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'"HSDUWPHQW RI *HRORJ\ )DFXOW\ Rl 6FLHQFH <D]G 8QLYHUVLW\ <D]¢(
'"HSDUWPHQW RI &LYLO (QJLQHHULQJ )DFXOW\ RI (QJLQHHULQJ <D]G 8QLY
"HSDUWPHQW RI &L Y B (Y HWH MU LRI FKIGRIOARYI\ 7HKUDQ ,UDQ

SHFHLYRG HEP U UHFHLYHG L QDQEKYLIMHIGF FRISWHHE® XD U\

. H\ZR $EVW
2LO OHDNDJH FDXVHV VRLO FRQWDPLQDWLRQ DQG LQGC
&RQWDPLQDWH®WBRKDYLFDO SURSHUWLHVY RI VRLOV ,Q DUHDV FRQWDPL
WKH LPSOHPHQWDWLRQURIT RGWMIHIDRL RBW UR@/ LDRYBY SUHG |
*DVROLQH EHKDYLRU LQ WKH H[LVWLQJ FRQGLWLRQV ,Q WKLV UHVH
E\ JDVROLQH REWDLQHG IURP WKH 1DWLRQDO 2LO &RPSD
JULFWLRQ $QJOWR LQYHVWLIDWH WKH HIIHFW RI FRQWDPQ@DQWYHRQ Wk
VDQG ,Q RUGHU WR H[DPLQH WKH JHRWHFKQLFDO FKI
&RKHVLRQ FRPSDFWLRQ XQGUDLQHG WULD[LDO &8 DQG FRQVROLG
FDUULHG RXW RQ WKH VDPSOHV RI FOHDQDWRLO DQG F
&RPSUHYYWRR JDVROLQH 7KH UHVXOWV REWDLQHG VKRZ WKDW DGGHG
FRQWHQW DQG LQFUHDVHV WKH PD[LPXP GU\ GHQVLW\ ¢
WULD[LDO WHVW WKH DPRXQW RI IULFWEBGD/®JIEH DQG \
DQG ZLWK LQFUHDVLQJ FRQWDPLQDWLRQ XS WR UH
VRLO VDPSOH )XUWKHUPRUH DGGLQJ JDVROLQH VLJIQLIL
FRPSUHVVLRQ LQGH]

,QWURGXFWLRQ

&RQWD@WY DUH GLYLGHA LDQEHARZR YWHBHVSWRSRYV HG VPR VBKKRIE W
DQG LQRAKIHD QUAJLQ RI RUDIQWVFVRRQ@WERW. QVR P HWR PRV DRINOK H

LV K\GURFRUBDRERRWD PLQDWQAR Q- RQWH O HUDMIL@R QEH U K G X@IHK G
FDXVHG BHWNKMIH RI RLO FRPSRHMBIGD/QLERP DQG SK\VWLFDO SURSFH
UHVHUYRGUWUDQVPLVVLRQ OLQWRKH\RAR QWBHINSHBRME®WRKDQJH LQ
DFFLGHERVH OHOM®PHAGY RQ WKKHHQJLQHHULQJ SURSHUWLHV I
FROQWRMDIDG VRKDUDFWHU@VWVROD\HFWDKX OHDG WR D ORVV LQ
3HQHWUDWLRQ RQVRVRRE RQWIHP LRKD SDFLW\ DQG DQ LQFUHDVH LQ W
WKH VWU X D/QEKH V MFLDFOA oKD L F DIAHWW O HPHQWY RI WKH IRXQGDWL]
SURSHUW L H V DRF GMKHD \DRILGV VXFKRDVWKLY BWUIS\R VHV \LIGOM\@WIKGN W R
FRQWDPRQDWRRQGZDWH@ARIVRXHIRHW Rl SROOXWDQWV RQ WKH
SURPLOMOMFMOMD UGLQJ FRQWDPLRIDWREOWBRIYAVQ DQG> @KD YH
DUFHRQWDPWQYDWNEBLVVLRQ DQG BRQ®XANMGFDIDLDO WHVWV RQ
SURSHU@BRWWDPLQDWH S XWR.LDNGEIFR GBWD P L Q D W HBK A XIDHREYOWD\Q B G
IURRLO FRPSRMXUFRMK VRPHXPKWEKQGNED W KD W LWKHU WKH DPRXQV
DELRORJLFDO \SRRAO X BADKIW JG H FRIGADWRIERTD WKH ORZHU WKH DQ.
DQG YDFXXP RI[VEBRDOWWOB®WY | UIRR AVRILIKIR DY KGHQVH VDPSOHYV

