DQG 3RMOADCBVH LQ WH 3URVHOABURMFW

JRWKSUHVISQRWMWKWRGLO®ILQDWH FRORVDXBW H®W HOH DD W

Y H U V DEA IQGEEEHQD W | R MPARVL Q G IPGIF K D Q IDVORO R\ZKAHR U P D WRLIR @ K U H H
GLPHQVLRI@PDW WK BQEORUSR RMWKRRIP SR Q HROB/D/U W LFORIWL G L Q J
VW UXFWRKBOHOLAMK RMHW X L FIKGIP L FD® VYV O L9QWDHEUWX VIRDL@RAL X P

F K O R ULFEGHF H Q W D R\®LCRIQ QFORAPHE R V L WYIKRAQV L | | QSHR/WHMW U X F VQX G H
PHFKDQUFNSRRMWHKIPBPDBH RQW U MQOEGLHILDH[LEL@DWHULDO
IRUPXODYRIRYWHRNEWQHIURPD TXHRXYRFHVELEFRPSDWLEGOLW)
VW UXF VDGO D BV IOM RG L XPOJLQDWH FKORUERGGG HWD VWURQJ
FDQGLGRPW[SOR UMDMQREKQ FW LRRIW ODISS® L FD WIDROIW &KDBW

DO $XIJVW HW DO



7KHELQGHUSORUBMKVYWXRBSHUDWKIK R SLK/ WS R\FAMLF D O
DOQGK\VLFRFKHALFOEPMHFKDQLYRYFELUHEWMXHQFH

WK HMW U X F\@ M KDYDRIG R W H QDABLSI0A. F D $\WULDRUQ B DG

VW D U BHMW L P DR QK H U PIDGQDGOX BHG D W.IGRKQ. AIKKH D W L Q J
HQDEGRW\PARELODWMERROBQRPRWHWZRRUPDWLRQ
WKURKIVBEURJBRQGL@LOM DU DIRMPWHODWILYBQG

WKHUPD O/OEBBYW RFRQFHQWUDWDROK EDQHEG UV
GHSHR®JIJHODWLQDQWXEGH T XHROWP WBDVVRFLDWLRQ
UHVXOWLQJ LQ YLVFRVLW\ GULYHQ FRKHVLRQ DQG JHO IRUPI

3HFWH[ELEDWRURKHPLFBXQD E D®IG IE¢IK D Y DRIUW V
JHODWAHRTHQBYHLWKHGBURJIJERQGLDQX\GURSKRELF
LQWHUDRWLRQ¥R RVV OLDKML®XD ODWO RINVFWWQ
IXQFWDRIDIOH[LED®GHKR VPHF KD Q ISFUIRG H UMD N

DG M X WWKHIGR KR K P X O DSMDLUROP H WXRBAS + VX IJDFR QW H QW
RUWRQYDLO DETFRQWUDKMWRGLOPDILQDWH FRORUXBH
VAVWHIPVJRYHUQBGPRWWFOXVLEFHORQLFURVY OLQNLQJ
SURGXFL@XUHH GLPHQ¥YLRQRIH@HW ZRUMAK URXJK
FRRUG L QDNWL RIFHID F LURAQD/Q @ X O X U MELIEO R F RIK/L V
PHFKDQLMFDEQ P 1B OR UP D WV RDWLRDOVDER®UHFLVH
PRGXODWLRQ

%HHVZDI IHYYGDP HQIW R BE&S$R O\V D F F ED Q GGHYIMNV
IXQFWLREWRXWHKHUPDRIWHQRQGVROLGLILRDWLRQ
K\GURSK REISEBW UL} W KAHKLDIQ O D WIQRDW HWBL QG L Q J
FDSDFLWMMHRBK\VLFRQVROLGBRERRO PONLQW
SDUWLFX®DWOROMVWHWRYKDMTXPRLVWNHMLVWDQFH
WKHUPB@RUNDEWROWW®W UXFWKKIBDOZRY KDIWHR XV
SURFHVVLQJ

TDNHWQRIHWWKHYPBWHULOOXVIWVBWHWRXBLQGLQJ
VWUDWHIURRIHYHUVWIKIOWBBEOD WLR®ALVFRVLW\ GULYHQ
FRKHVLRQ WR LRQLF QHWZRUN IRUPDWLRQ DQG VROLG VWDW

8QGHUVW DMKGHEHI | HU HRFRIVLGIND PHZRRNHOHFWLQJ
ELQGHWWHBRWQORQPDWH FIRPGSRVLWEXMRRDGHVLUHG
SURFHVVRQJGLWULRINHUVLPHFKWQLBE®SR QGG
LQWHU ZEWHRWH K LAVR P S D U DOMIUWES H F WS S RW YW H
RIELQG HDWVFW IGYHHY LHQHP HQBW KNHIDSD VV IDYGG LW LY HV
ZLWKLQ PDWHULDO GULYHQ UHVHDUFK






TKHWHOHFR/IPDOQWHUDRGN XLSPHRW KIUHVHDUFWKW XLGHGWKBXDO
REMHFWRIHVSORELRIEDNRBS RVEMWYHORSPRIQGY HVW LWRHAIWH U SOL
EHWZHHD@HSURGS HWWIEHH\WQ VRUS H U L HH@AMHH UZHDWHAD W H J R UQ BHBSV H
PDWHULDOV ELQGHUV SODVWLFL]HUV DGGLWLYHV DQG DQWL

YDOHODMII)—— WKH SULPDU\ VWUXFWXUDO FRPSRQHQWYV R

%Q}L}/— HPSOR\HG WR PRGXODWH FRKHVLRQ JHODWLRQ I




3(DMMCL1I—L]/— XVHG WR HQKDQFH IOH[LELOLW\ Rl WKH GULHG

$@mm LQWUR G HD® L @/H HIQU O X R@QFIHY XWDF W L O
DQ®ROIDFWBRERSHURVWHWHRPSRVLMHI/RZLQ,

FRQWUROOHG YDULDWLRQV LQ FRORU

SQNAXQDBIHIAY—— XVHG WR LQKLELW PLFURELDO JURZWK GX




I'[BRAJ.FII)‘]D(ISDI_QA/_ DOORBUDHFIPMOHQLSXOMRWWKGO UMBOPHFKDQL

YDULDEOHYV VXFK DV KHDWLQJ GU\LQJ |

FRRNQ) HIXSP HQV

H = pm










TKHH[SHULPHHNY B O R SRPIWEWW V H DADRKR Q G X FANQHNGL IUGH W TZAK\H U H
D®OWHUAHDWHK\V L FORXOY FHEGHSDDABG6URFHVMNMXP DWHYVRXOFLQJ
GHFLVZERQ#AULPDGH®W\HU PE\WKGHHVHDUBKRUUWD SX RFD IV QK H
DYDLODEIUDEW DW GHHWW R X WAHNX L URHBDWHWH[BBULPHQ WIMWILR Q

% U D HLADD bV H Q WWRMIPN KKIL VW R B KPMODWIE RO LWUBEPBZ RUWK LV
VWXG\ LW GLG QRW FRQVWLWXWH D VLWH RI PDWHULDO VRXUF

~WRONMHUWIXODWFHIBVRHPS GHUSYRGXF@®ZHOO HVW IFROLNKHG
VXSSGKDLROORZWEMFTXLVLRMIVRAD QG DUGRFZABW H U MDKAM X J K
FRPPHUFERDQQHMOKN\L W RWH[WQDEOFRQW URKGHGP HQW DIWILR Q
UHSUR G X FRIEHYX@YWLFKH UHV V H Q\R VD'OW H P D WALYACDODXTRVI MGHIU L D O
EHKDYSRBRFHVRHYKRO@VKDSLOHFKQLTEHRQ W UIID/BWY F X VVH G
SUHYLRKNYSWBENHWXHP S @ UD PP D LA)WP L WHGEDID Q ¥ WU X FW X UD O
FRQVWUDZIKQWERXOGLIQLILFIDRSMDOGMWK HHD VL E DQIGWR QGLWRRQV
H[SHULPHQWDO UHSOLFDWLRQ

$FNQRZOHGNKQWRJUDSKLFDO
DV\PPHWUV IXQGDPHQWRO

VLW XDWKBPSH U L P HOHWXD W V
ZLWKLUWHDO ZRRIQ@WWHEPW KH U
WKDSUHVHQWKRIW FR DHV
XQLYHUQHX®\WKAWHVHDUFK
UHFRJQWKBMWHDYDQODELOLW)\
OHJDODQWADUNH@IUDVWUXFWXUH
GLUHFWQNOXH@MABHULPHQWDO
SRVVLELOLWLHYV

&RQVHT X HADRAIB \V XROBWYWD L Q H G
LQ-WIDAABRVLWLBRGEFR® W H [W
V' S HF L ZIKA. OCHO VARH U Y LDQVD
FULWUWHD-OU HI@EHH IO H FRADL Q J
KRZVLPLOH[SHULPHRMW YW
XQIROBQGHGLIIHUH@FLR
SR O L ¥ REIE. WL RERNVW KRV H
IRXQG LQ %UD]LO



KHP S

+HP SZDW R XU RHSW DAOK U R XWIKRIQ O LFGRHP P H U FSLCDDOW I RRIP] R @ \E D V
ERXJKAMBHFLILIRIRFODARRG JURBPSORXXSSOTZKM HOHFSWHRG XFW
FRQVLRWHBEPQR\O OGHE D WWHIRG HHGYWHQRUWEBPDBRR QV XP S WKRWD
FKRLIFEVXWDHKGEGJRH YRHPD W H W MDDOQ G D U GE RIW L R IDQWO R PI9\G U \
FRPSOLDQFH ZLWK (XURSHDQ UHJXODWLRQV UHJDUGLQJ KHP

SHDDAR)

1R SUHSDUD@HR@HIGN
ZDWVHGQWWLJILAD®
ZLWKRSWLBURFHVRUQJ
PRGLILFDWLRQ

\G-LIEDARY/

EUDQBRQJLRYDQQL
VHOGRD]RQ

ZHLJKW RI D WHDV$SRRQ
FRORUHHQ

ARIH

&RITHADVVRXUFEBRBFDIO®WDWKURXJIKODUJH WRPODSCHHUPD UMMM L OH L
(VVHOXQ@VYDFRPPHUFUDGRATFTRIIHHQWHQIRHMFRNIZ UH S D U DAMIHR Q
VHOHRWRG SMWVH@WHGLXP ILQWYIHFRPPRQOAHIGGRPHVWABOLDQ
FRINISWDFWROBRPSDUMWDKIM\SRHUURXQRBIITHRP PR QOAHIQ UD]LO
IRULOWHBRHIGISHIHS D UDMILNQPLO ZDODMIVAOHYR QWK HHYVHD D FKW
DOORWH®YVIRIDPDWHWKIO® RRQYWDQGDEKXNMNEGEGX OWXIDPQOLDU
ZLWKLQ ERWK -WDOLDQ DQG %UD]LOLDQ GRPHVWLF FRQWHI[V

\GHAL LFDARY/

EUDQEPDUW
VHO @QWVUHOXQJD
ZHLJKW RI D WHDVSRRQ
FROEBEURZQ )




SUHSDUDWLRQ

7KHFRITHHHVLGHPYOR\H@VK LV
VWXGHUHFREWDLQUWRBPILOWHUHG
FRITHBUHSDUHBWKHVUDGLWLRQDO
% UD]L®HMNK RGO W HWRH IG] HK H
ILOWUBWRFONVYYRODHIODVWLF
ILOVDISD SHUOWBBURXGRIIHH
7KISUHSDUBWRRBGERUH LRWHG

SO D FW®S$D S HIUO WHWIVGKSIO DV W L F
ILOWHAG LY KBURXFRIIHBQG

W K HBQR X U IERL OZ. QW R ¥ HIUWV K H

UH V X OG\LLTQZIDGF R O O HIFW R IG H H
ZKLOMKWHPDLQERUHHIRXQGV
ZHUH VHW DVLGH IRU IXUWKHU XVH

7TRSUHSDWUKHHR I THH RX QW [SHUL P HXBS DO F DWKIBRIQY L GZHHWHQLWLD O O\
OHDW P ELHQMP SHUDRMX KR XU D U @\U LD F WK & DPSAQHWDLQHG
H[FHVVLYH PRLVWXUH ZKLFK DGYHUVHO\ DIIHFWHG PROGLQJ D(

JROORZWRBWHFRPPHQGDWLRQ
RIWKNXSHUYIDVRRILVWXUH SDWP HAU
PHWHRUUDLODVMWHPSOR\HG

WRXDQWKHDWHARQWRRQW
ERWKHPSIORXWQGFRIIHH KXP LGW
JURXQGYXHUHFRUGPO®XHYV
DUH SUHVHQWHG DVLGH

ZHIKWRI  WDVSRRQ J J

7RVWDQGDWEBERLVWRREWROQMKHARIIHH
JUR X QIBQ/E Q V XFRIP S D U D E HOMZAWMVHDP S O H V

D GHK\GUDZDRAL QLW LOVHEE DP SO Y UH
SRVLWLRQWBRIEDNLSBHUOHDYVGSDFH
EHWZHWRH®W R HQHUDWBI ORGW K R WKL V
PHWKRIGI HF W LUYHHGOA FKDGR. G L \§ D U WALR®G
IRUPDWLRQ ZDV REVHUYHG DV VKRZQ DE



&RQVHTXHAWKO\U PG D WPSIHUR DB K G R S WHKE AKY Y R COYHHIGEYW & B
FRITHMRXQIBWRRWHPSHUDRXUKERXUROOREHED N LIQ® QRY HRDW

r& IRU KRXUAKLSURFHGWXFFHV VA KQIORLPHRG VWXKIHSHWHYHQWLQ
PROG JURKWKUHVXOWY Rl WKH SURFHVV DUH RQ WKH IROORZ

KXP 1AW

ZHIKWRI

&RIIHH JURXQGV DIWUWH [ LOMQJ SLRFHW G WDQG WHQ DIWIUEDNIQ) WKW

GBGZ DU

'LVWLDDWBDW R X UFRMIGU R XWKGIH W D/IHWHRYH U O T OH/ H O H BVJIRG X F W
FRQVLWNBBXEOH GL&WRD@HIGDADLWHNGR Ol3Y O L WWHRIQ W D LPI® V
PDQXIDFW QM GBE\LWQ V X DK G J& H YRHEX U IDVQ\®/ KE V H RAGILV VRO Y H G
PLQHUROVRQWDPLQDQ¥MAHSURYLGMWE DWHSHULPHBDR@DWER O
PLQLPLMMULDWEBEWXOGHFIY'WHEHKDO YR@EBR LV WXUWH UDFQG R Q
WKH SRWHQWLDO GHYHORSPHQW Rl PROG GXULQJ PDWHULDC

\GHAL IEDARY/

EUDQEXHPLFD 6ROXWLRQV
VHOOHWUR\ OHUOLQ
ZHLIJKW RI D WHDVSRRQ

) ) ) FRORWLWH ) ) )




WHBEQEY

DIDJDIDJ

$JDU DZDWRXUHRH®R ZG HRIUP
WKURXPR]RQWD\5 XUFKDW\BG
IRRG JUBGBGRGXFRWF XOLQOVUH

SR

3HFWID®RXURHGIREBR]RQQ
SRZGHUHRUP 7KHPDWHUZDWY
VXSSODWNB IRRG JURDQBUHGLHQW

VXSSOLHG LQ VHDOHG SDFNDJL@DFNDJHG LQ VHDOHG FRPPHUF

SHODAR)

1R SUHSDUDWLRQ QHHGHG

\GHAL LEDARY/

EUDQ®RG%LWHYV
VHOGRD]RQ

ZHLJKW RI D WHDVSRRQ
FRORWLWH ) ) (

) ) (

FROWRK

SHODAR)

1R SUHSDUDWLRQ QHHGHG

\GHAL IEDARY/

EUDQED SRUH3XUR
VHOGRD]RQ

ZHLJKW RI D WHDVSRRQ
FRORKMLWH (&( &

(& &

&ERUQWDUPKN RXUHAKMEBRVVHOXQVUDIRRG JUDQHIHGLEBREGHUHG
IRUP SDFNDJHG LQ D VHDOHG XQLW

SHDODAR)
1R SUHSDUDWLRQ QHHGHG

\G-ALIEDARY/

EUDQ® OROLQR &KLDYD]]D
VHOQ@WWHOXQJD

ZHLJKW RI D WHDVSRRQ
FRORWLWH ' '

-




ARV BHZ0

3 R W DAMRD @ BK5 X U F K DIUHR® %HHVZDIWRXUPMIGUR $PO]RQ
(VVHOXWDXHH U P DUQMVB-ON LQVROLGD L RW P7 K HS UR G XZF/OW
ZDVVRXUFB®D IRRG JUDGH ODEHORWBUDFPRVPHWSEBOLFDWLI
SRZGHQWHQE&KX O L QOMH DQG ZDV VXSSOLHG LQ VHDOHC
DQG VXSSOLHG LQ VHDOHG SDFNDJLQJ
SHDDAR) SHDDARY
1R SUHSDUDWLRQ QHHGHG 1R SUHSDUDWLRQ QHHGHG
\GHAL LEDARY/ \GHAL LEDARY/

EUDQMXOLSDQR EUDQEXHQJGX :XQLDELH
VHO @QWWYHOXQJD VHOGRD]RQ
ZHLJKW RI D WHDVSRRQ ZHLJKW RI D WHDVSRRQ
FRORKMLWH )$)()) FRORWOORZ  ( %
4 4 N\
L )90) L ()

\VRAXP DOICDM FDBXP ABUGH

%RWEKHUBXUFKDMIRGSPD]ROQWDOQRZGHURGPTKHPDWHUZBDOKN
PDUNHWRHIRRGQ®DERUDWRIQFEXSSOZHWKDQXIDFWXUHU SURYL
WHFKQLFDO GDWD RQ WKH SDFNDJLQJ

\SHALIEDARY/ \REXP DOICDM

EUDQEDSRUH3XUR
VHOGRD]ROQ

ZHLJKW RI D WHDVSRRQ
FRORKMLWH ) ) (

) ) (



VEHLIEDARY  HIBXP FKBUGH

EUDQGLQGO\
VHOGRD]RQ

ZHLJKW RI D WHDVSRRQ
) )% FRORWLWH ) )%)

UHDARY

JRWKSHUHSDUBRWLKHRGLEP JL QMROK W MRHD VS RRARG LD P JL ZHW H
GLVVRDOH®/ RIZDWHKH L[WXADWWLUBBSSUR[LPDMHOAWXMYQJ
PHFKDQRPEHWR QV XARP SOE UMS H IRMAWKRBR O\P BIUW AU[LQUK\HROXW LR Q
ZDVOHWWR HVRU KRXDWRRMHPSHUDMWYXUYHVWSIQULRGOR ZRI®/ K H
HOLPLQRIWLEXEE QW UR GXFAHELIL @R 8 Q V X XI& | RK\RS U D RIVRIQH
DOJLQDWH PROHFXOHV ZKLFK LV FUXFLDO IRU FRQVLVWHQW JH

7KHFDOFEXP®R WIREOKX DY HSDDWG Z YWROXWIRRQLVWLEXHDSLQJ
WHDVSRRIQRI&D&GLVVROYH®/ RIZDWHKLWROXWURYLBKBLYDOHQW
FDOFLRFQHFHVWRUR VV\O KB L FK\D HRWU P LMW D E 0GU R QHIOV ZR U N
XSRQ FRQWDFW

HDOJHD0

$SFWLYDBDWHGFRDWREWDLQR&PD]RQWDQ\UD Q XIRKW/ KIS UR G X BW
VROG IRU WHFKQLFDO DQG GRPHVWLF XVH LQ VHDOHG SDFNDJL!

UEIDAR)

*ULQG XQWLO WKH JUDQXOHV DUH WXUQHG LQWR SRZGHU

\GALIEDARY/

EUDQGRQJILRYDQQL
VHOGRD]RQ

ZHLJKW RI D WHDVSRRQ
FROEODFN




HTP RP B

'"ULHBKDPRPEZOM XU F K DNUHR®
(VVHOXIIBDH SDFNDENBIGFKHWV
LQWHQGHG IRU LQIXVLRQ

UEIDARD
1R SUHSDUDWLRQ QHHGHG

\GHAL IFDARY/

EUDQFPDUW
VHOQWVYHOXQJID
ZHLIJKW RI D WHDYSRRQ
FRORHWIOORZ & %

EDHN'WD

'ULHBOD MDD VS XUF KDWHRP
(VVHOXIIBDH SDFNDENBIGFKHWV
LQWHQGHG IRU LQIXVLRQ

UEIDARY
1R SUHSDUDWLRQ QHHGHG

\GHAL IFDARY/

EUDQEPDUW
VHO@WVHOXQJD
ZHLJKW RI D WHDWSRRQ
FROERURZQ $)

& %

FRARQ

$SEVRUEHRWWRDYSXUFK®YHRPD ORFRRXVHKRO® L NWH\D MD
FRPPHUFLDOO\ DYDLODEOH KRXVHKROG SURGXFW -W ZDV V)

UEIDARD
FXW LQWR VPDOOHU SLHFHV

\G-ALIEDARY/

EUDQERWWRQ30OXV
VHOOKRXVHKROG VWRUF
ZHLJKW RI D WHDWSRRQ

))) FRORKLWH ) ))




SDME] HY

\XIDU JORHIQ

SOHIHWDEDHHWY& D) ZDVVRXUFHG

IURBPD]IRDO@LTXRGR-WWDEHDWG
SXUHO\FHRRO QDWBRBRULJILQ

DQG RVMUNHWHG IRU FRVPHWLF D¢

"KIWNXJIZDWRXUAHEBBHQQ\
VX SHUPDUQ HQ X O IIRW RIEVD
IRRG JUDGH LQJUHGLHQW

SHHIDARD SHDARD
JULQG XQWLO WKH FU\WWDOV, EHFRPH SR AR RY oHHGHG
VAL IEDARY/ \VE-HLIEDARY/
EUDQIHQQ\ EUD Q@O0
VHO GHIQ Q\ VHOGRD]RQ
ZHLJKW RI D WHDVSRRQ ZHLJKW RI D WHDVSRRQ
FRORWOORZ ) )%)& FRORKLWH ) ))

) )N& ) ) )

i \

BN XQI BORMR)

ROMXP HKBUGH

SHIDARD
3RWDV FIKOR ZIDGX UFKDVHEA VVR®RQHW HDVSRRRW DV WLRWPE DY H
YLBPD]RQ@W®EDW XSS ODWG P/ RIERLOZDW MUK HIH Q WO H XQWLO

FRPPHUFRWDROGARWHQR®MHG FRPSOH®IHOAR GRRWKWR O X VDVBRRR P
PDWHULDO SUHVHUYDWLR® HMS HXO MWXOUH

\GHAL IFDARY/

EUDQERROLQDULR
VHOGRD]RQ

ZHLJKW RI D WHDVSRRQ
FRORKLWH ) )%)

) )9
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7TKLYQHFGRMHHHY LG MMEXWIWSHULPHQ W@MWNVRIDO RGYLPLWRGIFKQLF
UHILQHPEXQW OWERD\RIWKLQRUQW IDACROSWR EO HPVJ JH U DWK B®Q G

PDNLOWKHPLVLWBEKHRXBKP-QVKWDPNSLUYKH[SHULP HGQHWIH® RSP H
SUHVHQWHKEKND SWHBMWMQHBOURFRVWOWREOHP VRRIWHIFORUMRWLF
SRVVLELOLWLHYVY WKURXJK LWHUDWLRQ WHVWLQJ DQG FRQIL






~QLWLI\EMHW FRQGXFEMAHF®R PEL Q WKHQJUH G XVQ WAL | | HUPILYGWQ J
PHWKRGRUGWRQYHV\WIBEBNJW HUDFWRPE QW L B Q@YWHUDHKD Y LR U
ZKHORPELQHGI\BWUHOLPHQDHULP BOMHWER HYHORQ GHUVWBOQGLQJ
KRZWKPDWHUUB®SRQBMR® MW QRWRBOBRGHQWKWDBOHSDUDWLRC
VWUDWHJILHV IRU VXEVHTXHQW VWDJHV Rl WKH UHVHDUFK

'‘DWH
b
FORVHG SHWUL GLVKHV UHIULJHUDWRUD
RSHQ HQYLURQPHQW NLWFKHQ SDSHU RXWVLGH GLUHI

%DVHKHPS ZDWHU

%LQGH®YMU DIDU SHFWLQ SRWDWR VWDUFK FRUQ VWDUEFK
SODVWLFL]J]HUV PIFOGEHWHWY VXJDU

QG PDWHWRDKOHH FKDPRPLOH EODFN WHD FKDUFRDO
OROGSHWUL GLVK WUDQVIHUUHG WR NLWFKHQ SDSHU LFH WUL

'U\ PHWKRIDWXUDO GU\ RSHQ VSDFH ZLWK GLUHFW VXQ



UHSV

WDVSRRQKHP S WDVSRRQ DIDUDIDU
P/ ZDWU

WDVSRRQKHP S WDVSRRQSHAWQ P/
Z DWU

WDVSRRQ KHP S
VWK P/ ZDMU

WDVSRRQ SRVMR

WDVSRRQ KHP S
P/ ZDWMU

WDVSRRQ FRUD WK

WDVSRRQKHP' S \WWDVSRRQ DIDUDIDU
WDVSRRQFKDURRDO P/ Z DWU

WDVSRRQ KHP S WDVSRRQ FRIIHH

WDVSRRQ SHAWD  WDVSRRQ JOFHUQ P/
ZDMU

WDVSRRQ KHP S WDVSRRQ FRITHH

WDVSRRQ  SHAWD WDVSRRQ JOFHUQ +
WDVSRRQFKDP RP I® P/ Z DWU

WDVSRRQ KHP S WDVSRRQ JOFHUQ
WDVSRRQ SRR WOUFK  WDVSRRQ FRIIHH
P/ ZDMUJ

WDVSRRQ KHP S WDVSRRQ JORHUQ
WDVSRRQ SRR WBUK +  WDVWSRRQ
FKDPRP B! P/ ZDWMU

WDVSRRQKHP S FRWRQ  WDVSRRQ
DIDU DU~ WDVSRRQ JORHUQ « WDVSRRQ
EOFANWD P/ ZDWU

WDVSRRQKHP S FRWRQ  WDVSRRQ

SHAWD WDVSRRQ JOFHUQ  WDVSRRQ FRIIHH
P/ ZDWMU

WDVSRRQKHP S FRWRQ  WDVSRRQ
SRR WBLUAK  \WDVSRRQ JORHUQ *+ WDVSRRQ
FKDPRP 1Bl P/ ZDWMU

WDVSRRQKHP S FRWRQ  WDVSRRQ
FRUQ WILFK  WDVSRRQ JOFHUQ « WD\VSRRQ
FKDUFRDO P/ ZDMU

WDVSRRQ KHP S WDVSRRQ VXJIDU
WDVSRRQ FRWQ WK« WDVSRRQ FKDURRDO
P/ ZDWU

WDVSRRQ KHP S WDVSRRQ FRITHH

WDVSRRQ SHAMD  WDVSRRQ JOFHUQ P/
Z DMU

WDVSRRQ KHP S« \WWDVSRRQ EOAN WD
WDVSRRQ DUDUDIDU ~ WDVSRRQ JOFHUQ P/
Z DMU

WDVSRRQ KHPS  WDVSRRQ VXJDU
WDVSRRQ JOFHUQ  WDVSRRQ SRR WIUK
WDVSRRQFKDP RP I® P/ Z DWU

WDVSRRQ KHP S« WDVSRRQ FKDUARDO
WDVSRRQ FRWDQ WBLFKK  WDVSRRQ FRITHH P/
ZDWU

WDVSRRQ KHP S « WIDVSRRQ FKDP RP 1A
WDVSRRQSHAMD  WDVSRRQJORHUQ P/ ZDMWU

WDVSRRQ KHP S WDVSRRQ FRIIHH

WDVSRRQ SHAMD  WDVSRRQ JOFHUQ  FRWRQ
WDVSRRQ SRR WEBLRK P/ ZDWU

WDVSRRQ KHP S
WDVSRRQSHAWD P/ ZDWU

WDVSRRQ VXJDU

WDVSRRQ KHP S WDVSRRQ \WXJDU
WDVSRRQ DIDU DUDU ~ WDVSRRQ FRIIHH P/
Z DWU

WDVSRRQ KHP S« \WWDVSRRQ EOAN WD
WDVSRRQ SHAMD + WDVSRRQ FKDP RP LG
WD\VSRRQJOFHUQ P/ ZDWMU

WDVSRRQ KHP S« WDVSRRQ EOAN WD
WDVSRRQ SRR WRBILRK P/ ZDMJ

WDVSRRQ KHP' S « WDVSRRQ EQFN WD
WDVSRRQ FKDP RP 11 WIDVSRRQ FRW WK
WDVSRRQJOFHUQ P/ ZDWU

WDVSRRQ KHP S WDVSRRQ \WXJDU
WDVSRRQDJDUDIDU WDVSRRQFRIIHH  WDVSRRQ
SRDRWBUK P/ ZDMJ

WDVSRRQ KHP S« WDVSRRQ FKDUARDO
WDVSRRQ SRR WIBILRK P/ ZDMJ

WDVSRRQ KHP S « WDVSRRQ EQAN WD
WDVSRRQ DIDUDIDU  WDVSRRQ JORHUQ P/
ZDWU

WDVSRRQKHP S » \WWDVSRRQ FKDP RP LG
WDVSRRQ SRR WBUAK  WDVSRRQ JOFHUQ
P/ ZDWU

WDVSRRQ KHP S « WDVSRRQ FKDUARRDO
WDVSRRQ FRWQ WK WDVSRRQ JORHUQ P/
ZDWU



SHDODARD

7TKFISUHSDUBRWLKRQ [WXIRD OREHARBQWU R&KKBINBDRFHVRFHOYKR/® QV XU |
KRPRIJHQHLW\ DQG SURSHU FRQVLVWHQF\

~QLWDR@MIWUHGIZHQMRP EL QHEP L [L QHV\DHIEE W L UWKIRSU R XU R © K L HDY H
XQLIREPVWULERWHRQSEE8FRUSREBRW WRIR S SHEW \8 RIPFAHUHU D G X D (
DG G MG KPL[WXHEYVXULYH@LYV SH UVHIRGHD W EQY P S R U \WCRDRWWH D V
WKFHRWWR® G G H G R UW LURIDW MHKUDIDOR Q FWBUHY RQWP SDQEDFLO LW
XQLIRUP LQWHJUDWLRQ

