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SNUDLQLDQ )RRGXERXIRQRBVGDVODUFK DUWLFOHYV VKRUW
VFLH@QWIQFWKH UH O QBBOHORWHOGBNXUH UHYLHZV

TRSIFRVWYHUDJH

YRRG HQJ YJRRG QDQRW

JRRG FKHPLVWU\ )JRRG SWRRBHVV

YRRG PLFURELRORJ{FRQRPLFV DQG IPERQRIZIHO B WW U \
3K\WLFDO SURSHUWSXRIRFRRGLRQ RI IRRG SURFHVVHV
YRRG TXDOLW)\ DQG )RRIGIVEDFNDJILQJ

SHULRGRFIWWKH M RXYXPHO \HD U

BHYLHZLQJ D ODQXVFULSWORGUVBXEQWEDWLDYWLFOHYV
SXEOLFDWLRQ LQ 38NUDLQLDEOQRBHIHUBRXHQ@BG EDBHNGRKXE
DFDGHPLFVY DSSRLQWHG E\ WKH (GLWRUV %RDU@RWRQH
DIILOLDWHG WR WKH %RDUG DQG RU WKH 3XEOLVKHU

&RS\UL$KWKRUV VXEPLWWLQJ DDWH RO BWFMWRHGS WRO SE
HOHFWURQLF VWDWBRMY@WRUNRQVLQRMD DQ LQIULQJIJHPHQW
FRS\ULJKW ORMA GHROXLI\ WKH SXEOLVK H W HIDLEDAWL BQ \ DE
LQWHUQDWLRQDO VWD QG D URAMKIDY HD RD GH.R/VS 6 BE D W\EREG J
RWEKRQWULEXW IKRIQ@ HIHDFORPRSWULJKW RI WIRWEKBPALVKHU |

$FDGHPLF HWKLKN SROVRULDO %RDUG RI SWNVUWDLERNOQ

IROORAY LQWHUQDWLRQPOONG DUFRRYDIHHGRIEEEH O DWIKGEL Q J
DFDGHPLF JJRWKBRVGHWDLOV (RQXWRLYRVHH $YRL

SODJLDUIS\CPDJIVYBOLVP DQG RWKHU TXHVWLRQDEOH ZULW
ZULWLQJ" 7KH (GLWRD®GB® QRW UBOVXR QMWMINEXWRUV RI WK
UHDGIBXW @WRIROORZ WKLV JXLGDQFH LQ RUGHU WR DYRLG

JRU)BPO O JXI$@BXIMRWS OHD VRXIHYENVWW H

KWWS XIM KR XD

FFFSNUDLQLDQ )RRG -RXRDPW ,VVXF



8NUDLQLDQ )RRG -RXUQDO

, QWRIDWLRQDWRURDWODG
(GLWREJKLHI
I9DOHULL'OUBQRIDWLRQ DV IBWL RH )RRG BHRIKOQRGIRILHYV
OHPEHUV RI (GLWRULDO ERDUG

/JHOLHYHO'® *®REDO +DUPRQL]BWLRRL DRHMANE WL DB QG V
ODUN 6KDRQWV $V 3%WRDFN 6HD $VVRFLDWLRQ RI )RRG 6FLH
5RPDQLD

3DVFDO 'X$SHMRLYHUVK®M &HUQDUG /LRQ )UDQFH
3RSRYLFL &ULVWL HRKQLFDO 8QLYHUVLW\ RI OROGRYD
6HPLK 2WGHNRI(JH 8QLYHUWMEHW\

6RQEPDULHIBURI 8QLYHUVLW\ UWHIDQ BREDM®WMH RI 6XFHL
6WDQND 'DPIWDRRRIXVH 8QLYHUVLW\ 3$QJDO .DQFKHY  EUIL
%XOJDULD

6WHIDQ 6WHIBQRYLYHUVLW\ RI )RRG 7THFKQRORJLHV %XO.
7HWLDQD' B\BREDWLRQDO 8QLYHUVLW\ RI )RRG 7THFKQROR
7RPDV] % HW QEAMRE [F]HRLY HUVLW\ 3RODQG

9DOHULL 0O\UBQFKERNWLRQDO 8QLYHUVLW\ IRU JRRG 7THFKQ
9LNWRU 6WDEQYNRWBRWLRQDO 8QLYHUVLW\ IRU )RRG 7HFK
9LUJLQLMD -“YUBQRBIQHQLXV 8QLYHUVLW\ /LWKXDQLD
90DGLPUXGDQRYUR%HODUXVLDQ 6WDWH $JUDULDQ 7HFKQ
9RORG\P\U /YDGBR|RZD 6WDWH 8QLYHUVLW\ 86%
<RUGDQND 6WHBRDQRMDVLW\ RI 30RYGLY 3DLVLL +LOHQGD
<XOLYDD]NRU 3UR,IQVW LWXQHD@G R U JRIQH F L @MW\Q *&RV N L L
1DWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH

<XULODY $V 3BFIJHFLQ 8QLYHUVLW\ 3RODQG

ODQDJLQJ (GLWRU

20HNVLL *XEHYLBUWBWLRQDO 8QLYHUVLW\ RI )RRG 7HFKQ

FFFSNUDLQLDQ )RRG -RXRDPW ,VVXHF



&RQWHQWYV
JRF7HFKQI

6YLWOD(C =KH]KHUXQ *DO\(
IXGP\OD %HQGWUVND 1DWDOLLD 1DXPHQNR
AXDOLWDWLYH LQGLFDWRUYV RIVH«RKQ«IODNHV RI IXC

$QDVWDVLD =DERORW

$SODNYMEDNRXOQD]\P 2VSDQNXORYD
ORUSKRORJLFDO FKDUDFWHULVWLFV RI VWDUFK JUD
(XURSHDQ SRWDWR YDULHW&HHV««&RQ@BQXP 7XEHURV .

7DQ\D ,YDQILQD 3RSRYD 1DG

$OEHQD 6WR\DQRYD 6WDQND 'DP\DQRYD

(IWUDFWV IURP SK\VDOLV OHDYHV 3K\VDOLV SHUXY
DSSOLFDWLRQ LQ PHGLELQdk DQG«KRVPHWLFV

6DPHHUD $ 5HJH OHJKD $U
6WUXFWXUWH DHA@DWLRQVKLS RI WDX&MRPHUV RI FXUT

9RORG\P\U <XNDOR 20KD .U
&KDUDFWHULVWLFV RI SURWHRO\WQLFWXIRFMHVVHV G
FDVHLQ SKRYV SKRRS M & ¥keleels K ¥ @ « « « « «

ODNV\P 3BRC20HQD 6KHVWHO

IDWDOLLD <XVFKHQNR 80\DQD .X]P\N

6 XUIDFH PRUSKRORJ\ RI VR\EHDQ SHD ZKH\ SURWH
DQG WKHL W«Xld k M d d Odke « « « « «««««

7DPDUD 1RVHQNR *DQQD ¢
(IHHFW Rl K\GURO\WDRDW PIOQW HRQSWKMWRHO H[WUDFWL
SXPSNL QUREG ¥« « &« KKK LKL L LKL K

7HWLDQD <XGLQD O9LFWRULLD
6XEVWDQWLDWLRQ RI WD LRGSR PRIRG NW R V®IPWL

IUHH(}kg@@«««««««««««««««««««««
%L FKQRORJ\ 0OL«&«&&KKKLL KKK KKK K

7THWLDQD 3LURJ .U

%RJIGDQD *HLFKHQNR 9LNWRU 6WDEQLNRY
$SSOLFDWLRDFRVLWHUVXENWDQFHY SURGXFHG E\ 1RF
1F< < IRU WKH WUHDW R Q¥ «R I« ¥ d&ddHWDEOHV

FFFSNUDLQLDQ )RRG -RXRDPW ,VVXF



6HL6NUR 6HL9R\F /LXGI.KRPH

20JD 9DVVOLXN 9DOHQW\Q 3LGJRUVNI\L

,QIOXHQFH RI QDQRSDUWLFOHY RQ WKH VROYHQWR.
EHLMHULQFNLL&FRVWULGLXP DFHWREXW\OLFXP 1F9

BURFHVVHY PH «««««&«&&«CLK KKK KKK KK

6HUKLL +XOLLHQNR
,QIOXHQFH RI RSHUDWLQJ SUHVVXUH RQ FRQFHQWU
UHVLVWDQFH L« ddi\e RMRR ¥ & &/«

20JD ODIXUHQNR /L¢

'P\WUR .RORPLHWD]ROHQANRQGU

OHWKRG RI WKHUPRPHWULF GHWHUPLQDWLRQ RI WK
RI WKHUPR O Dxke «ReX WcHd kI« [ Q&/« « « « « «

/*XGPLOD 6WUHOFKHQNR ,JRU
,QIOXHQFH RI GLIIHUHQWLDO KHDW WUHDWPHQW RQ
E\ WKH FRQ/KHRWRRQ GLDWLRQ«RKWRG RI GU\LQJ

(FRQRPLFV DQG 1« ««««&&&KKKLKKLK KK

+URUL\ . DOHWQLN 9LWDOLL

<XUL\ 'RYKDQ ODULDQ ODOLFNL

2UJDQL]DWLRQDO EDVLV RI WKH GHYHORSPHQW RI L
SURGXFWYV E\ WKHUANHYVLRIL BE H WMHUGXW SURFHVVI
1HOj; - XUNjQDLW; DL

I[LWKXDQLDQ FDUURW PDUNHW SURGXFWLRQ IRUHL
DQG SULFH WU D Q/RelscMe ¥ ke R Q< { ¥ & KedH\k

FEVW «««&«EKLK KL KKK KL KKK KL KKK « «

,QVWUXFWLR Q& &/« KLLLKKK
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JJJ)RRG 7THFKQ@RDRJ\

AXDOLWDWLYH LQGLFIDWRUHY RI JXOQOEQYLRQDO
SXUSRVH

6YLWODQD =KH]KHUXQ *DO\QD 6
IXGP\OD %HUM®]HUVND 1DWDOLLD 1DXPHQNR

IDWLRQDO 8QLYHUVLWI RI IRRG

$EVWI

-H\ZRUGYV J QWURG XFWHD® UDZ PDWHULDOV DUH DQ LPS
IRRG LQGXVWU\ 7KH UHVHDUFK ZDV FDUULHG R
$FWLYDWLRQ D ZKROH ELRORJLFDOO\ DFWLYDWHG JUDLQ RI F
"KHDW SURGXFWV
ZULWLEDOH ODWHULDOV DGR FR-RXIRB&YIUDLQ PL[HV RI 10
2D WV DQG UMDEH SURGXFWV RQ WKHBUREDWLY ZDVLQ
YODNHV GHWHUPLQHG E\ %LXUHW PHWKRG VWDUFK FRC
)DW ZDV GHWHUPLQHG E\ WKH PHWKRG RI H[k
FKHPLFDOO\ SXUHL @H[ @G 9 XEDWOLQFHRL QLW K
DFWLYLW\ DUH GHWHUPLQHG FRORULPHWULFDC
XVLQJ D WLWULPHWULF PHWKRG 7KH PLFURELF

VDPSOHVY ZHUH GHWHUPLQHG E\ VRZLQJ WKHP V
$UWLFOH KLVWRUGLD
HVXODWS/ GLVFXKMMLRQDOXHQFH RI WHPSHUDW X
SHFEHLYHG GXUDWLRQ Rl FROG FRQGLWLRQLQJ RI JUDLQ
GHWHUPLQHG :LWK FKDQJH Rt WiH DSHU DMK KU H |
SHFFHG LQ UHYAXWBWLRQ RI FR®GKWMRKH FRAEWHQW LQ WKH
IRUP ZDWHROXEOH YLWDPLQY LWEBHDVHWKH\DPRXQW
$EFHSWHG WRFRSKHURO JWRBPWVE\WKH DPRXQW RI VXEVW
YLWDPLQ DFWLYLW\ LQFUHDVHV LQ WLPHV
7KH GEHBGH RI EDVLF SK\VLFDO DQG WHFKQR

&RUUHVSRQGL YDLQ D@QENRVIDQROHSWLF SURSHIURWIKHI\W. WR1 1LQ!
DXWKRU RPSRQHQW FRPSRVLWQRQ@HIDW HQYH DRADIDW HED |

RDWV WR OHDGV WR LQFUHDWR® QLVFRWH BN H
6YLWODQD %D]k@\WKH FROQWHQW RI| KHRDEFHELO@OXOR V HQ FAJHHFDUWHLE

“KH]KHUXOQ PDVV IUDFWLRQ RI ZKHDW JUDLQ WR OHDGV
(PDLO SRUULGJH ZKLFK LV H[SODLQHG E\ WKH KLJKH
/IDQDQHZB # ZKHDW JUDLQ FRIRSFRPG RZQWEWRW K

XNU QHW 7KH GHJUHH RI PDLQWHQDQFH RI WKH GDL

SRSXODWLRQ LQ WKH PDFURQXWULHQWY DW Wi
JUDPV RI IODNHY 1V SIWMWHLEKDUERK¥ G UDWHYV

+ IRRG ItEHUV
7TDNLQJ EQWERWDWKH GDLO\ UHTXLUHPHQW RI
YLWDPLQV J RI IODNHV PL[ DOORZV \RX WR F

(E\ + JE\
7KH WRWDO QX PEWRLRU FRQRQA RI PHVRSKLOLF
IDFXOWRWHYRELF PLFURRUJDQIRVPRLLHY IRHVK
IODBBG DIWHU WKHLU VWRUDHY & BHPRE®EW H[FH
PXVKURRRY SDWKRJHDQEVRIVFDBRWEVHQW
‘2, &RQFOXWILR@RILFDOO\ DFWLYDWHG JUDLQ R
ZKHDW EDUH JUDLQ RDWV DQG WULWLFDOH LV
; FUHDWLRQ RI PL[HV RI IODNHV RI IXQFWLRQDO ¢

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

&HUHDO SURGXFWVLDUH SWODRFPRRQ@GHQ®EBWAL BQ WK H\
FRQWDLQ D QXPEHU RI HVVHIRW LR Y WEHY® AU MY OQ IKKFHAW
RPDQ RUJP@LVRH OHDGLQJ SODFH RI IRRG SHHB®E WRAWV KRQ
JRDO RI WKH WHFKQRORJLVWYV WWKRH IDUF K X9 FM/ LR XBOK MUJ Q
6FLHQWLVWVWKSRWVMWALDWH RQHZS YALFGUMWLRRQDO W\SH)
PDWHULDOV SURFHVVLQJ PHWKRGV IRU L&@SURYLQJ WKH °

'LGH GLVWULEXWLRQ LV DFTXXU NG RELE@B NH\Q /GG HY\R
FRQVXPHUV LQ WKLV W\SH Rl SURGXFWV LV H[SODLQHG E
WLPH DQG WKH EHVW IRRG DQG WDVWH SURSBBMAKHHY LQ
FODVVLF W\SH RI FHWHIR®VRIR LD DAGBIMSIMROR IRDWVKH SURG
IODNHV DSSO\ WKH URZ R#WRW KEKHBDNU HD0U 6 KO WXQG \D O \
EXFNZKHDW @K IZHOOORZV \RXDWRRHUMBPEQRWKAWY LQFUF
IR RY® O X H