E&RUUHVSRQGLQJ DXWKRU PRNKWDUL#\D]G DF LU 0 ORNKWDUL
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OHHEG® DQG 5DW@REMHUVEBHWKH FRQWDPEEDWHEWDJ@ (VWDEWDJK
FRPSUHVRLELQ@IDWORIOV ZLWK ORD DBRBVWVHVVHG WKH PHFKDQLFLE
KLJK SOMDQELFIROWDPLQBS RSO ZARMKV BSERQDWHG FODQ&LWRK

DQG JO\AHILIQQ GWHKIBRWISUHVVLEUOLMHURO D QTK HVDIGHEGR W\ R M/
FRXBH HW H U P WQSHG\ VEEKRIPLFDO DIQBVHUQDO IULFWLRQ GIHEG HPR PISL
PHFKDQDBBQWKURXJK FRPSDULXRIDRFEAHDRHOLBOR QWIDKRH QBIWX R QY V
QXPHULFDO 946WRYGID\BMWAKIDXYH WKH VWOOEHELD @ EK\D BHB Q I G P
LQYHVWULEBWHIGHFW RIKWWLPHQ RWKKDW L QG UMDNIRIBWO P LL@D WQ R Q
SDUDPHWHHVRRIOQPUXBL Q DIVHEE WIRQA® VKGXFH DO VWUHQJW®G IULF
LQGHEDWKDW KNMDBSEWV RQFUHBFRKWWILRK Rl S RODPHVK A BLWIRR O
WLPH GLI® \MROLRRU D > @KDYHQYHVWLIDWHG WKH HII
& KR XHMD D @K D LK) Y H W\® L\MIKMHFEIW ~ FR QW VRIR@IY R RWHFKQLFDO SURS
FUXBHRQ WKH SKHWALFRDO PHFKBQBWD®G VDQG\ VRDO\D Q& RI30
DQEHRWHFKQLFDO SURSHUKH HV VDIP SSRGS O D B GHRVIGEK D F KHWH
UHV X OMY RN S GIDRDMY LQFUHD VIUGHV ROWG/HR | W K\M K\DWX B U NG R ZRHLED
RLO XS OWRERQQFUH@WYHLFWLRQ D@K®HSHUPHDELOLWWH RBOYIBIGPWP R
DQG VKHD U KK WHUMRKMFRUGI@ VHPD[LPXP GU\ VS H R LLPOKDMADXYG. MHG
VW UHQRWWKH HIlHWWXHRD RIOR RQUWRLORZIHHU WKH HITHFW RQWVWH LYV S
RI JUDLYKW QGEFUHDVH LQ WKH & KW \WOQPAMKE 5 IVZ BIBQENNH X\DLQRSU P
WKHP FDXVM®RIEQOP FRYHULQJ VBKIS HHR®OWKH W\SE &YRIKEGLQJ
JUDIDQQ®@/ KHU FILRALDDJ D GHQVHU FWUKH VRX OHUHGRFHY GR LQFUHD V|
DQ&®LJKMKHDU VWBHBYWKIKHU DQJBGRZHYHWK#QDQG 63 VRLOV |
DPRXQMWXBH RLWKMHDAFNWUHQJWIKFIVQRQ DY JDOIWKREBKEH LV QF
VW U HSODWIKP H @ HUG/G LR\DLUR PXP GUVFHILF DQG X QLI RUWHPY MROB QWONIXE \F
GHQVLW\ UHPDLQHG WRRQVWDBEW(YJDQG '®P@WKMULD[LDO WHVW
FRQWD P IDQDGVWK® RSWLPXP PRLYRQGKFRRERGYDRLQDWHG DQG FC
UHGXRH®RMH HRUHQWEKHU SHUFHQW®G H V7 IRH REMAMXN.AMBGFDWHG WKD!
FRQW D P D) B UWMLRFUW HIDQKFHGH RLO VDWXUDWLRQ ZLWK PRWRU RLO VL
UHGGERMWRUDPIWHMRYSHHW PHDELOQUWRWLRQ DQJOH RI ERWKDGBQVH
Rl FRQ@MDIWHG VRIG FRHPSWHDNGH LW LILFD QMW® \Y ROKPHIWILF VW UL
WKDW RI YLUJLQ VRLO DOVR LQGLFDMMHGHWHKBRRYK DQDO
5DKPDQ HWKD®MWXGLHG WKH HIWRWWRIRRMILQJ VHWWOHPHQW LQF
FRQWD P R@D WILRWY K N/ RIHB/E\® VIMQ HBR QW DPLQDWLRQ