2QFMWKIHQJUHGZHQWMK'OOR P E L QWM BRL [W XADHW UD QUHBW®SD ® Q& HDWH
R Y HQR ZO D PHL WAR Q W L QWWRDUMXIVQ DY S D WW B R DR FD ORYH G K H DY GQ
HQV XHMWHHER RN LD WER @ W L & R MEKEHL [ W XUHD F KDHER L OS RUQ WEHJID Q
W HWDBR R KSID QWK U I DIEGIG L F DVWKIBRMGHVLYHGERNQGRQVLVWBGF
EHHIF KLH$WGKY W DWHKKIR VL [W XZADHED U H ISR OVRGVER N LIS D@ GQ W F
DQ FWUDWOORZMFR M &R O LIGQAMKIHQ W H Q/KHDGS $ MWV I8 B X U MOKHL [W X U |
WKH DQWLIXQJDO VSUD\ VROXWLRQ ZDV DSSOLHG RQ WRS RI V



PRGQ WKCHQ DAY Q)

— QL WLHDVDM VW FIR Q G X FAN. WGP R O GS/R X U IVDKIPIL [ W X U ERVB H WGJLLV KXY G
SRXULQRQD LFWUDNKHYZHUBHUMWKHSODFH@®QRSHQ BRYLURQPHQW
H[SRVWGLUNRKWO KNS HULPHQWNVHH[SHULPHQMR/ IROORZHG
WKLV PROGLQJ DSSURDFK

$OWKRXWKLWHWKRGUHVHQWHEWDLQ
DGYDQWDJHWDVXFIKRGRVWULRXWKRQ
PDWH WFIRDQOON URRD B & KL FN QED V H
RIKDQGOLWEKGU\LYHUIRUPRQF K3HW UL
GLVKHVYRYMGEHLQDGHTXDWMHMDP SOH YV
UHPDL PRGN GHODW LERXR/EHULRGV
LQGLFDVQIF®RP S GHIWHG UD WHKIREHKD Y LR U
ZDWULPDDWOMU LWRWM® UDERLHEXODWLR
ZLWKW@RBAHWGLVKHEXLFRPLWPRLVWXUH
HYDSRUDWLRQ DQG SUHYHQWHG HIIHFV

, QD @ WW HW BWFH O HMUKBW MLRURFHV V
WKH/DPSOHRWUHEULHI®®ODFH® D
UHIULJHURWRYHVUKORZVHPSHUDW X UH
FRPELQAGWKL JK H O D WX HG LYWWW K H U
UHG X FHYA S R U DWVD MR WXIOD OH Y H Q
VORZHW\LQYROORZWEKH/ XSHUYLVRU V
UHFRPPHQGDWWROS OHMJHHPRYHG
IURPNKBHWGLVKEEGVUDQV | RQWHRG

E DN LIS HWK LWX U | SRR Y LGIIDEQR Q
DGKHWXS$S RKWOHIQLILERGWIDVLQJ
H[SRVXWMPELHRWI KH/DP SO H
VXEVHTXHRWIRHR® D EDOFRRQUHD
H[SRVWG® LU NKY O IDIXGD W XDLDJDO R Z
8QGHWKH¥RQGLWGRQWHUIRUPDQFH
LPSURY¥FHR®VLGHDWEKRRPELQDRULRQ
LQFUHDWHBSHUDVX®RY HP H QW G
XQUH VW WLXFUNBIEH HID F L O L WDBVGHD O
DQG PRUH XQLIRUP PRLVWXUH HYDSRUDWLRQ

&RQYHUWKEDP S MWD WP D L Q€ G MW5KHIH WALLYY KFHRQ W L @RH KL BIRR U
GU\LRBAKDYURUQIRWHIPSF RUWRDKHHT XD WUH ORE XUIHHB RV XUH
GXULQJ WKH GHK\GUDWLRQ SKDVH RI ELR EDVHG PDWHULDOYV



i ABEAQ 6 Avdt QAGA T @QE/TYxke B ¢ A TEA pADI 11 6¢Av. OONY

7KH/DPSOHVTXLDBESUR [WRD\KRXUWRE UHDFKLGHH VX OMD @R WD O
GU\LQLPRYI KR XUAM WKKWDP S OBHM. QUX U @H @ WHIH UV WK R X UMK LV
SUHOLPISKDWIHO ORZRIB QX Q G H U VW RQIGRZIWK HH FH\E HK D YXGG H U
QDWX®&D\Q 6R Q G L WAIRQR®XQ P H F KD Q DVI/Q V WDIDE HWERD RQW L P H
VXQOLJKW DQG DLUIORZ

UHXOV

2YHUDWRHHVX@WVHRQVLGHDHGLVIDPWRKHHQDEOB GOHDUHU
XQGHUVWIRQWKE@HKDYRRWKHQJUH G LDHYQBWR/HILQW H U D B W\ R & H
IRUPXODVSRPGNWD P S OHH[K LE L WRIGGGUR ZVBK VS EWMH@GUHSD Y BG H U
FDUHDXQGERQWURR QB GWLERFRO/X &KBYRIJORYPUMVDQGE TXLSPHQW
VDQLWALWEOFRKRQVHTWEMHYHDB® XVWEHQWRS OHP HQRWN & H
VXEVHTXSHK@WHX FEWPRG LI\ MKBIQW L | XBLS)D®L FPMWRQGQ G HSODFLQ
WDS ZDWHU ZLWK GLVWLOOHG ZDWHU

3KDVHSURYWE& HK L JKWLJ QL | LIF\D @W O R ZRIWY KHHY D O X DQRIRRGRIW K H
D H V W KTHI IOFLRAIWY KWAD P S GEKKIY O \RRW K FSLKULV L E D R S H UWVQLAHOWX G L LG L W
DQ & O DV WELHFW WADDLR)S CZHH\UHI[ W U H R H D J VORM KHH[ W HVQ KV HU D FW X U H
VSRQWDQBRXVEHPRO GUR B KIHH WAL KRHW K UR X JWREW LRURFHV V
H JVDPSOHYV DQG 2WKHWHWPRQVWUDW
VXITLFUHY W WRBBWK B Q G GELXQUH P D L @HRIIR D J W®RH W K V \E B Q G RQYJ
PRUHQWHQPLOQYHSXODWLRIP SOHVDQG -FRQWUIRPWDPSOHYV
H[KLELMKHG&HJURMOH[ME\DO D R ILKQHW E HEH QWR F R Q V L G HRU[MEHOHW
ZLWKREXWDNIHQJVDPSOHYV DQG J)LOQD @AURXBIVDPSOHYV
VKRZHWXFBKLJ®&H YRHOL J L GLKVDIW HFR X QRBHK D Q G OMIED® JVDPSOHYV
DQG












3+$6( XGLWEEQ WHEQELY

— QVKWH F R §IGD WM KRIE M H FADWY R Q Y H V W EBINR-S H IRMH_IHREKL Q GIHQG
DOQDOWMWKHEHKDY ZRKBWQFRPELQEIGNKHPS7RHQVXBRQV LV WHXEF\
FRPSDUDBIEQRMVP S OBWWD QG D WPGE L] P WKRB\G HY H O RSHIGL FK
HDFELQGHDM RPEL QHGWHP XV L QUKWDPISUHSD U BWRRE G2XLIHD H
YDU\WOK$HUR SRUW KRIPS/SURE DI E OM G/ W H PBYWLG X IRWALIRRID W H U L D ¢
UHV SR @\QHED F L O L DKDMHSEHQG H U V W B QAGKBRIR #H D FKL Q GZH. W KALIQH
FRPSRVLWH IRUPXODWLRQV

'‘DWH

%DVHKHPS

%LQGHIIW DJIDSHFWERW DWWRD UFRKUDW D UFFKKHZ D[ VR G LYOFOJL QD W H
FDOFLXP FKORULGH

30DVWLFL]HUV PFOGEHWHWY VXJDU
QG PDWH WFIRMONRQ
OROGIUHH SRXULQJ RQ WRS RI NLWFKHQ SDSHU

'U\ PHWKRIEDWXUDO GU\ RSHQ VSDFH ZLWK GLUHFW VXQ RYH



HDDARD

$JDWJID B RWDWRD UFEGERUQWDUFKRUVKHUHFLZHWWMKEYQGHUYV
LQJUHGEZHQWRPELQSIRKXBHQWRU\LGDPQBGQEXEMWWERQWUROOHG

KH D WZIQNFKR Q W L QR IXWUQ \WIKBIHV LBRGQGVLVWBWFKLHYK®L[WXUH
ZDV WKHQ IUHH SRXUHG RQ WRS RI EDNLQJ SDSHU WR FRRO DQG



3HFWWESHUHSDUBWRRB DAL P L ' RU
WK BWV F U DERRGZHL. WHKG GLWEREDDXWLR
GXULWKML[LQYWD$BO®ULQIJUHGEZHQWV
ILURMH® R QVXXQILIRGPVWU L FXTKLRQ
LQJUHG IZHQWK HIQY DG X DGGHE®/ PDOO
TXDQW ZWLBWRQWLQXRXNVOVUKQVWHS
ZDVHVVHQWIRSOHYHWKWHRUPDWRRQ
DJJORPHUDWEELVYVRIDNGVZKLFKDQ
RFFXUWOLTXDG®GGHGRRXLFND@\® D\
FRPSURPLWHKHKRPRIJHQHRYGPHOWLQJ
EHKDYRRVUKPL[WXUKFEWKRZRQW K H
OHIW VDPSOH 3( 2

% HHVZMKEHHYV ZDD\8 O D FLHBN RO L PRROHBD) B HOWXVGE QEDLQ P DWR H
HQ V XIHQ W@ RQW UR & O WGKLIORD L Q W D WXEDL Q P DWKHKHP SOR XU
ZDVUDGXDGGWER KMROWEHHHV ZDQBL[HRERQWKRMRIHQHERVPSRV LW
ZD\WREWD LDKHER OBD W K U P R YIHU®R BV KZD W B D WDKQ @ HVWR H \DWY R R P
WHPSHUDWXUH XQWLO VROLGLILFDWLRQ 1R ZDWHU ZDV DGG}

6RGLXP DOJLQDWH
JRUWRGLXFOJLQDW HI FEDR¥DGV L RRWW K MR G L XOR0 J L Q\DRACHX WDLGRGY K H
FDOFLKRORUVRBBIXWURQSUHSDWOBGYDQFHL QUKISUHYLREVOLQH G
SUR SR U \D QREQD/O R IVHRGH I VW K H'V W D E OK MKUHIBWDLREW D E L O LS] 1 WLLRRGD
2QFBUHSDWK®HRGLOP®JLQMIROX \ZDRFRP E L @HOGWKKKHP $SORUZH O O
D WV KBIQ W L | XMRIMXOWDICREY [H B Q VKIR® R J H Q HRKKH H V X OPAL [V 3ADHW K H Q
IUHSIRXURGWED NLYD S HAK H UM O D VRIFFFQ U WHG R X RIQEBRVV O LIRN L Q.
DGGLWLRQDO ZDWHU ZDV DGGHG DW DQ\ VWDJH RI WKLV SURF

)Y XUWKHUPRRIMWKEXDWRRLQRUGWERR QWRRAIGBQGXQINARUPDWLIRWHU
ZDWHSODDERHGGH VW DWMHIG/\W KIHQ W L | XMRI>XOW/IKRZAWNE HL @ 5 U D \RIG

WRBIWKMDPSOHWIDWREHD SDURNWKHHFLEHLQ@PIL[HELWWKRWKHU
LQJUHGLHQWY LQ RUGHU LW FRXOG EH QRW RQO\ RQ WKH VX

P RAGQ DGWHQ)

$OVODPSAHMFKDVH HUPROGHGUHHIRX U WOKIFIL[W X RIQVWERD NL®D SH U
DOORXMKDWHWRHO | VKD®YHKRXWMYV RIULIPRBOGKLSSURBRK XUHG
LPSURYH®  @WRIRXQYEHUNDPSOMHYHQDEW®RHEGHUY RWWRBDWHUVBO IV
OHYHDQ@SUHDGH®D YZAIRWMKBKWLFRQVW UDXEBMVKHLIERXQGDULH
LPSRVHG E\ BHWUL GLVKHV

7TRHQVXRRQVLVWHQRWD/P S OW MWD P H XD Q VRURML\[ W XALHX V HIGRR BH D F K
WHDWGELPLSRYNUIPRRIYHPH@WVBSSOMWRSFKLHDYP SSUR[LPMWMHLGDD U
LQLWLDO JHRPHWU\



JRURUP XOD®M™UIWXRZ MUV FR WIK#L [ W X WHH\Q GAHVGS U HID[GE H V V IDYFHURRW K/H
SDSHWXUIDF@MW KHNBIV HWKHG J HRUW KEID N LD S HB UWO L J KR\GOGXISZ D U G
FUHDWLQJ WHPSRUDU\ ERXQGDULHY DSSUR[LPDWHO\ FP LQ KF

SRQYHUXHOKHU YLVRBNFXO@DWLROM VWKR¥RQWD LKRVWQWREHBV
VRGLXOROIJLQDWHKLELWIHAG WOHRZ D E Y& HWRHL [ W X WHH X L WHK®& V HR | D
VSDWXOD WR DVVLVW GHSRVLWLRQ DQG WR DFKLHYH D PRUH X

A

~@KDVHWKIRFXAKLIWHR® Y HVW KD LQ B IHQWPHWK ZRK Q@ IO XHQFH
WKH QPO W H WRDDNF R PRIX G U\L © B WK RZHW MH O H FIMGZDX V. WW K WD P H
PROGLQJ VDPSOHV ZHUH IUHHO\ SRXUHG RQWR EDNLQJ SDSHU

$VL@BKDVHVDPS @HWUSIODFRPGVGRR UV

H[SRVWGE LU NKW O IDJX®D W XDIDJOOR Z
7KHUHPDL@MN® VIRGHKR X W\HUWKH Q

W X U QIH@GG HIRWD D G G L W L RKQEXOUAR
SUHYHRRMQWDPLQBWIRIPSORBMUH
FRYHWZH@OPRVTXIQWRYY R L GRLRJW D FW

ZLWK LQVHFWY DQG RWKHU H[WHUQDO DJHQWV

(DFK VLGH GU\LQJ WLPH K

7TRWDO WLPH K

&RQGLWLRQV QDWXUDO VXQOLJKW DQG DLUIORZ
3RZHU QRW DSSOLFDEOH

)DQ) 6DPSOHVUSRYVLW LIRGDUHREGRW QHOHFW UL |
IDQ WRDFFHOHWDRMELU GU\BQRFHWJIWHU
DSSUR[LPDWKRXUWKHWDPSOBRMUHVXUQHG
UHVXOWV@VQR W SRVXRUHKRXUARZHY HWD V
REVHUWHKGMWGX UDVEZDRQ@X|ILFLRBRPSOHWH
GU\L@RQVHTXHQKMD\P S OZHM B H DMJ H I R/U
DSSUR[LPDW BG\G LW LKW/ RDOORHVLGXDO
PRLVWWHMDSR UIBMDD®RQIBGI[SRVXUH
KRXUSHWLGHRXOIGDY®OORZHBRUKLUHFW
FRPSDULYRWM KW XQ GU\PBWKRIGRZHYHU

S U D F WALRF\OW UDH. Q DWWIRI G H UIR Q VX P STVQ R Q
DYDLODEOH ZRUNVSDFH OLPLWHG WKH GX

(DFK VLGH WLPH K

7TRWDO WLPH K

&RQGLWLRQV IRUFHG DPELHQW DLUIORZ
3RZHU



6DPSOHMWSIODAHBHOHFWULF
GU\HWRDVVHWKH I ITHFW®N
FRQWURDOMBGELUFXOR®/LRQ
WKBU\LGURFHWRLFHWKRG
FRPELQRRGHUDKHDW&LWK
FRQWLQXRXWIORZRWHQWLDOO\
DFFHOHUDPWLYWXUHPRYDO
ZKLOSURPRWAQUIRGRI\LQJ
7KHVDPSOBNUKULHBU
KRXWDW ré& WK HQXU QHEG
GULHG IRU DQ DGGLWLRQDO KRXUYV

(DFK VLGH WLPH K

7TRWDO WLPH K
&RQGLWERQW U RZDOWHG L U
FLUFXODWLRQ ZLWK IRUFHG DLUIORZ
3RZHU r

2YHGQU\LRDWHPSOR\WR YOX DWHKHP SD FW
RIGL U IDEME R Q V WKIH@RIQW KD W H BLCDACL N H
WKBU\HIKLFKHOISW\ P D RIQD\L Ul OWE H
RYHQSURYLGWHW WDLQYHKEUPBBRVXUH
HQDE QDWW SR U D'W LARRHOW KRB \K V H G
W RV V HXRK/HW KMKH U BDOLERXQB SUR Y H
PHFKDQVMDXCE ROUERQYHUNBOXGEHIHFWYV
VXFRVFUDFNVBULQNRUXQGH V LARER U
FKD QJGIVP S OZHMWUSIO D LMY KRHY HIDW 1 &
IRU KRXUWXUQBGGWKHBDNHIRUDQ
DGGLWLRQDO KRXUV

(DFK VLGH WLPH K

7TRWDO WLPH K
SRQGLWLRIQMHBW\KHDWQGHBRQVWDQW
WHPSHUDWXUH

3RZHU r



) UMVK JDUDIDUVDP SBV UHDG\ R JR IQR WH RYHQ

UAXOV

'XHW R/ K®ID UJMPEHRURUPXODWLRONLSHELQGMUGU\LBRQGLWLRQV
LQGLY LSIORDMR JUB RKKXP HQ WIDQRBRQH V H QVONGY MIXBIQ D OVRIEWX V H V
RQ JHQHUDO UHVXOWV



JRUWKISXUSRVRIXWQDO\WIDADKDI RUH B K VWD E O MM WE X FWXBIH
LQWHUSURWDRHEHIHRMX O MW THIRW U\LQUIHW KRGV PLQKIRZGLITHUHQW
GU\LERQGLWIRRQXHYKBISESSHD U DQMBDWH EHKOYRRVKWDPSOHYV
7TKHHVWKFHDWLHIRE X VRIQW KL V X0DQOE X U | DIRHD O LAWULRHG/X EMKED F K
ELQGHWDGHOFLFRPSDWKHRZYDULDWQRQY XODIWULRDPHWHHVWHG
WKH YLVXDO DQG SK\VLFDO RXWFRPHV ZKHQ XVLQJ WKH VDP

JRWKEDWHIRWEIBIH ZDWHOHPWHIG I HUHFQ@VBI\LWXEWODXVWUDV
WKELIIHUHDHFGINUDINMWEEU\LEHWKRGBKHDPSGHLHKG@GHWUHFW
VX QO IGHYWHO PPREHROGWMRTHLY LVXDWDQ QHGRYHQ GUDRGOH
EHFDPWKLQRQOE® RUHUDJLAHRP KDV IEH Y H O RFISILIRANGE R Q W UNDR/HV
IDQ GULGIGHK\GUDWRWDE B MHE3 RSW HV IBQWW L @ EWXRENEW U X FW X UL
DOWHUDWLEQWWADUQHSURGRFHEWKPIDMR WRIWKIRUPXODWLRQV
VLIQLILFPWWMRRWKRY HQ G WDHG OHH[K L E L AUHDGF NW®BN K H [ W HRIW
IUDJPHQWBIWIBRQ 2 36 2 6% 2 6% 2 ZKLEMWKBHWHORKBDG/
DSSHDUHG WR EH D VHFRQGDU\ PDWHULDO OD\HU RQ WKH V>

7KHVREVHUY DIMW)LGRIDKBAK G U\L PRI W KR GJ QL | L ERQOWH B R MEK H
Y LV XIS H D U DQ@RSHW U X F WQXW B GRIUWKWID P S OXDW WEHW\LOB QG LWLR Q)
SDUWLFXQVUKROHQ HQGWHBRP S UR PRNW H IV MDICE 1Z& IHW \HD/R ZRIW
PRUH FRQWUROOHG PHWKRGV UHVXOWHG LQ PRUH FRQVLVW




JRUNKEYWHJIBHFLSH6 ZDWHOHMAWBE GH I HU HIFURIVGE). Q G H QR/U G MR

VW D Q G DRURFLS B U LMVRWQL F HB®LEIOHHU HIQFGIVF DWW BF&P SQ RV P X O ZW\MDG D U
DIJDDQG/RGLXPOJLQDMAMHX OMDMWE L FBDIDIGP R U HJ L J VGV U X F WXQFIRD W U D VW
IRUP XODWYRGR W DA DFXE R UNDW D GRK/ S O D\MHREH L U U H J X ® D IDEHW K

L QF UH M\WRXKG K QFHR/@ F H Q WIU@M FIKEQ WDULDHIK L WHH P D L QL QUQW R 4 DW & H
HGJHVKHSHFWLQ B/D\PHEH R G X FWHGH K L Q CPHDWWH IDLQ®& [KLEL W PR UH
\HO O R MR/@HK H U WD KARIW KEILUQ G B H UD 90X @ W-HD& NEHULR ZRR O R U DAW HR Q
EHHV ZIRUP X O DWKIRZGFR B O HMRD | R U MLRYKPROBHRPHWQ\S UHVH @WH G
SURQRX FRRFOGRWD G L B QMO ORZ S HVUX U | DIFGI® G D U NEHLR ZQR Z HDWD \ HAK L V
VW UDWL IR FBDXWLERMEV R DW H WIHB® U DWW R@®U\L QK H UMKIKIHP SDUWLFOH'
VHWWOHG GRZQZDUG ZKLOH WKH ZD[ SKDVH PLJUDWHG XSZDUG

2YHUDK&ELQ GWMIBHURYWE HDGHWHU P LDAEVQ@BEE R WKKYL V XKD U D PWB U
VWU X FRBEKKDYR RUKWD P S OGIWP R Q VW WIXKWNMGKL Q GLHPWSE D GWVWRRDWWULD O
TXDOLWLHYVY HYHQ XQGHU WKH VDPH IRUPXODWLRQ FRQGLWLRQV




YRW KEPW H JRUDI DD W H O H FDMMIGHH | H U HEQ DIGLHRUGWEB WD QG DU G
WKHQDO\RLYRUPXODWRERDWERBLNVS ARQWDLPRYWRBH UWKH
IRUPXODWHREVB[XQE LWMHIGDBES HDUDQER QV LV WHY KOV KQUFNH
PRUHLIJDG®LIJKWHU PROMRWHGW VLERWWRBO X VURBFW LZRHQH
REVHUY®BFLSHVDQG ZKHUMKSIUHVHRBEB\FHDQG XJMDFWHG
SODVWLFL]LQJ DJHQWYV SURGXFLQJ D PRUH FRKHVLYH DQG Y

SHFLSH UHVXOMIBIGH [W U H PGIOD Q & U L WPV @VHH UAKOLFKQVHY HB D @ H V
IUDJPHQMWDI\GL-OQFRQWUDH/MLSHW QG LQFOXWKOHERWWRQ FRQW
YHUVLRR®VLVWHIWDKQHERBLYVWRHMHQVRPHDVHVXFR V6 $
DFURNVABU\LERQGLWERQW ) 2 DQG WKWDPSOGHMIRWOGUDQG
UHP DL QHWEHY HI WHSSUR[LPRYRRQWHKOP SOMRPHFLSHGULRGO\
SDUW MD\G O FDIORD L PLRALN. YW KFHH Q WWHIQ BBFLSHYV DQG GLG
QRW SUHVHQW QRWDEOH LUUHJXODULWLHY DQG EHKDYHG LG

7TKLRYHUSDWWEHDDVREVHUYPHG RYMD UIDOEL QG HAUW KWKH[FHSWRRQ
EHHVZBKRVWWUXFWURDKDP D L @QHD® JXIQRKD QUHGD U GROW\KWHFL S H
DVLGH IURP WKH SDUWLDO YLVLELOLW\ RI FRWWRQ ILEHUV L

2YHUDBOPXODWLRICD WKIDRD W LJQLILIFIDSDARWPRLVWXHMWH QWML R Q
PHF KD QVMIDE Z&LWHKBIG G L VRLR@D VW LIFLHIQWKFB JO\FHDQ@ X JD U
SURYHG SDUWLFXODUO\ LQIOXHQWLDO LQ PRGLI\LQJ WH[WXU







%HWZBKQOVHYPQG DGHFLVARWDGHERQVXOVWDWKREXSHUY MR U\
LQFRUS FERDN\MIQ WKHHVHDU@EK VSREWH TXLUHBDKBALY F XV \ZILRWXV
WKBIXWKRBRPHKQLYHWBLWD HFOZHY WH S UR G DRLEXU WHRHUP X OD W L R
DFURWKWLELQG WY ERIIHHDVQHLWKHW LERHNVRPHFRQVWUDPRQ W
PHWKRGRORQHFHYVDKMUHIRUMIDPSOBMYHORIS®REKDVH ZHUH

V\V W H P D VI IQFDAD @6 V H O H FADLNREG H D V HRED H V W KTHWD IOAL SVK\WW. F D O
SURSHUWQBNKIGH VLU H UKD D FW H 61 Y MQ WNRII@ X O D VE HRI®IV
LGHQWDMMIGARVWURPLVU®SUHVHRUELQS HHY FH FWR UQW D UKL V

V HO H WA BRDIVGI0 R WHIBIH V H DURRE XRQV D P S ZH WHKH O H DID@GW VW L Q F W
SURSHUWLHY ZKLOH HQDEOLQJ D PRUH LQ GHSWK XQGHUVW