2QRI WKH PRVW XVHIXO DQG GHOLFLRXV W\SHV RI FHU
DUH WKH IODNHV RI D VHYHUDO FHUHDOV FRPS@HBRQWH
IDLUO\ VXFFHVVIXO DUH SURGXFWV WKDW %KURYLIGHK HQ WF
RULJLQDO ILOOLQJV ZKLFK LV IU@P W R RI WKH SURGC

7KH OLWHUDWXUH GRHV QRW FRQWDLQ GDWD RQ WKH
ELRORJLFDOO\ DFWLYDWHG JUDLQ RI ZKHDW EDUH JUDLQ

ILWHUDWXUH UHYLHZ

% D EDVH SURGXFW WKDW L VIEDWMM BRIUYW KDHD S UIR® XIFV
DUH JURDWY QRW JURXQG XS )ODNHV SURGXFH IURP WK
FOHDQLQJ RKWHD®BQN@QLQJ

BWXGLHV KDYH IRX QY& RSKDLVR Q) IR XZXRO FRQYDLQV DQG S
FRQWULEXWHV WR UHGXFLQJ WKH ULVN RI GLVHDVHV RI W
WKH ERG\ WKH GHYHORSPHQW RI GLDEHWHV > @ 6XFK L(
ZKROWDLQ SURGOFWXPEHU RI ELRORJLFDOO\ DFWLYH FRI
FRPSRXQGV IRRG ILEHUV > @ WKDW FDQ LQFUHDVH WKH L
LPSURYH WKH DFWLYLW\ Rl WKH JDVWURLQWHVWLQDO \
GHYHOGRSBPRH PHWDEROLF VIQGURPH > @ ,W LV SURYHG
FRQWDLQHG LQ ZKROH JUDLQ SURGXFWV DUH PRUH XVHIX
7KH SHULSKHUDO SDUWV RI WKH JUDLQ WKH VAROHRXO DQG
PRUH YDOXDEOH PLFURQXWULHQWY WKDQ WKH VWDUFK H
OLNH FRPSRXQGV SKHQROLF FRPSRXQGV SK\WRVWHURO
FKDUDFWHUL]HG E\ KLJK ELRORJL FDADK B FSWLRM WL GV@R |, WKL
OD\HU DQG WKH JHUP KDYH D KLJKHU QXWULWLRQDO YDO}
> @

JRRGV RQ WKH EDVLV RI JUDLQ FHUHDOV DUH WKH LPS]
7KH DXWKRUV KDYHKHQFRYWHIDDW RGSWMKRWONLF FRPSRXQG
TXHUFHWLQ SKHQROLF DFLGV LQ JUDLQ QRW FOHDQHG Il
DFWLYLW\ WLPWOWRLIKHU WKDQ WKDW RI JUDLQ FOHDQHG
RI@VWLR[LGDQVKHDNZERRGXFW \WHPHVWHGMH FRUUHVSRQG
IUXLWYV DQG YHJHWDEOHV > @

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

&OLQLFDO WULDOV E\ 6ZLVV SK\VLFLDQV KDYH VKRZQ
RI RUDO DQG SKDU\QJHDO FDQFHWUN UMVERGHK®G X\ DQ G DD
FRQWULEXWH WR WKLV GLVHDVH > @

6FLHQWLVWY FRQILUP WKH SURWHFWLYH UROH RI ZKR
DQG WKH QHFHVVDU\ PLQHUDO FRPSRXQGV LQ SDUWLFXC
RI GLDEHWVSHFLDOO\ LQ WKH HOGHUO\ > @ &OLQLFDC
FRQFHQWUDWLRQ RI PDJQHVLXP LQ SODVPD RI BMODRRG DU
SURYHG WKDW ZKROHJUDLQ SURGXFWV VLJQLILFDQWO\ U]

7KH 3ROLVK VFLHQWLVWY KDYH DQDO\]HG WKH DVVRU
EUHDNIDVWVY ,W LV PDUNHG WKDW WKHVH SURGXFWV DUH
FKDDFWHUL]HG E\ ORZ SURWHLQ FRQWHQW DERXW \
ORZ WRWDO ILEHU FRQWHQW DQG VROXEOH GLHWDU

6SURXWLQJ RI JUDLQ DQG VHHGV LV XVHG WR VRIWHQ

UHGXFLQO IDRHQWDU\ VXEVWDQFHY DQG LPSURYLQJ WKH |

> @ 7KH JHUPLQDWLRQ SURFAHDE/ D ¥& FEDQE® LEHGVRRW MWL &R

UHVXOWYV LQ WK HGOXHFIDGWWDRQVRIQLILFDQWO\ DIIHFW E(

DFWLYLW\ Rl WKH FDUGLRYDVFXODU V\VWHP DUH DQWLEI

> @ 6R ZLWK WKH JHUPLQDWWR® RR QUDE NQRI LY IRHG X FK
> @

*HUPLQDWLRQ DVVLVWV WKH LQFUHDVH RI ELRDYDLOD
K\GURO\VLV PLQHUDO VXEVWDQFHV RI ZKROH JUDLQ RI )t
WKURXJK WIRH GDWWXHWOQPHLQKLELWRUY > @ DQG DOVR WR
DQWLDOLPHQWDU\ VXEVWDQFHV VXFK DV LQKLELWRUV RI

BFLHQWLVWY SURSRVH WR UHFHLYH IORXU RI KLJK QXMW
DPRQDFLG PLQHUDO DQG IDWW\ DFLG FRPSRVLWLRQ RI JU
> @

,Q RUGHU WR LQFUHDVH WKH QXWULWLRQDO YDOXH R
ZKHDW LV UHFRPPHQGHG IRU XVH LQ E U HDID WXF ICHRGIRR
D QXPEHU Rl PHWKRGV IRU SURFHVVLQJ ELRORJLFDOO\ DI
JURDWY DQG RWKHU SURGXFWV RI KLJK IRRG YDOXH > @
UHG ULFH WKDW HQYLVDJHV WKXH XWH [R Il ZK DAV J UNDK QWA
LQFUHDVH RI IRRG YDOXH DQG FRPSUHKHQVLELOLW\ RI Ul

7KH REMHFWLYHV Rl WKH ZRUN LV WKH VFLHQWLILF D¢
XVLQJ D ZKROH ELRORJLFDOO\ DFW DY\WDWBIQGJ WJLLQV RF LYK H
PLIWXUH RI IODNHV RI KLJK IRRG YDOXH

7DVN Rl UHVHDUFKHY DUH WKH IROORZLQJ
i WR SURSRVH UHJLPHV IRU WKH SUHSDUDWLRQ RI JUD

QXWULWLRQDO YDOXH
i WR JURXQG H[SHGLHQF\ RIRDBSDQOD W E R YR W@IKEHI B DR C

PDWHULDO IRU PRGHOLQJ DQG FUHDWLQJ PL[WXUHV RI
i WR LQYHVWLIJDWH WKH LQIOXHQFH RI WKH FRPSRVLWLR

WKH EDVLV RI ELRORJLFDO OU ID/f MWADYDHW HEQ GU PR Q HR J WKL

EDVLF SK\VLFDO DQG WHFKQRORJLFDO SDUDPHWHUV RI
i WR GHWHUPLQH WKH RUJDQROHSWLF SDUDPHWHUV DQG
i WR LQYHVWLJDWH WKH EDVLF LQGH[HV JRIFDXODO LDFWRIY D

JUuDLQ
i WR FDOFXODWH WKH SURYLVLRQ RI GD\V QRUP LQ YL

FRQVXPSWLRQ RI PL[WXUH RI JUDLQ IODNHYV

i WR GHILQH WKH LQGH[HV Rl PLFURELRORJLFDO VWDELO

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\
ODWHULDOV DQG PHWKRGYV
ODWHULDOV

'XuyJ UHDOL]DWLRQ RI H[SHULPHQWDO UHVHDUFKHV X
JUubLQ RDWV UHVSHFWLYHO\ VRUWY OLURQLYVND ORC
PDGH VWDQGDUGV RI PLIWXUHV RI IODNHV

OHWKRGV RI GHWHUPLQ DWHRRI RO MMMMILWLRQ YD

3UHSDUDWLRQ RDPSRIHMMDINBHWHGYLVDJHG JUDLQ FOH
GLVLQQHRWABRRWKHUPD @ W&HDQVWKQWHDMFOHY HDFK RI Z
LQWHQVLYH PRLVWHQLQJ RI JUDLQLRRUIRKRXWR IRRXOWRZ H'
GXUDWLRQKRE @ UROOLQJ RI JUDLQ GU\KQVURDW KX R/LHGLIA
RI + FRPELQDWLRQ DFFRUGLQJ WR WKH IRUPXODWLRQ
VDPSOHV ZDV GHWHUPLQBIGWE P BV VL QRIUWRHP FHRODMX U H V
FRQWHQW ZDV GHWHUPELQ @& LIRKYL\X B B WHIBHRIK R\G<H SURSF
LQ DQ DONDOLQH HQYLYRROH®WW RVRRLRZPWK ED EHXUHW U |
LV GHWHUPLQ I$& RRIQRI MBS DR L P H WU L@ PMVERR GG HWHU P
E\ WKH PHWKRG RI H[KDXVWLYH H[W U D F\@2R®QDPLQK K KHPGE
ZHUH GHWHUPLQHG>F RGRWHHRLQIDADIORY RI YLWDPLQ &
WLWULPH® ULKHPPAIMMRRG LV EDVHG RQ H[WUDFWLQJ YLWEC
DQ DFLG VROXWLRQ FKORULGH DFLG PHWDSKRVSKRUXV
IROORZHG E\ WLWUDWLRQ YLVXDOO\ RU SRWHQWL
GLFKORURSKHQRW®W HQGRRIEKWM DRQ

OHWKRGHRVHUPIRQIPWEBRELRORJLFDO LQGLFDWRUV RI I(

7KH PLFURELRORJLFDO LQGH[HV RI PLIWXUH RI IODNH\
KXPLGLW\ RI WKDW )RDGHKEY SXUSRVH WKH VDPSOHV
VEHUILFLDOO\ RQ DJDULILHHGS WX W WDLIHDQEW GCHHEHPWERQ WRI| P
DQ®FXOWOQOWHYRELF PLEORBQIDQZRPMU \HDVW DQG PXVK
&XSV ZLWK FURSV ZHUH LQFXEDWHG IRU WROLEBR\N WWRW
DPRXQW P R 0$)$Q0 &URSV RQ FXSV BIWK IRQY MXKYL BIRERA
RI PXVKURRPYVY DQG \HDVWV ZHUH:L @GBPXEDW®BG DW fK GX

5HVXOWY DQG GLVFXVVLRQ

5HVHDUFKHV Rl LQIOXHG@RP FRVRWHREDDIBVWHM ®Q WKH
LQGLFDWRUV RI TXDOLW\

BFLHQWLVWY KDYH VKRZQ WKDW WKH FRQVXPSWLRQ RI
PDLQWDLQLQJ D QRUPDO ERG\ PDVV LQGH[ SURYLGLQJ Wi
YLWDPLQV DQG ORZHV LGV WKR@DRREEWR O YOIHYBI® ELRORJ
RI SUHSDUDWLRQ RI JUDLQ UDZ PDWHULDOV ZKLFK FRQW
HQ]\PHWRDNLQJ VSURXWLQJ K\GURWKHUPDO WUHDWPHQ
6XFK WUHDWEKWWVFR@WUKH KLIJKHVW QBW XtSIQWBEHYHD G
LQKLELWRUV RI GLIJHVWLYH HQ]\PHV LQFUHDVLQJ WKH EL
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ELRORJLFDOO\ DFWLYDWHG JUDLQ RI FHUHDOV IQGDONKH F
SXUSRVHV LV D QHZ SURJUHVVLYH WUHQG

7UDGLWLRQDO JUDLQ SUHSDUDWLRQ LQFOXGHV K\GU
FRQGLWLRQLQJ LQYROYHV PRLVWXUH RI WKH JUDLQ DQG

W R f& +\GURWKHUPB® MQUHDVGRHYWHDIRIXR GHU SU|
WHPSHULQJ > @ 6XFK KHDWLQJ GRHV QRW FRQWULEXWH

‘H KDYH VFLHQWLILFDOO\ VXEVWDQWLDWHG DQG SUFR
WHPSHUDWXUHV LQ WKHQ@EROGKFRAB LSULREHWRY RUDWUHD\
UHFRPPHQGHG WR FRQGXFW LQ WKUHH F\FOHV HDFK RI Z
JUDLQ IRU KRXUV IROORZHG E\ HYDSRUDWLRQ KRU WHR
ZKLFK FRQWULEXQWHRNI VKK PLLQGAWHBR| JEXFIKQ SWRSDUDWLRQ
DFWLYDWLRQ RI WKH HQ]\PH FRPSOH[ $V D UHVXOW RI W
LQFUHDVLQJ WKH ELRDYDLODELOLW\ Rl FDUERK\GUDWHV
YLWDPLYVWIEPEH VXEVWDQFHV > @ 'XH WR WKH DFWLY
ELRORJLFDO FKDQJHV RFFXU LQ WKH VWUXFWXARDHDRH® K H
DZDNHQHG VWDWH > @ %\ WKLV WUHDWPHQWHDWKI FR
VLIJQLILFDQWO\ ZKLFK LV UHODWHG WR WKH LQWHUQDO E

2XU SUHYLRXV LQYHVWLJIJDWLRQV KDYH VKRZQ WKDW IF
VROXEOH YLWDPLOV WQPBND WHVH ED P R XLQQW URH DW/RLFFRFS\K H U F
GHSHQGLQJ RQ WKH FXOWXUH DQG VRUW RI JUDODQNWXEVV
VXEVWDQFHV LQ SDUWLFXODPE LY XERMLD/QRAYV LZLRWKL \& R O
JUDLQ QDWLYH > @

7DNLQJ LQWR DANRRQKNHBOMXFLIS®G WKH URZ RI FRPSH
IODNHV LV ZRUNHG RXW ZLWK WKH XVH RI JUDLQ RI ZKHD
RXU H[SHULPHQWDO GDWD DQG DSSO\LQJ WKH FDOFXOTL
SHUFHQWDJH WRBWROQMX®DWLRQ FRPSRQHQWYV RI WKH P
SURYLGHV WKH KLIJKHVW DPRXQW RI YLWDPLQV % YLWDPI

3UHSDUHG SURWRW\SH ILQLVKHG SURGXFWV DQG VWX

TKHQIOXHQFH RI WKH DPRXQW RI FRPSRQHQWYV RI WK
SDUDPHWHUV RI WKH ILQLVKHG SURGXFW LV LQYHVWLJD
IODNHV REWDLQHG IURP WKH JWDL QDA YW XZKH DA LLFXGL Q F (