LQGHBED WKI&Y G U DLKQHDQUYWEK DQEFFRUGLQJ WR WKH OLWBIQOWXU
SHUPHDELOLWVL@HOBHEUNMMK HLQHQYLURQPHQW D & K DSQIRHK BVHPLVO
DPRXQW RI FRQWILPICADI LIRWG JHFRRUHRFX QEB RS HU W LW YK WWXIHKQ JBAK
> @KDYIHQYHVAV IWRMW HHIIHFW RI PSFOURPHRLHUY DQG SK\RILFDROLBKD L
FRQWDPLQODWWHRIQ GRRIGOV 7KH UHRXBWMNUZ VWXGLHV KDY HQE MHKQ WD
RE W DIQRIGH GWWKKL\WD [LD O VW U H Q IMHOR W WH FE B HMHKQHWH I THFW R1 JD VI
VDPSOHV GHAWHDQAJHDVH LQIL@WBLQHG VIDOAWHE/MIR GHWHUP
FROODPLQBWWRIQQWBD AL DQG (EMKWBHRWHFKQLFDO SURSHUWLHYV
> GKDWHVXGLHG WKH HIITHMW RRY) EH®DPR. QWP QW D P L QDWH®/ DR L
ROWKHRWHFKQLFDO SURDHIOWMGARP KU HY QHE L O LS\D UDPG W WWW Q J W K
VRLONKH U H\REWNDMLAHIH BD WK

LQFUHDVLQJ WKH D P R)G®\W URIDVRIGWMPH. QDD Q QG PHWKR GV
WKRSWLPXP PRLVWXUHBEBXQEHQW 6RLO

/HEH @XDYVYHOVR SHUIRUPHG VRPH VKMHKGLRIVOR W MAKWMHG EZRUBMDKLY Ut
HITHFW FEILRBQ AW WA HRIQU VIVQUGH Q J WQHJ D L\DH@E W DILRPGSD UW RI <D]G
SHUPHDELOLW)\ RIKRDE@EDWRYRHBURYLERMGHEDYDZKUH VKRZV W
VWQIJWK DQG SHUPHDE2WKWUY Hs MFUUDHDWINHRIE FDIWHBER LU FWDHQUA. VW L
UHVHDKBKFRQGXFWHG D WHUWIDHY WK MR UG F WD6FRAL@H JUDGHWHBUPLQLQ
DQG XQGUDLQHWHWWID[RQO FRRMBIWBLQHG DQILQHEBH SDUWV R
RLIKRQWDPLQDWHKGU NDXREWD LQHBQG RWKHU SK\WLFYO SHRIRH P H (
LQGLFEDWKBMKNWUHQJIJWK SDUDPXWIQUAD V@]H DQDQ® K\GURIPH W
FRQWDPLQGMWHGZYRHGBFUHDVH LQ$SBVIOH > @
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JLIXUH (IWUDFWLRQ DUHD JHRQODFRUILTF VFERIODHWHULVWLF)

&RQWDPLQDWLRQ VLIQLILFD @WK LIRYPHQW ERWK
*DVROLQH D WUDQVSDUHQW OLAXLGVPRJ GHQGYHOGRBER®PO\ H J
SHWUROHXP DQG XVHG PDLQO\ FID\. FID WEHODWYRVERQWNMU WKH HQY
LJQLWHG LQWHUQDO FRPEXVWLRQSHRQJRQHYLT, X GV Q@ BUIJHOIMHQW
FRPSRVHG RI RUJD@HUERKPS RWRSNOFOMYW RUDJH WDQNV  KDQGC
SHWUROHXP WKURXJK IDRBWLRGSDAGEEW!.RQY NMIMREDOS Y HU®
HQKDQFHG XVLQJ GLIIHUHQW DGEMMKRANSH R SHURMDMIRGIRY H
FRQVXPHG E\ LQWHUQDO FRPEXVWLRQ HQJLQHV