&RQVHTXHBEWOMSLOGRWOWURGNERUPXODWX®WQWKRQ V L \RWWIGH
UHSURGXFEWHRARBWEGH/ DPSOWYVE VW LWNWE QWKRIHB W K$HULP DU\
PDWHULDO )XUWKHUPRUH HYHU\WKLQJ ZDV GRQH H[DFWO\ I
'DW H

%DVHRIIHH

%LOQGHUIWDWWDJID HFWERW DWRBUFFR UQW D UFFHKKHZD[ VRGLXYOPOJLQDWH
FDOFLXP FKORULGH

SODVWLFL]JHUV PRGDIUHUOO\FHULQ
QG PDWHWRMONRQ FKDUFRDO
OROGIUHH SRXULQJ RQ WRS RI NLWFKHQ SDSHU

'U\ PHWKRIEDWXUDO GU\ RSHQ VSDFH ZLWK GLUHFW VXQ RYH



UHSV

WHDVSRRIQHHVHDVSIRFRQ $$ 2 WFRIIHHWBJDDJIDU
DJDU P/ ZDWHWODQWLIXQJDRY ZDWHU PO DQWLIXQJDO VRO
VROXWLRQ

$$ ' WNWRITHHWNVD J DD U
WHDVSRRIQHHNVHD V SIRFDQU P/ ZDWHUFRWWRmRP@DQWLIXQJDO
DJDU WHDVSHKFRQUFRDOCP/ VROXWLRQ
ZDWHU PO DQWLIXQJDO VROXWLRQ
$$ 6 WV FRIIHH

WHDVSRRIQHHFRWWRQ WDBJDDJDUWVXJDU P/ ZDWHU
WHDVSBR® DWRDUFKVHDVSRRQPO DQWLIXQJDO VROXWLRQ
JO\FHYMQHDV SRKROP RP L OPY/

ZDWHU PO DQWLIXQJDO VROBWLRQ WWFRIIHHWELQGHLP/
ZDWHU PO DQWLIXQJDO VROXW

WHDVSRROQHHWHDVSRRQ
SHFWLW@HDVSRREHUEQ@ RQV 3( ) WFRIIHHWELQGHLP/
WHDVS8RWDMRD UFK/ ZDWHU ZDWHU PO DQWLIXQJDO VROXW
PO DQWLIXQJDO VROXWLRQ

3( 6 WWFRIIHHWELQGHLW/
WHDVSRRQHHWHDVSRRQZDWHU PO DQWLIXQJDO VROXW
VXJDU WHDVSRRQ SHFWLQ P/ ZDWHU
3( ) W¥RIIHHWELQGHWYV
36 ) WFRIIHHWWSRWDWRUFK JO\FHUL®/ ZDWHBODQWLIXQJDO
P/ ZDWHU PO DQWLIXQJDO WROXWLRQ

% ( WWFRIITHHNEHHV Z DO 6% 6 WW¥RIIHHW¥LQGHU
DQWLIXQJDO VROXWLRQ FRWWRQ PO DQWLIXQJDO VROX
% ( WFRIIHHNEHHV Z DO 6$ ' W¥RIIHHWELQGHWYV
DQWLIXQJDO VROXWLRQ VXJDU PO DQWLIXQJDO VROXWI]

HDDARD

6DPH DV SKDVH

P ROQ) DG\WKCEQ)

6DPH DV SKDVH I[JUHH SRXU RQWR EDNLQJ SDSHU ZLWKRXW W

QA Q

6DPH DV SKDVH VXQ IDQ RYHQ DQG GU\HU



UAXOV

~QVKBYXDVWKH FKRVHRUPXODWHBW WV WHEKXEMHMWRBHIER X G U\LQJ
PHWKRTRVWD QG DRGSRV KWDPSCGULMQG WX QOLERWUFRKRVHQ
1IRVLIQLILGDIQMWU HRIFHUREVHUEH®/ ZHHHP DQGERIIHH E D/\DHPG OLHY/

WHURVSK\VLBU®RSHUWQLFHYX GLQUGKIMIGQHQPGOH[LEIQRUWMRYHUDO
DSSHDUDQFH H[FHSW IRU WKH IDFW WKDW FRIIHH EDVHG VDP

7TKEULPDGBLVWLEHWWRHKNZRDWHULADWVWG RYHPS EDWHE® S KHDWD®
PLOGPHWXDWDGXBQWVLS EWHRSP LEQDU HODRW L FHDOB/@®HWHZZHHNYQ
FRQWW RVWH ENVDHRPSCGOHXLELWMHGU DQURPWKBWUV LWAYH®!I WWUJZ R
PRQWKY WKH VFHQW UHPDLQHG FOHDUO\ SHUFHSWLEOH

2YHUDOMS ODKIHPISZLWRRITHHURXQGY QRWLIQLILFDQWRBWWHULCLC
SHUIRUPDRRFKHLUPVKBGD SWDE LVOKMN U P X O D W IRRLQ MH URIWQIW QLEO H U
7TKHVHQGLQDY L GKIHMRIQW L AXREGERWKDOWHULE@ XEVHTXSHKE@W DWW K H

IRUPXODWLRQV SURYHG IXQFWLRQDOO\ FRPSDWLEOH ZLWK HL







8SRERPSOHWIBK@VHDQ® IWHGHQW LARWQWHV S RRFRELHURPLVLQJ
VDPSCBHAR G X EHVERR WVKKH P ® Q ER | | HH X U W K M D O X X\B \WFFRR@ G X APMRH G
VHO WKMRVSWRPLVMRYP XODWMRKAKD SHSOR U VL@ LSURFHVV
LQYR COYGHEW H Q DIQYDHD RUE R WSKK\V L BR@ H V W KHIRISAA LMD U HV X O W
IRXURUPXODWHRRBMOHPMAWWEPRVWHOHYRQWKWXEH T X HENW L JQ
IRFXVHQYHVWLJDW ORQWMK NDP SOBPI®VARHPRQ VW W RWHE HYQG Q J
SURPLVAKDUDFW HW K VVHERWLZAQMQ H F H V WWDR) D U UR EYF R SRHW K H
VWX®QGERQFHQVWRDMKHIR UP X O D WKIBMVIVOLJ ZHB'WKIBHVLJIQ
REMHFWLYHV Rl WKH UHVHDUFK

'DW H
%DVHRIIHH

%LQGH®MU DIDU SRWDWR VWDUFK EHH ZD[ VRGLXP DOJLQ
30DVWLFL]HUV PRGDIUHUV

QG PDWHWFRMONRQ
OROGILWFEB®HUH$R X U LNLVAHEE D S HAL K R ONML W FE B WU WKKR O H V
NLWF&BOHWUWX.QNNVWFEHBQHUWKWDPFDWROGZRREBROBGVKWUD\
ZRRBROGXKXROGHL S HONWHFWDSDOE O H WRWHLG W UD\L FH
WUD\LFWUDWLOLPRQHWQVW HHKOI LW LROXPLQRXRLQLQSDSHU
PXIILQLQSUQMXIILQLOQWW\URIRBPGRUM\ULQSBISUUDPMWLJIKWYV

WLIKWYV FXS

'U\ PHWKREDWXUDO GU\ RSHQ VSDFH ZLWK GLUHFW VXQ RYH



UHSV

WV KHPS FRIIHH wv DJDU DJDU P/ ZDWHU

WV KHPS FRIIHH WHDVSRRQ SRWDWR VWDUFK WHDV
FKDPRPLOH FRWWRQ P/ ZDWHU

6% WV KHPS FRIIHH WV ELQGHU WV VXJDU

% ( WV FRIIHH WV EHHVZD]|

HDDARD

6DPH DV SKDVHV DQG

PROQ \KEQ DGGY QY

7RIXUWKEYHVWLBIBW B X HRQFFRIOBD W H U Y R O MBAUHR S H UDVPLGHAD Y L W \
RQWN KWK D S IDQUG U\LBH KD YR RUKIHRUP X ODWIVRQRHWLIVGIPL ULJLG
IOH[LEQ®EVRUBMHX®S RIMUMWHVWBERPHWKRBWI®HFWHESORUH
VSHFILIQWHUDEWWR @MKPD W H DICDID KPR O @ X FEMD GKHV VK@ I D F H
WH[WWUB Q VIR WXEWR USDQERVRIGHPROGLWRW®I GLIIHUHQW
VKD S LRHW K RZGMWH V\R BHED FRQ IR IWKHIRUP XODWNVR @R | | HDHD G

KHP S/HSDUDWHOXOMM QIKWS H U L P HRRQIEQ WRYRHIOD IOH WHKK D S L Q J
WHVWYV ZHUH FRQGXFWHG XVLQJ WKH IROORZLQJ WHFKQLTXHV

%DNLDSHYXVHGBGWIODQRQ DGKHMWILGHUD WXWGI DFRE VH WKRHE
HDFKRUPXODWBWHRDYHAKIK VKDSHEWKRXWIFRQVWUBVQYWKLV
VXEVWUDWH ILYH VKDSLQJ WHFKQLTXHV ZHUH V\VWHPDWLFDO

JUHBRXWKHL[WXIBMUHHSIRXURQ@ WRKEHDNLD S HWV
SUHYLREGWUFULEKIGWHFKQIZIDMFRQVLVWHBWOFH® RV® O
VDPSOWMNWHUYNWD EDVHOHQB E OG QUHR®P S D U LEVHRW Z HWM RH
GLITHUHQW VKDSLQJ PHWKRGYV

WLIROHKHWDPSQBEMLQLWYRDOKEGL@FLUFXMWHBRRNLH
FXWWHBGLDPHWNPEPDB\®WLQGLAFVEL MDUFPGLDPHWBVY
WK @ D FHAW KIHH Q VRIWKWD P S GHL Y L GIWRIWHR. BLVWVYRRFWLRQV
2QFWWKHADWH WKIDAHDFKWJ I L FIWVAQUXKFWWDEODK MDD V
UHPRYHG DOORZLQJ ERWK VHFWLRQV WR FRPSOHWH GU\



+ROHOMPS OZAHWIHR U P KG/ L @QWKWHD P HL U F XYOVCHEHR&R NFLDAHW W H B
GLDPHWRQO REWGHU HD W IIFRXD W SHOHR U DXWLLRIBD S MUW U D Z
PP GLDPHWRWRGLPOP®JLQDWH EDRX®GD V8 HRORU W MRHO D\H G
E\VHYHKRRWXHWRVKHQLWORAQVFRRLWHKPL[WXBKLFKRXOG
RWKHUZLVH FDXVH WKH KROHV WR FROODSVH

6WDPWZR DSSURDFKHY ZHUH HPSOR\HG

'LQH6WRSSHKHPL[WXUBBVILUVW
VKDSHGEAWWKNWHHRRNEKWWHBP
GLDPHVWOHWHAKLFEKZLOQMVWVESHU FP
GLDPHWBUVSUHYV VRHGWRKM X U I D FRU
DJDU DJDU IFRDMHK® D W URIQY WW. QRRH
DIHZPLOQXWHDWJIHTXLEBEHUNWDPSLQJ
LPPHGLD®SOLFBEWANRKFHVWLLYHNLQJ
SURGXRLHMXPORWPSD UDERYKHELEKROH
PHWKRG

6LQNDLQ@KH L[WXADAYU HHBRX U H G
RQWWRKEDNL®DSHMQ®PHWBDQUDLQ

FP RXWEUDPHWHPLQQBUDPHWHU
ZDVSRVLWLRQMREE IWKWDPS®®QXDO
SUHVVZDYDS S O XIYGW.IORE M HEMD FK H G
WKEDNLODSHHQVXUWEKDWKRDWHULDO
KDUGHDRHRBXW®WEGUDWDRW MHKUIE® Q HD W K
LW7KLWHFKQLZEWQRW SSOLFMNFOH
EHHVZD[ EDRHBXODWLMNMKVRDWHULDO
IUDFWXUHG GXULQJ GUDLQ V UHPRYDO

ILQHYKHP L[W XZDHM U HHSR X U R@GW R
WKBEHDNLDSHONIWBAKLFBQRQLRMLFHU
KROGHRPOHQIWKPZLGWRDGHEDV
SODFRR® WKHWXUIDMWHRIFQHUD®HQHDU
LPSUHVV)IRDYDU DIRDUPXODWERQMI
UHVWSKULRI® IHZPLQXWHDWJIHTXLUHG
EHIRUBSSOLFDWKR@QMRGLXPOJLQDWH
IRUPXODWHRQ@VVHEHKBR UWRIHDFK
VXIITLFLHQW YLVFRVLW\ WR SUHYHQW VLQNLQJ RI WKH WRR(

$OXPLQLZARY KHPL[W XADHERX UHGWRD OXPLQWIRQ FPGLDPHW WO
FDSDFIWWADFKRDQDSSUR[WRIHLIJRW FP $IWHUKRMVWKWDPS@RBYV
GHPRO GHQJ QIHGS O D FEHIEFINO WKW L@ D QD G G L W L RKQFDXOUNK LR/H W K R G
ZD W H O H FVRHY® O YWDREHH K D YR RUKRHD W H U TR WDLAAKJ LIQR Q SRUR XV
DQ® KHUPPR@G X FWAWYIIDBEEORREVIHUY RWARIQAREB\LDOEFPRRWK
VXUIDFH IRUPDWLRQ



6WHHIOY KHP L[WXAIHS RXUHGWROR ZH U V R/DASHMEOQF P O H Q J WHKP
KHLIJKUHDFKRSUR[LPDWRIOXHLJEWVHUKRXUNKWDPS@BWXUQHG
DQ®HW X UMD &PR OIR WD QD G G LW L RKMYXOUAK LRFROBD WF KRV M@ [SORUH
KRZPRUWRPSOMRPHWDRMWLIPGWDORUFDER®VOX HOFHS HILQLWLRQ
VKULQNDJH DQG GHPROGLQJ EHKDYLRU

&DVOROGXVWRPWPROGCHWUHURGERMLSXUHSVXPQELWRHUFXODU
FPGLDPHWBATXDUHFPOHQ DMKE HLJKNWO LFRQGAK HP L [ W XADHW K H Q
SRXURGWRIHQLVRRGGOGM @ SSUR[LRKBWHMWFP 'X HW R/ KGIL | | L FRIO W \
GHPROGLXBPOWDJIWXIHD P S OMKEH UBIHXW G L VW XRIE KR X BV IR U H
UHPRYDKARHW KRB W H O HRWRBA\G/ HV K1 | H FRVR/X VW RB G PR O ®\Q @&/ R
D QD O V]XU | DLRHW H U D FY/RIBRIDW KW X U | DLRKAR Q WDLIPMMK K IFID VGAH Y H O FOS H G
ZKLWLVK DSSHDUDQFH DQG D GLVWLQFW WH[WXUH LQGLFDWLQ

3DSHULQ7KHPL[WXBHBYV
SRXUHQWRSDSHWROG FP
GLDPHWHRKHLIJMVMRKHLIKW
RIDSSUR[LPDWRH'O\HW R/ K H
SDSISDUWDE®RUPIRQY W X UH
DQGERQGLRDUWWKHL[WXUH
GHPRO @IDQR Q G\R V V LEIOWH U

KRXWSROQHPRYDAD\RU
SDSHWHP D L @H3X H UW BN K H
VXUIDFKHLRHWKROWKRVHQ
WRVWXGRDWHUDE®RUSWLRQ
DGKHVLRDQG K\EULGL]DWLRQ
EHWZHHQR EDVHREPSRVLWHYV
DQG FHOOXORVH VXEVWUDWHYV

3LQHLQ7KHPL[WXZBYV
SRXUHQGWBLQ@RRBROG
FP GLDPHWHU FP KHLJKW EHLQJ
SRXUB®SSUR[LPDWMIOXHLJKN¥PROG UM XLBUIED NWRBROGIWH U
KRX UK XU I DR Q WALRMKKSL QHHWDZ@RGUDJP HDRQYGW® KD P S O H
7KLIVSSURRBK/ H O HBWRHYE@EX DYWWHU RP®IF K D Q DRIE® W H & R LEGHIW ZHH Q
WKH PL[WXUH DQG QDWXUDO ZRRG ILEHUYV

6LOLFRQBKH L[WXADAE RX UHGWRL O L PR@KEFPGLDPHWHRK H L J KR
DSSUR[LPDRMAKGNL JEMW H KR X UWKHD P SDBI\GHP R GG\HX U QM)A HW XU QH G
WR/VKPROIR D D GG LW LRI O L FRRCHZW UFKRVBR® M R/KHDB[LELOLV
DQ®ORDGKHVLIHUYIDYD UHIHUHI@EFHOHBMPROGRLQ®PLQLPDOUIDFH
LOQWHUIHUHQFH



&RURBDP S OZWWK D S M &L QUKWHW HFHRER NFDHW W H U
FPGLDPHWEERXUEGUHRQY®R UN HHIVBR X WP
KHLJRBRDSSURDEKMHWHV W B\GKIH UVIYP S HHIW H
GHPROGHEH KR X UWX U Q)G HIWR UNRD QRWKH U
KR X UNK LWH V X @ DN G L J KAWM OW XAXHIG IRFQA K\HL G_HD
FROQWBEWWKHRUNKLOMKRSSRVNVWGEHHPDLQHG
VPRRWAQWKHMHFR QG SURDHFAKP S OZHU B H IR U
KRXWEWIRGHPROGEQRGXALRRUBUR QR X FRHGI

W H[W R BRHZAD W H O H FGAKHWE L WSR U R VILQVBI OD VW L F LW\
DOORZLQYHVWLJIIWLHR® XYWHD QVDBGPRLVW X UH
DEVRUSWLRQ GXULQJ GU\LQJ

6W\URIRPP\OLQGWWFUDRIRORFNPGLDPHWHRKHLIEWWDQXDOO\
KR O O RZHIGDY W\ OWRU HMVVQHO WHPDYVIRAS SUR[L P D WHIL\D P HIVH®

FPKHLIRWHL[WX2ZDNSRXUHGWKEDY LWWHUKRXUWKWDPS@BV
WXUQ@HGBE HIRD QRW K HUR X UAD U VWDLADKOH VRR/AW\URIBRDBW LROMHKM. UH G
PDQXDBPRYCXWLE&HPROGUHQABHWKRIBW HOHMWRHGSO RMWKHQWHUDFWL
EHWZ HNHKRHL [W XDUHG LI KW Z HLWU B B/D W H UD ZOINDOWV KHHI THIRMMU UHJ XOD L
LOQWHUQDO VXUIDFHYV

-FMWWUDAKUHIL | | HUH@MNW DAMUKVHIROORNMKMDPHHQHBDA®WRFRO
SRXULQJ KRXUV GU\LQJ WXUQLQJ DQG DGGLWLRQDO KR

7UD\ &\OLQGHDFDOLHWGLDPHWHBKHLIJKWO QHBGD[LP XP
KHLIRWRVDPS(HWSHURGXFRHIY ROLGR Q A L WEKW RARK S ILIN/ H UMRH G
FUHDWH D FHQWUDO SHUIRUDWLRQ

7UD\ SHFWDQFOODWLHPOHQIWKPZLGWKFPKHLJHKWO OHRG
IXKAHLIRWRVDP S(ZHWUBHURXFHRBEQMNMHSVOQWDRWMQHEXBRVW GWRQJ
VWXG\ LQOWHUQDO VWUXFWXUH

7UD\ TUDSHIHYLWLHPWRGHQDMKZL GWK FPERWWRPQ D/DLG
ZLGWK FP KHLIJKW 6L[ VDPSOHVY ZHUH SURGXFHG HDFK IL

~FMWUDZMUMHOHAWBVX MWD Q G D UGIRMIEWQ\® FFHVVLERDEWL QJ
FRQWUROOHG YDULDWLRQ LQ WKLFNQHVV DQG YROXPH

3DLGWOHWWH L[WXUMSRXUHGVDE DL SO HRRQAV D VDA RIY L W \
W\SHDFLUF¥XONUW\FPGLDPHWHRKHLJOWGUHFWD QEXOIDW\F P
OHQJIJWKPZLGWIIO UL KHQBIKMP WRFP 6DPSOAMHMGULHA KRXUV
W X U QUHHBN X UNQRM IFHR OBQ G U L HRGD D G G L W L RRXQNAK LR'HW KB GORZHG
LQYHVWLIDWLRQ Rl VKDOORZ JHRPHWULHY DQG JUDGXDO KHL

'RRG:RRCGPROGW UWH O HFNRKIGW K WXIGQWH UDEMWRBWKEIDWHULDO
DQG ULJLG DEVRUEHQW QD WZRIP®HQXERQE&D EHVYH AVZRVWHG



SVKWUDRH LIWXZINSRXUHQWRRR®VKWUBPGLDPHWHRBP
KHLIRMRSSUR[LPDMRKGI\LIBEWLHG KR XUWX U QHBN X WIRIKFHR O G
DQG GULHG IRU DQ DGGLWLRQDO KRXUV

&EXSROGAKHWL[WXADRERXUHGWRRREXSKROGHBGLDPHWHU
FPKHLIKWRX &G LIKGWLHJ KRXUWWXUQUHHEW X UM KR OBQ G ULHG
IRU DQ DGGLWLRQDO KRXUV

7TLIKWYR DSSURDFKHV XVLQJ WLIKWYV ZHUH WHVWHG

6XUIDFHKH L[WXZUMNSRXUHG
XVLQVKNWHHRPRNEMWWHBP
GLDPHWRWR LHRHWLJKAKY FK
ZDWKHROGWBQFORRWHK GRNV
WKHYDPSOHXH WRWKHUDJLOH
G HPR O GILURIF HADW S ZH\W G HIWR
GU\ IRU KRXUV ZLWKRXW WXUQLQJ

& XS7LJIKEIHUWW U H WRKHIG
SODVAMXLIIPQAGL[HEGLWBEQHODVWLF
EDQOOIWHKLFRVKH®L[WXUEZBYV
SRXURGVRBOORJAUQYWWKDSH
WKHRUPITKLRHWKRBWQVSLENHG
W KZAHY R | LSOULRDMEN/F\86 9 ¥ L J KZAHWJ H
VHOHFWHRGH[SORUWH[WLOH EDVHG
VKDSLSHUPHD L@QGWDY LW\ GULYHQ
GHIRUPDWLRQ

G\ULQIKWPL[WXDHORDAKA R PO/ \UL@IMHE[WUXGGWRULRKMSHYV
GLUHRWWHDONLQDSHADPSOHNUBULHRBU KRXUWXUQMHGE® HIWW Q
DGGLWLRRORXOUAKLFHWKREROWKRVMWRQYHVWRLUQOMMHEIRVLWRRYUROOH
HIWUXVLRQ DQG JHVWXUH EDVHG VKDSLQJ



%RQX8DSU )UDPH 3UHSDUDWLRQ

$QDGGLWIMRGBEOS UR G XMDVS UR G X KNG (I
SDSHWUWDPWHFKQLTKIHFPHWKRE® VDS S O WRS
5HFLSH KHPS DJDDJDWFRSURYLGMUXFWXUDO
V XSS RUWGH [ S O RVGIW H U PIDWVIHYU-R D © D WK/H
SUHSDUBWRRE@WW ROW KBH X \RHSDSHUOWHUV
IURPNVKH. OW HFRHIGISHU R FH G XIWHHEW H Z L K H
SDSHUOWHHWWH SOV LGRU KRXUNKH®HDQHG
WRHPRYH VLGXRDIGSH U W IDRIDGIX/V WHREQ V X U H
S X ULWR'O O R FIOQHID QW RIEL O WZHHUNG H VWAR) H V RW
DQOGGLWBROQD®®GSSUR[LP DWHR\KR X WWR
DOORZ FRPSOHWH GU\LQJ

2QFKE ULHNK S D SHUOWAHUML QHFKRS SHGW R
VPDOSLHFHYQGFRPELQHGEWK DWHDWD
SUHGHW H WMDLVQLSRB RWF KRS HED SISBIUSD U W V
RIERLOHMBWHTUKHP L [W XZBIVWK HKORPRJHQL]HG
XVLQ@IPHFKDQ PRDIOW FEUHDIWHQLIRYP XU U\
6XEVHTXHDIRWMNWRRODKSUH S UH SCHPSEEQ G

D J DOUJ DRIL [W X USHD IRW. VZ D \B R X UR G WVRKSD S H U
VOXUIRUPLQ@JFRPSRVPWWHULOMDVVHPEOHG
SURGXZFDWOHWRJHVIWU KRXUDOORZW® B
FRPSRVIWRARQVRO LIG@GDHKLHWKKGHVLUHG
VWU XFWXW B OUKMHWKRGDE GHKEQWHJIJUDWLRQ
RIILEUREDSHMOHPHQOWWWRKHELQGRDWUL]
HOQKDQFW®BHFKDQISAIRBW LHYGEURYL®LQJ
QRYHO IRUPDW IRU PDWHULDO H[SHULPHQWDWLRQ

UV

"XHWRVKKLIQXPEHRUIRUFRPELQD WILLRFGIRFXPHQWADMLWQXFWRIH
LVRODMWH- DBQ@HVHUHRKRBR X O DADMRVHW IS R F X P HQKIKK QJ® Q RHP RO G
JHRPHWUKHWH LPLWHBWIUHSUHVH@RDWNWAVHGERRPSDGHITHUHQ
IRUPXODWLRQV

7KHDJDDJDU EDVHELBBIVWHOHFIWMWEK HH | HU HEHFHD XM® RVWOHDUO
LOOXVWUKBIY\W KM UE B RDWILEWHODWRRQP/KH HHV ZIRIU P X O DADIMR @ R

ULJIDG GJHWDLWQKIB[DFRMROGHRPHWQLP L WLLYL BOGHRUPDWKRIQHDV
IRUPXODWLRQ@LWRWWREMGYGRMRQIRHAHFWWRRDGX U | D PNV K H

ILEHWQ F U H DVGMEH WHVAQPMBX UL @ D VW LEIDIW K R WKW R G L XIPO JL QD W
IRUPXODWORRGDSWAHOWRPROGDIDWID SURYLEHBRUHEDODQFH
UHSUHVHQWDWLRQ RI WKLFNQHVYV YDULDWLRQ VXUIDFH LQWHE

JRFURVV IRUPXREPBRRIWRRHSUHVH@RDWHUMH O HFMHHZH® Q G
—FH 7UD\



6D P S OHIR G X R M GQUKOGIL QRAHROIE] K L E LEAHK® Y\L IRRIL @& BAKIH H$HR XRIQ HY
FRPSDUDSIOMWEHRAMB EVHGYBWKELXROMQ KRORROGYLWHERQRWDEOH
GLIIHUHQFHV EH\RQG VKULQNDJH DQG EHQGLQJ GXULQJ GU\LQJ

~QNKWWDPSVDPSOWYXWWDP SIHG UHVZDRQHD U®\S UFHSWALHRRPLQJ
YLVLEQ®\SRPORVPVSHFWERQW WDWDWP & D P S OHMAMPDHIZF OHDABHILQH G
LPSULQW %RWK VHWV H[KLELWHG GHIRUPDWLRQ SDWWHUQV FF

JRWKAHRPNROGARGLRP JIHDIMEHHV ZIRUP XODIVE ROWMG RRQBR X O G
QREMHGHPRO GHDBDJDIRUFODWLR @\WQ G KRZHY&LUYHORSGIG/WLQFWL
V X U | DNFHH[ WR QMKWHL AHF R Q WDLRAMKKFHR UNK LIV THEBAR Q G\H U F H SBKLHEQ H
VDPSOZHWEBHKQGLVWXREHIRX B ULQU\L@KH QU QHI® UOQHUWKH U
VXUIDFH UHWDLQHG DQ LPSULQW

&DW/WD PSGHM YSHBGU WL F&DIDIUMKESWP R G QV KEIHH V ZIIR[U P X O DWH.RRR)Y D O
UHTXLWHKEVIRIDNQLIHHV XOMALRU I DFHP D IJHKHWD P S CCHOAMRKLE LW H G
SURQRXQFHG ZKLWLVK DSSHDUDQFH RQ WKH IDFH LQ FRQWDFW