WULWLFDUOLHD B@MHO®Y SOHDVDQW WDVWH DQG D VPHOO F
WKH PDVV IUDFWLRQ RI RDW WR OHDGV WR DQ LQFUHI
LQFUHDVH LQ WKH FRQWHQW RI KHPLFRAKRIOPKORY H) RMVKH[ &I
,QFUHDVLQJ WKH PDVV IUDFWLRQ RI ZKHDW JUDLQ XS W|
SRUULGJH ZKLFK LV H[SODLQHG E\ WKH KLJKHU GHQVLW\
WR WKH EDUH JUDLQ RI RDWRW @G SWURSVUILEDMOH ZKLFK

W ZDV LQYHVWLIJDWHG WKDW WKH UDWLR RI WKH PDL
JUDLQ IODNHYV ZKLEK PDNHRWHLV IDWV %
FDUERK\GUDWHY LV PRUH DFFHSWDEOH BOXVD QUILEG HD DX |
PRVW SRSXODU W\SHYVHDINFB@WDO ZKHDW

TKHUH [BBIWHPHQWDOO\ GHWHUPLQHG WKDW WKH FRQW
IODNHV+LVY W LV UHVHDUFKHG WKKXW ®GFIFRUBGEQODMWR WWKK
WH IRRG ILEHUV EHORQJ WBWHKG@IGILURXWRHPHKOYXPD SRVL
RQ WKH SURFHVVHV RI GLIHVWLRQ RFFXS\ D FRQVLGHUD
SHULVWDOVLY > @ 7KH SUHVHQFH RI RRIFEG QMWEH URD SAKHC
DGVRUELQJ WR[LF VXEVWDQFHVY KHDY\ PHWDO VDOWYV Ul
DQ LPSRUWDQW IDFWRU LQ WKHLU IXQFWLRQDO DFWLRQ |
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7DEOH
5HFLSHV RI PL[HV RI IODNHY DQG DNERRQRDDFWIHALN W IQFG RRUV R B
LQGLFDWRUYV

HGW V

IXWUBWL K

WH

9LWD
FRQWH
PJ

QW

2DWV EDUH
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)yDW V
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WKH ILQ
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w
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WKH VPHO
WDVWH L\
FKDUDFWH
WKLV SUR

QRW
IQRXJK
O DQG

ATULVWLF
GXFW
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R
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R
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10O RI
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R
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10O RI
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WKH
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Rl WKLV S
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'HWHUPLQDWLRQ RI ELROR LWHEBX YRPORGL PD@BRUV Rl TX
RI JUDLQ IODNHV

‘H KDYH GHWHUPLQHG WKH FROQOWHE&W ®HWHWDFPHGQ VS U E
GXH WRUWBHPLQDU\ SUHSPUDORIREDR) DFMIYDWLRQ GXU
VSURXWYV FRQWDLQV D VLIJQLILFDXYWODRLIKHE [ ORXE WXE
ZLWK J YLWDPLQ DFWLYLW\ FRPSDUHG ZLWHK RARI@GLWW.HRQ
ZLWK VWXGLHV E\ RWKHU VFLHQWLVWY ZKR KDYH IRXQG
YLWDPLQV DW JUDLQ JHUPLQDWLRQ > @ 7KH IODNHV L
* WR PJ ULERIODYLQ WR WRJ BUWLGRRMIAVR(
WR PJ QLFRWLODLARPDFLG

7KH EDVLF SK\WLFDO DQG WHFKQRORJLFDO SDUDPHW
ELRORJLFDOO\ DFWLYDWHG JUDLQ DUH GHWHUPLQHG 7DE

7DEOH
BK\WWLFDO DQG WHFKQROBDLEDIDYBYFDYDRUWRI

< ,QGLF 7KH UDWLR RI WKH IRUPXOL
PLIWXUH IODNHV ZKHDW RDWN WULW

+XPL(

9ROXPHWUL

7KH PLG(LFOF
PP

7KH DQJOH R
LQFOLQDWLRQ] GHJ

$QJOH RI V
PHWDO GHJ

$FWXDO GH

&RKHVL

,W VKRXOG EH QRWHG WKDW W HK\H URDOWARHRP L @/X U ®
LQIOXHQFHV WKH SK\VLFDO DQG WHFKQRORJLFDO SDUDP
YDOXH RI KXPLGLW\ 7KH PLGGOH SDUWLFOH VL]H RI D PL
RI WKH UDZ PDWHULDO DDEOHVIRQ VWRKRHG BJRGX BWRHB® JU |
YDOXHV RI LQGH[HV RI E\ YROXPH PDVV DQG DFWXDO GHQ
SURGXFW 2SWLPXP YDOXHV RI FRKHVLYHQHVV RI JUDLQ P
IUHHO\ ZKHQIXRP® RKROEMW®LQHUV DQG GXULQJ WUDQVSRUW
FRUUHODWH ZLWK WKH GDWD GHWHUPLQHG RQ WKH SK\
IODNHV > @

BFLHQWLVWY QRWH WKDW ZKROH JUDLQ SURGXQFWV Dl
XQLTXH VHW RI QXWHYLHRPWAERIGKIRW DDAFEKODU GLVHDVH DQC

8VLQJ WKH QRUPV RI KXPDQ SK\WLRORJLFDO QHHGV LC
WKH FDOFXODWLRQ RI PDLQWHQDQFH RI WXEVGDQF QR IZP
PDGH GXH WR WKH FRQVXPSWLRQ RI D PL[WXUH RI IODU
AXDQWLWDWLYH LQGLFDWRUV DUH JLYHQ LQ WDEOHV
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7DEOH
BURYLGLQJ GDLO\ QHHG IRU YLWDPLQV SHU J RI D P

&RQWHQW [LQ DIRUP\
9LWDPL®L[WRUH FRQVXPsSWLRQ PFRWHQDQFH
IODNHV PJ OH "RPH | OH "RPH

1 "1

=|r|—~

&RQVHTXHQWO\ WDNLQJ LOQOWR DFFRXQW WKH GD\ V UH

J RI PLIWXHW ROORZN \RX WR PHHW WKH QRKGYIRUDPILW
J E\ DQG YLWDPLQ & E\ 7TKH REWDLQHG UHVXOWYV L
ELRORJLFDOO\ DFWLYDWHG ZKHDW RDWYVY DQG WULWLFDC
DUHEOH WR SURYLGH WKH ERG\ ZLWK YLWDPLQV DQWLRII
DQWLR[LGDQW SURWHFWLRQ RI WKH ERG\ > @

7DEOH
IXWULWLRQDO DQG HQHUJ\ YDOXH RI D PL[WXUH RI

OL[WXUH RI 'DL
IEDNFV QRUPV (QVXULQJ |GD\

FRQVXPSWLRQRUP
OH ! "RPH | OH' | :RPH

,QGLFDWRU

3UR\

)D

&Dl 6WI
K\GUDWHRRGE |
(QHUJ\ NF |

W LV HVWDEOUVKHGRWHKQWXWK@JIGRHI WKH GD\ V QHHGV
WKH ILUVW JURXS RI ODERU LQWHQVLW\ LQ WKH PDFURQX
JUDPV RI FHUHDO I®DNHVIDWVYSURWHERKY G UDWHRRG
ILERUV 7KH SUHVHQFH RI D VLIQLILFDQW DPRXQW RI IRF
IDFWRU VLQFH WKHVH QDWXUDO VRUEHQWY ORZHU WKH
GHYHORSPHQW RI WXPRUV RI WKH XSSHU G@&IHVWLYH DQC

7TKH WRWDO QXPIRUPLRIIFROQRYY RI PHVRSKLOLF DHUF
DQDHURELF PLFURRUJDQLVPV .)8 0$1)$Q0 ZDV GHWHUPL
IODNHVY DV ZHOO DV GXULQJ VWRUDJH RI WKH SURGBGXFW |
VWXGLHY DUH SUHVHQWHG LQ 7DEOH

$vV D UHVXOW RI WKH FRQGXFWHG UHVHDUFK LW ZDV
VHHGDELOLW\ RI PL[ IODNHV RQ WKH EDVLV RI ELRORJLFI
RDW GRHV QRW H[FHHGEWIEBHYDORHNWWRISRUPURELRORJL
VWRUDJH RI PLIWXUHVY RI IODNHV GXULQJ PRQWKV GRHV
JUDLQ SURGXFWYV DUH VDIH IURP WKH SRLQW RI YLHZ RI P

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7DEOH
OLFURELRORJREINVORL @GREDMWKUH RI IODNHV EDVHG RQ ELRORJ

OLFURELRORJLF

OROG 3DWKR
6DPSOH 0$)$Q0 )8 J QRW PLFURRUJDQLVPV
)8 J QR PRPRWH LQFOXGLQJ 6DOPRQH
LQ J
&HUHDOV
YDOXH 1RWOORZHG
$ PLIWXUH
DIWHU GU\LQJ 1RW IRXQG 1RW IRXQG
$ PLIWXUH
DIWHU PRQWKYV 1RW IRXQG 1RW IRXQG
VWRUDJH
&RQFOXVLRQV

$FFRUGLQJ WR WKH UHVXOWYV RI
FRPSRVLWLRQDRNHWRODOQWKH EDVLV RI
WULWLFDOH KDV EHHQ GHYHORSHG 7KLV SURGXFW KDV D
VLQFH LW HQDEOHV \RX WR VDWLVI\ \RXU GDLOY QEHHNGV Q

DOVR LQ LPSRUWDQW YLWDPLQV DQG IRRG

5HIHUHQFHYV

$QGHUVRQ - :

GLVHIURF

IXWsE 6RF

2NDUWHU 1 +HDOWK EHQHILWYV RI

+

I1XWB@8S
$GRP

/ILX 5 +

RI DFWLRQN$S

5]HG]LFNL

(JRURY * $

0*833

6 6KRID (

J +

-DFREV3HUUHLUD 0 $

. 6RUUHOOV 5 +

+

DQDO\WLFDO DQG |
ELRORJLFDOO\ DFW

ILEHUYV

‘KROH JUDLQV SURWHFW DJDLQVW DWK

ZK ROMH WUTHYQ PRKRWE RG

SK\WRFKHPLFDO 3URILOHYV
'KHDW 9DULSIWIKFY )RRCG&KHP
SRWHQWLDO VK@RUBDRN SIQWRRFHU SUHYHQ)

=RPONRND 3RSLHOHZLF] -
FHUHDOV DYDLODEOH- R(ARRVEK HXSROD EBRLPDUNHW

6WUDXPLWH O 6DERYLFV

6

WXPSI

VHUXP HQW HAR O-D AR GH

ILXNNRQH

.+

Q

.DWLQD

:LOKHOPVVRQ §$

4XDOLW\ RI

SHWUHQRIRNKQRORJL\D PXGDWHNOUXSELM NRF

' .ODYD ™ HDORE
HITHFW RI SDFNDJLQJ W\SH RQ TXDOLWURDRRIRPYU BB QHDXUF

3LQV - -

KROH JL

O\OO\PIN

SURFIHYGXFHG FKDQYHVFR® SRORDGWLQ BKREH 1XUDU Q 6WR\F

+

SS
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.D]IDNRY ( ' .DUSLOHQNR * 3 %LRKLPL\D JHUQD

6D QNN HUEXUJ

HULHQRFDQNHWQ | <PL]QLNDV 6 | UDEQRQVRDUNAW|QLHC

YHVQXOHYLpPLHQ; 5 %LRORJLFDOO\ DFWLYH SKHC

DQG ZLQWH U MEHILWEAKRMENO W X UHS St

OLOOHU +HOKRILJ) ODUTXDUW / 3UDNDVK $ .DQWHL

&RQWHQW RI :KROH *UDLQ %UHDNIDVWS$&HRIDMTBEX WX L \
+

JHYL ) 3DVFKH & /XFFKLQL ) &KDWHQRXG / -DFREV '5

DQG ZKROM) FHUHDOV DQG WKH ULVN RI RU DQURBHMRS K T

-RXUQDO RI &OLQLFPO#LXWULWLRQ

OH\HU . $ .XVKL /+ -DFREV '5 60DYLQ -( 6HOOHU\

GLHWDU\ ILEHU DQG LQFLGHQW $PVSWLF BQDRHWE DA R IR

1IXWULWLRQt

S5HYLHZ $ +DYUOHMQMWRYi=0 WMUUIKIRYi $ *DJIR )

JOXFDQV DQG WKHLU 6LJQLILFDQFH IRU&MKAK 3UHBBGD\

6FL it

6DQGEHUJ $ %LRDYDLODEL®UWWRVRLAXURO® RQ 1

i

'"HOFRXU - +RVQMIL&QFLSOHV Rl &HUHDO 6FHQQFH DQG °

.UDYFKHQNR 0 .ULYRUXFKNR 0 <$N+VW ERU

SURURVKFKHQRJR X UR]JFKLQ#RPYFOUM. NREj &N UFKRYRE VR

&DSDORYD , (+ B6RWQLNRY 20 3RY\WKHQLH EL

SXWHP ELRDNWLYDFLL JHUQD SVKHQLF\ 90L\DQLH SUR

NDFKHVWYR NOHBRERMAKHQLESERVVLL

BKDUVKXQRY 9 $ B8S8UBD®RXRND( A1 $ %LRWHFKQROR

IRU D PRUH HIILFLHQW XVH RI WE&HVMHU HD\G LRQ\DROX & F B

6FLHQFHV Rl %H®DUXV

.DQFKDQD $ $UXQ $ $ 5SHVHDUFK 2Q 5HPLQLVFH

6DWLYD )ODNHV 6QDFNV&KRRGD WGROHVIFHRIWNQ 1XW U |

6FLHQFH SSt

'RQHWYV 0 0 1DVLQQ\WVWYR NWRWAKRNDPQ D/ ROMLWD . \LY

6 %D]KIN]KHUXQ 7 S5RPDQRYVNDPSURYWRDWKH QXWUL

YDOXH RI JUDLQV E\ EBRORUDEDQ DPERG ¥BWHEDO

.RQRQVN\L 2 2UKDQLFKQD MKKFIKLD.VIKYN RO D

IDWLYH ~WOMHRAKPLQDWLRQ R+ VAMDWF IS REROQM/ABWULF F

1QWHUQDWLRQDO 6WDQGDUG ,6 ( ,QWHU
6WDQGDUGL]DWLRQ *HQ _YH 6ZLW]HUODQG

(ULFNVRQ 0 '"HHS )U\LQJ &KHPEWWBD O1 X %/3JQ MFIDR/
SUEDQD ,00LQRLYV

(UPDNRY $ < OHWRGL EV\RNK\P\FKHVNRKRGLVVOHGR
ODMLGL F  +$D3XEXU\ '"HWHUPLQDWLRQ RI 9LWDPL

&RQWHQWYV LQ YDULRXYV V3% HWVWRKBSHKRIWNBRY/® BAOHW BD 89L R
-RXUQDO RI &KHPLFDO DQG 3KDUP®FHXWLFDO 6FLHQFH)
JRRG 6WDQGDUGYV $XVWUDOLD 1HZ =HDODQG ,6%1
%DUWRQ % $ (OGULGJH $/ 7KRPSVRRRUH $%lIIHQ L) WERQMN |
i $OEHUWVRQ $ O &URFNHWW 6 - 7KH UHODW
FRQVXPSWLRQ WR QXWULHQW LQWDNH DQG ERG\ PDVV L
,QVWLWXWH *URZWk DB®G 't HWO WX VX G\
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(JRURYB ( REUHINRYD 0 9 *XU \DOQRYUQR *L JHUQRSURG
JHUQR PXND NUXS\ 7HNKQRORJL\HPOWRF&H QUMIDMNDFKH VW