7DEOH THFKQLFDO VSHFLILFDWLRQV RI JDVROLQH

YLUH : 3RXU | "HQV YODVK +\GURFDUE|
( ( NJ P ( & &
$670 VWD $670 ' $670 ° ' $670 ° $670 °
7HVOVQSUH S D UDIWAIRRE O H V GLVWLOOHG ZDWHU DQ\G LLW G3HQ R+

7KH VDPSOHV XWMHAAVYKE® PIJEG ZDWKS$670

JDVROMXH DPRXQW RDQGE\

ZHLIKW RUXRBE® G PDLQQY DLIQH & RLO_Y

IRU KVIDAWELHQW WHPSHUDWXUH U *“ f&

DQG LQ D FRORWMHGERHU Q\ORQ WR DOORZ

FKHPLFDO UHDFWLRQV DQG XQUAROBPHGLVWULEXWLRQ RI
FRQWWVRIEDW BURFHVVLQJ WK@& VWBPXQHW ZHLIJKW RI VRLO VROLGV |
WKH H[SHUL MHFQWDODFPRMGR OLGDW HXQLW ZHLIJKW RI ZDWHU

X QG U DV Q HIE) QOG0 F R Q V RVCH\GAWHL R Q

SHUIRUPHG WR HYDOXDWH WKH JHRAMRIRSRGWHNAY SURSHUWLHYV

Rl WKH EQRWHIBF FRUGLQJ WR WKHHBe/MDQGDUG SURFWRUWKHYW 2

VWDQGO®UG FRQWDPLQDWHG DQG FOHDQ VR
$670' VWDQGD@MGETR SHUIRUP Wi
6SHFUJIWBYLW\ RI VRLO FRPSDFWLRQ WHVW EDVHG RQ WKF

7KH VSHFLILF JUDYLW\ RI D JLYHQPRM®DWH U LG KNVGEH LOUHFPHW HU D
DV WKH UDWLR RI WKH ZHMWIKHN RIR®XPHHEDAR OXPRHR ZLWK WKUHF
PDWHULDO WR WKH ZHLJKW RI VD® SIPHX D@ FKR ORPHURIDYV GRPSUH
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KDPPHU GURSSHG IURP D GLVWDQFH RI  LQFKHV IRU
WLPHX@®WRUP UDWH RI DERXW >8HU culs g

6XEVHTXWRGAUO\GHOQVLW\ DQG WKH ARLEVWXUH

FROWHQWRI WKH \RERSIDEMHHIG

FDOFXODWHG $IWHUZDUGYV WK#K/%‘%‘%VOWQWQK)WFR—HG\M_%EJXQDPSOH

WUD\ JULQGHGRVEGWWARKXO[HEDWKH WKLERREVFWHGLRD LDOV

WKURXJK D QXPEHU VLHYH D WWFHLYHG DV PXFK

ZDWHU BY WKH RULJLQDO VDPsSO W BB DWRERPSAKN LV ISODIFHG

SURFHGXUH ZDV U@®ODWHW kMz2E xRl DO FRE WIDLVRXHLD WHQGZL WK

FRQWHQW DQG GU\ GHQVLW\SRY Fp s o} WAL AP S O H V

FDOFXODWHG DQG FRPSDFWLRQ YUty RQ SR WHIFS, DR WO Y E J

FRQWHQW  YHUVXV GU\ GHQVLW MW Bypl@G N3D)LQDOON "Wk
VDPSOH LUWREBQWE®DQW VWUDLQ |

7ULDMBOW PLQOWMHQ G O@IVGF R QW L QHG VXOP\E O Gl

7R VWXWKFKD QJHWKM&HDU VWUHPR/IR™KERW WROHUDWH FRB®EHWHOR
SDUDPHWMWHARRWDPLQDWRRBH VRXeWXUH
XQGUDWQHGEBDONHVWY ZHUH SHUIRUPHG

EDVH® HRE7 0’ VW D @ G@TKG &RQVROLBDW LRQ W
WOPSQ@HMWH SUHSDUSIGHER PRWBRzZRWRY BHIR YW VWLIDWH LMDKHV K- KD (

WKH GLPHQVLRQV RI PP LQ GLDFHRM ONERBIQWR OWEIY W L RV
LQ KHLJKW DQG DOPRVW WKHSR'SURUSME Q/Qﬂg PERDWHG \
SOHYV DFFRUG6EQU