-FWUDDQGFWUDVDPSOHWRWKRBLVWLEHWKDYHRWR Q/&K U L Q NDMIGH
EHQGLQUFWUD\VKULQNMAD PPH V X B Q & HDQARW L J@ QU F W D QS XIDBHIV
FXUYHG LQWR VHPLFLUFXODU IRUPV

6DPSORVUVPHEG/ W\URIRBPGWLVSONMWGEGR Q@ DONNGUIDREKNRPHDVHV
IUDJPHRWWKPIROGHPDL@IPEHG GHGRG XALRLIW XRIMRLOYWBGGKHUHG
SDUWLFOXHPLQERP GWREXG [ WUHPHRRWRA&LIKWONIOHNWUYBHRRBV
WKHR QWD EGHW HPIRDO GM V X OAVPHGL MW | DFKHIH HEXVQ RRW KBUVWLQFWL
HITHFWV DQG QRWLFHDEO\ OHVV JORVV WKDQ DOXPLQLXP

6DPSOBVRGXHAMSDLEWOHRROHGVYHFWDQDRGDWFXOGD®RW[KLELW
SDUWLAMDWXEHW QBGKULQNDIEHQG LD SHRROGVWURQDAIOXHQFHC
V X U | COFSHS H D U DSFSHI IUE HEJWF D PHR L U PDG K H UWHRS KD P S OMIK/DWP RY D O
ZDWPSUD F Wl FDFON PHUGLPROBQ ® DW H DMVIYE HQ W H UGSDR PHO SU QW
ZRRBRO ®WHUW VL @REROGL E HRIQV KFHR Q WADXEW DFGHW K RPARIKWH V L GPRXO G
EH PHFKDQLFDOO\ UHPRYHG WKH DIIHFWHG DUHDV UHWDLQHG

6DPSOKWRRERRGVKWRRO G\LV SO DRRKD CEH G IDQW KHG JHAKLARR G
FXSKR ORGRHIUG\L G R B/U R G XFRIW DIE 0 H FEAHM R QUK U L Q NEOLIHL FARROGHGOWH | W
F O H DAJHDI\L QHHGSJ AR Q W RPARUUMU H V S R RVIKBIR O BH R P H W D\P S OIHRW P H.®)
WLJKAVRY GBHYHORSBSHHEGRQRX QFHGWBHN EMMUHTXH QWOW XGKGL Q J
GHPROGIXHVRERQWUDPRYERED QVRROKH EUZEJKRX/SYDPSORWVPHG
FRFRRRQULJORR \OKLINSH VQ D WOU L QFRIO GAL @ R WU G H5 L VW L G WHPWHY
EH\RQG VKULQNDJH DQG EHQGLQJ

7KHVREVHUY DRLLIKQWIKMWR GRHP ROBHRPH\W QW XEVWEDWHDM PW LY H
DIJHQWQ KDSL\WDXUIDHIS UHVVILR@WUXFWKVBRQAKSHULP SRQW®EH
LQWULQVLF VKULQNDJH EHKDYLRU RI WKH PDWHULDO V\VWHP
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7KHPDWH WBLHDYHORSSUHRWHROORDIPGW H U VB ISYHR DLRE K LFKXFFHV VLY H
F\F ORIIVD E U L F DRELVRQ Y DY BREM X V WIKH G WEHHY R O XRIDRQW H V L\DV@H P

UDW MHKUDY LQJIOHHIRUP XMOIRQFK[SHULPHSXWNRQFWLRYHIEHDUQLQJ
VWDJH DOORZLQJ WKH PDWHULDO EHKDYLRU LWVHOI WR LQIRUI

3KDVHRQVLRWBGW LDORRM\H PR P E L Q& QIJH WPHDQWH ULQPO®WR SRUWLRQ
7KLWWDZBVXQGDPHRUMBMWLIJHQHEB@DY LRI O H QO @ X BULENL O L W\
YDULDW QRIQV ®IQEO H[L E DQIBWKXQH[S HFRWFHFX U U RPARRO BU R ZW K H
SUHVHRFHROG YHXQ G H® W URBSOHSD UFR QREQ WU IRQND®LHG W DIVOL R Q \
ELRORMWDDDM@ENGEBURFHGREGDX VW RIQYWHRRDLQIKDVUXFRV
PRGLILFDWLRQV LQ DQWL IXQJDO DSSOLFDWLRQ DQG WKH XVH F

3KDVHVKLIWHGRFXWRZDDBRUN W U X FWQDHOGR/ILY G L Y LELQDEODIO\G
IRUPXODWLRIQD ZOWKW®HP HUJLRODWH UMD @ H®B\ L VR O DBWLLAG HUWOG
V\VWHP D WLFID\QRI U D P H WHXUPBVD G G L W E R WAWREH.D F O X DIQRRU\L Q J
PHWKR®WKSKD\FHD D U KIR BH® FIKRP SRQHQM X HOY FIH\B R B HV WXXHIW H Q W L R ¢
VW U X F IMXW B DULEV\V XEIXD® U D F W HAKLHV\Q IGR Y@\ W D E O3 WK HRGJ P DQ BH H V
UDW KWKIDIRV L Q J RS W LPDHFLSHLQIR WKW WHPRW XBHVKADWHULDO
GHYHORSPHQW

SKDVHLOQWURGHRHHHBH R X QWM QD OWH U QWD PIHEQWHEBE ODKHR X KLOH
PDLQWD WXWDPIPHRUP XODOWRRAK LYW DWHH V WHKGOHEL RUIWKPADWHULDO
VI\VWHBP\ DVVHVVLWPFRPSDWLEZILOMRNAITHUBQWH DWHULDKMW HV XOWYV
GHPRQVWBRWSHISU CBEKOVIL B LV XIHUIRUP EGMWEZ HKHP SDQGRIIHH
EDVHM®O PS OAMWKKSIUL P DALV WL BN IGRRIH U VLV WHKQFRIQ | L U RVHKG
DGDSWDELOLW\ RI WKH VI\VWHP DQG H[SDQGHG LWV SRWHQWLDC(

J)LQDOIODVHVUDQVLWIRRRRPE R VLW QRGN® LWRRUKKR O R SORWDWLR:
IREXVR@ERZWKPDWH VLDWERKDYIHBHODWRRQ®D QB®ROBHRPHWULHYV
~QVLJKWRPVKBUHYLBKDVHKWJIDUGLQU X FW WDEQDWW §H K D Y LDRQG
ZRUNDEGQ UWEW OR U PW KMW D HQ DEOWR B UD QV ORDWWRQH PDFVHU L D O
NQRZOHGJH LQWR WKUHH GLPHQVLRQDO DSSOLFDWLRQV

2YHUDKBIURIJIUHMUYRBEDVHVBKDVHUHIO HDFWR®Y W L QDHRDGVE DARNRLE)
ZKLFREVHUDHEBLWDRARWAWE VSR OHEHUIRUP RRXMH R KD S AKX H
HYROXWRIDFFR KHUPRQWHWYLDW K LW H U BW RFHWDWYHVVHQWLWULHILQLQJ
ERWK WKH IRUPXODWLRQVY DQG WKHLU SUDFWLFDO DSSOLFDELO



7KH GHYHBRSHG P DIMUDOLY XQGHUARRG DQG VWKPWUHG QRWRQD DV D MQI®! 11 HG UHASH

EXWDV D P DMUDOM VWP 7KLV A \WP EDVHG DSSURDFK DFNQRZ ®IGIHV WDWWH 11900
P DMUDOSIRSHUAHV GR QRWDUMH [LRP RQH FRP SROHOWDBRQH EXWILRP  WH [OWILDPARQ
EHVE HHQ FRP SRUMRQDOYDUDE®N DQG | RUP DMRQ SURFHWHV

TKHVWWP IV RUI DQL HG LlOWR WUHH P DIQ @\ HYY XSWMHDP P DWUDCSUHSDUDWRQ P DWAUDO

P DW[ IRWP DAWRQ DQG P DWAUDCH SIHWMRQ 7KH XSWMHDP W H LOFXGHY WH SUHSDUDWRQ

R WDZ FROMIMHOW WURXIK RSHIDWRQV VXFK DV JUQGIQJ P I LQJ DQG EDNQJ  $OMRXIK
WH VSHALLE SUIRFHGXUHV YDU GHSHQGIQJ RQWH P DMUDOHJ  FRITHH SUH SIRAHWMQ) WLV

VI H IV WHDWAG DV D WKDUHG SUHSDUDWRY @\ HU DV MRAFXWY SURUWR | RUP XOMRQ DQG GRHV
QRVDOMUWH VWAKRXUDORILE Rl WH VA AP

$VWWH FRIH Rl WH VAP @V WH P DMUDOP DA Z KIFK LHSUHVHQW WH FRP SRUMRQDO
VAXPMUH Rl WH P DWIUDO 7KLY P DAM[ HP HUHVILRP WH LOMIUDWRQ Rl WUHH FDMIRUHV R

FRP SROHQW 6WXPXUDOFRP SROHQW  WH RUDQIE IL@U KHP S RUFRIIHH JLIRXQGV DQG
WH EIQGHU  IRWP WH SUP DU SK\ VIFDOIWDP HZ RIN 0 HAKDQIEDOP RGULIHY VXAK DV
JOFHUQ VXJDU RU FRAWRQ [LEHY DGMWSIRSHUAHY IOFOGIQ) 16 IEIOV FRKHMRQ DQG
W WH -Q FROWDVW WH [ XQPARQDODI HQW DQWI XQIDOWHDWR HQW GRHV QRWIFRQWEXWM
VWXPMUD@® RUP HAKDQIFD® EXWHQKDOQRHV EIR®RIIFDOVEEIDN 1QI XHQAQI GXWDELOV DQG
UHVMBORH R P RG JWRZ W

2 QFH WH P DWUDCP DM LV IRWP HG WHW WP WDQMMWRQV VR WKH |RUP DWRQ O\ HU Z KHUH

H WILQDO IDRRY/ VKDSH WH 11000 P DIMUDO H SLWIRQ ' U IQJ FRQGMRQV DQG P RG
JHRP HM GR QRWFKDQIH WH FRP SRUMRQ IWHD EXW IQIOHQAH VXUDFH TXDDAHV

GIP HQURQDOARELDN DQG VWKPMUDCEHKDYIRUGXUQ) FXUQI DQG VRIGLIFDARQ

7KH GDIWDP  YWXD@® GMAQIXIMKHY EHVE HHQ WHWH WSHY Rl LHODMRQWKISV 6RAG DURZ V
IOGIFDW FRP SRUMRQDO [OMIUDARQ  IHSUAVHOWQD  HBP HOW WDWEHFRP H SDUVRI WH
P DWUDCP DM ' DVKHG DURZ VV UHSUHVHQWRUP DMRQ SLIRFHWHVY Z KIFK LQI OXHQPH KRZ WWH
P DMUDO H SUMWVHY IWHD SK\MED® EXWGR QRWDOMU IW FRP SRUMRQ 7KLRXJK WLV
GMAOPARQ WH GIDIWDP FRP P XQEEDWV ERW WH \MAXPXUDODURKIWIRXUH Rl WH P DMUDO
DQG WH SURAHGXWDA DRRLYY/ WDWDPAKSRQ LW

7KH 11QDOP DMUDORXWRP HVY  IOFXGQ) WIGW 6] IEION WIENQHW VXUDAH W WXUH
P RAMXWH IHWWMRQ RGRUDQG FR&®U  DLH WHUH RUH XQGHUAMRRG DV HP HL HOASURSHUARV

7KH UHVXOVIWRP WH FRP ELQHG HIHPARI FRP SRUMRQDOIOWAT UDWRQ Z WIQ WH P DM DQG
IRUP DAWRQ SLRAHWHV DRAQJ XSRQ W

7KV K IMP [E SHYS-RAYH D7 V WH P DMIDOR EH WHDMG DY D | ®f LEBI DG
DIBAED SDARP FSEB R DFRP PRI GLIHHOM LY BQEHY DG

P RALIHYZ KB P DOMAQ) DARKHHNWKRMUIDOBI LE






7KH GHYHBRSP HOARI WH P DMUDA RERZ HG DQ MADWYH UHVHDURK
SIRAHW 1Q Z KIFK VXFRHWLYH H SHUP HQWOSKDWHV LQIRWP HG
WH SURIUAMYH LH LOHP HOWRI WH P DWIUDOA VWP 5 DWHUWDQ
DGYDQAQJ WURXJK D VWP @HDU VHTXHQFH WH SWRAHW
RSHIDWMG WIRXJK P\ FBV Rl WMAQD  HYDOXXDARQ DQG DGR HQW
DABRZ 1QJ P DWUDCEHKDYIRUVR JXIGH GHAMRQ P DNIQJ

$V SIHVIRXV® H SOIQHG IRXU P DIQ H SHUP HQWO SKDVHV
VAXPMUHG WL SIRILWMRQ 3KDWH  IRFXVHG RQ H SBWDRU
PLIQ WHYHDIQJ P DWAUDO YDUDEION DQG IGHQWA Q] LQMPO
@ MMRQV IQFXGQI MXHY LHDWMG R P RG JIRZW 3KDWH
LOARGXFHG D P RUH i WP DAF DSSLRDAK MROMQJ ELQGHY DQG
SURFHWIQJ YDUDEG®N 1Q RUEHU VR GHIIOH SHURWP DQFH WDQIHV
DQG FOUL\ WH URGI Rl LQGIYIGXDOFRP SRQHQW 3KDWH  WMVMG
WH DGDSVEEION R WH AVWP  WIRXIK [L@U VXEVIAMWRQ
YDIGDWQ) WH XVH Rl FRITHH JURXQGV DV DQ DOMLODWYH \R KHP S
ZKI®I P DIQWIQQ] FRP SDIDEG!I SK\MEDO EHKDYIRU 3KDWH
VKUWG WH IRFXVILRP  1RUP XOMRQ VR DSSTDMRQ LOYHVAI DAQJ
KRZ WH P DMUDOHVSRQGHG VR IRWP DQG P R JHRP HWHV

7KH GDIWDP IGMADMY KRZ WHWH SKDWV FROPAYHD
FROMEXWG VR P DWUDOM VWP UH LOHP HQW XQGHUARRG KHUH
DV WH [P SIRYHP HOARI SHURWP DQFH WEELDN DQG Z RUNDELON
2 EVHUDARQV ILRP P X®IS®! SKDVHV 1HG QR WLV UHIOHP HOW

WIUH Z KHH IOUWIKW Z HH FRQVRIGDWMG DQG WDQVDWG LOR
DGMWR HOW Rl IRP XOMRQ VADMIIHV DQG  SWRAHW

SDWOP HWLY/



7Z R |HHGEDAN ®RSV FKDUDPWU] H WH IMWADWYH QDWUH Rl WH GHYHBRSP HOWS SSTFDWRQ
IHHGEDAN JHQHUDMG SUP DU® 1Q 3KDWH  UH BFW SUDPAFDOREVHUYDWRQV DUMQJ [LRP
WH P DWIUDO/ EHKDYIRU 1Q IRWP HG REMPW -Q SDUD@IO NQRZ BIGIH |HHGEDAN HP HUHV
ILRP WH LHIOHP HOWAWIIH Z KHUH DFFXP XOWG XQGHUAMIQGQI RI WH VI VWP IQIRLP V/
QZ H SHUP HQEOGILHAMRQY 7RIHWHU WHWH GRSV GHP RQVADW WDWHDRK P\ F®I Rl
H SHUP HQMRQ QRWRQD SLRGXFHG LHVXAV EXWDAR UHVKDSHG WH 1DP HZ RIN JXIGIQJ
VXEVHT XHQABKDVHV

7KURXIK WKLY WLDWYH VAXPMUH WH P DWIUDCHYROHG DV D G\ QDP IE VA WP LDWHUWDQ
D Ilf HG UHASH Z W HDFK SKDVH FRQWEXWQJ R D FRQOWOXRXY SLIRFHW Rl GDUQIQI DQG
RSWP 1] DMRQ

SHURWP DQFH LDQJ HV IGHQWIFDARQ

l

SKDWH
I LEUVXEVWAMRQ
VWP YDIGDMRQ

KHP S QFRIIHH YDIGDVMRQ

|

SKDWH
I WP DSSTFDMRQ
IRP P RGW{GHV

P DVIUDOA WP UHI LOHP HQW
SHURLP DQFHyWEELDWV yZ RUNDELDNV



- KI®I WH P DMUDOMVMP  [LDP HZ RIN GHVFUEHV WH VIAXPMUDO
@JIE Rl WH P DMUDOWLY GDIWDP IRFXVHV RQ KRZ WH W VMP Z DV
RSHIDWRQDO HG 1Q SWDPWH GXUQJ WH H SHUP HOWO ZRWIN W
UHSUHVHQW WH SURPHGXUDOVHT XHQPH WILRXJK Z KIEK DZ P DMUDY

ZHH WDOMRWP HG IR WMV VDP SV WDOVIDMOQJ  FROFHSVDO
YDUDE®N LR @ERIDWRY DRARQV

7KH SWIRAHW EHIIQV Z W XSWWMDP P DWUDOSIHSDUDWRQ  Z KHWH

WDZ FROWMIMXHQWV XQGHUR SK\ MEDORSHUMRQV VXFK DV JUQGIQY
EDNQJ LOMUQI P [ LQ) FRROQ DQG FXWHQJ

JRERZIQ) SUHSDUMRQ FRP SRQHQV DIH WHDMG DV SUHSDUHG
P DMUDY SWHSDUHG IL@U SUHSDUHG EIQGHU VROMRQV SUHSDUHG
DGGIMYHV DQG DQWXQIDOVROMRQ $VWKLY WRIH WH GIDIWDP \WKLW
ILRP  SDUD@IOSUHSDUDARQ VR D VHT XHQWDO RUP XOMRQ SUIRFHW 7KH
P I[IQ] VHTXHQFH GHIQHV WH KIHDUAKIFDORWGHU R FRP ELQDWRQ

EIQGHU VROMRQV IRLP WH EDW SKDW IR®ZHG E\ WH
IOFRIBRUMRQ Rl 1LGU WHQ DCGMYHV DQG 11QD® WH DQWXQIDO
VROMRQ $ 11QDOKRP RIHQ] DAWRQ WRJH SURGXAHV WH P L[ \MUH

Z KIFK IHSUHVHQW WH RSHIDWRQDCHT XLYDBOIQWRI WH P DWAUDCP D[
GHVRUEHG IQWHW WMP 1 WDP HZ RN

2 QFHWH P L[ W(LH IV REVBLOHG WH SURFHW WDOMMRQV VR | RUP DAWRQ
IMSV 0 RG JHRP HWI DQG GU Q) FRQGMRQV DPAKSRQ WH P L[ VMUH

KDSIQJ W SK\ MEDOH SIHWMRQ GXUQI FXUQJ DQG VROGLIFDARQ

7KHVH VWSV LHVXGMQ WH SURGXPARQ Rl WAWWDP SBV Z KIEK VHUH
DV WH SK\ IFDCRXVBXW | RUHYDOXDWRQ LQ HDFK H SHUP HQUBCSKDVH

7KW GDIWDP WHHRWH HSUAVHOW WH SIRFHGXUDOWDQUDMRQ Rl

WH P DMUDOA VWP |RFXMQI RQ H HRXWRQ IDWHUWDQ FRQPHSWWDO
IHDMRQWKISY -WFOUWIHV KRZ VAP YDUDE®N ZHH SK\ IFED®
KDQGBIG FRP EIQHG DQG SIRFHWHG VR JHQHIDW UHSLRGXAEG
\DP SGV



&RQQHPRQ YHVE HHQ VIKH 7KUHH' LDILWDP V

7RIHWHU WH WUHH GIDIWDP V GHVRUEH WH UHVHDURK ILRP FRP SGP HQEL SHY/SHPRYHY 7KH
0 DWAUDOS\ WP ) LDP HZ RUN GH LOHV WH VAXPWUDODURKIWIRXLH Rl WH P DWIUDO LGHQW LQJ

FRP SROHQW DQG WHUI XQPARQDOR®N Z IMIQ WH P DM[  7KH AWMUIDWYH ' HYHBRSP HOWO RGHO
H SOIQVKRZ WLV A WP HYROHG RYHUWP H WIRXJK P FBV Rl H SHUP HQMRQ HYDOXXDWRQ
DQG WHIQHP HOW ) IOD® WH 0 DMUDO6\VMP P SOP HOWMRQ ' IDILDP \KRZV KRZ \WH
VIVIMP  Z DV SK\ FD@® HQDRMG GXUQI WH H SHUP HQBOSKDVHY GHVBLIQ) WH RSHUIDWRQDO
VAMSV XVHG VR SURGXFH WH \VDP SGV

QWL ZD WH GDIWPV PRYH ILRP  FROFHSWIDOVWKPMWH ZKDWWH MVIMP IV \R
P HWRGR®RIIFDOHYROMRQ KRZ WH VVMP ZDV GHYHRSHG DQG [IQD@® VR SURAHGXWDO
HHXMRQ KRZ WH MVMP ZDV DSSTHG 7KV O\HHG HSUHVHOMMRQ WHQIRUAHV WH
XQGHUARQGLQJ Rl WH P DMUDCDV ERW D WHRUWEDOA VWP DQG D SUDPWEDCFRQVAKPWKDSHG
WULRXJK IWALDWYH UHVHDURK



YOVHG RQ WH FKDUDRAMUMARY REVHUYHG DRLIRW WH GHYHBRSHG P DIMUDY DQG FROMGHUQJ
WH ILQDOVFRSH Rl WH SLRWMFW | RLP XDVIRQ WDVSRRQ KHP S WDVSRRQ DIDU
DIDU P/ GMAMBGZDMU DQG P/ DQAXQIDOVROMRQ Z DV VHBRWMG DV WH SUP DU
P DWIUDO-WZ DV FD@IG $JDUXP D UH HUIHQFH VR WH P DIQ ELQGHU DIDUDIDU

7KH GHAMRQ ZDV OUHO IQRWP HG E\ WH P DMUDY \KUQNDIH EHKDYIRU Z KIEK
JHOHDMV KLIK® H SUAVMYH DQG VSDAWD® G\ QDP IF IRWP V 5 DWHUWDQ EHQI WHDMG DV
D GHHFW VKUQNDIH EHFDP H D FHQADOGHMIQ SDUDP HWU HQDEQQJ D ZIGH WDQIH R
SRWQADODSSTFMRQV 7KH UHVXGMJ GHIRWP DARQV LOAWRGXFH FXUDWUH WOMRQ DQG
YROP HME YDUDAWRQ WDWFRX@ QRWEH DFKIHYHG WIRXIK FROAR@G P RGIQ) DBQH
SRVMRQIQI WH P DWIUDCDV DQ DPRYH FRQMEXVRUVR IRLP JHOHIDARQ

$ GHIQQ) FKDIDAMUMAE RI IRIP XOMRQ LV IW LOKHIHQWYDUDELOW ' XH VR QDMLDO
VKUQNDIH DQG LOMUQDOWMRQY WDWGHYHBRS GXUQI GULQJ HDFK \VDP S®I XQGHUIRHV
VUKW GlLIHHQWGHRWP DARQV HYHQ ZKHQ SURGXAHG XQGHU LGHQWFDO SLRFHGXUHV

FRQGMRQV P RGV DQG EDWK FRP SRUMRQV $V D UHVXAVH DRMHSTDMRQ Rl IRWP 1V QRW

DFKIHYDE®! P DNQJ WIQGDUG] HG VHUDOSURGXPARQ 1Q WH FRQYHQWRQDOQGX\VMDOVHQVH
XQHDVE®!

5DMHU WDQ WHDWQI WY XQSUHGIREELDN DV D @ MMRQ WH SURMPWUH LDP HY WDV
P DMIDOGMREHAHOAH D FRQGIMRQ LQ Z KIFK WH P DWIUDOHVMV | X@FRQWRCDQG DRAYHD

sDARSDMY 1Q WH JHOHDWRQ R IR - wav

HRP HM

HP HUHV IURP QHJ RWDMRQ EHVE HHQ LOWQWRQ DQG P DMUDOUHVSRQWH  DWHUWDQ | LIRP
IP SRVHG SUIHAMRQ

7KLY VKUWPKD@IQIHV WH IQGXMMDO SDIDGLIP Rl IHSHDWEION Z KHH XQURWP IW LV
DWRADWG Z I TXDONV DQG HILHHQR -QWWDG YDOH LV UIHBRFDWG |LIRP H DPAMUHSTEDUARQ
VR HP EHGGHG YDUDMRQ ( DFK REMIFWEHFRP HV D MQIX@U P DQUHWIMRQ Rl WH \DP H
P DMUDO VWP FDUY 1QJ WDRPHV Rl LOMUQDORUAHV G LQU G\ QDP LEV DQG HQYILRQP HQWO

FROGMRQV ' LLIHIHQAH LY QRAWIQARGXFHG DV RUODP HOARUFXWRP 1] DARQ EXWDUMVHV | LRP
WH P DMUDO/ RZ Q EHKDYIRU



%\HP EUDF&QVR E HG MK MSHEW. WY. R Q VD BMIE WY LUBV R XWEHFW K H U
WK DG HIHFWHL QD E LWBW R G XLFGH Q WRDEW PR FBHW U XIS\ W FWDWLR QV
FRQWURO RSHQLQJ VSDFH IRU D GHVLJQ SUDFWLFH WKDW RSH

~QVKNWQWDWHWDUBIQEHFRPANMQWWBEDWH GIRHYRWHUHOMFHLY H
IRUP EXW FRQWULEXWHVY WR LWV HPHUJHQFH

KH WXy AW WHHRH

HPERG DSURAHWXDOG-QMN Z KHH
IRP IV XQGUMERG D/ DD HHW
UWDMHUWOQDI I HSRARRP H

Q' HAMODMIDBWGS

7TKLYVHFWIRFRXVRIQDPRUKGBHWDLQMBVWLRORURRXRODWLRREHWWHU
XQGHUVWEHEKDYDRG UD FWIHFWB QWOLADSOOAHWHHSURG RKIOG/LSOH
WLPHV XQGHU FRQWUROOHG FRQGLWLRQV 7KH IROORZLQJ DVS

e ORORUPDWLR®LROR YWDBISOIWVWML FX@BOOW RRMHI ITHFWLYHQHVYV
RI WKH DQWLIXQJDO WUHDWPHQW

e 6KULQNBHKDY LRFOXGHIRUPDWD R HDQEYLPHQVLRDWICDOWLRQ
GXULQJ GU\LQJ

e 3RVW SURFSIRVYDRELOXWRWWXWWYRQGLRHUIRUDDMIEPRUIDFH
ILQLVKLQJ

7KUR XWKIRF X VIHE X &/\KRHD W H UHIYO O X Q WRHGOWD | R U P X O CEWK IDROY

ZRUNDBGNLPEGLXPFDSDERIHBHLQXDSH®RGLILHEE QW H J ULDQWMHRG
EURDGHU DSSOLFDWLRQV



% HF D XWKHR UP X O D VURMWHREGR UJD Y XEVWDPRER RZWKWDUHOHYDQ
IDFWRBRVKEHJLQ RIYKWHVHDSWPKH QW L RRUHHY LRKROBSSHDUE G
W KIH URBWVR K/ D P S OZHKL FOKH\B RV Z B U R F H GEXKUID@IEHW Z K@ VH B Q G
WKHHSODFHRH QW HUWEL VW IZDGHIED) GK HV X E VW L VRX WXLRIQ F H
DQWLIXQJDO VSUD\ ZLWK DQ DQWLIXQJDO VROXWLRQ LQFRUS