6LPDNKLQD * :=KWIKKDXQ 6 : O\NROLYQGIHUV MBI U/HJ D
$QWRQ+*XN 0 O TKHRBYRIZFDOWW\YWSFWLYDWHG *UDLC
2] +HDOWK QGD\VRW XKWRSHDQ 6FLHQWLILF -RXUQDO
7TDUDQHQNR / *UHFKND GRW KEESED YVeP

$VS 1 * '"HYHORSPHQW RI GLMWDDQ FIHEH Y1 BPMI/ K R C
THFKQRORJ\ %ODFRNZH OO 6FLHQFH

.LP < 6 .LP-* [/HH <6 .DQJ, - &RPSDULVRQ RI

RI EXFNZKHDW VHHG\R DIQIQVERIR X)\WRGjpF: 1XWU

LP 6XQDQEUNHU 0G =PDRGRQXNVOD/DYIXXDR D
<XMQDVKLPRWRRPSDULVRQ RI SKHQROLF FRPSRVLWLR(
WDUWDU\ EXFNZKHDW ) RIRIR S\WUHKPL WIS USRS W V

OLOHQNR % .R&XWLi# /DWR / -HOHQIDWAYH FKDBBBRMHU
FRUQ IODNHV HQULFKHG ZLWHPIXIQFGVLE® RO FRPSRQHQV
60DYLQ -/ -DFREV ' ODUTXDUW / &ODQQFDWRF
5HYLHZ %LRWHFKSXRORJ\

3DYORWVND /) 9 'XGR\Q@NR ILHY\FK 2WBQRY\ ILJLRORKLL K|
NKDUFKXYDQQLD WD SUREOHP\ EH]SBNY HUKD WHIRWN DK
6XP\

SNUDLQHWYV $, B6LPDNKLQD + 2 7HNKQRORKLLE
SURGXNWLMXLY8+7

%LHO :ENRR ODFLRURZVNL 5 &KHPLFDO FRPSRVL)
KXVNHG DQG QD NRDGU RDBRO WIFILG! Q B H+

7DSS\ / (IIHFWV Rl EUHDN IDVW FHUHDQ® XFOXQN DL
ILEUHV RQ SODVPD JOXFRVH DQG LQVXOE®M W HV SSROQMH V
SS +

BRXNRXOLV &K /HEHVL ' 7]QOV &I LFH RQHDPKPHNK GL
(IHIHFWV RQ UKHRORJLFDO SURSHUWLHYV LFH PRRGVDOOL
&KHPLVWSS
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ORUSKRORJLFDO FKDUDFWHULVWLFV RI VWDUFK
DQG &HQWUDO (XURSHDQHYRWROWRYXDP UMXBMURYV XP

$QDVWDVLD =I 90DGLPLU
$OLDNVHL <HUPOONRXN\P 2VSDQNXORYD

+6FLHQWLILF DQG 3UDFWLFDO &HQWHU RI WKH 1DWLRQDO $FDGHPI| RI
5HSXEOLF RI %HODUXYV

+%HODUXVLD®D 7IHAKIOREDO 8QLYHUVLWI OLQVN 5HSXEOLF RI %HODUXYV
+6 6HLIXOOLQ .DJDNK $JUR7HFEROMDID 8OHENHDLWIRIIXAJDNKVWDQ

$EVWI
.H\ZRUGYV

,QWURGXFWXRIQHY KDYH EHHBLERQW X AWH G4 FWR R
6 WD UFEK WKH VL]H Rl VWDUFK JUDQXOHV RQ WKH TXDOLW
1DWLYH DQG &HQWUDO (XURSHDQ SRWDWR YDULHWLHYV
ORUSKRORJ\ ODWHULDOV DQ&H HREMRGEW RI VWXG\ LV QDWLY
*UDLO SURGXFHG DFFRUGLQJ RQ WHFK®&PFD OS RW DX\ORD W
3RWDWR YDULHWLHV %HODUXVLDQ RI 5XVVLDQ RI 8NUDL

7KH PRUSKRORJLFDO VWUXFWXUH RI VWDUFK JUI
VFDQQLQJ HOHFWURQ PLFURVFRSH 7KH FRC
DFKLHYHG E\ WKH RHSDOOMDRQWR@POIRGHS ZLWK J

(0,7(&+ . ; YDFXXP V\VWHP
$SUWLFOH KLVWRBWVXOWV DQG LWVDERWFRV\QIRMLYH VWDUFK R
(DVWHUQ DQG &HQWUDO (XURSHDQ SRWDWR YDU
SHFHLYHG VKDSH DQG VL]H ZKLFK WR D GOHDWHH PHRMH QW |
WHFKQRORJLFDO IHDWXUWVLR | QRWDLFFKG SW IR F \B
5HFHLYHG LQRQ WKH VHOHFWLRQ Rl %HODUXVLDQ *HUPDQ 5
UHYLVHG IRUPWKH JUDLQV RI QDWLYH SRWDWR VWDUFK RI (I
YDULHWLHYV RH\S RUMWBKWLRHV+YDUL + +
$FFHSWHG PLFURQV UHVSHFWLYHO\
7KH KLJKHVW VWDUFK FRQWHQW LQ JUDLQV RE)\
(XURSHDQ SRWDWR YDULHWLHV ZDV IRXQG LQ V

&RUUHVSRQGLHRUPRUDO $PRQJ WKH YD UARQWILIB\H XRWHRIQ LW

DXWKRU R KDV WKH KLJKHVW VWDUFKLQHVV EXW DW W

WKH DYHUDJH VL]H Rl WKH JUDQXOHV LV PLF
90DGLPLU /LWYSDN/DLQV GHULYHG IURP (DVWHUQ DQG &HQWUD
(PDLO WKH VR ZIHQ WK@.5KSWIDEL HW\ ZLWK DQ DY
EHVVHUN # JUDQXOH VL]H RI PLFURQV 2Q WKLV EDVLV L
PDLO UX ODUJHU DYHUDJH VL]H RI VWDUFK JUDLQV WKH V'

D VPDOOHU DYHUDJH V LUH KWARH & H QMH Q &/ H DR/IH
$FFRUGLQJ WR RXU UHWQ®RYXEY ®D/WDIHOLWV DY FXKH
KDYH DQ RYDO VSKHULFDO RU LUUHJXODU VKDS

+ PP 6WDUFK JUDLQV DUH GLYLGHG LQWR VL
JUDLQV DURXRRRURQW L RQVF FRPISOIMYLRQ RI VP

SDUWLFOHV 7KH GHQVLW\ Rl VWDUFK LV RQ DYH
%DVHG RQ WKH DQDO\VLV RI WKH FKDUDFWHUL

VWDUFK LW FDQ EH DVVXPHG WKDW WKH PDLQ
VMWXFWXUH RI QDWLYH VWDUFK GHWHUPLQLQJ |

JUDQXOH

2, &RQFOXVKRQPRUSKRORJLFDO VWUXFWXUH RI Q
GHSHQGV RQ WKH W\SH Rl SRWDMWRLFQB@D @ R DL
: + PLFURQV ZKLFK DVIVHRAWWKW RAVDXBRLSURGXFF
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,QWURGXFWLRQ

7KH UDQJH RI SURGXHFWRORI SMWMRIKAFKWVLRQ LV TXLWH OD!
KXQGUHG A WWHPAKEH PDLQ UDZ PDWHULDOV IRU WKH SURC(
SURGXFWY DUH SRWDWRHV@> @K HRWM@> Y \H >\@ EDWOH
RDWV > @ ULFH > @ EXFNZKHDW > @ WDSLRFD >

SRWDWR VWDUFK LV ZLGHO\ XVHG LQ WKH IRRG LQGXVYV
W\A\SHV RI VDXVDJHV WR VWDELO LU RERFIH BPW MRLQ HRJL DU M
REWDLQHG IURP SRWDWRHV LV DOVR XVHG IRU WHFKQLF
LQGXVWU\ DV ZHOO DV LQ HYHU\GD\ OLIH > @

7KH XVH RI VWDUFK LV ODUJHO\ GHWHUPLQHG E\ L
PRUSKR@MRYMWAUXFWXUH 7KH SHFXOLDULWLHYV RI VWDUFK |
PHFKDQLVPV RI VWDUFK DFFXPXODWLRQ DQG DUH SULPD
PDWHULDO DQG LWV TXDOLW\

7KH VL]H RI VWDUFK JUDQXOHV KDMVMW\VWIIJGWDBBR WG
JUDQXOHV VZHOO ZRUVH DQG DFFRUGLQJO\ JHODWLQL]!
VWRUHG DQG LQIHULRU LQ WDVWH WR ODUJH RQHV

,Q WKLV UHJDUG WKH SXUSRVH RI WKLV ZRUN ZDV D F
VWUXFVWOX\VULHY RISRBWDWR VWDUFK RI (DVWHUQ DQG &HQWUD

ODWHULDOV DQG PHWKRGYV
ODWHULDOV

7KH REMHFW RI VWXG\ LV QDWLYH SRWDWR VWDUFK S
OHJDO DFWV 71/$ > @ U RS O DSRW DWEE M B/ H R/IL BK/L FK
WHQS$WO RQaZyt CD]XYULRZampbldDVXOREZkmyhdLOR\D
CEbe2y@D3J CZ} GNDUEKJZP GX]R® \@Amahjv & DYDU
\z§ ©9IHVQ\BQNBJHdBHODU XV LDQ@D \MPKEEXY & HQL YR
©b\h GHVW@LNIgbdg I HFWnn_di®% U\DQVNL\KGE gk ®ieH V
A ebdZ _KDYRUBNZ\hj#l @UDDGE|jZ¢" @DVEOE&NKbe d
@HOENBQ ebdZgallDNUDSG ZdZ @QRORER@MhehPhd@UHS3VK
@j_ iurr OHWHRE_ | M RI 5XVVLD®@'|YWZR a\lg GHORND
€E_e 2dZR1 8NUDLQLD Q$DEBMWERKWP RURQ D Q1L FKR QD \RD
*HUPDQ VHOHFWLRQ

OHWKRGV
6FDQQLQJ (OHFWURQ OLFURVFRS\ 6(0

6DPSOH SUHSDVWDOMARR @WWDMRIQYH VWDUFK SUHSDUDWLRQ

JROG LQ WKH (0,7(&+ . i YDEXXP XQLW
$QDOBFDWQQLQJ HOHFWURQ PLFURJUDSKYV RI QDWLYH V
D /(2 VFDQQLQJ UDVWHU HOHFWU®BRQ PLFURVFRSH *H

7TKH SWUWKHRILRSHUDWLRQ RI WKH VFDQQLQJ HOHFWURQ
VDPSOH VXUIDFH ZLWK D IRFXVHG HOHFWURQ EHDP DQG D
UD\ UDGLDWLRQ UHVXOWLQJ IURP WKH LQWHU BFWIUR® RI
PLFURVFRSH DQ HOHFWURQ EHDP HOHFWURQ SUREH L)\
FDSDFLWRU DQG D OHQY¥YGH@H$FWRHFEB® IBHWVFWKH HOH

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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HOHFWURQV ZKLFK VOLGHV RQ WKH RQ@V IDAHOHBWWE U U
VXUIDFH DUH SHUFHLYHG E\ WKH GHWHFWRU DQG DUH IR
PLFURVFRSH FUBDRHQVLRQDIOJHPDJH 7KH VFDQQLQJ HOH
ZRUNLQJ LQ D ZLGH UDQJH RI PCLFXL LIVF B WX RQDVOHURW WR L
VWURQKHKD®D® GHQV WR i ZKLFK LV § WLPHV WKH LC
PLFURVFRSHV 7KH VFDQQLQJ VXUIDFH LV QHFHVVDULO\ V
DOXPLQXP > @

'"HWHUPRQIRWINVWDUFK FROWHQW LQ SRWDWR WXEHUV

7KH VWDUFKLQHVY RI SRWDWRHV LV GHWHUPLQHG RQ

6FDOHV )LJXUH FRQVLVW RI D ORQJ URFNHU RQ ZK
PRYDEOH ZHLJKWYVY D VPDOO ROQHJIRMORW K HZILGRRADE LUQWMILMEH@
RQ WKH UHDU UXOHU 7KH EDFN UXOHU LV JUDGHG LQ G|
FRQWHQW IURP WR W LV XVHG WR GHWHUPLQH WKF
VDPSOHV IRU DQDW\VLYH MKHIIWMRGHG RQ WKH SHUFHQWDJ

WR ZLWK DQ DFFXUDF\ RI XS WR DQG LV XVHG IR
VPDOO ZHLJKW DORQJ WKH URFNHU DUP > @

7TKH FRQWHQW RI VWDUFK LQ WKH & HBAWVK B PSFOH. WL B R
VPDOO ZHLJKW RQ D FHUWDLQ GLYLVLRQ RI WKH URFNHU
LWVHOI LV PDGH ZKHQ D ODUJH ZHLJKW LV VKLIWHG DOO
LV SXVKHG WR WKH ULWKWGLI/KHFWX@8DKHQGVRAY DERYH
PRELOH VPDOO ZHLJKWYV XVHG WR EDOD@RHEW KX NHMWW K K9
DQG ORZHU DUH VXVSHQGHG IRU D VKRUW URFNHU ,Q D
ZDWHU LV SHPSHU® WWJUB WIH f& %RWK ZHLIJKWYVY DUH SX
UXOHU LV SXVKHG WR WKH OHIW RQ WKH ELJ ZHLJKW XQ
DFKLHYH WKH H[DFW FRLQFLGHQFH RI WKH LQGH[ DUURZV
VKWWUP RI WKH URFNHU DUP DQG WKHQ SUHFLVHO\ ZLW

'XH WR WKH IDFW WKDW WKH EDODQFH LV FDOLEUDWH (
WR PHDVXUH WKH WHPSHUDWXUH RI WKH ZDWHU LQ WKH
WHRPHW XUH FRUUHFWLRQ 7DEOH

7DEOH
&RUUHFWLRQV IRU ZDWHU WHPSHUDWXUH LQ GHWHUPLQLQ

:DWHU WHPSHUDWXU LK

$GG WF JURP LQGLI
VFDOHV WR|WDNH D

6WDWLVWLFDO $QDO\VLV

6WDWLVWLFDO SURFHVVLQOD IRG WK HQIHFRIGHEFR® BRFX)
LQ DFFRUGDQFH ZLWK JHQHUDOO\ DFFHSWHG PHWKRGV >

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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5HVXOWY DQG GLVFXVVLRQ