FRQWHQW WR UMNDEW mZpguwmovw YDP WR  WKH
ZRUMWKH RRBSNAVHMRKR GDUWLFXOWRQE@IEH GLDRXGNKHLDKW RIV
IRUP RI ZHW FRPXWH\GYLRQYV PHWHREWHEADBEGKRW PP DQG P
ZDSURS EV HIES GD QG @ HW mOR UHVSHFWLYHO\ 7KH VDPSIOKI ZH!
DFKLHYH DFROSRAVWPRRKQYV PHWKRgWLPXP PRLVWXUH FRQWHQW DQ
HDFK QD\WODWRHZH @RAMUWKKD Q' UDYRRE VDWXUDWHG ZLWK GLVW
WDUJHW7&HMARXQOW RI UHGXFHE FRPS®FwWLRO
LV SSIHWHUPRQBGGHILQHGKH V
SHUFHQW XIHSHRIP S D F WBICR @ K H V%H*VXDOVG\L\DEWVLRQ
DPRXFOWBQ LQ HDF K\OD\HYHB D OL QU
WKH GFAHU WKH ILUVW OD\HU g EARZ EHH me\Qi/SSEéVF
YD OXWIKKGHE SHU DMK UV KH PLQLPX \&H o

REW D DQKIE VW X G L H16Q\DFOLEH & DWD D C
IDQ DSSURSULDMOHIRNEED WK H ik LoD e L mary
ILUVW VOBRHHRBE OHV ZLWK xemmu%?&@*ﬁ%‘? S RHI;?LW“HWW |
EHREWHGELDKH YDOXFAKRIQ BBV QO\ : Q XHV”%QQE nL Q
IURP IRWKHQVH VDPSOHV MR DFEI SR U RG
YHU\ ORRVHQ/BNKPOIRMKRIGLPX P WLBRQG UHVSHFWLYHO\
WKLFNQHVV RI| QFBWHH W GFIPR X @ G -
YDOXH RI 8Q IRU GLIIHUHQW OD&I UYLV GHWHUPLQHG DV
IROORZV

8 8 & ——
Q QM ' '
8oL 8o >—M Q @
KHUH ' DQGDUH WKH SDUWLFOH
ZKHBIQILWK(PQGH—RPSDIS\MUFFQIER\MDJQE UUHVSROQGLODA® ILOHU RO V
HDFK OBMUWVWKMQGHRPSDFWL

SHUFHGRUDWHKH ILUVW oBQmay po[LPRpR? FXUYH UHVSHFEWLYHOL

WKHGHRPSDFWLRQIBHURKRVODMWV OBHHYL Y  3yRSHUWLHV RI WKH VW
XV X D O O \DJRIEHS U HV HRQWD\O VQKIP E HO— RT3y RS 9D ¢
O D\ NMKWKAR EGIGVY HOHMPWHIGGHW HUPLQLQ I
8QL WKH W KRPNSOHFWHELRDMHULD OV g
OB LV @HVEHUWPLOJ WKH IROORZLQJ URODWLROQ
8QLILHG F 6: 6.
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JLIXUHUDGDWXRB®QH RI VRLO

&RPSDRW WHVW PLFURVFRS\ LPDJH Rl WKHKVRLO F
7KHRPSDFWLRQ WHVW R DY SHWWRUBDBGROLQH $V LW FDQ EKHDREVHL
WKH HIJDFMR SR QB X WIHRRP 8QHVVLYMIHDOHG VRLO SRUH VSDFHV DQG F
SURSHUWLHV PIXQPWP Z®WWEW WKLQ ILOP DQG LQ DGGLWLRQ W
RSWLPXP PRLVWMNUNM HEKRBWOW IDFLOLWDWHG WKH VOIDE®J R
XQLW ZHLJKW YHUVXEGZREWU P FR@OW HDOMHGV ®\R EHWWHU GHQVLV
FRQGLWLRQV UHVSHFWLYHO\ OXEURFBWHRW
$FFRUGLQJ WR )LJXUH LQFUHDVLQJ WKH DPRXQW RI
JDVROQOUHDRBELPXP GU\ XQLW ZHLUKWMLDO WHVW
EXW GHFUHDVHG WKH RSWLPXP PRHVWXUHAWRRW HBER® O X WHQUD LRQ
LQFUHDWKH DPRXQW RI FRQWDEH®&DWILRW®Y RDYBLO LV VKRZQ LQ )
WKHUHIRUHMIQHF UHDVYQ VXUIDFHDPRYXHUM RIEYWUHVV LQFUHDVHG Z|
WKH FRQWDPLQDQWK IDJ IS QU RKRA\BURN ZVWK DLQ DQG FRQWLQXHG D
DFWV DV D VWURQJ OXEULFDQW WIMSHI DR UOK MIBKW bl VEHR/ R ENDWEMERL Q\IW
RI SDUWLFOHV PDNLQJ WKHP FREVHUNWRI GIDFW KW KKOWIP®WH V)
UHGXFL QU M KIS C5F HWESHWUAMIFD HVFBQ®WDPLQDWHG VSHFLPHQV ZDV
SRUH YROXPH RI VRID®DRRPXPHTWHKB WBRIWDPLQDWHG VSHFLPHQ L
GU\ XQLW ZHLJKW LV REWDLQHRI ZX®WWLEBEWH PRWIWMRUWK GHFU
FROQWHQW WKDQ LQ QRUPDO FRQEBUWDRRQYJ DRRRWDWKQDWLRQ