7KHVPHDVXWHV QLI L FADHWIO&/ KBSBUREOBP WKRXRRGRUPDWVYWRQO O
RFFXUZKBQDPSOHVWISURGXROSDUWLFX®PUBUIDLGD\V7KH
SUD FWSLKEDVBH W KW X &\R RSO D EHW Z HHHE W H PE® GD Q X DLW L O DI
SHULRISD UDFW B VUIUHTX UQWQ IDEHWKHFRQ G LWRROWHPS EDVHG
VDPSGHMR GXRIAGD LED\B HY HO RPRIDGF H U WEDLVQF FQHAD D@D P SO H V
ZHUH DIIHEFWHG GHVSLWH WKH XVH RI GLVWLOOHG ZDWHU DQC

- QFRQWUMBR/IW H E DADHG OWHR/R Z HWGX E VW D QO\RDHARY FH S W IPEHR@E W\
IRUPDWLRQ GXULQJ 3KDVH ZKLFK XVHG FRIIHH DV WKH VRC



YURRVKHREVHUYDWK REM. PR Q VL G H UDPMHLLRIQIN WHKAR Q G L R/
UDZL O (HELS\H DVUBVO MU R GHR | | I R X ZGHWEID N 5@ LRBVMWRWDQGDUGL]
PRLVW®HMHOSW R FHWVR/FPW\ DO WD YHHG XFH.G UR EFIROQONDP L QBDQVLR Q
FRQW WKIH\WPWO R X D \K V HIGQ WRW L J VQADOIMWM X S SOZ KIBFP D\KD YAHDUULH G
HQYLURQFHR@WD® LRIGWYPLEURBUBQBHFR WKSUHVHRIPROG
GRHYR®HFHV VDRSS ON VIHLQDRR QW KFHR Q W WLIMD\G L FYBAWWYKKIHP S DJD U
ZDWHARP E L QDMR@\QN LIV W KIG®\Y R U IPEHEH. XIR UX Q JDOR ZWR W KR X JK
WKZDWXQGHVLUZDWHQHFRHR W K$HUHVSQRMH®MUHSUHDHB®HY D QW
ILQGLAIDSSOLF DAKIHRUE R O R JIWFRZAV Y. Q W H Q W HR RODROWHKE UVE K H
VWXKBLIKOLIW KEHGHS R VW D EDDUN®L BEBHAH GXB R Q WRIRLY/ WX Q 8
WKHUHE\ PLQLPL]H PROG IRUPDWLRQ

7RDG G UWWWNQ Y L UR Q FFHRWIDJREU \ L\QW U D WHHRID A Q WAKDHDU L P D U\
LVVXBE\QRWKIR UP X O CDMIRREM W K$H U VLV W IR @ E M WZUMHKALKM-D WH U L D O
GXULRXULQRQVHTXHQRKYHR IWKEHK\GUZWWHQWDWFRQWUROOH
PHWKR® H G XUFHIV L GX[PQ G D WX IHQL W H B/ IDPS OHMIIH UO MRWW G RR UV
IRWLPLWHGLRAKHUGD W XDJIDED. UF X O W VRGXNOIDDG LD /Q ®®ZH U
QLJKW WHPH HUDIMXORZIH GG PRQVWXKHGIHDYB RRW\LG X ULZLIQWHU
SURYMGVXLWDERORQVWOHDWEQHDWBGBPVWDJQDQ®XPLGLU
FRQGLWDRAVDE®ROGURZVEKW MUK LD L VRIXINGG SR D VWD P S OZHW H
WUDQV I KR KEHK\G U DWRRQV X IXH W RIRWL YV WM HPRR YX0XG HRQWURO OH
FRQG LWL R/G\K O W MSLOLHY ®IWR O O R 3 URW RIFFROGIR@ V L VUNHH/QXMR WAK H
DJDU EDVHG IRUPXODWLRQ

)LQDO 'U\LQJ BURWRFRO

3UHSDWKHR UP X ODMQ®RX U

LQWR PROGYV

/HDYMNDPSORXWG R RRLY

KRXUV

5RW DADIR S OMR/B W@ HW X UQH G

PRO WX FBVW R UMD VOINQ &/ LJKWV

UHPDLQ LQ WKH VDPH SRVLWLRQ
/JHDYRXWGRRDYWDGGLWLRQDO

KRXUV WRWDO RI K

7UDQVIHU VDPSOHV WR D GHK\GUDWRU
'U\ IRURXW\FOWRY KRXUYV

URWDWLQJ VDPSOHY EHWZHHQ F\FOHV
8VLQIJWKLBURWRFWRIDPSOHYV
DFKLHYWKGEH VL SKGV L DS

D H VW KHVDLOFL IVQ & X R Z HIER
PROGURZWXKHRIWHPWHQGHG
SHULRBSWRVZRRQWRW KH

WLPH Rl REVHUYDWLRQ



7KL&U\LHURW RIFROD FEHL & O R YIWIDED @LQAVQ W HG BN 05 QU D P HIDNUK H U
W K DIWHFKQERQOHERQW URRFOAGUIRZVER VQRW S UR D F KWHRE® HDO/

SUHVHUYBWWR/Q FRQ G L W/LKRIR U H .\ 00 X H QVAKHAEDW H U LDROUMD E L O LV
VXUIDAFNDOLDMGORQJ WHEHRDYLRUVWDELOWHKI®DWHUWKOR XJK
HQYLUR QPMH®DGWIRF HGXG K RV W PHKCEW R F HI\QWD E GIHSUHV VKYH QN D JH
DQGHIRUPDWEBRRHU I WKREHW FRPSURPLEAHEG ROR A HDWD GDW LR
0DW H UMD DE MOKXEM F D PSD URVW KB HVLY® UDWHMX UWEHADWHULDO
SHUIRUPDWLYH TXDOLWLHY FRXOG EH H[SORUHG UHOLDEO\ Z

6KUQNIH BHKDYRU

'"HV S LWKPD W H ULQ ®HWGIOMR EH G DB GPH L D FL®W S CGBHM G X EHW K
W K¥YH O HAWHBX O DRMRLRDWVWEH K L ELWIH® L | LVFKOUQLVINIIRD O R E H\B K H
IRUPDWLRQ RI IROGV WKDW GHYHORSHG LQ D UHFXUUHQW SD
W R HV RV X E VW DV KMLWWHDF D FGHL [ ILF X O W
WRHQYLVIIRSSOLFDWLWGRXW VW
XQGHUVWDLGWDQQLWXBBGGUHVYV
WKDWHZEDWRRK DPS@HDYSURGXFHG
WRGRFXPHQUWPHQVLRRDQJIRYHU
WLPHKHWHD P S @HWSIKRW R JU DSK H G
IR XWW D JIHPWP H G L DDN WHBIRJV WD QN H U

KRXUWIWHU KRXUBQGDIWHU
GHK\GUDWKRQH V X O WRKIHAH U H
W K HYH F W R ULLGRHUGEG MU OOR@H D UH U
FRPSDULRIRRURYROXWEBRWYXH
GLIITHUGIQW W D JRAKHRXWFRMRHV
WKLV DQDO\VLVY DUH SUHVHQWHG EHOORZ

IRW b ULJKW DIWHU EHLQJ SRXUHG RQ WKH PROG
— K ODWHU
— K ODWHU
— DIWHU GHK\GUDWLRQ

IUHH SRXU OLQHV



ELJ KROH KROHV

VWDPS VWDPS
SDLQW SDOHWWH UHFW]| SDLQW SDOHWWH FLUF
LFH WUD\ LFH WUD\




LFH WUD\ VLOLFRQH

DOXPLQLXP VWHHO

FRUN FDVW

SDSHU SLQH



ZRRG DVKWUD\ ZRRG FXSKROGHU

VWI\URIRDP WLIKWYV FXS

WLIKWYV

VIULQJH




$OVRRIVWLPWKNEHIJURHKDQIHF RP SD U L2ADRER Q GHM E68H W Z HHIQHQ L W L [
DQGLQBRQWRRIWNKWDP SVOHRT XD QVWSLLIRPHQVLR@E®RUSKR O RKFQDHV
GXULQ@YKBU\LGURFHVARDJIH EDRRIGSKRPHWURLEG\XDRVSHUIRUKVGQJ

"PDIJHDQR SHQ VRXEEHQMPLD IFQ D O WRIW ZPUGHMHIGP DWHWVERBQFH
'"U\L QUH G X FH VE X v O \DRO WWHKIDVS/HW D E 7B HWH | VZRRPSOHPH@WW UL F\
ZHUH XVHG

e $UHD S[t OHDVXUHV JOREDO GLPHQVLRQDO UHGXFWL]I
e &LUFXODULW\ OHDVXUHV JHRPHWULF VWDELOLW\ VKD

$SUDOHDWU-P HON SIUFXOUW O HDXUHP HQWV

$VH[SODLOYKEURMHBWHRBHD FK &L UF X O®HNMWIKREZNVO RV MK D S H/
VDPSOADV PHDVXUBGWHBRHLQI W SHUIHFRWFBDHE D @HH[SUHVVHG
SRXURGQVKMHROW KHQWHK WKHQ WKURXJK WKH IROORZLQJ IRUPX
DIWHK DQGLOQDDIONBHK\GUDWLRQ

JRUWKHVFRSHI PHDVXULWKH

VKULQNRBHHRQVLGHUHAVKH

LQLFLDO DQG ODVW PHDVXUHPHQWYV

6KLQNDJH &DOFXODWLRQ ZDV—\%@%OXHV UDQJH IURP WR
DFFRUGLQJ WR WKH IROORZLQJ IRUPXOD

9DOH 0 HDQLQY

SHUHAN\ALFG
: KHH a 6VREG! FRP SDRWKDSH
UHIXOU FR@SVHG WKDSH
7KHIRUPXOISUHVWHRHUHODWLYH GHYHHGHRUP DARQ

GLPHQVLRRDIOORZARMASDULVRQ

EHWZHHQ VDPSOHV RI GLITHUH@WD\QLIIHO LUFXODKWLWXDQWLILH
PRUSKRORGHBDOGDMW)XRWRD G
MXVW VL]H UHGXFWLRQ -W LV

: KHWH



- QRUGHWURREWDWRIYHFHVVDDO XMW FWRVUKD®SHHUM[SRUWHRBP
SKRWRMXWRBE*ILOBQ W KHEGE@ UBG M X WWAKHRX WWR OORMKBWHS E\ VWHS
ZRUNIORZ RQ —-PDJH-

e BWHS 2SHQ -PDJH
JLOH2SHQ

e 6WHS &RQYHUW WR ELW HQVXULQJ JUD\VFDOH SURFHVVI
—-PDJH 7\SH ELW

e 6WHS 7KUHVKROG WKH 6DPSOH WR SURGXFH ELQDU\ LPDJ}
~PDJH $GMXVMKUHVKRERYH WKH FXUVRU XQWIL\D IRO O HG WIKWKR
UHG &OLFN $SSO\

e 6WHS 6HW OHDVXUHPHQWYV
$QDO\[FBHW OHDVXUHPHQWYV
(QDEOH $UHD 3HULPHWHU 6KDSH GHVFULSWRUYV

e 6WHS $QDO\]H 3DUWLFOHYV
$QDO\|HSQDO\]H 3DUWLFOHYV
BHWWLQJV 6L]H— 'EQSIOPLVE\HY BADWMD U 5HVXO WV

e 6WHS SHFRUG 5HVXOWYV
9DOXHV REWDLQHGLHEBMNODDBLtW\

SHSHDW IRU LQLWLDO DQG ILQDO VWDWHYV

([DP S®GIRI -P DIH DQDOMY IRUWH TRHVVDP S®I @VWAWP HDVXUHP HQW

$IWHU REWDLQLQJ WKH YDOXHV D QK8 RRQD RXKIH B DMOFKOD X DR Q



SHXOV, QM. SHMRD

6KULQNDJH
ORVWDP S OH\R Z V KU L Q N.ONGIL F /WIURIR D X P HAVRQIWU DW VBILIRQ O
ZDWHU ORVV GRPLQDWHG V\VWHPV

&LUFXODULW\ &KDQJHV

$00 VDPSOHV JRW
3DWAD “OMSBUHIMRQ

8 QLRP FROADPARQ \KDSH
SUVHYHG 2U LQRWKHWRUGW QHJDWLY!

FLUFXOBKD®IHW HD QWK H

VKDSHEHFEDPHOHVVLUFXOD

LQGLFDMBLIGLIQ VW D BAOOLIW F H

W H Q V LFRRID O D $ QKV H U\QDOH V V

ﬁEﬁxgzm/:/LQDo 6HYHUH HGIH I RTGIQ) RURDANQ UHGLVWULBDQWLRGWUXFW XL
IDLOXUH

6P Db &

/ DUHQHIDIYH b & 6WXRXIDOAR@MSWH

7KLY PHDQV WKDW
e 6KULQNDJH UHSUHVHQWY GLPHQVLRQDO HIIHFW
e &LUFXODULW\ ORVV UHSUHVHQWY VWUXFWXUDO VWDELOLW



7KH H[SHULPH QWD ® OGHWP R Q V W WDKVD RV
VKULQNBYRBNHFRQGIXW FRPIBU\LQW

LYDGH I L QEIQD U D F WHRI IWLKWHD WHH W7 IKIJ@R X J K
WKIWFRPELQBEGDO\RLDUHDHG X F VWLER®D
FLUFXODWWDNM\LDWLRQ WZR GLPHQVLRQDO
XQGHUVWRQEALQBHKDYZRWMVWDEOLVKHG
KR ZP X F KW KPID W H F ROIDAV UD@ &R ZZ H Q. OV
SUHVHUYHV LWV JHRPHWULF LQWHJULW\

$UHPHDVXUHPHHWWDBGRGVLVWEBHPMQVLRQDO
UHGXFWEBRMPSOHV FRQILURNIKQULQNDJIH
DWGRPLQDQW\VWHBURFHARZHYWBKULQNDJH
PDJQLW P®R EGH QRWM[SODVWUXFVEXKDGY LR U
&L U F X OIDQ @®AWKLR/Z EK VR P M\VWHPD/LQWDLQHG
JHRPHWVWMDELOHWS LMRY UD F WARIDRWKH UV
H[SHULHQARHKGLILEBER VKDSHHJXODUKMW
GLVWLQMWIORRZBGI IHUHQWEBWERE®LIRUP
VKULQNIMIBROODSVHGERWUR BWLEA QL F DWKLDON
GLPHQVLRQDMDDH) ¥ WUXFWNYBRQUMHODWHG
EXW QRW HTXLYDOHQW SKHQRPHQD

7KHYLVXD@G& HFWRURENEUYDWR G QW RHKDMO WK RN B [DFMROGLQJ
SDWWB Q@R F®I RUPDWDRQWERY HUWODMHEN RPN Q V LIRH)EXF WL R Q
DQG X UY DWRXWADWRR®@ REFREQ VL VSWHRIWH \OHNRIEAU\L ELMVQGLFDWHYV
W K DAKRHD W H UE. B IODW Z R UG H | | L AVRRV® WSURHF L Y M)&WD Q G RARSHUDWH V
ZLWKRQHFRJQL]DEQ@JI WUDQVIRURBRBWHRB @ G QW H WD/ LIRQY
PRLVWXUH JUDGLHQWYV

6KULQNDMKRZWEHIHRAWU\ GHS H&RKGQ WDEWILLRPEHD/U LLHFFRUGLQJ
WR/ XUIDHFFBRVXYROXBHVWUL DXQBMWROXFWRYIBOFOHBDPS@BV
REVHUYQBKPOLIROM\VWHPAKHUWKMPDOQRWHURBRPHWRQWUDFWHG
SURSRUWPRQBIODEHKDYERPPRDM@QEGLRORPILAWIOUIZRBVWHHODWLYH
WKLFNQHVYVY LQIOXHQFHV WKH GU\LQJ JUDGLHQW

8QGHUVW DMICEWXD YZBW U X FIRUWDHSRVLWVYRQLQNDBRBM QXQZDQWHG
VLGH I HARSUHGLFEBEEMUDPH®W\RDSSLKR 2V KMD W H BIYIROR UM U
WLPGHIRUPDWHEGHGRXEE QW LFLEOQBHVEH J UL DWHRGIH V LIQR F HV V
UD W KAHKUDUH V L VEBWHG. Q NP R VP H UJBRWVD W H F K Q@ E P IOW [DEX MRVD
JHQHUDWLYH IRUFH FHQWUDO WR WKH PDWHULDO V LGHQWLW\

7KH/ W X 8\K H U HHR/WHD E OV K W HYNCDVDHI HR P HW U\ V HRODAN WUIENEKD Y L R U
FDSDRAOGUL YIIRQUWP W@ DQVIRUBDW KRNXSSUHWWEBY LIDE QJD JH
ZLWWKISWRFHU®OR ZILQW H WV LRQGG LPHQVLRRD@MFRD FWLYHO\
SDUWLFLSDWH LQ VKDSLQJ IRUP



TREHWWRRGHUVWROVWVEKADWH WHIRXAEGDS SO LVHHGY HGBUW SURGXFYV
PHWKREHWIHQYHVW LE@KMOAMIDWHXYDW R QG X AHNHGX V RYW & HU D\

VDPSOMMY DO XDKBHH V ROM)D VH UDWL R B W KLSILWWRKIHH Q WRHW KPIR O G
WKHUHE\ FUHDWLQJ D YHUWLFDO KROH

6XEVHTXHIRIW@®YHD WHURDPX O DWIERHHAH I LQBPIGGLWEPRYKB R Y
SHUIRU RWIK@DP S CRUPDAMHVWWHVWEBSEFLIUPB®OXUYFAHUD\ -FAHUD\
VWHH OXPLOQAXK®GAKRKEHVLGHRUD\SURYWEHVKMHRVWHOHYD Q'
LQVHURNHZ HOWR G X FS\R\WR I Q WRDHOY H F R Q W WIRWVKAH- HU D \W H WMK H
DLRWKHNVMHVEAVWRUHKWREOEHNUDYW &/KBID LQXUIIRAWMKVHD PSORNVKDW
WKH SLHFH FRXOG EH YLHZHG IURQWDOO\ ZKHQ WKUHDGHG F

7RDFK L MWKHWR R W K BHEERV LW L R RG] R QAN IVGMRKIHO X P L QRS WHH O
PROGDQ®VWHHOAHD SRV LW LIRROHG R QAN DVKAF@/ U D\ ' X HW R WAH U\
VPDGOPHQVLRRNFAUD\ PROGL@RWOOWKISWRFHGWWHH UH MK
W R R W K K HFNAQ V H UYAHHUGN LEQ VW MHDE K HJHBERXUDBOHWKHHGXFHG
WKLEN®@BGW WP SRV VMGV HURR W K SLAMNVRWKMDP SOWXIILFLHQ
WKLFEFNRO @ RWHEIMIS L Q FHK\W R R W KLSALIENK W Z Bl Q BKKRHD W H U HEIDAD W L Y
GHQMVWM/DWSRVVLEREGVHWNRSSUR[LPBRDVGMEKHLJRMW KWDP S @HW K
WKH DLG RI D VSDWXOD

JRUWKHUHBRXVYDPSOWX
OLPLWWRKLFENQPRN®HWK
PHWKR®IHDVLEQWW HD
FRWWRRUEDV SODF D®
JH QWS@\H V \WHBALWIDD M X O
HPEHGGHG LQ WKH PD

% RWW KV R RW K SL® BW K
FRWWRQGWPDL QB8 ELEK
VDPSOGIXULWEKEBHK\GUD
SURFHVV



i A pAB ApAdl YAO VLT Ay

i @A TEA pADl VAO VLT Avy

$VDUHV XD AHUD\DQGFHUD\WVDPSOBWBWUHYLREAMHUX IHGHK HUD\
UHVSRQAHWMOW KFHURSRYHO/KM® ORZINLKINRRWKSLFNWEAHUBRRYHG
ZLWHDVHKLWXEVHT X HQWBOWMKHWUD LI KWLRYANBBVKYHRER U GV
ZLWK WKH DLG RI D QHHGOH

7KHUHSIRXWYDPSOKRZHYHHYHDORFGG LI I L FXQ@WPR.QVKHPEHGGHG

Z L U K L AKG K H WHRBKRHD WIHD$0 W K RXHRR ZIDGB R V V IZHMHH V L V VDDGF H

W KXV RIS O L FAUKGIH | R U P DRADLQUW &/ KRD W H B DB®IWUD FWLPB R O VWRO H

RUGV DIWHUZDUG H Y-KQF RIQNYIKHKR O |

PLQLRPG VWHHMDPSOHVHPRQVWUDWH©

QLILBDQWFAX@QWHPRYLWKMWRRWKSLENYV

D XWKIN R R W K B DIENHVH IQQ V H UAW WEBW. IQH

GHYHQ W HWD W H UG DOW R UWKIIRRUW LR Q

WUXGR@IKWDPSOHPDLPHGLP DIOH

ISOLHDXVMWEKWRRWKSWENNDNDWKHU
H[W U D FDAQHSGX F F H VIV HP@® YZDOR Q O\

LHY@@PDQRPEHRWDPSOHMRXWFERPH

K O L MKKBHIGI® W KW R R W KNERXFONGUD Y HU V H

ROGQGIPHURIQWKRSSRVVWGEGIWK XV

Y LG L F LH[GW VHXH D W RD O O RID V\

RYDO DW D ODWHU VWDJH




6XUIDEBLVRHWKRZGWBOVYRY HVW LVPOVKH G
DWDQXBDQGDQEVDFHURWDEHUDW.RROV

DW W D FAKAB G U LTOKOHV D P S OV S R Q GHHABOR

W K HWHH F K Q L TIKHHWX O WQ @B RR W KXW I D F H

ILQLV KW RQ VW UNDKNALDQN H LFILD@LW K VWD Q G

PHFKDQLFDO DEUDVLRQ ZLWKRXW VWUXFWXUDO GDPDJH

2AE
i

~ @ GGLWLIRIQEIHHVZDQ G HJH WD\F HDH QW H V \I MG
VXUIDFUHDWPHWWREHYHUWH O H FAAXKHNGR WQD W X U D
RULJDQLJQ@ILGWKKMD W H DIQIER Q FH SWXP @ Z RUWNKK H
SURMHMFRNVEHFDXWHKHKDYIBSUHYLREMB® QDO \]BI\G
FRPSRQH@DWHURD®XODWHRQWUQMYD W H UDEFMNR Q
WKH VIVWHP DUH DOUHDG\ NQRZQ

7KHDSSOLFRVEIHRHY/ ZGLGRWLJQL L FODOQMHARY HU D O
D HV W KRWWLFR PHIHP D W H B HIFO PHO L J IOW DRIVHI®R U H
\HO OR ZZK/IKPHD L Q W D ILQVIR X KX U | DW H [ W Y$UMHX E W O H
LQFUHDYRIWQADAREVHU YKGW KD O X IRVELHRKV Z D |
LBMUHVHQWHEWLRIPWHBURSOH UYWILHXDMWLRQDWLF
WR ZDWHUSURRI UHVLVWDQFH

~FRQW YBINWWD G HIW YV H GWB GO HEXIHMPKGEU\L Q J
SURFHWMH®@IWRQHHHNVKMDPSOWNPDL@GDAWLDO
KXPL®HVXOMIDGHUVLVIHIDS\S HD U DMRBI VO LIKWC
ZULQNOXGIDFKHFRORBSHD WPHRE D W X U DWQIFEK H
PDW H WL R DE LBAHRA WOIHWW D EGB VL VWK FHH V X O W
VXJJHOMP L W DIVOL RYGWHD VD V X U | DW H H D W P IH\V® KM R H
FXUUHQW PDWHULDO V\VWHP

Al OuAA! & @ Gy A A i Al QDI¢CTADT & Gy [ OO
Al &» E JAEBDOD!



7KLAVK D S\8 HH V HQ K¥Y HJQ D O PRQ/G X PMBHTEG H U V B/HD BHES W IY B Q YOH/G
HPRWLRG®NSRQMODWMEZHODWHURQ®XVWDLQICEADHWRROOHFWH C
WK URXJ®R QO LT¥H VW LR QEDYLHMIRSWHIGFRRIOMRUPVIKHVXUYHD YV
VWU XFW R WHGMHD LQHF W LHRIDP&H V L J QHRGS O WS HEB LP HQ LRR@H YD Q W
WR WKH SURMHFW V FRQFHSWXDO DQG PDWHULDO IUDPHZRUN

7KHILUWWFWLREXVIR@SHVRQOIFNIJURGDRWIDQOFOXG@HQE HOUHD Q G
FROQWLEHIM JZRLVQIRUPDAD\RRO O HWWRGW H [ W WHKE® HNHS R (DAHY
LGHQWLI\ JHQHUDO FKDUDFWHULVWLFV Rl WKH SDUWLFLSDQW J

7TKWHFRYBFWDBQUH\(PR®LREODOIQMHZHOQEDVGLYLER®MKUHH
V X EV H F WIHD@MDQYG W W D F KIP SIQ RWV/HKS\ P E R O IQFS H U \DRIQD OBW W UL E X W H
WRMHZHQ@IRGDQGHPRWLRIQPHOULHQFEH VW LKIBDIVMHZ H ODW\[SHULHQBHG
UHODWRRKER GV HQV D WLRERNR W L QDI HRIE X UDERQ BW\D QVIRUPD W
HI[DPLQHG KRZ XVHUV SHUFHLYH WKH WHPSRUDO GLPHQVLRQ RI

7 K HW K LUISF W LRRRX VR G6 X VW D L OHD\EIQIK)QM H Z H @ OWRRJ J D Q L] & @\RK U H H
V X E V H F WOLLRIQW D IQDBOU L DL@&G U H \DVZHD® H QIHY® P S R U W D @VFHU L BARWKHHS
VRXUBPB®DWXIPDWHUBDOYHR QV XP SMALE®RDUH S O R DMV L WWRZHDW G
RZQHUVKRISQWH @QIFEHEHUPDQBQBH VSR Q\LIELHOLWSHWFHSWLRQV
ORQJHYLW\ GLVSRVDO DQG LWV LPSOLFDWLRQV DVVRFLDWHG Z

TKHRXUWHKFWERRBREL QMIGHSHUV SHFWQWHY UBDMRVLURPQ@QEOXVWDLQDEO
GHVILGRPHQVI-MQAVY HWGERQGHUVKHARNGHUMO /\WH ZHOKHE@RWHKIHFWLYH
DQG HFRORJLFDO YDOXHVY DUH FRQVLGHUHG VLPXOWDQHRXVO\

)L QD GVGK\H. | WK F W LFRRX VR Q0D W H BIHIUF H S VB DR @/ L F LS DUMKR Z'W Z R
LP D JHRYW K$IUR M HPAW N Z L V& RXOW Q | R U P DIMELRRXMWAR P SRV LRURRIQJ L Q
DQ@ZHUBVNHG&H VW IDERWWKWDP S OSRUWUDKRWHFWDRPHGRDWKH U
XQELDVRSUHVVHRGWLFRYNV®FLDIMMQ&QSHFW D WD REER O RQY LV XDO
SHUFHSWLRQ

7TKH TXHVWLRQQDLUH REWDLQHG DQVZHUV SUHVHQWHG DQG



30W  3HIRIDNQRP DR

xO Qo I1AYA x O Qo "IA
x AA" A'G Esi 7KWDPSOKRZDFOHDPWHGRPLQDQF

RI IHPDOSIDUWLFLSDGWNDWLQJ
JH Q GIHRE D O DADKEBHDAL Q | O X MQKAHH
SHUV S H FWHIYOHHVE WAHKGAW X G K H
DJHS LV WU L EXRIQEQ Q WINDRVHIG
\RXQJIJDGXOWXJJIJHVWWER&DWKH
ILQGLQBWLPDULLHSUH YV HOKH
H[SHULHMEBENVHZSRRDWXQJHU
GHPRJUD SRIVWHQWRDEBIQUDJIHG
ZLWKRQWHP S FBUHDALBEROWDR Q B
GLIJLWDO'LURQPHARMDSKLFDC
SDUW L F LDS.LDADNM FROQ F H Q WILUD W H
BRXWEPHULFDLWKRRUHOLPLWHG
UHSUHVHQWRW®RXR® SIHQ G VLD
7KLWHJLRIRFGMW S O MHMFWO W X U D
YDOXHDHVWKHS\HFF H S W IDRYEV
LQWHUS UHRVDXWLR DIVQ B E\LEH. W \
VKDSH&\ VSHFLINRFLR FXOW)
FRQW HIDWYMHKUI | OH DWQRED OO
GLYHUVH SRSXODWLRQ

2YHUDCK®DWDYHIWHVHRWYISUHGRPLQBEWA@NJILR FRQEFHQWUDV
JURXBKLFEURYLOHRFXVHEWRQWH[W GHSHQGEB Q RVKIDWR X @B
FRQVLGHUHG ZKHQ LQWHUSUHWLQJ WKH VWXG\ V UHVXOWYV



30W (PRARID HLIJQO-HZ HU

OHIQQ) DOGDMMKP HQV
:KDWPDNH®D SLHFRI MHZHOU\ :KLFKDVSHBW\RXPRVWVVRFLDYV
HPRWLRQDOO\ PHDQLQJIXO" MHZHOU\ ZLWK"
P XOWS® VHBIPMRQ P XGS® VHBIRMRQ

+DYHRXHYHREZQHBSLHRHMHZHOUYKLVWHVXOMRG L F DWKHD WH Z H OLLA
WKBEW®KLIJKHBRWLROQDOHK DQ SHUFHLYWHGE D DNVDQHPRW L RIQID®O

LWV PDWHULDO RU HFRQRPLFWB &R BREM W KMHKUDP D W H RIQIHO
P XGAS®! FKRIFH ~WRHDQLQWDLQOLQNWMBHUVRQDO

PHPRULBINODW L ROQQ/KEG S Q \Z KWO H
PDWHUWFIRPGRVLIQBQQFWLRRDB LW\
OHW¥MQWIKHOW U BQH Y D ORISIFHHF H V

Y D O XPRSU HR WP RW L RAQKDAF RQRPLF
UHDVRGHL Q| R WKHING HW K DWH ZH O U\
RSHUDWWY FDUURHBHPRUWHOI
H[SUHV\OLQR® | | HF WALYIK L | L FDKQLAH
VXJJIHVWKDMWNYDOXHFRQVWUXFWH
WKURXOKYHGSHULHREBSHUVRQDO
Q D U U D WD WHMKIDIQQ W U LSQMLFH U W L H V
2YHUDWOHZHBDEHXQGHUVWRRG
PHG L D WRLEQIHERHW Z HM QMH CRW K H U V
DQGUHPHPEHWHREHQWNPEHGGLQJ
HPRWLRQ LQWR PDWHULDO IRUP




URa DQGHP RARIICH SHIHH

+RZLPSRUWDMOMEK\VLFBRQWDFW :KLFRV\SRIMHZHORIRXIHQHUDOC

RIDSLHRHMHZ HOLWXR X BR GI\R U SUHIHU"
\RXU HPRWLRQDO FRQQHFWL R QO WHR®! FRIEH
[ INHUNFD®!