5HVXOWYV
SRWDWR VWDUFK JUDQXOHYV

6FDQQLQJ HOHFWURQ PLFURJUDSKV RI JUDLQV RI QD
&HQWUDO (XURSMDO\SRWBWRRZQULE )LIXUHV DQG  )L.
JUDLQ VL]H DQDO\VLV RI JUDLQV RI QDWLYH VWDUFK RE\
SRWDWR YDULHWLHV WKH GLVWULEXWLRQ RI VWDUFK JU

7KH JUDQXORPHWRIUWK IDPQDDLWY Rl QDWLYH VWDUFK Z
RI WKH UHVXOWYV JLYHQ LQ 7DEOH 7DEOH VKRZV WKH
VL]HV Rl QDWLYH VWDUFKHY REWDLQHG IURP (DVWHUQ DC
FKDUDFWRUWKMLEWDWLVWLFDO SURFHVVLQJ RI WKH VWX

1DWLYH VWDUFK JUDLQV REWDLQHG IURP (DVWHUQ |
YDU\ VLIJQLILFDQWO\ LQ ERWK VKDSH DQG VL]H ZKLFK W
WHFKQRORJLFDWDIBDPKY SURE@ XFIWLRQ >

,W ZDV HVWDEOLVKHG WKDW WKH DYHUDJH JUDLQ VL
DQG &HQWUDO (XURS B3 Q CCEROWER EVDWDXDLRAWVOLPHE® D 3
GNDFUEBX]RI® ©&DYDWEODED®HVQ\DQKDIENURVRUPRUDQ
QUDQLKBRQDWD]DUGCLYR @HVW @UNHF W6 U\DQBND\LW DWH YV
©DYRUGWDOGDVEEOENOEN@QRNUBRORERNHSIV&HWHRU
©]YPQIHORNEYVSHFILIGEH O\

PLFURMDE > $& WKH VDPH WLPH
PLQLPXP DQG PDI[LPXP JUDLQ VL]H RI (DIVWIHYH VDROEU BK
(XURSHDQ SRWD®\W OBMYVBDH K Q RN OM\@ D3 GBNDUE
@B X]RH WHDYD@8ODGDU2 ©9HVQ\DQMNDRUPRUOGEQWIJRNFK?2
O6RQD@WDATPUO'LYRBIHVWOUNAFSMU\DQVNL\ kG QD X B WLHN?
©O*UDQGIDVLO@YINOLODOQNUDRORERNHS\ ORHHWHR'UPYLQ?

©O/HOHMOXFWXDWHV+ZLWKLE * * *
+ + + + + + +
+ + + + + + + +
+ + + + + + + +
* PLFURQV WDE > @

W VKRXOG EH QRWHG WHKWLMW W BEUBDRD[VRXH RI QDWLY
IURP (DVWHUQ DQG &HQWUDO (XURS®©BDDQNYDW DM\ YCDQUG HZ\L
PLFURQVY 7KH PLQLPXP DYHUDJH JUDLQ VL]H RI QDWLY
©)DYRULWHPLFURQYD WRWK.HY RI QDWLYH SRWDWR VWDU
5XVVLDQ VHOHFWLRQ > @

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7DEOH
ORUSKRORJLFDO FKDUDFWHULVWLFV RI QDWLYH VWDUFK LVRO
SRWDWR YDULHWLHV

IDWLYH VWDUFK H[WUDF&HQWUDO |
SRWDWR YDULHWLHYV
= = 9DWLHWLHV RI %HC T
LD)‘ - @ [a) I -
pos) @ - ) o)
2SWLRQ Vg 2 = g - 2 -
— > —
; o o) — @ Z X
7KH DY
OLQLF
OD[LP
$YHUDJH
FRQWHQW
7K
GLVWULEXWLRQ RI ¢ % 3
JUDQXO|HV LQ
VL]H
&RQWLQXDWLRQ RI 7D
1IDWLYH VWDUFK H[WUDFWHG IURP
SRWDWR YDULHWLHYV
9DULV RI %HO .
EUHHG LD 3 ; HUPDQ VHOHFWLRQ YDUL
2 - a) X o
-] ) g - L =
2SWLRQY o o | 2| 2| & o a
S a o | g o 2 o
g O > o D 3 hd
B -~ o 8
7KH DY
OLQLF
OD[LP
$YHUDJH
FRQWHQW
7KH GLVWL o o
JUDQXOHV|LQ VLIH® & $ & $
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&RQWLQXDWLRQ RI 7D

1DWLYH VWDUFK H(WURFWHG IURP
_SRWDWR_¥DULHWLHV
EXXVLDCLQZ ¥D -
I © 45 =
o o = SQ = o
-} LL
2SWLRQV =& T 2|8 & o
(@) o © 5o ©) @)
7KH DY
OLQLF
0D PX
SYHUDJH
FR@QHQW
7KH GLVWLI . ,
JUDQXOHV|LQ®VIIHE $ & & &

&RQWLQXDWLRQ RI 7D

IDWLYH VWDUFK H(WUDFWHG IURP
SRWDWR YDULHWLHYV
9DULH\
5XVVLDQ EUHHGLQJ YD BINHWLEY DQ
z o _ _ EUHHGLQJ
I &) 4 = [a)
2SWLRQV o - o o > | X z
o < 2 o = & ¢ | =
S |lo | 2| &2 212 |20
a T o 8 g I z T
B 8 © o o B © ()
7KH DY
OLQLF
0D PX
$YHUDJK
FRQWHQW
7KH GLVW U .
JUDQXOHV|LQ VLIH & & $

$+*0RQRPRGIMIPRGCEPTKWBHHPRGRRUPRGDO

WLV QRWLFHG WKDW GHSHQGLQJ RQ WKH VHOHFWLRC
WKHWIWKH JUDLQV RI QDWLYH SRWDWR VWDUFK RI (DVW
UDQJHV #URP # * + PLFURQV UHVSHFWLYHO\ >

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7KH KLIJKHVW VWDUFK FRQWHQW LQ JUDLQV REWDLQH
IRXQG LQ WKH *HUPD® . RHUGCREADIOR QKY D ULBIWAHW\ LV RI S|
LQWHUHVW $PRQJ WKH YDULHWLHV XQGHU FRQVLGHUDW
EXW DW WKH VDPH WLPH VPDOO VWDUFK LVUDQX®HNURXKH
> @

7KH VWDUFK FRQWHQW LQ JUDLQV REWDLQHG IURP (
YDULHWLHV ZDV WKH ©RZHSAWIXBQHMKH 5XV\VZIUMMEK DQ DYHU
VL]H RI PLFURQV > @

2Q WKLV EDVLXPHW WKQ@\EHDWK D ODUJHU DYHUDJH VL]
FROQWHQW GHFUHDVHV DQG ZLWK D VPDOOHU DYHUDJH VL

$V FDQ EH VHHQ IURP )LJXUHV DQG ILIWHHQ YDULH
(DVWIHY® &HQWUDO (XURSHDIW ORW VW ROYDXIWHWEH® /D V X C
©6NDUBE|R¥ \@#DYDU?2 @B/ DD RDP R EBERI DIDD) BAU
©'1YLQ2 ©/HWKNDRLVWULEXWLRQ RI VWDUFK JUDLQV LV P
FOHDUO\ GLVWLQJXLVKHG IRXUOWDSHVORDBDDWIR M2 S RWI
©*UDQKPYH D ELPIRGPWLW@ZRO VL]H GLVWULEXWLRQ RI VV
RI QDWLYH SR&DYWRR VA\(DIBIFNV2 ©)DYRUMWEHND @9D&LDMNME
©.RORERN2 QOOMKMWHRBUYWULEXWLRQ RI VW D UFKFWLRIQD\O L\
VLIH DQG LQ WZR YDULHW®@HV\R Q QMM KYHIOS. RIS BAN B3/ M D U F
GLVWULEXWLRQ RI VWDUFKIUDBYX8BADQV>RAUPRGDO IRX

$PRXQW RI VWDUFK LQ SRWDWR WXEHUV

W VKRXOG EH QRWHG WKDW WKH DYHUDJH VWDUFK FF
&HQWUDO (XURSHDQ SRWDWEBWORQWWE D XLWA DM 2|
©/DVXQ@GRN2& ©/LOHAD?2 ©O0DJ# ©O6NDWHE? ®&X]RE® AH

©<bDYbBU2 ©80DGEDU2 ©9HVQ\EQND*©S$SOEDWURV?2
©. RUPRHYHDQ% .UDQEFK2 ©6RQDBWD?2 ©/D]PY ©'LYR®
©O9HVWQLNO(IIHEW?2 ©%U\DQVNL\ &HOL®POMWHRWH2W H 2
©*uUDQ@G*a ©9DVLOHN2 ©9HOLNDQ? ©1DNWD?2
©.RORERN? ©.UHS\WK?2 O©OOHWHRU?2 ©']YL?2 O©O/HOHND?
> @

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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JLIXUH 6FDQQLQJ HOHFWURQ PLFURJUDSKYV
(DVWHUQ DQG &HQWUDO (XWRSHDQ SRWDWR Y
*tOSWODQAWD]XULMADVXQRNHLOH\B®ODJ2+*©O6NDUE?
+t@BX]RV \HO<DYDUW®OB8ODGDYBIHVQ\DQNOSOEDWWRV?
©. RUPRUD®®.UDQLFK®G6RQDWH&/D]BU

FFFBNUDLQLDQ )RRG -ROROPI ,VVXAFF
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JLIXUH 6FDQQLQJ HOHFWURQ PLFURJUDSKYV RI QDWLY
(DVWHUQ DQG &HQWUDO (XURSHDQ SRWDWR Y
+©']YLQ2O/HOHNLZBU\DQVNL\ GH@ONDWYWRUMR/AUDQG?
+tO9DVLOHNFBLNDE@®. RORERNS.UHS\VKFOOHWHRU?
+t©1DNUD?

FFFBNUDLQLDQ )RRG -ROROPI ,VVXAFF
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Number of starch
oN B~ O

0 5 10 15
Size of starch grain, pm

JLIXUH *UDQXORPHWULF DQDO\VLYV RI JUDDQWHUQ@DWL
DQG &HQWUDO (XURSHDQ SRWDWR YDULHWL
+t©O. RORERM€2AUHS\VK®OHWHRU?
+tO1DNUR®']YLQ*O/HOHND?

'LVFXVRLRMEH UHVXOWYV

IDWLYH VWDUFK LV D QDWXUDO SRO\PHWW XRRBKUPBIQ RRI4
DUH ERXQGoE\DQG o JOXFRVLGH ERQGV IRUPLQJ DF
SRO\WDFFKDULGH DQG DP\ORSHFWLQ EUDQFKWGRQRO\V
DP\ORVH DQG DP\ORSHFWLQ DUH FRPSDFWO\ SDFNHG LQ

7TKH VRXUFHFRQWWDQE®J UDZ PDWHULDOV DQG WKH S
RUJDQL]DWLRQ RI QDWLYH VWDUFK OD UM KYHGHWUH WPH I HX

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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DQG PRVW JHQWOH H[WUDFWLRQ RI WKH VHHGV RI QDWLY
QDWLYH VWDUFK LW LV UHTXLUHG WR FRO\OLKQLAU I
PDWHULDOV GHVWUR\ WK W LSYOD § W DRH®&O Z Bl W UIDVE W2 LWMKH
DVVRFLDWHG LPSXULWLHV GHK\GUKXWH PHWK BSG¥NDXE NQ
SURFHVVLQJ SRWDWRHV IRU VWDUFK XVLQJ D YDULHW\ RI
W\SHV Rl SURFHVXV®E HRYLWKHYW SXUSRVHV > @ +RZH
KDUGZDUH GHVLJQ HDFK Rl WKHVH PHWKRGVY LQFOXGHYV
DOO PRGHUQ WHFKQRORJLHV IRU WKH SURGXFWLRQ RI
SURFHVVLQJ DFMIGLQSRWDWIR FHOO MXLFH DQG SXOS
DQG GU\LYJ@

$FFRUGLQJ WR RXU UHN®RBIMY GIDW B-O\ONDWY ZKH O0DLQ V
RYDO VSKHULFDO RU LUUHJXODU VK DS HP RV KWW UG KDPUHDA |
DUH GLYLGHG LQWR VLPSOH DQG FRPSOH[ VLPSOH JUDLQ
D FRPELQDWLRQ RI VPDOOHU SDUWLFOHV 7EHA@GHQVLW)\ F

%DVHG RQ WKH DQDO\VLV RI WK HR F QDWDLAMHHVUWDW ERV |
DVVXPHG WKDW WKH PDLQ VWUXFWXUDO FKDUDFWHULVW|
LWV SURSHUWLHV LV VWDUFK JUDLQ JUDQXOH >
VKDSH RI VWDUFK JHWHQW LEHW MUPH @B QGIHVWDWLRQ RI
FKDUDFWHULVWLFV RI VWDUFK > @

7KH DPRXQW RI ERXQG PRLVWXUH WKH ODUJHU WKH VW

LQ WKH VWDUFK DQG YLFH YHUVD

7KH WHPSHUDWXUH RI1 JH G DWW FB W U@ X\@ K H \@ O JHRZ k

RI LWV JHODWLQL]DWLRQ DQG YLFH YHUVD

7KH UDWLR RI WKH VWDUFK IUDFWLRQV RI WKH EUDQF

DP\ORVH WKH IRUPDWLRQ RI VWDUFK JUDQXOHMWLV GX

RI DP\ORSHFWLQ ZLWK HDFK RWKHU RU ZLWK DP\ORVH

5KHRORJLFDO FKDUDFWHULVWLFV Rl VWDUFK SDVWH Y

DP\ORSHFWLQ DQG DP\ORVH VWDUFK IUDFWLRQV

7KH WHPSHUDWXUH RI JHODWLQL]DWHRQ VW R YLD R QW
SDVWH WKH UDWLR RI VWDUFK IUDFWLRQV WKH FRORU F
SURSHUWLHYV GHWHUPLQH GHWHUPLQH WKH VL]H DQG VK

&RQFOXVLRQ

7KH PRUSKRORJLFDO VWUXE WKW ®RH QHAGEW HR ¢ WIXUHF B R
FDQ YDU\ ZLGHO\ 7KH VPDOO JU®/DXXIRQES NSIRWED WHRWWM I |
DUH RO®PLFURQV LQ VL]H ZKLOH WKH ODUJE9DWIDWHMK?2 JL
©1DNUD? ©O.UDQLFK2WHDBKWQPRENBOYY 7KH VKDSH RI Wk
WKHPVHOYHV LV DOVR YDULHG FRUUMEWHIBQ @ RXQE BIXSO [P
FKDUDFWHULVWLF RI VPDOO JUDQXOHYV

7KH H[SHULPHQWDO GDWD SUHVHQWHG VXJJHVW WKL
JUDXOHV LV UHODWHG WR WKH VWDUFK FRQWHQW LQ JUDL
:LWK D ODUJHU DYHUDJH VL]H RI VWDUFK JUDLQV WKH V!
DYHUDJH VL]H WKH SHUFHQWDJH RI VWDUFK FRQWHQW L