C

ORZHU FRQWDPLQDWLRQ )LJIXUHEXFWYRRZEDBRYRZHBRQILQLQJ

Law]
Z | A

N eeeeee =%$9
z s
< —— &OHDQ VRLO
T | *DVROLQH
_— *DVROLQH
—l *
> DVROLQH
[c0)
>

JLIXUH 3ORW RI GU\ XQLW ZHLJKW YHUVXV PRLVWXUH FRQWHQW
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'HYLDWRU\ VWUHVV N3D
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$[LDO VWUDLQ
JLIXUH YwWuUBVY® EHKDYLRU RI XQFRQWDPLQDWHG VRLO
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JLIXUH YwuBvY® EHKDYLRU RI WKH VRLO FRQWDLQLQJ J
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$[LDO VWUDLQ

JLIXUH ewuBvY® EHKDYLRU RI WKH VRLO FRQWDLQLQJ J

JLIXUH S KHMHOMQ MNRRSKH JDVRQUERW LINDH/@®OVQHQ RUJIDQLF |
HITHFEW LY H YWHIBHBRH Y BDWMUXUBLWHKLIK Y L \FRRMOAMRL O S DUMEL F O H
PHDVXUHGNEBWRYSDEM FWQ EH UHGX FWKH IULFWLRQSDEHMMEBHY
VHHQ WKH VORSH RI IDLOXUH Hﬁﬁﬁ QW‘Q%‘%EP%\%\(@%%@K%%UHE
LQFUHDVLQJ FRODKABRLQOMWLRD B KR L O U KRV L
GHFUHDVH LQ WKH IULFWLRQ D @) IS'Q% RN { EH
WKH DPRXQW RI FRKHVLRQ UHGYXRW RO L aShiy @ DRUO
GHFUHDVH LQ WKBYVLUGWRE LR ® UM
HOQYHORISHHFWLYH VKHDU VWUH \Kquﬁ WWWHXV\YV[\)/%YEVC/OE\?V?
L@XGLQJ WKH | U LW KHE R @ MB@DOH 2
V DQG V\WR G FIHRL § WDV

DUH SORWWHG LQ BMORENVHUYBQELD | 0% VL S XU h DGGLO Y
J)LIXUH WKH 1ULF@DRQID@BWHR QRIS S )oYl o 0P8
FR QW VR REOIMNPER X Q WO®ID SIRD G