HA A’

RZ GR \RX SHUFHLYH |v|HZHOUW@Z\E%O'WH[SH%JLH@WEGRGL@QG
+ B MHDRPHQRQWRIDBHUH
0 XSG FKRIH Y LV XPBM HERXV L FIR®D W B EWW K H
ERGLVFRQVLGHHE B Y\DR)RR W L R QL
FRQQHFWIXR QH V WALIQIIMR X FOKQ G
SUR[LPERQW ULMERKWEP HD QLW
IRUPH®UHIHUHQHRBWR ZDV)GE WO F
RUFRQWH[W GHSH B BHHIDMAKLD Q
KLIJK®Y{SUHVWQHWLQGLFDWKRW
LQWLPDEG G/ LW XD WL[SQ B @ LR
PRUH YDOXHG WKDQ RYHUW GL

2YHWLPMH ZHIOW D U JSHOUIEHHIEY
VR P HW K\LIQD WF X P X OPDH\DHOLIGQ G
UHIOHEMWVRGRDQJIJHDWKWKDQ
UHPDLQNWJDWILKAL W HL QIR UFKN
XQGHUVWIRQEMHZHOUD G\QDPLF
FRPSDQLRRDLY HGSHULHRKHUH
HPRWLRQDOLILRDHYHOWKEVR X JK
FRQWLQX®WH U D EW MWZM HER G\
PHPRU\ DQG WLPH




7IPH GAUEON DQGWIM RP DARD

KDWVXDPONHWRXNHHBSLHFH $ SLHRAHMHZHPOD&DYHPRWLRQDO

RI MHZHOU\ IRU PDQ\ \HDUV" YDOXH HYHQ LI LW LV QRW SHUI
P XGOS VHERPWRQ / INHOAFD®!

Ol AA "1 AA

7 K HU H V XLOQ/G\L RADRADHR Q J  WUHHUAPH QRAMLIR DHIO®V L YSHUQ. PDEVHPRW LR QDO
DWW D FKE H®®IX U D E IDELE/N VW KW WR O H VIVQWRO\D \ LLH O H YWDROM V
ORQHWDIDO ®ISSHDWHNNGHFLVYXBJIHVWLKIVR QJH Y VW\Q NAHR3J AV R
DIIHFVERGHDWQ GRQW L GXMGE ROHDO®OH Y VPR FRQREZREU WK ZHQ Y\

W KHUHSRIWINV HUWQYRNMEL PSBMF D XMEB D VMKWV L FEX®HFDXMMWHDQLQJ
UHPDLQV DFWLYH RYHU WLPH

$GGLW L RDDHLERY W U RIGIF R J Q MWKINRMZ HPWE& R OGP RW L RODB M H Q
ZKHQW\WQRWHUPDQRRMYQGLFDMWEWUDELELRWKRQFRQGLWLIRQ
VLIJQLILAMYMHPRWLREDDLOEDEBPHUIBRWHPSRRMMUDQVIRUPDEO
REMH FRIHW KMKHYHYV XIQW PMH Z HDWR P HW KZIKRNVHD OXW KD SHG

H[SHULHRRGW L @ XLMPR UD Q Gl Y R O YSLHQUIV RQHD@D WLLSRUDWK KVHKUEQ
PDWHULDO SHUPDQHQFH DORQH



30W  6XWRQED' RIQO-HZ HO
O DMUIDOBUGHDILO

+RZPXFKGRHWKRDWHUIKDOXHQFKLFKDVSHRWXVWDLQGRARXW\

\RXU SHUFHSWLRQ RI D SLHFH RRMWHLGHWUPRVW LPSRUWDQW LQ
/ INHOAVFD®! P XGMG!I VHOFMRQ

OA i 10

.QRZLQJ WKH RULJLQ RI D P

KRZ PXFK - YDOXH D SLHFH
/ INHONFD®!

5HV X ®WMHVKE YW H DVEO 5\W D\
VLIQLILFDMAKRZMHZHIOWHUFHLYH
ZLWHKDQ\HY LG HQFKIPW W H IFIKIRQ. F H
VW U R RQ 00 X HW RHHYD O X IRWDISR.®l F H
.QRZOHDBER YWKRU L RI®DMULDOVR
DIIHFWNUFHLYBGXWXJJHVWLIQDW
PHDQLQYH[WHQGHBRQGRUPWR
LQFOXGH SURGXFWLRQ FRQWHI\

6XVWDLQDBXUDELOQW\ORQJIHYL
HPHUJMVFHQWSWDIOR ULI\R DIOR EN G
PDWHRUDLAL.QE WK LFW 8 FILIPG D F W
7KLMQ G L FWW B YV W D L QD@ HE HIGW \
XQGHUVORBWD D E VW BB BDWHDIIG
PRUMDVD FRPELQDWLRQVWXQH
UHVSRQVREKUIKDRQ® Z D U H QRIIVWK H
EURDGHU OLIHF\FOH RI WKH REI

Z A ‘T AA



9DDH ARQXP SR DOGFDH

:KLFKDSSURDEFKVWH IO H®RMKW $ VXVWDL®@DRMHHLIIFQ) H DWKHH/
UHODWLRQVKLS ZLWK MHZHOU\"SHUFHLYHG YDOXH RI D SLHFH F
VHOPAROH / INHONFD®!

VOl AR ‘T AR

SHVXQWELPADMWKHHODWLRRWKLS
SZLE%ﬁﬁ;g@ﬁgﬂ%ﬂﬂ&@ﬁ?{é% MHZH@WBSHDWREDODQHMPRWLRQDC
RUJDQLF RU ELRGHJUDGDEOH P\ég\f "'L::DF%EWHHU\G(WWLWH(DQ\
vyt LFLS D RWADW BRU[RISLHFHV

RUD VPDO@XPEHRIKLIJK@\PEROLF
LWHRPKLWXJJHWWB/OXEHJIJRWLDWH
EHWZHIBOLG\UDFW L FDDQOAGMH SH U
SHUVRQPH® QLQUDWKWHEDEHLQJ
GHILQEG TXDQWDR®R Q6XVWDLQDEC
PDWH U DNGM QH U DVYRF L ZWW &
L Q F U H DBHLUG H LWIHGEX HD G L F DAMKLIDWY

HQYLURQPHR@WD G H UTRMVRIQMER W H
KRZ ZRUWK LV FRQVWUXFWHG

3DUWLFLSOWAWSWHNY YLOOLQWFRHVV
WDNWHDWBURIMHZHO®DAHIURP
RUJDQIRU ELRGHJUDGPEWHULDO)
VXJJIHVWILRDWX VWD L Q DERVRIQU\
DIIHFWNUFHSW XRIDOVIRQFRXUDJH\
vo'l AA “1 AA PRUBWWHOWGHN SRQEDBOMRUQV
XVH/ RIHW KHAH V H V S R B\RL\GMD
VKLIWRPSXUHDMVWKHARQW¥XPSWLR
WRZDURRUHFRQVFLRXNOXH GULY
UHODWLRQVKLSV ZLWK REMHFWYV




3HP DHIHDGUAERMEOV
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BZHMX[XD\QG
VX VWD L Q [SELUFIHA WIHIXV ERIQ/ Z H H
WKHBWVKWDPKMWLPWKHUWVWURQ
DJUHHP QDR Q WUD G PW WRQDLO
FDQ JHQHUDWMRWLR @MONDFKP H
L QG L F DVKLIDN H F W IDYOHX ¥ R @/L P L W I
WR FRQYHQWLRQDO SUHFLRXYV

7UDQV S D UHERXMDWHURDIOIDQ G

SURG X F®UWURPHVI\VGHW H WUHD UG

MHZHIOWLGHOQGHUVDWBKRWHQW
HW K LFOO@W K BIHQ V RODDW H 7 K QW
SRVLWMRQNDDERPPXQLFRWEMWIF\
FDSDERIHI[SUH VW3 XBIVZ H OBV

LGHQWUWNH UHWHRBWR Z DEJIBOD Q FL
GXUDE [ZQ WP R W L RUQHIDH Y D@ AHK H
WKDQSULRULWBHW@WRPDQHQF®R QH
UHLQIRUFKBGHWKIPMDQLQJIIXOC
DQ®HVSRQWVGIHAABEQRFRH[LAMW KL C
HYROYLQJ PDWHULDO OLIHF\FO
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LPSUHVVLRQ RI WKLV PDWHULD®'SSHDU LQ WHUPV RI WH[WXU |
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'R \RX FRQVLGHU WKLV PDWHULZRDVDSBWRBUDDWHRXOG FRQY
IRU XVH LQ D SHUVRQDO REMHAWRMRURDRQ WHBIQLQJ ZKHQ X
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7KLV PDWHULDO IHHOV VXLWDEOH IRU FRQWHPSRUDU\

MHZHOU\ GHVLJQ
ONHWWAD®B!

7KH PDWHULDQLWLDIH®RHUDWHYV
DPELYDOHBRSWHVVLROQWKPDQ\
SDUWLFIGHD/FWUWEKBILUVWDFWLRQ
DVQHXWRWO LJIKWODWLREHY HU
WK IG\R HY R W U D Q V@HDRMIY V D Q WAR\

R X W U LUHKMH F WD WRLHAD Y X JIHV W
XQIDPLOLDULW\ RU SHUFHSWXDC

7H[W X WH Q H U S I®OR H IDWBRAN H U\
SOHDVDQ® KPADWHUWMUAHTXHQW O\
DVVRFLDMWWEG\QHWIVIL LKW QH V V
DQ® PRUKDW X UAK® U D F# VWK H
VDPHVLPHW VDOVRLQNWRILWXDO
FRQWH{®/GRVLWLRMLOW KBIRIP

U AR 9 AA HYHU\GHDQYLURQPBIQGFD R VWR

ULWXDOLVWLF RQHV 7DFWLOH L

DWSRLEWQFHUWBNVQWQ L | LSTOWMR FS® U W L F IDSIDERWV X D IKIH W KWKUH \
ZRXABHRRPIRUWDE ®FHKYRBD W H WDL@®R P | RO WY HROW L U WRWR QWD FW
UHPDIP®GH UDMFIF DV L RFQRIAWDYVR Q VL G MUKHAR VI SSUR S ULLADGVR |
SUR[LPZWLTHRQWLQKXKREWDWVWMVIDPYRUHBLQIRWHKHBHUFH S RIVRIQH
PDWHULDO DV VRPHZKDW GLVWDQW IURP WKH ERG\

6\PEROLFDQGFX O W X UIKIREOAH W K HP D W H UL IORZ ¥ W U R®R W H Q WD\
SUHGRPLQBBOWRHLYWHISHULPHD@M®EOD IW E D DMWEMKIDIQQ G X VVRUL D O
UHILQOHBDQSDUWLFESDRYWWHS UR S URBWHDS W VR REM ERWRQ
WKBRG\VKHUNDOVERJRIDGAUHHP WKW WRXFRQYM\PER@®RUHPRWLRQDO
PHDQLQWERG\ UHREMMHGW JHVWEKGIS UH VI DGHD UD VFDSH ALLGR W
OLPLWHG E\ LWV XQFRQYHQWLRQDO FRQQRWDWLRQV

J)LQD GOV SLWSH U F H IHYSKGI PH UD Q ®@/D\F WP @ HY D OWEFHBW H U MD.G H O\

UHJDUBWXLWDEBRQWHPS MUZUBOMWYLIRQLVQGLFDWHILMM YDOXDWLY
FULWHQDRYDRPRE®RHSWESDOVVRAGRQWH [MHDODLDSSHE®R X W ZHLJK
WUDGLWLRQDO H[SHFWDWLRQV Rl QDWXUDOQHVV FRPIRUW RU

2YHUDWKBIDWH REFFASDMSDRHSURGXFWHYHMLBSE\VLFDPBOLJI X RHW
FROQFHSWAFROKHUHPRWLRPQEBOPERYDOKBIPHUSMHFLWHKOR XWR/
GLIITIHUHQFH IURP FRQYHQWLRQDO MHZHOU\ PDWHULDOV
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'K LOJHJH Y LRRKD/S WEHHMF U MEKSB RFH G Q BW D V X U H PX\ORMAR Y D O XADKAHH
PDWHUWRDWFWLRQY HU SWKHRNMW VXOWY GHUVWEEBWHUEN®DYLRU
LGHQWEKWNQDO\WRMYRYRFXRQQXP H U LYADGXIHYR QAM [D P L QKD W K H
REVHUWMG QV IR URIHW HBRXMWKRD WHDMBO QD PLWWBBG\DSRWHQWL
H[SUHVVLYH PHGLXP

%H\RQ@ULQNDIH[WHQVIHMBOLQHGEKDSWHU$IJDULXBRKHUHWDYV
HVWDEOWXBMWE HQ V LLRHEDXF W\DR&H U HIDW H F K GALRR@/OU EX@WZ QW U L Q \
EHKD YRIRAUKRD WH DEMDGDI RUP DWRYARW KW H S URG H (DGR HU Y +
FRQVLGH UKW MRIDF O % & H/F DA V L V WID®IF HE ZO MWW V L V WDBQQSFXU | D F H
W H[W XOUH®! ZKLFRRQW U L\E RVQHE H U VW DIQIGR W H UDLIDOI X QFWLR QB O
H[SHULHQWLDO UHVRXUFH

5HJDUGSIKQY LEBO LV VWD KFHV H GIHPWR Q VW D D MGIIVWAW BIB®IU IRUP D QF
X QG HLUY HU\GIHF K D Q WVADIOHAVQI R U FBDUR W H VRARQ G EMU R PD K H L J RW
DSSUR[LPDWH®HWHV X QA\HRY LV LE B HR U P D RMWR\Q X F \DX_IDDAW MAMK K H
VDPSQHWP DL QIQWH EW L \I DRAGK\HX U | DVAKHR Z KD&R W DUEHDVHL V WMRERHD W F K L
ERWKRKXPDRQWHUDVFWHEIRMLQJHU CDL@NR P LIBEW DV IXRQ @EODGH
LQGLFIDVGIHJURH XU IDFARHVLBQ® W U X F WQXW B BH\\R QVEK RWD IUDJL O+
PHPEUDQH OLNH PDWHULDO

7KLEHKDYVRUWJIHWWK\DGH V S ILW/WL V X DRAOJJ'D @LGFG H O L FCDS/8 M D U DV K H

PDW H LR/ H VIVBIVQ W H VI F W WUDE QDKW O RAW RZ L W K V WIRQ®V L Q
KD QG O LBQF KUH VLV WDQFHU W L F XUHOUHONRQEH D UD BROMER G\ DGMDF F
DSSOLFDWLRQV ZKHUH FRQWDFW IULFWLRQ DQG DFFLGHQWD

JURM @ QDO \\WHENG HFWKIEWR S HWHL\Q | RW R G H UV W RQGKRDIW H U L T
DWV\VWHEKLRKUDQVIRUGRMNRIE P S U R PXWME L DK.M/D SDFLRQ G X UH
PLOQRPWFKDQYRW@VWKRREBYRUFM XSS RIMNR W H@WLRQF W LIRHILX P

FDSDEOH RI VXVWDLQLQJ LOQWHUDFWLRQ ZKLOH UHWDLQLQJ W

7TKHUH ZHUH QRW REVHUYHG DQ\ GLIIHUHQFHYVY EHWZHHQ KHPS



~QVHURNOH [L EWERRW H H LIDICERSVWWH G RP L QOLQEMWEKR D Y2PRBBULB GG
VKDSHGOGRHYRWOORZEHQGLRUSRVW IRUPBM RPD@ LB WHPWWR V
PDQXDIGMW KWD P S AHHW X Q\WHRBEVH U YIDE DWW IS R Q @ G L F DWKLEQM H
PDWHULDO GRHV QRW RSHUDWH ZLWKLQ D IOH[LEOH UDQJH DIW

7KLYLJIL IXWIHWKDXVQ G WX I LFLRQRAMKPIDW H ZIRX@EGHP R U B L N WR\
|UDFWXKMEHQGRZHYRDQXIE VWIORDMBV. QV X | | L WIRQEWEUWH D N D J H
LQPRVWDPSOHKLFIKUWKHQ IR UEWMV U X FWRODBQW IR UPRDQGOLQJ
FRQ G L WOLRRUIQAVK LFK\D SE VG & WM B G IR D Q X DRI AM H3HR XWUD P S OGIX/M/ R
WKHLU VPDOO WKLFNQHVV VKRZHG WR EH PRUH IUDJLOH DQG |

TKIDEVH®RAIKH[LEERHYRWWHPRPUDILEBXWDWKWHRIPGHQDIQBWDEOH
LQWHUQDO FRQILIXUDWLRQ HVWDEOLVKHG GXULQJ WKH GU\LQJ

7TKHUH ZDV QRW REVHUYHG DQ\ GLITHUHQFHVY EHWZHHQ KHPS ED

~RUGWEQGHUVIMDVQKSH YV LVW P QEIEDWED\WD SSOZHWKE URS RMW R S
RI VDPSORWHELWXR/XUIDEELVIPIQEQHAD[HBLWEKIHVZDK SULRDWH U
DSSOLFDWLRQ 7KH UHVXOWV FDQ EH REVHUYHG DERYH

7 K HW H VIVO\G L F DWKHDGV
DOWKRXJKH/DPSOHV
EHFDPH[WUHPBEBW
DIWHIDWHH[SRVXUH
WKH\ UDSLGO\ GULHG
G U\
6XUSULVWEBBNYVZD]
VDP SOWH T X L UAHRAJ H
WLPWRXOGW\$IWHU
RQHRXWRZHYBRWK
VDPS@HWHRPSOHWHO\
G U\

ULJKW DIWHU
ZDWHU GURS

)R D GIOI H FKWX\J BD W H U
H[SRVLWLRQ® QRW
UHFRPPHQGGMXHWR
W KRIU J D Q DRV RUW K H
PL[WXUH

K DIWHU
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%H\R®EDVXUBH®ISH UWKBWYD QV IR U DRAKRMIQ H U S\W H ¥ H STAXDBDQ W L F
W K DB/AL U H A\ 0Q X HHOFFRHW L ROQID@ R G LIOQ W H U D F KIL\RHOF W HRIP L QKR Z
PDWHULDO EHKDYLRU WUDQVODWHY LQWR YLVXDO H[SUHVVLR

5HJD U GL QU DAFHHI W WWKHL QPDW H S UBI @ HBQMWR X DKQ G WU X OMDF WX DGIL W\
*UDQXPPRSRQHQRWR KIRRUP X O DWIPDA YU FHS RQEKHX U IDFBHR G XFLQJ
D KHWHURJHQHRXV WH[{WXUH UDWKHU WKDQ D VPRRWK RU SR

YURFD VW U LLFMGOX\V W I U B © H FMKLLYWRIX J K QFHR/X/EGEL Q W H U S D YDVOHDERN
UHILQHPHRIW Y EUW RLKIHR QFH SMWOPE Z RUNKEVRMWRWKDUDFWHUL
DVVXPBWGLIIHUWOQWLILFDGHPB W H UFLDDUOJ DWW U RRQUJ D @LFGE X O W X U D
UHVRQDBF¥RNL®HEDWHRW/KKXPDQ (DUWBDWLRP@QGWUDGLWLRQ\
ZR U N IGQU HE M/QRD W XUHDVR X U-FaM KE R Q W W KU D Q XVOHD[WIXKIHQ | RW K H V
RUJD G KP UD FW HQL&QM LAWKV HW RH HOKPDW H ULWDEOLBKSKQJLF DO
FRQQHFWILRMKBHUD LYK IRW® FARQ VW LWKWIH® X YW O WRH L Q| R WKHHV
SHUFH SRMWR®D W H DMDROPI W K UQ R ZRU R U P HASK U R 3 KR F HVDAW KWK Q
PDQXIDFWXUHG LQWR KRPRJHQHLW\

JRWKUWDVE&RVW SURGKXEUMMLRLRD J
WHFKQLVXAKBVVDQGL®HLRU
WKBSSOLFRWLEGXVWDUMQAVKHYV
ZHURQWHQW LIRRA.GBGHVHUYLQJ
WKHQWULDYMLIDFXDOLWDMY
GHOLEHGEWHGHFLVIDRE@H®W
PDLQWDLWK&®PDWHULHDGUHVVLYH
LQWHJUWHMWAX ULQKDMWWRUJIJDQLF
SURFHVV QGHMWHWDLQNJILEOH

ERWK YLVXDOO\ DQG WKURXJK WRXFK

TKHUDWRWREVHUDPRGLIITHUHQFHYV
EHWZHHHPS EDVDH) G RIITHBDVHG
UHFLSHYV

WH JUDQXOUW] \WUH LY WH XVHU
\R | HOWH P DMIDD HMEDKQ) D
S MEDOFRQGHAWRD Z WK WHJIUDGY



&RQFHUQLQK@QWHUDWWER®Q H ELHKD YW X ORS D T XAH. WERYLVLEOH
WUDQV P IRM® L RIDWU R XKWV U X F WHRHY G 6L U H DWW X WILGMKHD P SO H V
GRQRM[KLBELMD QVO REAHQ¥NGRIDOVLRQLF DWHQF¥RPSRVLMNR Q
FRPSDFW LQWHUQDO DUUDQJHPHQW WKDW SUHYHQWY OLJKW

7TKLRSWLPFOMOERQWULERWKADWHUBBOPRPHSIWWRODGAURXQGHG
UDWKHU WKDQ HWKHUHDO RU PHPEUDQH OLNH

SWWKWMDPMWLPWKHQWHUDAWGBRQRWFXBVLPD DMWUKHWMXUIDEHYHO
—OOXPL QMEIW DROWWKYL VL ER IO WAWR X JKH[W XHE@HUDSWIIRQIRX@PEHRGR
VKD GRZIW KNIHUUHJ X ODQ G WD € XSODRMW U X 8 VRIQRNO @/L JE RVHYR W
UHYHDIHQWHEXRQVWEBBQW X WWWXUIDWRSRJUDPDKNL QIH[WXUH
YLVXDOO\ OHJLEOH

TKHUADVQRWEVHUYDHGGLHUHQEHW ZHKIHP S ED\DHGF RIITHEDVHG
UHFLSHV

~QVHURW RO RAWKRDW H S UBIY HIEVW\R ZQRKHPS EDPHRBVXRWOPRVW
EODARWKHFRIIHH EPVHGBX HIQVKKHP FRPSRVLWHROMKRULJILQDO
JUHHF®@ORURWLKRKD ERP SR Q MM Q PDW H DIVIVA PBIE/U R ZKX H7 K L V

VX JJHWNKDWK 8 U\L SR F HDWQ/GV K HQ W H U DEERVA BRI D QORI UH G L H Q W\
UHV X @WK UR P DAWLDE L O M} B IVUBEDQU NVHRIL O VOR QUAVW MHKUSQ@ HVHUY L Q J
WKH LQLWLDO SLIJPHQW RI LQGLYLGXDO LQJUHGLHQWYV

7 K LR/X W F RFPRHQ W U L & RW MAU DYV R F L 2 WWRIW XRIDVOH U %IGRZID
FRORDUURRIYQRW IRUMRIRIVJ D ®@ DRV WHUE L R G H J U D GWHW Q RROWFKLHD J
SHUFHSRMWK®RID W H DMDROP H W RALIQE WO R QVJRYD W XFU B OB Y W KVHKUDAQR
VIQWKSWRGE X FW VRVHPIW X DWDIOU Y G X FVHWHH Q R D UWEL DIDQ®/Q LI Q V
WKH REMHFW ZLWK WUDGLWLRQV RI ZRUNLQJ ZLWK ELR EDVHC

A U AVLQE T VABERAQUT A DO/ T @AY



JURPWDFWHOWS HRWKMDH S CGSHUMH V B WRIVHQV RKWDD FWH UMK BWL F V
VKDSH WKH XVHU V ERGLO\ SHUFHSWLRQ RI WKH PDWHULDO

' KHXDQGOWHKEIDWHUD¥® ONGHPSHUDDKFRERRRUR S HIUWR O MWGAD W
GR QRW UHWDLQ KHDW

~QVHURWHFKDQLHFI@KMHDWHUWIODG GRHYRSUHVBQWRIWQHVV
7KHDEVHQRHLHOGUBLQIR URNW UXFWDEQSHWRG X FD QWD FW L O H
H[SHULBDYNRFLDWHKS PQBQWBHVLVWKQEHPQHWRZHYERHRW
WUDQVODWH LQWR KHDYLQHVV 2Q WKH FRQWUDU\ WKH VDP!