S5HIHQHHV

*OLXN 1 * =KXVKPDQ $, /DGXU 7 SUDNKPILONRYNWUDPDHEKPDORS
$JURSURPL]GDW ORVFRZ

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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$QGUHHY 1 5 2VQRY\ SURL]YRG ¥MWANKF IQBSWBRIAFRZWU D N
%HOLW]*YRVFK : 6FKLHERBOMREHPIWHNUVHG DQG H[SDQGHG
6SULQBWWDI /HLS]LJ

ODNHOOD 0 - /DDNVR 6 BWXGLHV RQ 2DW 6WDUFK ZL

'LVWULBWWRDUR® 6WEBSNH

6\OYLD GH 3DWHU ODUWRW® RQNBHUY HHDQYNMMHPD 5HQDOG
GH 9HWWHQ ODQLSXODWLRQ Rl VWDUFK JUDQXOH VL]H
Rl SODVWLZBOBGRW WIIRRQ(WHFKQRI®BRJ\ -RXUQDO

-DQW - .DVHPVXZDQ 7 /HDVSRE\WREHO + $QWKRORJ\ RI VW
PRUSKRORJ\ E\ VFDQQL QJ&6MIDHFAKURDBSBINFHI RV FR S\

- %HOLOOHU 5 KEWWOHKJ FKHPLVWUWHEQGWERBEYRIORIUHVV
%XUOLQJWRQ

3pUH] 6 %HUWRIMH(PROHFXODU VWUXFWXUHV Rl VWDUFK FR
WR WKH DUFKLWHFWXUH Rl VWD UF&EKWDAKXOWBSRH RPSUHKH
%XOHRQ $ &RORQQD 3 30DQFKRW 9 %DOOIBRV\QWKHWVDWYF
,QW - %LRO ODBBRPRO

$ & (OLDVVRWDUFK LQ IRRG VWUXFWXUHRREBRHAWGRIX PQIGY R
OWG &DPEULGJH

<RQHPRWR 3 * &DORUL '0$ )UDQFR & 0 / (DEFW RI
DQG SKRKIHFRLFDO FKDUDFW HU&VMDIEF V7 iRF QR ® D $E/AHDQW K
7DNHGD < 7DNHGD & OL]XNDPL + +DQDVKLUR |, 6W U
VWDUFK JUDQXOHADRE RR\UG HBRIBAPL Q

6ZLQNHOV - -0 &RPSRVLWLRQ DQG 3URSHUWLHV R
6WDUFK 6WB3&NH

=REHO + ) OROHFXOHV WR *UDQXOHV 6% RBRBPKB HWDKUNGHV L
SS =

'"HQJDWH + OHUHGLIWLRQ LQ VAIQHIGLVWULEXWLRQ RI VWDUF
- &HUHDO $%L

6WRGGDUG ) / 6XUYHILRH \GW DW BK ESDVWVRIQFQE ZKHDW D
&HUHDO &KBB %

ILQGHEORRP 1 &KDQJ 35 73QPO\WIZFDO %LRFKHPLFDO DC
$VSHFWV RI 6WDUFK *UDQXOH 6L]JH ZLWK (PSKDVLV RQ 6]
6WDUFK 6W 38N H

8DUURWD 9 * $PDQWH (5 'HPLDWH , 0 9LHLUD ) 'HOJD
3KYLFRFKHPLFDO WKHUPDO DQG SDVWLQJ SURSHUWLHV RI
ODQGUEBPHRD\YRRG +\GURFRGGRLG

+HEHLVKS5®ILEDO 6LV D) $EGHO +EIDKPD GBGHO 2[LGDWL
RI PDLQK WLFH VWDUFKHV XVLQJ SRWDVVLXP SBR®IPQJDQD
'"HJUDG 6WDES*

+DODO 6 /0 &ROXVVL 5 3LQWR 9 = %DUW] - 5DGXQ] 0
=DYDUHI]H ( 5 6WUXFW XUH ORR\W\SAIRIDARIW DOQDGN KK® PWQIGR R
VWD URKRGV&KHP SSt

5LEHLUR / 6 &RUGRED /3 &ROPDQ 7 $ 20LYHLUD & 6 $Q¢
,QIOXHQFH RI VRPH VXJDUV RQ WKH WKHUPDO | OKHRRRRIAFD
VWDUFKHUP $QDO &DSOBYLP

ODOXFHOOL / & /DFHUGD / * &DUYDOKR )LOKR 0 $ 6 )HUQi!
& 6 B6FKQLW]OHU ( 3RURXAK B D P\ SERDIRA) VAW 38 £ K

&ROPDQ 7 $' 'HPLDWH , 0 6FKQLW]JOHU ( 7KH HIITHFW

WKHUPDO UKHRORJLFDO DQG VWUXFWKHDR $QR®H ER\DOHRW IRA

SS +

%HQLQFD & &ROPDQ 7 $' /DBDKRGCGODY¥ 68 S&AUVPMNWAIKRO 6FKQ
7TKHUPDO UKHRORJLFDO DQG VWUXFWXUDO EHKDYLRL

JUDQXOHV ZLWK K\SRFKIOHRWUR W MAOXB/ARBLNP

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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&DUPRRQDFLD 5 BDQHWKB ]006IQGRIQWHDOYRORQWRAD % %HOO
3HUH] / $ (ITHFW *®RIQWKE BHRYNQW W\SH RQ VRPH
SK\WWLFRFKHPLFDO DQG IXQFWLRQD OXAKD 8D B W& DUERHIDFS/UR | E
3RO\P SS=

-RVKL $OGUHG 3 OF.LQLJKW 6 3DQR]JR -) .DVDSLV 6 $G
3K\WLFRFKHPLFDO DQG IXQFWLRQR® BERKIFW HBBERRLFV RI O

-RLQW )$2 :+2 ([SHUW &RPPLWWHH RQ )RBBPEGH®RIGNXPHR| IRK)
DGGLWLYH VSHFLILFDWLRQV YRO DQG)RR&G2D)REB G QG XIOW
2UJDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV 5RPH

*DOOLDUG 7 6WDUFK SURSHUWLEBNLF®BVIRMHQWLDO
IXDOIOHDPVKQJ VWDUFK 6® DRIF® 6WYRRWBXUH )XQFWLRQ DQG
SRO\WHFKQLF 8QLYHID/QAMQRID SDOHQFLD

3DVVRV 0/ ,QQRYDWLRQV LQ IRRG HQJLQHHUL @¥ &Q3HIZHWWH F K (
%RND 5DWRQ

&RSBAGD/ %OD]JHN - 6DOPDQ + HW DO YRBREB DQG |
+\GURFR|0

'DPRGDUDQ $ 0 3DUNLQ ./ )HQQIHPID 2V5)RR G "SKGHPL VRVQ \
&5& 3UHVV %RND 5DWRQ

,QIRUPDWLRQ ,QWHUDUIMK IMWRQYIRFDO/W FRQGLWLRQV
KWWS ILOHV VWUR\LQI UX 'DWD SGI

/ILWY\DN 9 9 %X WAR\PNYBD 9 9 .RJORYD /1 ORUIRC
NKDUDNWHULVWLND NUDNKPDO Q\NK JWDQXIOF K Q UFKFRNFRO VDR B
1$1 %HODUXVL 6HU &+\DO QDYXN

ILWY\DN <XOUNVKWRYLBKWBLPORVNYD 9 9 $WODV ORUIRORJL
NUDNKPDOD L NUDNGPDWHRGD BEGKXNIMERYQDY XND

/LWY\DN 2VSDQNXOGREPODEPHUGHQRXDONVKWRYL%BGKWBLP 6
5RVO\DNRY <X $WCOPIRWU IR ORROQLLY D NKIDH(EZRY $VWDQD S
/ILWY\DN 9 9 5RVO\DNRY KX ).R]IORWDULPL 6.UDNKPDO L
NUDNKPDORSURGXNW\R GP RGBS WGIKOD SIRXHVVRUD <X ) 5RVO
)*%H893H ©.XHA82 .UDVQRGDU S

*ROGVWHLQ - <DNRYDAMDWEFKHVND\D UDVWURYD\DFHOHNWUF
OLU S

*ROGVWHLQ - 1HZEXU\ ' (FOLQ 3 -R\ ' 3YIDREWHEKD\DLIV
UDVWURYD\D HOHNWURQQD\D PLNUYRK NRS DKL WRNQNNWIHQRY V
*ROGVWHLQ - 1HZEXU\' (FOLQ 3 -R\5DVWRRL BW HQHNWQ
PLNURVNRSL\D L UHQW JH ®RNYNIDIIHP L.RURTUQ DOWRIRY N Y D
/LWY\DN 90DGLPLU 6L]H DQG PRUSKRORJLFDO IHDWXUF

ERWDQLFBROUPWLRLIOY )RRGjjRXHQDO

,QIRUPDWLRQ ,QWHUQHW 3RWDWRHV 'HWHUPLQDWLRQ RI V
DW KWWS ZZRVSH X WHKRPR®WRLAEG HMWHNN.K @ R MELLPR.G KO @ NL M
SURL]YRGEWRGSURIK YRGYWRIHO KWPO

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

([ WUDFWV IURP SK\VDOLV OHDYHV 3K\VDOLV
SURVSHFWLYH DSSOLFDWLRQ LQ PHGLFLQH D(

7DQ\D ,YD 9HQHOLQD 1DGH]KGD 0
$OEHQD 6WR\DERIYQPND 'DP\DQRYD

18QLYHUVLWI RI )RRG 7THFKQR U
+8QLYHUVLWI RI 5XVVH %UDQFK 5D]JUDG %XOJDULD

$EVWI
.H\ZRUGYV

, QWURGXKFWHRQLP RI UHVHDUFK WRKRHWR Ft
3K\VDOLV FKHPLFDO FRPSRVLWLRM®RG SWKMDREWDQKDY
(IWUDFWV HIWUDFWV ULFK LQ ELRDFWLYH FRPSRXQGV

3RO\SKHQRO\/FRVPHWLF DSSOLFDWLRQV

JODYRQRLGV ODWHULDOV DQNPBEPWWRBY® RI GULHG SK\V

7ULWHUSHQH\;DV FDUULHG RXW XQGHU WKH IRQORZLQJ FR
ZY VROYHQWVDQG YCROROHWKERBSHUDWXUFL
DQG f& DQ& GXDOQWKRGOFRQIRMWKRHIQROV

IODYRQRLGV DDG WHKEB WHN DIQGHVQ WKH REWD!
V GHWHUPLQHG E\ +3/&
$UWLFOH KLV"\”éBs‘SI-wxowv DQG 7GHV BX)\D\VOL\RKG SK\WDOLV OH
SHEHLYHG YDULRWEB® DQG |UREPWAHHU BLRLW K DQG
PRLVWXUH UHVSHFWLYHO\ 7KH SODQW PDW
SHEHLYHG LO UHYLVWEQQLQV UHWSHMW YRRDRU YDULHG E
TRU P FRQFHQW UDVRIUR® J NH (7@ RVZK HVEWRZRO  \H
$FFHSWHG HWKD QRHHEIQR Z Q HWKDQRO DQG EUF
HWKDQ®OH[SHULPHQWDO GDWD DQG WKH GHL
WKDW WKH W ZRWAHPLSH UDFWRIHV DQG G XUDWLR

&RUUHVSRQGLGRIOXHQFH RQ WKH FRQWHQW RI H[WUDFWHG

DXWKRU | WKHHSVRZKBMU HI WUDFWLRQ DWW RLWHKPSHU
DQG HWKDQRO IRU WKH OHDYHV IURP 30
9HQHOLQD 3RSRYBQG H W KRDUQ W@ B UL BH Q R W \ SSHK H QZARH3OLYH
(PDLO DFLGV ZHUH LGHQWLILHG LQ WKH OHDYHYV
YSRSRYD # JHARSH DO WKRVH IUBBPWVXHRRMRSH 5XWLC
DEY EJ WKH GRPLQDQW IODYRQRLG LQ WKH OHDYH

JHQRWWSHPYDMRU WULWHUSHQH LQ WKH OHDY|
ROHDQROLF DFLG IROORZHG E\ EHWXOLQ

7KH H[WUDFWV IORPYBK\VIDWDH.VULFK LQ E
VXEVWDQFHV SKHQROLF DFLGV IODWKRIQRLGYV
SURVSHFWRYNLERWH DSSOLFDWLRQ LQ PHGLF
SURGXFWYV

&RQFOXYKRQOWWXG\RW RKIHGHWVW WLPH G
WKH RSWLPQOQ IFRRIQ GUKML RI3W\WIDFOALVROHR XY LD
OHDYHV DV ZHOO DV LQIRUPDWLRQ DERXYV
ELRORJLFDOO\ DFWLYH FRPSRQHQWV LQ WKF
>y H[WUDFWV 7KHVH DUH WKH ILUVW UHVXOWYV L
JURZQ LQLBEXOJDU

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

7KH JHZXXVDORM®N 6RODQDFHDH FRPSULVHV QHDUO\
VSHFLHVY FRPPRQ WR PDQ\ FRX@WN BPHRQ D WRHPG WKH ZRWY
GLVWULEXWHG DQG FRPFHY BOLO OIYHPSTRIUBIDORY NQRZQ D\
JRRVHEHUU\ JROEHHQEHRU\ VI@BSD\ SK\WVDOLV 7KH HGLEO
IUX4ARWRLG LQ VKWIS]H GFKWROBEIHVKHG D@GLMXEIRVFULEH
WRPDWNHODYRU DQG DSSHDUDQFH WKRXJK WKH WDVWH
D KIRRQWVURSLFDO @XKHXLWEN KLGGHQ LQ DQ LQIODWHG
SURWHFWLQJ LW IURP LQVHFWV ELUGV GLVHDVHV DQG K

'KLOH SK\VDOLV IUXLW DORQJ ZLWK ®PRV EWHKEUORKE
DFN@RGJIHG DV D VRXUFH RI YDOXDEOH ELRDFWLYH DQG
GDWD DERXW WKH FKHPLFDO FRPSEBGMUWYRG® RI FSKAWLY HVS

,Q D VWKGW MW DO > @ WKH WRWDO SKHQRGWKDRAG |
H[WUDFW IURP SK\VDOLV OHDYHV ZHUH HVWLPDWHG WR
UHVSHFWLYHO\ :X HW DO > @ REWDLQHGH{WKDOWRY LIFRI
SK\WVDOLV OHDYHV 7RWDO IODYRQRLG DQG SKRQRO FRQ
UHVSHFWLYHO\ LQ WKH DTXHRXV H[WUQPWK HDBW KD Q FPALF
7KH SUHVHQFH RI SK\WRFKHPLFDOV ZLWK GVIDISRQQQVEL
WDQQLQV VWHURLGYV WHDSHJRUGPWRBRBX\D BYRQRE®Y |U
OHDYHV DOWKRXJK L\@ ZEMUQROL DRBRQMW. IREG>>@ VWXGLH
DQG WKH GDWD LQGLFDWHG WKDW WKH H[WUDFW DQG LW
K\GUR[\ ZLWKDQRBH XN/ HG FARROGHYHORS ED L&HWUWNW LRARION
FDSLWEQWB[WUDFW RI SK\VDOLV OHDYHV VKRBRE LMQWHE |
EDFWHULD BWWRPS BEMQBF® F F X V