N IRY FOHDQ VRLO UHIGIXFHG E\
WKH DG GIDV RR® GBFKH [ULFWLRQ IR WkH VRLO ZLwK VR
7KH ITULFWLRQXDE RMAV B P MENMA H 3

G HJ WDHHH G X F HGU H D BK CXFRMIROLRQ FDQ EH DWWU

BITHEW R! JDVROLQDIL QB GVKBHUM QA

GHJUHRY WRWDPLQDWHG VRL K
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BHWVDAHMRH JDVROLQH PROHFXOWXH QV@HPHG RS DWKH FDRWEKH FRQ
ZDWHU DURXQG FOD\ SDUWLFOHYHDWY R® HR B | WKKHUMHIBXFRQRQ LQ V
IRU WKH UHGXFWLRQ LQ FRKHVIRQ@W DQ QBBQSDBRQ VHTWKEWO\ WK
FDXVHV Rl FOD\ FRKHVLRQ LV WRAHVRKOIBDRKHWHRYLBQPRODU UHYV X
ZDWHU PROHFXOHV 1ODWKH FLOFWGEHRRPDQHHW DO >LJ@ WHIGRW.KQH HHY
JDVROLQHVPRDHUIEXDHY VXUIDFHRWHOQYEGRQRLWKRIQ FOD\ ORWKHR Y HL
SUHVHQFH RI JDVROLQH PROHFXWKGLHYREBGI RUKPH G ED\OHKGL]DC
UHGXFHV WKH FRKHVLRQ RI FOWKX I DHIVWHFAVO HRM WROVR®HVDQG\ VR
HIWHQW ,Q DGGLWLRQ WKH U H®DRW\LIRIEEF DWKHE WSKIFWILRL O FD X
VXUIDFH DUHD RI FOD\ DQG FDWWREA RRMHDQRR FRIS BODWHR RDWKG LWL
GXH WR WKH SUIHYH @RI HRF XIDN\RMWRXLHE VRLOV ZKHUH RLO LQFU

-
’:,".:." ... &OHDQ 6RLO
-
6RLO RL
O

N3D

'"HIUHH

JLIXUH $VVHVVPHQW RI VKHDU VWUHQJWK SDUDPHWHUYV RI VDPS

N
\. o

JULFWLRQ DQJOH

*DVROLQH FRQWHQW

JULFWLRQDO DQJOH DV D JIXDFGRE QW DRPILY R W LISRHQU FHQW D J

=
[
X
&RKHVLRQ N3P

*DVROLQH FRQWHQW
YLIXUH &RKHVLRQ DV D IXQFWDRREGRQMKP SOIDWHRQDJIH RI
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&RQVROLGDWLRQ *LYHQ WKDW WKH YLVFRVLW\ RI JC
7KH FRQV RH) 8 & D WRHR@VD W V WKPW RI ZDWHU DGGLQJ WKLV SR

SUHVHQWHG LWW‘HD(F@]‘GLDDUDPVZDWHU | D/RLFSLONHD MRS DFWLRQ
HVHQWY WKH FKDQJHV
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$BDOD@ 7 KENHQRPHIOREH DWWU g Rl FROWDPLODWLRO. DO
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&RQFOXVLRQ XQGUDLQH® Q\GU IFR[Q B BMW. GHDUAHL R Q
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SURSHUWLHYUQRHG | \MDMRA\DK H IROORZV

FRQWDPLQOMAH®HAMH ZSUHB@®HG x %\ LQFUHDVLQJ WKH DPF
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Rl JDVROLQH DQG &RBDFWLRQKLJKO\ YOIUFWNR@FQH DV D YHU\ V
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OX DWW |IDEWEHVDEL. GDUWLFOHWRIRYHORFRQWDPLQDWHG VDQG\ VRLC
HDFK RWKIHW DQGWKH FFROPS\WD ERMOAMRY LRIH *HRUHVRXUFHVSS*HRWHFKQRC
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-RXUQDO RI $SSOLHG 6FLHQFH'
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*HRORJLFDO (QJLQHHULQJ 7HFKQRORJLFDO 5HVHDUFK

>@ (OLVKD7 (ITHFW Rl &UXGH> 8. RDPHKFKL\D&K DU NKDERTGEMLN
&RQWDPLQDWLRQ RQ WKH *HRWHFKQLFDO 3UREHWW IIRHVFRIXERIVRLO FROQ
&OBRLOV RI 1LJHU '"'HOWD 5HJLRQ RjHERWHEKD LFEHF WSWURGIHUWLHY RI FOL
-RXUQDO RI *HRWHFKQLFDO (QJLQHMIL@HHULQJ JHRORJ\
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SURSHUWHHWRRO LO@QUWVQHHULQJ *HRORIWHHQ -HIITHUEHD/QED FKH\ -
&ULWLFDO VWDWH RI VDQGV *HRWHFI

> @$670 $PHULFDQ 6RFLHW\ IRU >7@¥BROQIQ IDNMD H DORREXIHDQG
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3KLODGHOSKLD 3% 3URFHGLD (QJLQHHULQJ
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FKHPLVWU\ (QJILQHHULQJ
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SBHUPHDELOLW\ DQG 6KHDU 6WUHQJ\
SHWUROHXP 5HVHDUWFRHUVLDQ
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