6XFKDO FRPELQDWORQQAMHWIFDWHU IVXQ WD HRQDR ¥ L G R D Q JRI

DSSOLFDWIFOXERQY DGMROHRBKHWHLIRODDV UL WLFO@ RQJ
WHUP ZHDUDELOLW\

x ABOT A Bl 6B 1 ASE 68D A @i jyOAE g ADO Ol y






7 K HP D W H GIHDY®! O RASKHUER X WK B U R MGIHFRWR Q VW D DMRMIBK DUD FWH UL V!
W K BIY D ELOMVS S O L F D WL RRQVO W IGSHOH.ERQ W H{WM. J L LW K WRG G V
WDFWXD8LWRPELQHGWANRUJD QHVWKBEWOQRE EHLQWHUSDE® HG
DGDSWHG DW GLIIHUHQW VFDOHV DQG IXQFWLRQV

5DWKMKDORFXVR@WKEHYHORSRIDYWQJQHDOBHG XFMBYWRMHFW
LQWHQW HRRDRENVW U LRIG HPRQ VW U DMNRKIMMEKMFRSRHD ODVWHU V
GHJUH@URGXHWLIJQ@KBHFLWRG®YHGRPRQVWULRBWRBW®VLQJOH
IL QD O ISJWHRSG XZFWL Q W H Q WLR® BW KR G RO RIJUEDBQLYD VP D G W R
HPSKDVWKMDWHUYBOWW /Q G RW\H QIVWLLIRQW L BALY ROIBFHSIO R UMRW LR Q
SRV VL E LLQMWRHIYG P L WWARSIS O L F I/\R QRYGH V R QRYXKHAGF RBFG R L @YK D W
WKHR UDLPWRRPPXQLRZKWWKMDWHBRX®BFRPWDWMHKUIBMHILQLQJ
ZKDWWKRXBIB5DW KWK DUH S UH V HD W/LLRLIW DMKUIRES U R DK O HOF W V
EURDGIBIGHUVWBGHEHRBIEHW LDWMG LV F L S\KLIDARQ G\H O L YIHULW K H G
REMHFWY EXW DOVR GHILQHV VI\VWHPV VFHQDULRV DQG PD

7 K HUH V X O IHEFHR/R X\ B H U HERXGIG HU V VWVRRG Q RHSRV VLE LKL H V
IXQFWRL\RQ G X GHIDH P H ) RIIFRW S R Q HDA/&\D UW K/ B V€ HD V V H P ELOGHVGR

OD U YNVUW HP@V KFR Q WRIINH Z H VB H X Q F WRLYE® D ® F R Q Q H FALRWUK\L Q

SURG GHW LW HFD @ X J J HWW X F VRXBHDFOR U PR PBIR Q HDQVBAQW H[W L O H V
W K HAL QDWK\E U E® Q VW U X AN IPRMQM YR | W QHMMKL J MEBD FWQUHUWLR Q
7KHVSHURWRW. BWVVSHFXOBWYVYBQRSRVR®WQ L\QSID AR UXUWKH U
GHYHORSPHQW DQG UHLQWHUSUHWDWLRQ UDWKHU WKDQ FR

7RSURG XFKEHDGVVPD®RG X O-DAUH P HGMAWL J QRIBR Q Q H F W HDE K
SLHEB®WDUHIXDOQGXGL QL ULDRON B O W MRY H UNDXOUD DEXW R HILQH
VSHFDIWADY K URFHRFXVRIQ/RIWHYKQOHE IHDWQGHPRYVSOLQWH U\
DVZHMAHGXFQRU LIRS H B WL RVKW R/X OFSHORRR X 1KF R Q WDLAWKK H
ERG$GGLWLRGQHUNEISQ RW U XBAJHMWH UHH L Q | R WKHI®R X DKQ G L
WKHEHUWWUXFWXDDD@BRXE0OVEOHRZNWK QLPARDWDKM/MURFHVV
HQV X UMIGDWK SIL H FEHR/X OCR WD X \GH. VFRP RRKBVU W RVKXVHHQV XULQJ
ERWKVHBRPIRDWG PSUR Y®!GU D E LDKIMOLHY W H Q W LSRIH/BIQ WIKGHJ
PDWHULDO V RULJLQDO WH[WXUHV DQG WDFWLOH TXDOLWLH

YRFXVLRXQGHPRQV W WDID/DREEVK §1U R MW FBW L R U WM H[I$S O R U IRMW R 8
PDWHUEBIODYDRE B O L F IDWISRRYWH G\R QDIOJ X U DY VRV@ND G U U R IMIQH
RXWFRPRQNSHFISIWRG X¥KDS S UR B FXD QW KGIHV LMD HHQDE ML Q J
PRUARPSUHKHDRYYMMW LLIDWR BAQKPFD W H B DIS®I U | RDDPU RAAM IHUH QW
FRQW H{@MK /¥ Q WHKSIU R MAHKEL I R 5 H V L J LSQUIR G XWARBWH V L J @IL QWK
WKH PDWHULDO SRVLWLRQLQJ LW DV DQ DFWLYH GULYHU R

7KV SIRVANGRHY (QRAPXE DM IQ D SIRGENMBEWOQDM WP R SRMBONY



$Q F H V WIXIDE MDIDRAY YHD VMW X BAG H P R Q V W WD RVKRRJA KBIS S O L F B WMKRHD
PDW H GLHDYGH O R RN BWK H \AMWR HYR WH S U H D HIQQADROU P- X VWA KIFD W HU LD O
LWVHWIQGHUVWRKR® DP DR ®XWDEWKREMHFOWMRMLVWKBRWLROQ

GHILQLWLYH RU ILQLVKHG VWDWH $QFHVWUDOLD LV JURXQGHG

URG DV6RADG-HZ HBW D/* HIP LADARD
$ 7HP RO %ARBIEDY YHNRQWHORG

' LWKIWMXLYDPHZRUKER GAMQRWUHDIMWEBXSSRBWHZH O-O@\UW MIKG
ERGLWRQFHLY'WRLODOLY LI HUDWIRYXREZHO QWK H U HOQRWH)
RUQDPHQAWELROR RFFX® U NRPH W KNLIQDOWR ZVSUR>XOMFRP SRV G G
WUDQVIRUPVY RQ DQG ZLWK WKH ERG\

7KLSHUVSHBWLVRK ZWWKQ FHVWRIDDMG Y RHZIVQ - Q G LJH GRIR\SG AV
% U D FLKIRX Q G H U VW KEERGSD \8 D LRWV H U U U\ R/MWHKUDQY H SD UDW B DW X U H

% U D] L-O0Q 6 QJ H QKX QINGIRF W LSLLOAMRHQ D R W KW HQBNRSOMHGYRFDWH YV
IRDUHFRQILJXRIDMKRPDQ QDWHOBWLR®SKDS LFRM] LV WHQEKH U
WKDHISORLWBDMIVR G X FW O O HRKBRP L Q B@W D G RIPS UR J U DWB
SURFHVV KLVWRULFDOO\ OLQNHG WR HQYLURQPHQWDO GHVWU X

,UHQ DK \DRJJX HRW KBIHHBRB HFRORERAHQ PA W HR/IW K L Q N UG WR
PDNMSDFRIBWKMQRZOHRGYMW HPYBED\\WRIOLY EQILERRN HDARRVW SR QH
W K(H) QR IW K: IR U OKGHU H | O RRFDAR'Q W H P S RIBA R J LEFDIOZH. W KA KIHR Q WRII[ W
WK$QWKUR S RFFHHDHN LR RV KBH J LR QV K5IL RR F HY D O GKHHT X H V W MRKGHV
SUHV X PHHG D U DEMHIVRZHKBRD Q LBVQ @ DW O UH V H@WBVL. JHQRXYVWDQFH
DWIRURIUHFRJQRWLLRGI UD/Q&MHN | X RIKKPDR[FHSWLRQDDZIVGIR P
FROOHBWUYD WIHSH\R SR WHMB RV W SR QHRRWEWQ R | W K BER U OBBVD
PHWDSKRU IRU UHVWRULQJ HVVHQWLDO FRQQHFWLRQV PHDQLC

.H\ZRUGYV
%LR y $QFHVWUDOLW) y &XOWXUH y 7LPH y 7TUDQVIRUPDWLRQ y

uU;$LOWRIDQDN. QDVWUDLV6HSWHPEHULWQ-QGLJHQRMVLYKDLQDNO®FWLY¥HZWWKH UVW
UHSUHVHQRVD WL MHQ G/L JH GRRS Q\HR/R OB5V H DDAWW K$IF D G H PADD VL G HIHWADU B %/ P D U N LOD J
VLJIQLI ILFED/QWL W X KVMERYID®M IGHH F R J Q RW-IQREQ J H Q @ WV O GAHFINGDAL R @V LRIQH LKHHZ D \E R U Q
LV SDUW RI WKH 5LR 'RFH 9DOOH\ DQ DUHD KLVWRULFDOO\ VKDSHG E\ LQWHQVLYH P|

U{7KHUHQDNBQ-QGLJHGRRSIWHR B R UW KHQQ*"H U D PM D XU L QUKHROR GHNQRBUW XJXHVH
V H W WRDHOUBMKGH PR W R F XIGHRIH U H QNFKRLIU F YRAUBD P HARAND QV KBIL V) GI D URK H KW V WIRQE O X G H V
VHYHUH YLROHQFH LQFOXGLQJ VWDWH VXSSRUWHG PDVVDFUHV OLQNHG WR FRORQL]



SRLQW RI ODWHULDOL]DWLRQ %9HWZHHQ 7KHRU\ DQG )RUP

-Q $QFHVWUDOLD WKHRU\ EHFRPHV IRUP WKURXJK

7KH QHFNODFH XQGHUVWRRG DV DQ REMHFW LQ WKH SURFHVYV
6WUXFWXUHY UHPLQLVFHQW RI URRWYVY P\FHOLDO QHWZRUNYV
$ IRUP WKDW LV QHYHU FRQVLGHUHG 1ILQDO

$ WHQVLRQ EHWZHHQ VWUXFWXUDO VXSSRUW PHWDO DQG OL

-HZ HBLY DV DODMIBDOARS &RMQJ 6V
) URP 6WKRMUHWR' DARBMIRD

~QWKLYDPHZRRINWHULQDWXWQRWQGHUVWRRI®DEXWVDQLQWULQYV
FRQGLWQRDZHGKKF\FORWLIVGHPRQVW UQWKKEHWH V H DRIRFXG X FW H
IRUW K MWKHVEXYUDELVOWW SUHUHTXIIRAIY\D B XGiH V L U D ERUMHIPRW L R Q D
DWWDFKPHQWHQ@LWKMXHRQWHWSK\VLF®ORGXFWILRESRWHQWL
FRPPHUFLDOTZKBOR@ G HUP D QD W H WLKCHIU HU R QYRR R VEVK W
WR WUDQVIRUPDWLRQ

7KLSHUVSHEWR ®M L VAL MEBQOE H VRARWIPGR O R.JIZ KIVFKH D WA RMR Q F H IDWH G
DHQEXWWWUDQV IZWHREGE RHYR PH U H®D U W L FLL® B WEHDLHIV. W VIH O |
F\FOMURFHWIAKDQIBIHFDQB®HWDPRUSREEMDGHUVIVVER@WLQRLWL
HILVWHQFH UDWKHU WKDQ LQWHUUXSWLRQV

6LPLEFRQFHSVWDREH/RXQIGHIULFB®IQDV S R U DR JWRIO\G L\EKR QM FOH V
WUDQVIRUPDW KR QD W H IV MODOW BIFFH Q WSULDL.@ F L.S® B P GRP BOWLFD Q
EDV HIG O L DICRUHBIGNHW RS LK HP BE U D JKIOV WRWUHD\WQ & X O WXWUDHOHR R/
LQVWDWRRULPIXPDUKPER G LIFHRWQ W L QUWKLWR XKD Q VIR U RIS URIQ HQ W
PRYHPHENMNVZHHOD WHQB® Q& KEB\QDPHF XL O LERIQRW X3DHNV KMKD Q
VIPEROLDLGBD G SR IWUW QPVD RIWRIQI Q L SIHIW L V WHK@IIRKF KD Q JHQ D W X U H
UHPDLQV HYHQ DV LWV IRUPV VKLIW

LW KWK MWK HWLWH WDOWH U R WHWRIOPHHF KR MAKBHFRPSRVRWRIWRID QLF
PDWWEXUD O VLRVWH L QW HJIUQWR RQ GHMRJO I8 \F KD Q RHV W DAVR-HYRWP SO\
IDLORUFHJIJUD GDVOMRNHIWGIQDUKLLW XU SRIVAPIR SHQWKER VYV LERWLW
UHDFWLYM@WEIRQPR/FR QMWW KXBLVYVROXGRW KRS SR VRMW U X FRBXW H
SDUW RI LWV WHPSRUDO WUDMHFWRU\

.H\ZRUGYV
&\FOH y TUDQVIRUPDWLRQ v —-PSHUPDQHQFH y ODWWHU y 7LPH

3RLQWV RI ODWHULDOL]DWLRQ %HWZHHQ 7KHRU\ DQG )RUP

3LHFHV WKDW DSSHDU VXVSHQGHG EHWZHHQ VROLG DQG IOXL
$ YLVXDO DQG VWUXFWXUDO WHQVLRQ EHWZHHQ FRQWURO DQ
JRUPV WKDW VXJJHVW VRPHWKLQJ WKDW KDV EHHQ IRUP DQG



-HZ HBLY D/SMWOHIGH
7KHODMUIDOYUFHR D%30 ( YHQV

~QVKLWD P HZ ROUA\R U Q PGIRNYR MP H U DNG H F R U DEVWLB/OQ CR E M RVAVD W
FDUUUHWRDBQFAVGLVFXVIVGREDSWHUWLR MHDHOAW&XOW X UD O
'LPHQVLRGR U QPHBMQFXOWRSHV DIEWR W H FAS L R QRADXUINGR U
HOHP HRQUL WVRHS/D V V D% H \ FE@ H V W KHD/OLXA&H U | R IDR"W U R QURB RO L F
DQG IXQFWLRQDO UROH

$QLPSRUWMHIMUHQWIK EMRPDP LMD @HUY KDPDRYLRSHQDZDuuU
<DQRPDPRUZKRPERGIREMHPFQ/®&UQDP HIUWMRWHUHPEHOOLVKPHQWV
EXWXQGDPH®YWDHQVRRERNPROBRQ\®W KWSLULBRIDAEXDQRPDPL

WK R X JKKEHR GD Q GW\G RUQPH QM ¥B\K UXFXER GSDLR@YGHDWKHUV
DUPDWHBDRQQ IHVWWWERQ Y K RWD QWR/ K[ID S IMEL IDLQVA/R/ KBIL Y L Q J
IRUHXWLKIKHERGEHFRPIBWSLULWNX®OQFW LWE DO LLVGRRIQWD Q W
LQWHUDFWLRQ ZLWK WKH FRVPRV -Q WKH

VKDPDQKEORVESHVHQWHG 7 M S-RSBI FODSRHU 1RUXV IV WH
7KHDOOANAZ UL WAL MIBU X FH_

$OEHWKERGL\GHVFUIEHGNQR IHU SHRMN. RIWNQR [PDH
WKRHHWLSRL@EMWZHWRH XMDMN. BHDAMH WY DOPOGH [URP \WH
YLVLEQGQYLVLEDGBRGLOWQR WHY >Y@KDAVZK , DOR A0\ RU
REMHB W K H U HXRGH UV W RFFAJ GRIIWVWNGD XUKL VN . 23(18: $
DVFRPSRQH@WE VSLULW %R0 s

HF R O RIDW KAHKUDIVD HV W K HW L

DFFHVVRULHV

H\ZRUGYV
5LWXDO y 7UDFH y %RG\ y 6SLULWXDO ODWHULDOLW\ y (YHQW vy

SRLQW RI ODWHULDOL]DWLRQ %HWZHHQ 7KHRU\ DQG )RUP
$PXOHW OLNH SLHFHY FRQFHLYHG DV SDUW RI D FRQWHPSRUD!
1RQ SHUPDQHQW REMHFWY UHIOHFWLQJ WKH IDFW WKDW ULW.
DUWLIDFWYV

ODWHULDO WUDQVIRUPDWLRQ DV HYLGHQFH WKDW WKH ULWXD

Ut7KKkDQRPDIPRQIRIWKI®DUJHYGLIHQBRX SR QVK$PD]RQHILRQRYKKHUD]LO 9HQH]XHOD
ERUGHIUMISSUR[LPDWHGHRS®H'LQJ YLOODJIH WD FURMRUW K Z HSRUHDUR@G RUWKH U Q
$PD]RQDIYHKD YW K®ID U JIHYGWL J H /RO L WREHR X Q VEUW K P L O OKIROW D WH W KWL R
6ZLW]HUODQG

UUDYLRSHQDZDQRPDBPD]RQDV)HEUXDU\ L\DVKDPID®®SRNHVSHRWRK@DQRPDPL
SHRS®HLW QA QWHUQDWHR R D@YRLE®H D L QMGIH VW U XFEMV/IKBRD R (R UHIVQVWS QGLIJHQR X V
WHUULVBRWIDHV\HDVW UXJJDGRPDOD QA JKIMWUR I ILF LDIOPORJQ DI®& HP DU F IEWW & H
%UD]LOLDQ JRYHUQPHQW LQ
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7KH3HYHORSHRR Q VW IFDVERIB Y J D Q LB WRX BD W H J ROARRW GALRY K H L U
W\SH RI FRQQHFWLRQ

3 X UMV V H P EFGRLGHAR N. VB H Q W LORFDROHIDWWMD QW K G R X HIKS H W KW LIR@L JWWH Q J
PDWHUQMPR V®/LUMHFEWP-\EUERQQH Y MRIR @XFHBRQ Q H F ARHIDAB L Q J
GLDOREXKM ZHPRQWH U D@ [SD QG VAU X F VB RYN OE L © X'\ WH. V\SKJGIH
DVVHPEPRPELGMWHPH@WGLIIHUWQWXLW KWE& N DP H D WIHUS\VW H P
JHQH U DKLLHUD DRXY D U LQ WIL@RD GA&WP S R VS WHF BV HR U P HVEK U R XADKH
FRPELQDRVPR® H WICCHP HD@&H W BRQ Q H F W QRERYVI L QXL B N H UMK H
FRPSRQHQWY EHJLQ WR RSHUDWH WRJHWKHU DV D VLQJOH SLH

7KLV RUIJDQL]DWLRQ SULRULWL]HVY UHODWLRQDO ORJLF RYHU IF

JRWKDW\SRVWSLHFAHUXWGHD FKQALWISWRKROHAKLSURFHWWHWDLOHG
EHORZ WR H[SODLQ WKH LPDJH V FDSWLRQV

+ROH OHIW SRVLWLRQHG
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‘Y AQATLO TVa
A o' A& AGJA

7KH QW H U ZEWWR®H Y HO PHMAH UBQPDGUOYEHY RXBRSUR[LPW R/ \
W KER G \-WWD F WX D & LS\OLIB\W H Q WURDADAG H | L QW@ XV HHU[ S H U L HOIDMAMK H
VXUIDFH UHWDLQV DQ LQWHQWLRQDOO\ LUUHJXODU WH[WXUH W
5D W KMKID QODR R R W KALKID W H WALKOHDQ L V ISIURF HDW DU H IRRQW UR/®RO H G
SUHVHUYH LWV RULJLQDO WDFWLOH FKDUDFWHU ZKLOH HQVXUL

SRXJRUNKHGJHMHUHBHPRYHEVXOMRBEDODGAM ZHHDQHIQ G HQVR U\
DOORZLQJ WKH PDWHULDO WR UHPDLQ H[SUHVVLYH ZLWKRXW FI

7KHP R G X O@W XRU W K H O HHR) WX U W KIK)WK D Q EBW H U DIH QY2 R QL\DH WAR
PDQLSXOMWWHI P EDACHIJ HFRQX UMK BLHFHWLYQWURGXEBUWLFLSDWR U
GLPHQVEZK® UMKIH QBRQ I LJX UDQRN QHEX WD ® Y R OWKIU R X Vi QVK LV
V H Q WWHKRHD W H D DDDRY QLGN WHIR KF R Q W HZ[RAAVURHWV KGRV L J QRHDUEM S O R. WY/
SRVVLELOLWLHVY DGDSWLQJ DQG UHLQWHUSUHWLQJ LW DFFRUG

"KHQZRURW XV SHQ®HSGDWH WIHD/GRYB®RRYHPHD@JUD Y MK L | WD\
FRQILJXUDWBWRHDWKEWOHLDWQRQF KLG QDPERDY LLRHULQIRWEH YV
FRQQH FEH\RDHREM BDEVMER GBS RV L W LW @HDW H Q [RDVDV W DFOLHFP HEQAWY

DV DQ DFWLYH FRPSRQHQW ZLWKLQ WKH XVHU V H[SHULHQFH

7KLYDUWLFLGDRHRQMLR Q \WRY 1 O H E QMKSH\ V W HIP F\E HL\E V. O WVIB\R HQYR W
UHTXKWBKWOSHFELD YIRRRGBURFHVMOHHWP H W& HH D V IK®\Q G CHIBORZ L Q J
XV HB VWKL | | HUHHQWR BV S BIW MYRIQ W H D IDWWKHD W H TIKDWQ D EOPIR U H
LQFOXVLYH HQJDJHPHQW ZKHUH PDNLQJ DQG PRGLI\LQJ EHFRPH
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SWWDWEG® H Y LIRKXD/S WM KIND W H GIHDYGI O R QHIGE W R MIHE-R V L W LZR. QVHKG. Q
DVXVWDLGBEMS UR ERKLKVHURN WR P SRV LMQGEBR W H @W LI, F O F
'"HULYHURELR EDNRIEGEGSRQ HIOBN\R SRV EDVOW H U QVIRW DYWHH Q WL QR /B E W L

PDWHUIUMHGKFGESHQGH@MFRVVLO HDQ/® K Q UHQHIMHE®RK UAKILNO H
HISORULQJ PRUH HQYLURQPHQWDOO\ FRQVFLRXV SURGXFWLR

~WREULF BWRFEGRG\H UDIWBVHODWILRHNBFKQRORUHFR MO RIRQ J
VPDOO VEFHIHQ W UDQ@GRVEH Q \WWRFOOR G X F WK RFK D UD FW 8 B RMWL F
ORZHWKH QYLURQPHPSIDFOW VRFLDZWWE&Q G X VWWDLEDA D FW XOUL® J
WUDQV SR IBXIVOMERH B\RV VL E LG LBALVWU LEX RIGDGEFRRGH DV LIQLQ.
ZLWK FRQWHPSRUDU\ GLVFXVVLRQV RQ FLUFXODU GHVLJQ DQ

JURMOLIHFSHMH S HRAWVWKIPOHY H VXD OH WWKSIRWHQREDRGHJUDGOELO
UHGXFHGYLURQPHIQUWWILOY WHEEHR P SD UW BV U D G L VBIORQYDMDIICFV K R X J K
IXUW RWHHY VL RQIEGUHT X LWRGOVODOLGEDOAWRRJ WVEHHBY LRQGIBWITHUHQ\
FRQGLWLRYNUWKHWHXVUBQYWSHUMLBNBERY LWLIWED SURPLVLQJ
FDQGLGDWH ZLWKLQ WKH EURDGHU FRQWH[W RI VXVWDLQDEO

~Q@QVHURN D UNSIRW H QMKRIDAV H D O ZQ VDK U R Z LQH P D QRSS U R G XW KVIVW
FRPELB®YLUR QFHZ@®W B QZHWBKH V W KCHONWBLHFQ V R DO % MG V W L QUWDANFMYLHD
TXDOLWQE&W JD @LSFS H D U HFVHR QDIVWMKR Q W H P S RMUDHIQ @ H V L WX D W
HPSKDVL]H PDWHULDO HWKLFV DQG HPRWLRQDO FRQQHFWLRC



5DW KW K DIQ W WLAMDRY L Q J®WHR G XMW H J R/K\A D W H LSLLDHDY H QWVWEI 20
SODWIRWPX O W IDSSC5HD L F DMWNWDRSDVS WDE OO RMW R SHD WHU RZIVITHUH QW
VHFWRUV LQFUHDVLQJ LWV SRWHQWLDO IRU PDUNHW LQWHJUD

$GGLWLRDWORGXOQDWXWUHSSRUIFWVWRPL]DWGRHDODEHQDWOLQJ
GHVL)DHQUBUDQBRBHYHGRS HBXM FR PUWHR/® VL Q JRHV H WL DW K L V
IOH[LEHQKWQ EWRNR PP H U MLIDSH BD UW L F X DWW KIOGF KHD U N HWMWKUY W O X H
LQQRYDWLRQ VXVWDLQDELOLW\ DQG PDWHULDO GULYHQ GHVLJ

7KH DWH & DIDD \ERISRV LW LRIQWHRA IQHP HUJLQDPHZRUNHZLR O X[XU\
ZKLFKKDOOHQUB S L\YRRQRIMWK[XEDVH®UD UISWMHFW IDRIEQGXVWULDC
UHILQH P-HDWW HEB®& R S R DINVK LWAR Z D lY®D XVHAF R VP D W H IDDOAK HQ W L F L W
VXVWDLQDEFOIOVWRUFK QHYWKER QW H W HJ X O D Q BW LIHHUW QMW X UH V
DUSIHUF H IQYRBN O D ZBX I/\T X D O LWWVKLBH® K D Q\FKSHQ L T XH/® IH D FKL H P
PRYLQ@IZDVURPVWDQG D UIBHYMK HDWIGARFEUDFYQDELOWKRDWHULDO
FROQWULBXRUHGHIL@XQPIWVVRPHWKLQRXQGHISURFHRVULJIDQG
H[SHULHQWLDO YDOXH

8 O W L P DWWKHHD \R MSHREWAL WY RIEIYW H QIRBAD | LQLVEHBEBVWE X W\DVWUDWHJILF
UHVRXURBWKBWEHXUWRBDSWBGQWHJUDWBHRGH GW V LFIRQ W H[W V
UHVSRQGLQJ WR ERWK HQYLURQPHQWDO FRQFHUQV DQG HYROY



BLdpe Ao

7KHPDWHVLVDWEBPYHORSMIGEVRMHERW/LPLWBRELQUDHERPSRQHQW
EXWDEHD GDSWHE RWXHXEVWLWRKWNMREP DU OKLUOKHP SDVY.QLWLDC
XVHBQGDWHISOERARI I HDAD @ O W H U O\DKVHIVFSIH UL P B @ WR/Q V WWUKIDWH
WKH VIVWHP UHPDLQV IXQFWLRQDO DFURVV GLIIHUHQW PDW|

7KLY GDSWD KFIXO IMMWWVIRW K RUJD RUZDVWH EPWDMG U ER ® UEGH
LQFRUSR DIDWRGLIQW\ VW MPRI HV S RS L | | H UBIRFEY® L O D E LEKIOMUDHNE
FRQW HR[WB M V LUQW H Q Wl R@M X VW/KRRIP SRV L W KRIDW H & DIDOH W DWW
VWUXFORIIEOQOORTX L GILYWY. QFMDDFWQGHQV R XD O LAH.FHQ RIAD J
WKH FKRVHQ LQSXW

JURPM WHFKQIHD®VS H AWKWXYE VW LVRXROWRIQUUB OXLERIQVLGHWRD WL
IDFWRYFRVSDUWYEPRHRYWXDEHVRUSWQEQQGIFRPSDWLBMY KWV H
GLUHAWOA XHWKH. QIFW RSHURMMWKRDWHU+LRDOHY HUKH[SHULPHQW
FRQGXFIWHGL FYWBVWK N\VWHRVXIILFLHQWQBIE FFRPPRGDXAK

YDULDWLRQV ZLWKRXW FRPSURPLVLQJ LWV RYHUDOO EHKDY|

7KLS/RVLWWRBNW H QIRBOD | L [HIR U P X O DEWIRWDW U D Q VI B D& GV D W
FDE@HUHFRQIL DAFRE CLORQW B WU HVXAWS H SRV VLE LA UWULWYKH U
PDWHUL[BG ULPHQWRWSLRIEQWHJUBRWELRGH UNHY R X UFFB\D Q G LWV

UHOHYDQFH DFURVV GLIIHUHQW VFHQDULRY DQG DSSOLFDWL
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"HVLJIDLW RALKIFR Q WRIIIMK S VR MR § M/U DDWBI® FWDYH Q@ KGBIHY HORSPHQ
RIWKPADWH UWMMNHQVWRDEHL @ISSODHWRDWH WGLHIQQLWKBQRFHVYV
LQFOXGHG D FRQWLQXRXV F\FOH RI PDNLQJ WHVWLQJ DQG HY