,Q IRON PHGLFLQH WKH MXLFH RI SKM\AVBDWW KDMW YRHVZ R D
ERZHO FRPSODLQWY ZKLOH KHDWHG OH®YHV DUH DSSOLH

$OWKRXJK SK\WVDOLV LV QRW D SRSXODU FURS LQ %X
SHUXYQDOBG 30RYGLY KDV EHHQ VHOHFWMXH @® WU RFI
DXWKRULW:H® LQ

7KH DBRYMYVHQWHG EULHI UHYLHZ RQ DYDLODEOH GD\
VXIILFLHQW VFLHQWLILF HYLGHQFH DERXW WIQH FIKEPX\W D
WKH REWDLQLQJ RI H[WERFS\WRX QGNKLOW EQRHIWIRMWH PHG L
DSSOLFZWLRKQVYY VHW DV WKH REMHFWLYH RI FXUUHQW V'

ODWHULDOV DQG PHWKRGYV

30DQW ODWHULDO

/IHDYHV RI WZR JHQRW\SHV R3KFXDOWLNVY CEBVAKEN BB QLY D C
LQYHVWLIDWHG HRKHADWM WWH RHDRWYRRDL G WA XPIJ B K IL\DIRO L V
3ORYGLY DQG ZDV JURZQ LQ WKH UHJLRQ RI 3ORYGLY FLW
7KH VHFRQG JHQRW\SH ZDV JURZEGUGPS YRYVEREDENGDGF I
LQ /LN YLROWABEKHW %XO)JIDHMKD OHDYHV ZHUH SLFNHG LQ Wtk
2FWREHU DQG OWKUHEB AHUWKH WKDGH 'ULHG OHDYHV ZHUI
VWRUHG DW D WHPSGWD® SWHRMKRHVVLQJ

&KHPLFDOV

+3/& JUDGH PHWKP@IROUDQEB IDAHWHOO DV SKHQROLF DFI
ZHUH SXUFKDVHG BOGUBPBK &KH®LH *PE+ *HUPDQ\

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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&KHPLFDO DQDO\VHV

7KH PRLVWXUH FRQWHQW RI WKH OHD YK VWZD ¥ REHAMHDILY
ZHLJKW > @ DOQM \D/DXOGGZWDHLBDWEXODWHG RQ D ': EDVL
ZDV GHWHUPLQHG E\ WLWUDWLRQ RI KRW ZDWHU H[WUDFV
LQGLJR FDUPLQH DVKHQGEFRDWRDOA\VE@Y RI SRO\SKHQROV
WULWHQSSH@HYW PDWHULDO DQG LQ WKH H[WYUDFW®@ ZDV [

2EWDLQLQJ RI HIWUDFWYV

([ WUDFWLRQ ZDV FDUULHG RXW LQ ODERUDWRU\ FRQGL
ubzZz PDWHULDO WR VROYHQW R WKHREKWURGWHRWY V U
GLIITIHUHQW HWKDQRO FRQFHQWUPMWKYRQYHQW LWDGEEBQFM
WKH K\ GURPRGXOH ZHUH FKRVHQ RQ WKH EDVLV RI DXWK|
WKH WHFKQRORWHP®H UMMM DWLRQ RI H[WUDFWLRQ
PDWKHPDWLFDO PRGHOLQJ RI WKH H[SHULPHQW 7DEOH

7TDEOH

ODWKHPDWLFDO PRGHOLQJ RI WKH H[SHULPHQW
9DUL| 'XUD\ |l THPSHU K

URFHVYV HIIHFWLYHQHVY ZDV HYDOXDWHG LQ WHUPV R

6WDWLVWLFDO DQDO\VLYV

%DVHG RQPAHOWDO GDWD WKH HTXDWLRQV RI WDQQLQ
FRHIILFLHQWY ZHUH YHULILHG IRU VLJQLILEPD\Q)AH KN BYWX C
WH¥OO H[SHULPHQWV ZHUH IRU SHUIRUPHG DW MWDVW W
DVVHVVHG E\WHW WG RQWHMANSQ FHMHEHWZHHQ PHDQV ZHU
VWDWLVWLFDOO\ VLJQKH FDIXW HY  H 0 HF BIRGIE WHIE JZIQW K
VRIWZDUH

5HVXOWY DQG GLVFXVVLRQ
2EWDLQLQJ DQG FKDUDFWHULVWLFV RI HWKDQRO H[WU!

7KH DQDO\|HGOFHOYBPOWUURP YDULHW\ 30ORYR IZH WDH) G LIW R
DQG PRLVWXUH OHYHO UHVSHFWLYHO\ 7KH SOI
WDQQLQV UHVSHFWLYHO\ IRU WKH WZR JHQRW\SHV

7KH REWDLQHG HWKDQRO H[WUDEWXL QM PD 8 IG\ WDKCHIMJ CFt

E\ VROYHQW FROQFRQWQDNWLROQVRHOOREKBQRO \HWEBRDR(
JUHHWQRZQ HWKDQRO DQG EURZQ HWKDQRO

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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JLIXUHVSUHVHQW WKH UHVXOWY DERXW WKH WDRQQLQ
SK\VDOLV JHQRW\SHVY DFFRUGLQJ WR WKH VFKHPH RI WK
7KH UHVXOWV VKRZ WKDW WKH H®HRYD WICRD VRK W H P8 HQ D!
SURFHVV GXUDWLRQ IURP WR K ERWKQLE®LFIM DL\QHS WEHHQI
HWKDQRO FRQFHQWUDWLRQ RU WKH RULJLQ RI WKH OHDY!
LQFUHDVH LQ WKH DPRXQW RI H{IWUDFWHG WDQQLQV

JLIXUBRQWHQW RI WQ GIQWQDFWYV IURP SK\VHWKDQRDYHV ZL\
D+3ORYGLY JHORWISR JHQRW\SH

D E

JLIXUBRQWHQW RI WDQQLQV LQ H[WUDFWWKR@RIK\VDOL)
D+30RYGIQRW\SEHLRRUP JHQRW\SH

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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D E

JLIXUBRQWHQW RI WDQQLQV LQ H[WUDFWWKR@RIK\VDOL)
D+30ORYGLY JHORWISR JHQRW\SH

D E

JLIXUBRQWHQW RI WDQMARWY | U RIRQ SHK\W D O L VHOHKDYOHRWO ZL W K
Dt3ORYGLY JHORMWIER JHHQRW\SH

5HDVRQDEO\ WKH WZR PDLQ IDFWRWBGKUWROWWNRER GH[WUL
WHPSHWOWMJAH D VWURQJ LQIOXHQFH RQ WKH FRQWHQW

EHWZHHQ WDQQL® GRBQWHRGEWVY SIO DDBHWNUMRJILUPHG E\
REWDLQHG HTXDWLRQV ZKLFK ZHUKQLYHBDQWG RNIDGHHMRI

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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6ROYHQW /HDYIHJ(\J;!!-I)D(DS\‘ORYGLY JHQRW\SH

H'DC m (0] (0] 00 (O = (0]
H'DC m (0] ot 00 (0] (0]
H DG m o o 00 + 0+ 0
H DG m o o 00 + o+ o

JHDYHV IURPDWRH EQRW\SH
H'DC m o oz 00 + 0+ 0
H'DC m o o 00 + 0+ 0
H DG m o oz 00 + 0+ 0
H DC m (0] (0] 00 * (0] (0]

7KH KLJKHVW FRQFHQWUDWLRQ RI WDQQLQV LQ WKH H
FRQGLWLARQVH[WUDFWLRQ NV DLWKPSBQDBW X UHWRID QRO IR
IURP YDULHW\ 30RYGLY DQG:tRWHOHDYBYV | URPKWDRKRHE L R
ORZHVW FRQFHQWUDWLRQ RI WDQQLQV ZDV REWDLQHG ZL
7KH GLIIHUHQFHV LQ WDQQLQ FRQFHQWUDWLRQ LQ WKF
FRQFHQWUDWLRQV UHKMQPM WKW K/H MR OLYFDQW DQI® FDQ

GLITHUHQW VHO HMFIDQRO RL[ZDXWHY XVHG LQ WKH H[WUD|
7KH VDPH SDWWHUQ RI WKH LQIOXHQFH RI SURFHVV WHPS
RQ WKH FRODMHQVWWRLQ OLTXLG H[WUDFWV KDV EHHQ UHSF
EHDULQJ DQG PHGLFLQDC S@UDL@W® KV KX IF @DIDVG WIARE/IH@RU \

3RO\SKHQROV LQ SK\VDOLVY OHDYHV DQG H[WUDFWYV

7KH UHVXOWYV D ERVQ RWKLHF DRFQWY W RIIGBYRQRLGYV LQ
RB SHUXNUBQMKRZQ LQ 7DEOHV DQG

'DWD VKRZ WKDW LQ WKH OHDYHV DQG H[WUDFWV IUR
SKHQROLF DFLGV DQG WKH GRPLQDQW ZONFURYPDSLELF
IHUXOLF DFLGV ,Q WKH OHDY HIVUP QIH GIRWUDH VWY U H RIPG MW/
SKHQROLF DFLGV DPRQJ ZKLFK GRPLQDWHG SURWRFDW
VLQDSLF DQG YDQLOOLF DFLGV ,Q WERWASIBDWHUY XMWQ® H[
GRPLQDQW IODYRQRLG ZKLFK FRUU HVSRNGHIEDWR WKH U]

2Q D JHQRW\SH EDVLV GDWD DERXW IODYRQRLGV VKRZ
KHVSHUHWLQ LQ WKH OHDYHV RH YDWKHWH[WORFW®WLY FR
UHVSHFWLYHO\ WR WKH OHOBPHY DQGRM[VBHID FWN FURRFE MK\
IODYRQ JO\FRVLGH P\ULFHWLQ LQ WK HDOHDMHYRWQSH HM
FKDUDFWHULVWLFDOO\ KLJKHU

7KH FRQ WHQBVR®ILIHERXBDULF VLQDSLF IHUXOLF DQG U
VDPSOHV IURP 30RYGLY JHQRW\SH ZDV VLJQLILFDQWO\ K
OHDYHV DQG H[WUDFWV IURP WKH VHFRQG JHQRW\SH
NDHPSKHYR®SLIJHQLQ ZHUH QRW LGHQWLILHG LRQUWKH OF
JHQRW\SH 'HVSLWH WKDW WKH FRQWHQWYV RI FKORURJH(
LQ WKH OHDYHV DQG H[WUDFWV IURP YDULHW\ 30RYGLY

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7DEOH
&RQWHQW RI $ROOSONGRONQG H[WUDFWV3IURPUXFRIGDY JHC

&RPSRXQGﬁf?YHV (WKQRODWV U PFWRN
*DOOL L “ “
URWRF “ “
DFLG
6DOF D
&KORU
DFLG
9DQLOC
&DIIHL
6\ULQJI
i &RXPI
DFLG
6LQDSI
YHU X O
&LQQDP
5RVPD
DFLG
O\ULF
+HVSFH
4XHU
IXW E
.DHPSI
$SLJII “ wWu wu WU WU
5X\ “ “ “ “ “
+\SHU|I “

PORW LGHQWDIEH®PRXQW

7TKHVH UHVXOWY UHYHDO WKH SUHVHQFH RI YDULRXYV FC
DQG LQ WKH OHDI HIWUDFWV REWDLDQGIGY | URRZY KLH) Wa2RD J |
REVHUYMHEIBQFHY LQ WKH SURILOH DQG FRQWHQW GLVWL
WKH LPSDFW RI SODQW JHQRW\SH 7KH UHVXOWYV DJUH
SRO\SKHQRO SKROYDEHYWHNVQ IRIU WMRDWPE@ SKHQROLF FRQFHC
PJJ > @ DQG @ PUVRWDO IODYRQRLG FRQPHQ@WUBWLF
DQG PJ@ $WXGLHVY RQ WKH GHWHUPLQDWLRQ RI 10D
LQ GLIBKUVDWBHFLHWHEBEDRFEHHG H[FOXVLYHO\ RQ WKH IUX
UHYHDO WKDW OHDYHVY SRWHQWLDO RI DFFXPXODWLQJ W
WKDW RI WIGH [(USHMWRHHKX\PHWLFDO UHVXOWY IRU WKH SR
IURP GRS ILQ WKH VFLIRQWRW.KHO LSVHR@PW PDMWHUH. DOV >
HVWDEOLVKHG GLIITHUHQFHYV LQ WHUPV RI OHDI FKHPLFDC
LQYHVWLIDWLRQ DQG WKH UHSRUWHG GDWD PDVEHF&XH \
WKH SODQWYV ZHUH JURZQ DV ZHOO DV WR WKH LPSDFW F

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

7DEOH
&RQWHQW RI SRO\SKHQROV LQ OBDPH\HQRWSHBMXYLP\®D |URP

&RPSRXQGVHDYHV (WIXQ ROV U BF WN

D

33
*DOOL :
3URWRF "
DFLG
6DOLF\( - - - -
&KORU " " " " -
DFLG
9DQLO( " " " - g
&DIIHL " " " " -
6\ULQJ] " " " " "
i &RXPI " " " " "
DFLG
6LQDSI " " " " "
YHUXO " " " " "
&LQQDP " " " " "
S5RVPD
DFLG
O\ULF " " " " -
+HVSF " " " " "
4XHU " "
IXW F
DHPSI
$SLJI
5X\ " " " " g
+\SHU| " " " " "
PQRW LGHQWLILHG

TULWHUSHQHY LQ SK\VDOLV OHDYHVY DQG H[WUDFWYV

7KH UHVXOWYV DRRXWU MWKHIUBRIQW WM QW WX HSE HBRYHE @ G
VKRZQ LQ 7DEOHV DQG

7DEOH
&RQWHQW RI WULWHUSHQHYV LQ OHDYHV3D @6 UH{WIUDFWV [UF

&RPsRrxQGV DTHY (WKDQRO HPJWPUDFW YV

%HWXOLQ " D u .