7KLYSSURBRKLWWKR®GWVLJIQWWP HG LD BHRW ZHHIP DW VDWW RWHQWLD
DSSOLFDZWHR®HFLVIURQDUGRPBRVLWHRWEQBRIPHPHU WK UR X JK
LWHUDHYSMHLPHQ W B WALIRWH WBLADIDDV/QD F W IVRHALKIX LG LW KBURFHV V
LQIRUPERQVWUDQR®EFYRUWXRWWKHIW L SNDUHVXBWP XQFWDRRQ
PDWHULDO SURSHUWLHY HYROYH VLPXOWDQHRXVO\

%\ZRUNLUUHRWWKKRADWH WWDXEDQGV RHY WEKBURMHRWQIRDFHV
SUDFWLFH XQ8HGVWDRIGILHMLITZ KLFKQRZOHIGWIHQHHGWKUR XJK
PDNLQIKLWQDEMHEHHSBUZDQHVRI WKIHWHODWLREBNWEZSSQREHVV
SHUIRUP DQRH HLQ W H U DFDULR QF X@IKBHR © WRIHAPH U J LD W H UW B D W
GR QRW \HW KDYH VWDQGDUGL]HG XVHV

7KLYURFH\WOMRH TXLDWKLLWKRZFRQWIM QG H UV WIRRKEIDV L $QW K H
GHVLJPBQQRWHY HGWKRKWFRPKNKDWRHDWRQJIJDIHWKQFHUWDLQ\
DO OR XIQH S H FEMHK® Y MRRUAMVD SHKEIH Y H O R S @ BIQIMD W YR X WHI X FW X U
DQGRUEHFRPSHD IRMWKEHVLOQQJIXBFRHW UL BAERVRRUH HV SR QIVQ & H
YHU\ PXFK DGDSWLYH SURFHVYV

$GGLWLRWRINOSRIZRUNLIQBDQB®Y A HLQIRWKHM GRH SURWRW\SLQ
3URWRWXSHWQR®QMVWHSUHVHQWDIWWROWR G X EWW VW RRIGY
LQYHVWLIJDWLQJ PDWHULDO FRQGLWLRQV DQG WHVWLQJ SRWHt

7TKURXUWHUBWR WHR WVKBQWHUYDO
JUDGXDOBNQHEBLONLPXOWDQHRXVO\
UHYHDOLQJ QHZ GLUHFWLRQV IRU XVH

~QVKER QW& HW LR®H U DDAMBPR GR |
LQYHVWLYNXWSERQWKBPSORUIRWLRQ
DOWHUQDRDIWHULGDUHFWLRRON
RXWFRRHWKBURMWRWUHH{WH Q G
EH\RQ®&/KHGHPRQVWUBMRBVHOYHV
FRQWULBXRVEQRD XKBEHUVWRQGLQJ
KRZGHVLFDQHQJDJBHELWRDWHULDO
LQQRYDWLRQ
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7 KHP D W H UWELHDYOH O RISM/& ISV R M IDFOW J Q V
Z L WEKU R D GH.WY F X V WDRUIQUR X QFALUFX O D U
DQGHJIHQHUBGMNLIYBED UW L F XMXIRX\ K
WKMNVHIELR EDDKGE R\gMW L ZOYW H
GHULYHG FRPSRQHQWYV

7KHDGDSWDERIOWWH DWHUVDWOWHP
VXSSRUFWWFXOWUDW HY IDHOWO R ZW®& H
LQFRUSR BDORRIDYD\L ODEWHULBR® V
WU D Q VILURIARKP SVRRITHEHPRQVWUDW|
KRZWKNW\VWHPD QUHVSRWBUHVRXUFH
DYDLOD WXJIUWVWLKS R W H QXALHRO
DJULF X O WHKWIDGORH\R W K HRW J D QE.\F
SURGXFWNVOH[LEHQEWXUIIRADOL]HG
SURGXF \WRREQI OWKDFMD QHYH @ H G X FH
WUDQVSRUWBWREBR@G/ XSSRRRDWH[W
VSHFLILF VROXWLRQV

YURPD UHJHQHUSMULYSIH FWK KR |

R U J D QALIFW WIHUW U R GW R 5\R W H Q MRIUD O
PDWH UMDKDWMD QUHLQWH LQBWRBW X UD O
F\IFOPWKHQ®RIWKHQUIHKLOHKUWKHU
WHVVWRGEGHTXLWREVWOHIUDGDWLR
SURF H\L\GBIN W DVIK®ID W H DD D 8 BR\L Q W V
WRZD WK LLWKR ZGXUDE D@@WIHVSDQ
DUBSSURDRKMWGEHNLIQ&RZGHVLIQ
FDQFUHDWHDQLQJREMH FWR/D QR W
QHFHVVDDMIRQH XD U K QW H J ULDQVHRG
VSHFLILF PRPHQWY RU FRQWH[WV R

—QWKDAD\ WKILSWRMHARGQVEXWWN D Q
RQJR LWDHW K L @NALODW H $ UDE WZ K HV H
DGDSWDELWQMWADERQGWQYLURQPHQW
UHVSRQVLYHQHVV DUH NH\ FRQVLGH

LW KWELWD P HZ RUKRHD W H BRISIH@ DDWH V
D SODWIRRBH[SORURRUH XVWDLQDEC
PDWHULDO HFRV\VWHPV
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7KHGHYHOR SRIMXRD W H W MWFEDR VAHROQ Q H FVWRM IGH. H BIG-<PDWHUEZRBWYH
GHVLJQHUWD GH U HEWMRKD ¥ X EV W D\Y RH ¥ DMWKHRAP DW H WL DWW HPK/L V
DSSURBER OO HRIHWH Q W.IQRXXD/W/WR B R FEMER/Q Q JRQW H GBI OR S P H
FORVHU WR WKH VFDOH RI WKH GHVLJQHU

LW K MK ISW R M MWAKWD W H WMDWOR G X MHKAJ R D€ H V VISLEROAHH VW K TBVRQ R W
GHSHR®®KLIKOSHFLD GIIPHE P QWK VH D2 DWHUHD ©MOND L O DEKOLH
FUHDR/SS/R U W XIGRIMWHICH VS U R GIX 6 IVE 65QQ\UL J HRBBIL P HDIWDKQ G G D S W
W KPD W H DEFQ U GUWIH FIQIH A ®Y E R QW H{VDW H V WORBIL V W L ERHWLARHH C
PDWHULDO SURGXFWLRQ DQG SURGXFW GHVLJQ EHFRPHV OHV

7KLNFFHVVLUEQ WKW S RDWR/U H
SDUWLFLBQG®RWW ULEXSWRD F K
ZKHUMQRZOHBI@EHVKDUBQG
UHLQW H USRHRG/HAG H URHREMW H [ W V
7KHPDWH WLD® WM P D LRSH QY R
YDULDW DRQ ZGIQJH URDQWF R P H V
WR HPHUJH IURP D VKDUHG EL

7KLDSSUR DPRFR QW U L BHRWKHY
GHYHORSRH@WFNQYR Z O H @M
XQGHUVWILOBXIQWWK URGIKUHFW
PDQLSXODWLBRQG UHSHDWHC
H[SHULPHQWDWLRQ

6NLOEBQODSVMHRS RU W QREQPMWV HU L D ¢
EHKDYDRIMDFTXLWHRIUHVVLYF
RIWHQ WKURXJK WULDO DQG +

$VD UHV XOKWID W H F DJQWHWD F HV
RIWKBURFHMYRIWKHQGLYLGXI
ZKRSURGXEMGHL QIR WFA@RVH U
FRQQHFWHRQ@HMINLQIHDUQLQ.
DQG DXWKRUVKLS
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TKHPDLOLQGRMWKISWWURMARFWW KADWH UMW O$ODULXBRVVLEL®ILWL]
DSSOLFDRWYRED W H UABRD WHWVLDW KPR/ HULRQ V L IIKOMB/Q V L JIIKBARVWK H
UROH RI PDWHULDOV GXULQJ GHVLIJQ GHYHORSPHQW

7 K LS/U R MIHHFWWX Q WHK@IH Y IS R QRADEL R EDR/BIE H Z L REBL VWY BWEF W X U
DQ@®HQVRKDUDFW HAKIWBKL BAH U BIWVSLHYUWHL P H Q WKW\ 8 DEBQH P H G

EDOD EFHW Z HHIQI L DLV LIKW @Y ZPHD L QW D IDQW 8 W XD LV XD O O
H[SUHVWOMHDFWRUJD @QLFS H D U CDQF@N D F W XD L WH ANPEHILQLQJ
DWW ULEKDS®ERQ E\LW\RP SRV LEWXMIRQERW KHR QRADUDLHGBN HU Y HQ W L
DSSOLHG GXULQJ SURFHVVLQJ DQG ILQLVKLQJ

7KHP DWHUZDMISORWHE RBYK UIRHFHP R Q VW UIDOORRUINSB W H QWARL D C
EHWHVWHG RV | HUHROQV L J X U DMD MRRIHADEH L QUL P L WIRG/ L Q JI@B D O
SURG XKW \GH PR Q VW WHW R DABK¥E! U V D WIMOKPE W H LSLIDUON L FIX@ YV O \
DELOWWRSHUDDWIRRGXOBOHPH@WIZAVD EHFRPELQHBQQHFWOIG
UHFRQILJXKU®S SURBPISEVL]BEURD ®HW RHD SS O L F DRMLIKQWV. JKW L
KRZ WKH PDWHULDO FDQ DGDSW WR GLIIHUHQW GHVLJQ FRQ\

%H\RQQGL Y IDE)SIDQA F DWHSRURWOHRGR/ KGIH Y H O R SPPIHRDW H V L\D\@ H P
FDSDEROBFFRPPR G DGALIQUUIK Q @K L\PHD L Q W D L@BR UHW U X F \WEKH H
WUDQVLWRRBPSNERIIHEHHPRQ VW WIKIWNGH \ VW HFP & HD G D S WAHRG
LQFRUSRBUDWRIYW HUHQO ¥ O/IDQIL D WERQWW [ WXQBHQVRXDOLWLH
7KLMOH[LEY®LWAWWKER V VL ER QHW\S R Q &/IRDR FDIDV R X DRHWSHFLILF
GHVLUQWHQVSRR/QW L RVKIP@INVHWMDAVUDQVIHLP®G B S W N E\OWH P
UDWKHU WKDQ D IL[HG IRUPXODWLRQ



~QVLJKW XV HVH V WHYH DIOD/MGU RIPR W L RQIBEG Q V RIQ\ D J H PHIQMK

W KPIDW H USLIDWW L FXOIBD® O 5 O L BVGH Z HPRIQ W H{ IVWW L F LHSB Q WWB H G
VWURGDRIDWWD F KPR QA H F HR/W D BA\CKIHG FADK D 8L H R#M H Z HORJN V
QRWHH®REHSHUPDQRQNW HUPIOU JIDED QDFFHSWR GG L WIKR @
FKDO O HRIHWHQWH[BE BW D RIGKWW ELMLMAHDQ® X JJH WKID\R Q
WUDGL\WDRQLERD@WE BSH U FHIDWMBO X IDEDGIHV L UBBOKER QW H [W
W KPDWH BRIDOVU LERWBW I LQRYLRIQX[XZKHUWHPRVLREPRQQHFWLRQ
PDW H WLOMK HQ VQ BLQAMNT X H @EHHVF\R PRHR U W H O H WIDKQDBH U P D Q HR)WF H
FROQYHQWLRQDO SUHFLRXVQHVV

)L Q D OMK\SIU R MKIIFMVK O LD EWR D G/HKW LYV KH R GRHP D W H UZ D@ KG.IQV L J Q
SUD FWIKAHRID W H GIHYG O K$HHGD \Q R WL P SYOM O H FMWRXG IL®WHGHILQHG
IXQFWLRWDFWLYH@WRUPW® GVKDSHWKHGHVLIRURFHWKURXJK
H[SHULPHQW VW U RIRQLERIQU HHFQW D JH P MWD W H WQDOXH QAR GVLRQV
UHODWRRSUPLQWHUDFQMRBSOLFDVQNRZW\ WKH @WYKDSBWSHQG
HQWLRE&®OKPDWHUGH®HO R SPHROFAKLYRVLWPRQYW GIHYHORSPHQW
DWGHVLSQDFWQFWVEARHUMD WHURBBYDWH Q H U DMK RIH @ W' W
H[SDQG WKH VFRSH DQG SRVVLELOLWLHV RI GHVLJQ
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7KHsHYHOR SRICKBY R MHHFQWD & H\ R Q/GH F K QHL[FSIDAR U DEAHLFRR@ LD J
GHHS@&U P D VSIHYUH RID@®H W K R G R OHR[ BLHAWDLOY: ® E BV L J Q L | LSTDURWV

WKBERUNRFXVRGXQGHUVW PQ®HUBHKD Y ERPSRVLWQ®QSOLFDWLF
W K$IU R F HD\OWGRH P D Q GMIKIFK O W L Y B M3 DRVQ. H:QRFUHN L @ I WOKP D W H WWLKDDDW
UHTXLWHRMR HWUDQ®WDE LQWH R @XFHREZBKAW RRP DN L @X HUH
UHV XPRX\Q® B/HU X VK H &LW H P S R&JILDROH Q WLKREDS WBEZHR UN I OREZT X LULQ J
FRQWLQXRXV ZDLWLQJ REVHUYDWLRQ DQG DGMXVWPHQW T

TLHER/ KEV W KIHHWBR HZOQWKQ SUHGLFW R BPIDON M RXAQRBPHKD Y H
HIDFWXWDPHAD\WZLPH@HDUQLRD Y LJIDMWWKK YD U L D EEIHIFLDVH
FHQ WINSBHF MW KSU R F HBWDIW\H W K IDQV W H P SWRX@PBR QWRRX W F R RAHR/H
SURMHFW JUDGXDOO\ VKLIWHG WRZDUGY DFFHSWLQJ DQG ZR

([ WHUQDPWRUXWKVWHPSHUDWXUH
KXPLGDWE U\LPRQ G L VDICRUR/G
ELILPSDRQWKHMWHVXQWVOXHQFLQJ
VW UXFW®WBO KUWOW KHDN SHF WV
ZLEBGIXUWRBGUH\LDMBHR OORZLQJ
FKDSWWKUS\OD\B®LJQL I LLFRO@IQY
VKDSLERWKVKHSURFHBQ GWKH
XQGHUVWDQGLQJ RI WKH PDWHULDO

7KURXJKRWXKMG HY HOR S P\HHOWW U D O
PRPHQWVYJKOLIJRWSIBUW X QRW LHV
LPSURYHPH@WW X UM HUDWRRQ V
LQVWDWRBE DWHUN UR G XA \D DRWQ
IXQJMDOHQWYG HK\GUDRMH\RRR GV
UHY HDKRZSD U O/WHDIRHW K$HUR M H F W
FRXOBDYHEHQHILWHRBP PRUH
FRQWUROOHG GU\LQJ SURFHVVHYV

"RUNZLWKH P D O \SRJ HV H QWRVBQ
VHWIFKDO O HQBR M\ ON H ALKFQEX W
DO VAR O W YW@ DW H U IOB\W U U L HV
VRFLDQGOHJDONLIPDY FHUWDLQ
FRQWHIWWTXLDBG LW HR (RIVOR
IUDPWQGFRPPXQLFDWAMHOHYDQFH
ZLWKLQ D GHVLJQ SURMHFW



7KHS URFHEDWD O \PR UN EGD VW U R/GID RHV R O L WBQEHMWMERUDWR U\ EDV
UHVHDHGEKL UR Q PHIBA\RAWED \G H Y H O lSSHLB D DLW YDLGR P H VWAIFF H
WUDQVIRDPRROSDUWRIUR\EUDEYDQEDNLADYLUR QHWIM
SRL@WMDUOWDPS@RFFXSWHKBSDFB VTXDPHWHUSD UWPPDNL QJ
LW LQFUHDVLQJO\ GLIILFXOW WR PDLQWDLQ RUJDQL]DWLRQ D

ODQDJLWVWR WDL@ED WD O RUXENOD UQKPERWDPS EHFDMPDHRKDOOHQJH
LWVHBOTXLWKGBHYHORSPIBQWWMWKBRXVUESSERMSK\VLFIWRUDJH
DQOGQDO\WUBIFOMSHF LHEFHFOVWHKIHD P S GQHM GWEB HF R P S O HOWH &G
RUGMUWEHVWRUHBDGURFHWKRZWX OVGD DHERXYONZ HHRIDLGU\LQRIWHU
PXOWLBSWWHPWWNQWURGXAWILRQGHU EDVMWGE/MR O YW&IDW SHFW
DOORZLQJ JRRG FRQWURO YLVLELOLW\ DFFHVVLELOLW\ DQG

'"HVSLWKBEVHGRPLQDROVLGBGADRIF HVKHXLGD R FH VXSHUY IS\ORUHEG
FUXFUROMKHUHHGEDRNRYLBREBHQWWH[WH URHWV S H FRAHLOYSHWORJ
UHIUDPKID OO HYDE VGMHMHIRMDWQ EDLQWDLUWHFWKERXIWKEHWRMHFW
7KLWXS S FEKHW D FSHD U W L F IXFODRUDA DFWR Q WAHHK WUGD LARURIWBQ FNHG
LPPHGLDWH GLDORJXH RU VKDUHG UHIOHFWLRQ

)L Q D QMK\S U R MIHRFAW HD VW U RHPR W L FRD@ H F MLVRKHP D W H WMDVCH O |
7KURXSKWRORQHAED JHP HIHVE H W IDQIGRRQWLQKRHVLP HQW WK HR Q
PDWHEHFO PPHR UW KDY XEMRINW XGWYROYE®R P HW KILO\DKO RRV
DI1HFWLRWU \WQD RHVL PHIIRDQYG W W H QW LIRG W D F K € O W FDXELKWV

X QH[SHFUWH G MAMHY W H RWL MBU R F DDV KOIH YRHIOP PHU VU RDX LW R G
GHYHOWKPIDWHUL@PO QVZD\VWKSUR MEHMD FRHR WQ MERXWHDWWLQJ
PDWHULDO EXW DERXW EXLOGLQJ D UHODWLRQVKLS ZLWK LW



) O & GEOA V.
7KHRXWFR RHW K UMWV HDIHKHQIOXHEBFWRBPHHQYLUR QP W HDWED®
UHVRXUFH BRQDWHIRRWWKMR VWLIQLILEBWRDWKFHOLP D@ KLFEK
W KRD W H GIHDY®I O R SW R BMY D RIR Q G X FEAHGZ HISQ LO DQEBHE U XD U\

W K8 U R MWEDVWQ QIHFAU RIVXYW X PQ @ L Q WLHUW DSOH U L FEGYD U D F W B UKL Bl IG

KXPLGRDYGBUHTXHOQWQ FXKXGIGHR QG LVKIDREGML. U HFPB/DR QN KGHU\LURFHV
RI WKH VDPSOHV RIWHQ SURORQJLQJ GU\LQJ WLPHYV DQG LQ

~ @ GG LWLRR[® H IKXPQ G MWK\HZHHUBIO VR G RARRD G L WAKRQNHIR KHDW L Q
GXULBROGRHRIQW KV H D VDH®R Q W LEIHWW\Z HHIDU® R R X W G RARHUP S H U D W X
VRPHWLREWRUEHOORDGIOHY DMQHCRRHPSHUDWXURKXQGr& 7KLV
FRPELQDWLRQ RI KLJK KXPLGLW\ DQG DUWLILFLDO KHDWLQJ

6 S D WQIDFOL W DD/MDLNRRDIV) B &6 X HU R OTHK F5 U R MADRWH Y HIO®& S W KDLGQR P HV W L
HQYLURQPHQ@WXDRHWBBDUW PHQHUMKBY D L ODSIEHHD \Q RRU L JL Q D (
LQWHQBBOGUJH PDIVHHY DU LP HQ WDNVKPX® ERW DP S QIPFUHDVHC
UHDFKVEBYHKEQGUHGWKBDANZRUNVSBHRBDWRPSDRWJIDQL]DW|
DFFHVVLEQ@RWWN I R ZL FR\HTK HF RH [ L V WRII@REHN ID@QUE R UN LIQD FW LR ¢
ZLWKMIQADPMSDEIQWUR OGFGIGVERQP W UPD QWNVFX@D QO LGQU\L Q J
DUHDV DQG VWRUDJH

0D W H DIQDEH V R XYBIL O D K UGMKWLD X H QY RHER RHW KH[SHULPHQ WO @ L
PDWHUZBOMHOI | XQAXHGIKP SRV BGP L W DRAQWRKIAX D Q WDLOMX D U L R W\
FRPSRQHQWVY WKDW FRXOG EH WHVWHG DV ZHOO DV WKH LQ

(QHUJRRQVXPSWIOR/ERHFDPB OLPLWLQJ
IDFWRIJUW L FIX@ BEOOWBRQLPHWKR GV
&HUWDUWRF HVWXRE W KXW RID IDQVR
DFFHOHUHKXWGUDIH.RRULIL QRWGI\Q G H G
WRXRU[WHQSHGLRGWR KR XUKXW

KDGWREHUHGXFW& KRUVGKUWDWLRQV
DSSUR[LPDWR)OUVG XM R/ KBIVVRFLDWHG

HQH URR VWKLIVG M X V WPLHNBMD M F WHK G

FRQVLVWHQF\ DQG FRPSDUDELOLW\ Rl VRPH UHVXOWYV

7KHVOL P LW DU R Q MIKERR Q G L WKIGREHW
ZKLPMKUBHYVHDADPRR QG XFIWHSSUR Y L G H
FRQWH{ W KPIDW H WRXDAF RP K OWK H\
LQWURGKREGW UDMLIQIE @ VIRH | O MR
UHDOLRN LG HSHQ®RQ WO VWIDWHULDO
GHYHORSPHBWUHHQYLURQPHRQ@W® O
UH VR XIDFAV R UKQ K H U H@QWGI\U WZALVOK G
W KGHVLIQRFHBQ &L JK O WKV R UMRY
RXWFRPH WKHP
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%H\RQWGKBSSOLFDHYSRAWHG R X\WKE HP R Q VW UW MPROUWVH SIUDHY H Q W V
SRWHQWUROW IGHHY HORSWHQ R FRQWURNDOHGRILROURSHUWLHV
DGMXVWDODPHWMNBRVFRPSRVLWLREGNQOBYU\LERQGLWLWRYYV
SRVVLW@&EHKDQFKDUDFW HXPRNVUE YL GOWMYLE VXUWMMWH[WRQE RU
VW U X F W B U D\OMSDOQARW K & Ul | H URILOW @RIUEDVWH EPBDWGE UEROEE
LQWHJUDWHG LQ WKH VI\VWHP DV WKH PDLQ ILOOHU JHQHUDW

$G G LW L RADHRDON H FIRIXAEGH [SO R WBFRR P E L Q DXLVIRQV K ¥\W W HPQ G
IDEULFDPMMRKR GW D\ E HIQ W H J U Z WWMEH [ WWMDBIX F WHPLEHI\G GZHLGN K L Q
IOH[LEREVWURWRFE L QHGVKL J L MDEO L F DMWHRD LWRHAK L HFPYRHU H
UHSHDWIHRPH W 2 K HEPHL Q W D LIQWRIDIW H WIGHID VBRW V L E L\DX R4 V
FDVWL@WROGYD\HUR@®YVHPEOQE® UYVXW IDBBSG D Q HOM J HIVQV
H[SDQVLRQ EH\RQG VPDOO VFDOH HOHPHQWYV

'LWKWKEWRDGUDP HZ RUKH
P D W H DLODVER L QWR/Z D PRV H
LQGLYLGXDDOQLGHERG\ UHODWHG
DSSOLFDWARRIQDQHRPHWULHYV
RIWHOHVHPEBHPWVVRFLDWHG
ZLWEKR GDGRUQPHWRONEMILQJV
RUSLHUF LIQU®L F DDASLRMW HQWLDO
IRKLIKPXVWRPIEJRIG\ VSHFLILF
SLHFHV

~QVKNV¥ HQDWKRID W H FRX® G
EHVKDSHXA. UHAW®XRIDUDEOH
IRUPVDOORZHD®FKSLHFWR
HPHUJH DV D XQLTXH DUWLIDFW

7KH\WSHR V VL E LWOHLVQL RWKBHD G H U V W B QAGKERPINV H DMD@R SHRQEYROYLQJ
V\VW HP W MHKUDOL [ HREX W F RPWAD S D AL B/G D B WU RAMPDH S U R F H VIVOI®
OHYRBEXVWRP LW KRQIMWE W H QURLD-OU BRWKH[SIULPHERQWH[WV
DQGAQPRUMEHILQBISSOLFDWQRIQWHQVIWKRDWHUHBDLQQYKHUHQWO!
XQILQLVIKHAWRQW L QXRSOR U D/QLERPL QW H U S Z HW DM RHV L J Q
VEFHQDULRYV
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) LIXWH S &RWN+ RXVH LOWB@MRQ |RUO LOQ' HMJIQ: HHN 6RXUAH 3HUWRQDCDURKLYH

) LIXUH S BRXUH / LIKWIHGEWMGIRY * HWY -P DIHV YID 3LOWMUHW

) LIXUH S BRXUAH 3LOWMUHWW

) LIXWH S BRXUAH 3LOWUHW

) LIXUH S 6RXURH / RHQ DWP DQQ -QWIJ LDP

) LIXWH S VAMSV | RUP DWUDOGUYHQ GHMIQ SLIRFHW — 6RXUAH . DUDQD HADO 0 DMUDO  UYHQ
"HWQ O0'' $0 HMRGWR' HWIQIRUO DWAUD [ SHUHQRHV

) LIXWH S KHP S SRZ GHU P [[ W(LHDQG FRMRQ  6RXURH 3HWRQDCDURKLYH

) LIXWUH S I EXVADWRQ Rl WH FDQQDELY SOQW  6RXUAH $ BV GH SRAKH GHV SOQMV GHY FKDP SV GHV
SWILHY HWGHV ERLY

) LIXWH S KHP SRIO  6RXUAH &RXQWI 9MVBP 1QV

) LIXUH S KHP S SDQQHO  6RXUPH 0 DWAUDO MMPW

) LIXUH S KHP SFRUG  B6RXUFH 6X@R ' UHDP WP HBEVRAN3KRWRV YID 3.OMUHW

) LIXUH S KHP SFHM  6RXUAH ' HHHQ

) LIXWH S KHP S ZRINHWY/IQYRBIQD  6RXUFH 91D 6P HID@LO XVHR GHID &LYIOW &RQEGIQD  6DQ
0 DUQR GLUHQWRIMR %2

) LIXWH S KHP S ZRUHWY/IQYRBIQD  6RXUFH 91D 6P HD@LO XVHR GHID &LYIOW &RQEGIQD 6DQ
0 DUQR GLUHOWRIMR %2

) LIXWH S KHP S ZRUHW/IQYRBIQD  6RXUFH 91D 6P HID@LO XVHR GHID &LYIOW &RQEGIQD  6DQ
0 DUQR GLUHQWRIMR %2

) LIXUH S KHP S ZRUHWY/IQYRBIQD  6RXUFH 91D 6P HID@LO XVHR GHID &LYIOW &RQEGIQD 6DQ
0 DUQR GLUHOWRIAR %2

) LIXUH S / HMAUILRP 3UQFH5HIHQW RP -RYRWR9IFHR ' RP ) HUQDQGR -Rk Rl 3RUMJIDO/ IVERQ
XO 6RXUFH %4.D] LIDQ 6VIWM 6 HRUVIBUDW

) LIXWH S P DIHVRI KHP S SOQMMRQVE) - . QUKW 3HUQLFRP SDQ  6RXUAH GD5RVD / 1QDQ

) LIXUH S

) LIXUH S 1 HZ VSDSHUDUAF®I ILRP 2 * ®RER BRXUAH -XQRU( @V -RVHP DU GH2 @Q/HLD

YHODUEOD SRVD %DIERVD 0 DUD
) LIXWH S LOMAMMWRORI FRITHHEHDQV  6RXUAH 31QWUHW
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