%WHWXOLQLF DFLG : :

20HDQRQLF DFLG “ “ u «

SB8UVROLF|DFLG “ “ “ “

PQRW LGHQWLILHG

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7DEOH
&RQWHQW RI WULWHUSHQHV LQIDHIP YHQ B\WQESHINXYUDBOWY |UR

&RPSRXQGHDYHV (WKDQRO HWIWUDFWYV
V -5 J "

C “ “ “ “
%HWXOILQ

%HW)>
DFLG
20HD! “ “ “ “ “
DFLG
s8uUV
DFLG
PQRW LGHQWLILHG

7KUHH WULWHUSHQHYV ZHUH LGHQWLILHG LQ WKH OHDY
ZHUH ROHDQRCPUIFPDFD@GE EHWRDPJ ,Q WKH VHFRQG JHQR
ROHDQROLF DFLG ZDV LGHQWLILHG WERW LKL IK N UJBR QLA
PI PJ ,Q WRWDO IRXU WULWHUSHQHV ZHUH LGHQW!|
OHDYHV Rl RORBELY QOQWKHUH ZDV D FOHDU GLIITHUHQWLI
HWKDQRO YV DQG HWKDQRO ,Q WKH H[WUDFW
FRQFHQWUDWLRQV RQO\ ROHDQROLF DQG XUVROLF DFLC
PJ P/ UHVSHFWLYHO\ 7KH H[WWRXBWAHEHWRIQ WIHGRQIE

LQ WULWHUSHQRLGV ZLWK BJWRWDHY RHFWLYBQG DQG W
ZHUH EHWXOLQ EHWXOLQLF DFLG DQG ROHDER®YHF RF MK
ELFPUP JHQRW\SH RQO\ WZR WWRWHDOROQHV ZRUG DG B8 QBM
KLJKHU FRQFHQWRRDXW LW QRHWKUHHHU 'DWD IURP WKH VW
RI WULWHUSHQRLG FRQWHQWXOMKBH RUHQGX L WID\E® B QRRD Y
2XU UHVXOWYV FOHDUO\ GLIIHUHQWLDWH EHWZHHQ WK
GLIIHUHQFHV UHIOHFW WKH LPSDFW RI SODQW JHQRW\SH
IURP SUHYLRXV UHVHDUFKVRIQR® WIQVSKN\S B QR GO AR F N QDU
HYHQ KDUGHU WR PDNH FRPSDULVRQV WKDQ LQ WKH FI
NQRZOHGJH WKH WULWHUSHQRLG FRQ¥HQW @RRVBIS\ND JUR
LQ %XOJDULD KDPLQR® HEGWZ GHWH USLPLODU WR WKH RE
UHVXOWY DERXW WKH WULWHUSHQH FRQWHQW LQ SK\VDC
WKH VSHFLHV DV GLVWLQFWLYH IRUP RW KHKH SGLD CHAUWH QUFHH
LQUKH WULWHUSHQH FRPSRVLWLRQ EHWZHHQ WKH SUHVHC
DWWULEXWHG WR HQYLURQPHQWDO FRQGLWLRQV SODQW

&RQFOXVLRQ
7R WKH EHVW Rl RXU NQRZOHGJBURBDMEH DRKLWXHGI LEY A
RSWLPDO FRQGLWLRQV IRU 3Wd M DHJ WU B/F WEROQDHEMDR B ¥ D!

LQIRUPDWLRQ DERXW WKH FRQWHQW RI FHUWDLQ ELRORJ
WKH REWDLQHG H[WUDWWWHVXOWWH WDRFRWWH GLDERXW SK\\

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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%XOJOWHDH[WWRDMNM- QHG SKHQROLF DFLGV IODWKAHRLGYV
SURVSHFWRYNLEOH DSSOLFPWGRELQO OG DIQKU AR \ERXHNNV L F
DGGLWLRQDO RDQK ENMEIRPOBWLHRQW\ UHTXLUHG

$FNQRZOHGIHKRHQWWKRUYV DFNQRZOHGJH WKH VXS
)XQG RI WKH 8QLYHUVLW\ RI )RRG 7THFKQRORJLH)
1 7KH DXWKRUV DUH PRVW WKDQNIXO WR
$IJULFXOWNVDW\8QGDRMGLYLDRGBGODR BHIKRY \ENL\R
IDUP /LN YLOODJH IRU SURYLGLQJ WKH SODQW PEL

5HIHUHQFHYV

6KDUPD 1 %DQR $ 'KDOLZDO + 6KDUPD 9 3HU
,QGLDQ VSHFBHKWRDM$QPRPUHKHQVLYKUWHYBHKDUP OHG
5HV SS =
3XHQWH AOXTARIWR &DVWUR ( &SRUWHOLY S/HQRDIHXYD
WKH PXOWLSOH SURSHUWLHV RI D)RRIXGHVXQENBLRQD (
+

5SDPDGDQ@KRUDE $ *KDQHP . 9RODWLOH FRPSRX
DQWLFDQFHU DFWLYLWLHYKRVFOISH JREBBENYPIY L \WIHRL W\
- $UDE 6RF OHGSHHV
.DOXJLQD , 7HOHJHQNR / .DOXJLTKH QXWUHWRRQD O
GHVVHUWYV ZLWK WKH DGGLWLRQ RI *RRVHEHUU\ IDPLO
6HD 5HBNR@PLQLDQ )RRG -BX¥H QDO
(UW-2UNROD\YD] 0 &DQ = .DUDPDQ h $QRALIRRPIDGD.QW
DQWLPLBORDFWLYLWLHY DQG SKHQBRIO\WMD OD\G FHHRYEDC
IURP 7TUDE]JRQQGKD®H\ 3KDUP (GXBSEHV
‘X 6 &KDQJ 6 /LQ "' :DQJ 6 +BRXSHUEUULWLFDO FDUEF
H[W U DFWVRI LWL BIBMXXFHG FHOO F\FOH DUUHVW DQG D
FDQFHU + )RRMGO®OWRPLFRO SS =
ODREH 0 $ * *DWHEH ( *LWX /3UBRWRE®DY\ SK\WRFK
VFUHHQLQJ RI HLJKW VHOHFWHGUPWE HRW) RO & IHJENMWM
DQG SQHXPRQLD LQ .LVLL URKIWLRQ $EROWKEYW .HQ\D
&LULJOLDQR $ &RODPDULQR , O0DUMHURIORIL FD O %D GR
3K\WVDOLV SHUWROAD@DFHDH FUXG R WH A WIKPWERRIO REEHYMRC
FDSLWBWHPDQQ 'LSWHUBROHSRQLWHGDBSRJIDV
=KDQJ < 'HQJ * ;X :; =:X 6 /L6 /L + &KHPLF
ELRDFWLYLWLHV RIKRAD BB LR BHUAKNUDIRWG 6DI SS

+
&KRSUD 51 1D\DU 6 / &KBBYDDU& Rl ,QGLDQ OHGLFL
&RXQFLO RI 6FLHQWLILF DQG ,QGXYGWDLDO 5HVHDUFK
3DQD\RWRY 1 30R¥GUKH ILUVW %XOJDULD@KADYDDHW\ F
SHUXYLD®DU 6FL SS LQ %XOJDULDQ
5XVVLDQ 3KDUPBFRISRHR@®HGLFLRWDFRZ LQ 5XVVLDQ
ODUFKHY $ *HRUJLHY 9 %DGMDNRY , .RQGDNRYD 9
7ULWHUSHQHYV SURG X FOMR/DREY LK Y FBRRIRERDLQ HG Y

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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$JUREDFWHULXP HGUD WHEQ HNQH W L% L R/W B % K GRRUBPFOR/QLRRCS
(TXLS SS +

ODUFKHY $ *HRUJLHY 9 ,YDQRY , %DGMBKERYH, 3
WHPSRUDU\ LPPHBYLRREDFWHPL XPHQKIWRBHQUWNQVIRUP
VDJGDOYLD WRFHRMRRWVHIFHKDRDS  +

3RSRYD 9 2EWDLQLQJ DQG DQDO\VLV RI DURPDWLF
H[SDQGLQJ WKH XVDELOLW\ RI/ WR E DIEVRH USKHRVHIEDIQ BV W
RI )RRG 7THFKQRORJLHV 30RYGLY %XOJDULD LQ %XOJ
%DOLQRNWNRMDRMDQRYD3®WRGXFWLRQ RI SODQW H[WUL
DSSOLFOMLWRQV 3 H DHOWPK D \8 L SIROLQRY PHW RS +

'DPLDQRYD 6 7DVKHYD 6 6WR\DQRXDYHVWRBEDWQRY 'RI

IURP WR¥PRXV YXOJMRWLYSSOLFDW LR QVVE@ @R VBHEDWL F V
SSs =

'DPLDQRYD 6 7DVKHYD 6 6WR\DQRXDHY W LDPMILRRYRI

IURP URVHP\DRDULQXV /RIINRAL @BS DV FDW L-RQ VIM@E BRY P HW

% H 310 SS =

‘DQJ 6 < /LQ + 6 $QWLR[LGDQW DFWLYLW\ LQ Il

UDVSEHUU\EBQG\ WBUDBY ZLWK FXOWLYDUWIDURRRGHYHO

&KHP SS +

*U ERVIDZF]\N 0 7KH ,PSDFW Rl 1RVWDOJLD RQ

(FRQRP\ ZLWRPPRAQLVW %DFNJURXQG (FRQR®EFV DQG 61
5 ;

&XYHOLHU 0 ( 5LFKDUG + %HUVHW & $QWLR[LG

SLSRWQW DQG FRPPHUFLDO H[WU DFFV\QIRHBORH DQG U

SS

%D\GDU + ¢g]NDQ * (UEDUG 6 <BPW® QEXHPLFDO FRPSR

DQWLR[LGDQW SURSHUWLHV RI H{WUDFWV DQG HVVHQV

VHDVRQDO WD DAR URVQAW X S B4X UD H

3R$ 0 7RIDQ O G6RFDFL 6 1DJ\ 0 ) UFDYHBEHU%RUU O

9kUYD / RPSDUBMXHUHJIJDUGLQJ WKH FKHPLFDO FRF

RLOV RGD\CRWASIM FLRS DQG OHGLFLQDO S®DQWV

5D]JERUAHN 0 O9RQHLQD ' 'ROHPHN 9 O9RQPLQD (

SKH@RICALGY SKHQROLF GLWHUSHQBRVPQ G LY NVWRH ULFH.C

/ E\JDV FKURPDWRJUDSK\ BB\GDP RNVPVE B FADRRMHHA B D

-l1JHU 6 7URMDQ + .RSS 7 [/DV]F]\N 0 BFKHIIOHU $
GLVWULEXWLRQUQ FKDURRNXN ¥ H\OCRMMDY QHZ JURXS RI PXC
OROHFXOHS =

OHGL@IGUDQR - 5 $EMPHD] *FOQ]RPMGR 0 GRWSRI L EH
*RQ]IOWIOGH] / 6 $YHUHWDD<3KHQROLF FRQVWLWXHQW YV
SURSHUWLHV RI ILBK\YD®R OMCEHIERNBERILFDO VWSSGLH V

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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$EVWI

6WUXFWXWHYLW\ UHODWLRQVKLS RI WDXWRPH

FXUFXPLQ D UHYLHZ
6DPHHUD $ 5HJH OHJKD $U\D 6KI

,QVWLWXWH RI &KHPLFDO 7HF
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UHYLVHG IRUP
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,QWURGXFWLRQ

&XUFXPLQRLGY DUH WKH PDMRU SRO\SKHQROLF FRPSR
FXUFXPLQRLGYV LQFOXGH FXUFXPLQ WKKRP\FIXQW FLRIDF \W D)
ELVGHPHWKR[\FXUFXPLQ > @ 7KH XQLTXH VWUXFWXU
K\GUR[\O JURXSV KHSWDGLHQH FKDLQ DQG GLNHWRQH P
WKHUDSHXWLF DFWLYLW L HM RJ DRRWAKEW Q WOCARKU D D VDI
+,9 DQWLEDFWHULDO DQWLGLDEHWLF > @ D
ZRXQG KHDOLQJ DJHQW > @ DQG WR SUHYHQW $0]K
DOVR EHHQ UHSRUWWBQ VDDA QMO WL @H RREGDYGW HNVIKHH V6
FXUFXPLQ LV DOVR REVHUYHG > @ 7KLV UHYLHZ HPSKDYV
DQG GHJUDGDWLRQ RI FXUFXPLQ ZLWK WK HH KSHIODSL @R QHI[ L
GLVVLPLODU EHKDYLRXU

ODWHULDOV DQG PHWKRGYV

S5HYLHZ LV FRQVWUXFWHG RQ WKH EDVLV RI SUHYLRXYV

5HVXOW DQG GLVFXVVLRQ
6WUXFWXUH RI NHWR DQG HQRO WDXWRPHUYV

7KH NHWR HQRO WDXWRPHULVP LQ FXUFXPLQ LV EHFD.
RQ WKIERQ QXPEHU DQG LQ KHS@DRGXHBKHHUMYDELOL]DW
Rl HQRO WDXWRPHU ZLWK UHVSHFW WR WKH NHWR WDXW
GRXEOH ERQG ZLWK WKH HQRO GRXEOH ERQ®GRXSGLD Sl
FRQMXJDWLRQ ZLWK WKH FRQMXJDWHG & & GRXEOH ERQG
E\ WKH IRUPDWLRQ RI VWURQJ LQWUDPROHFXODU K\GUR
K\GURJHQ ERQGLQJ ZKLFK H[LVWV LQ WKFHXNANWRLQREPLE.
DERXW D IXQGDPHQWDO FKDQJH L H WKH SRRODUNHHIRRO
WDXWRPHU 7KH GHSHQGHQF\ Rl WKH VWUXFWXUH RI FXU
DV LW WIKIUBEUWIQQVGLIITHUHQW \GROMBB@WELYJ XSRQ WKH SR
PHGLXP FXUFXPLQ H[LVWV LQ GLIIHUHQW SURSRUWLRQ I
IRUPV LQ WKH PHGLXP %RWK WKH WDXWRPHUV JHW VRO
IRUFHV SRRODUVRO X B GIO|DMH. EQ PHDIHS RO UBROHV ZKL(
SRAPRHRODU DERETOIDOL VROXELOL]DWLRQ WDNHV SODF
IRUFHV /LNH SUHIHUV OLNH +HQFH LQ WKH SRODU PHGL
ZKLOH LQSWRBI®IRP WKH DFWLYLW\ Rl HQRO IRUP SUHGR

5ROH RI PHWK\OHQH JURXS LQ FXUFXPLQ

,Q WKH NHWR IRUP LRI WKHFKAS@DGLHQRQH OLQNDJF
PHWKR[\SKHQRO ULQJY FRQWDLQV DQ HW VBI@ s UPRIY\HE OMIKI
FXUFXPLQ DFWV DV DQ DQWLR[LGDQWW®R®\IUR PVW K H AKW\R |
JURXS &8+ HURXS ZKLFK LV EHWZHHQ WZR HOHFWURQ ZLW
UHVXOWLQJ FDUERQ UDGLFDODMRPHG DIGWBUDUB-HEWRAPHDOOARAL
DQG JLIXUH 7KH DFWLYH PHWK\OHQH JURXS WDNHV
SRODU PHGLXP

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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.HWR IRUP

JLIXUH 7DXWRPHULVP RI FXUFXPLQRLGYV
ZKHUH
L 5 52&+ &XUFXPLQ 'LIHUXOR\OPHWKDQH
LL 52&+ 5 + 'HPHWKR[\FSYRXPRQFLQ GDKR\®\OPHWKDQH
LLL 5 6 %LVGHPHWKRISMKKFXPRQGLFLQQDPR\OPHWKDQH

J)LIXUH 'RQDIWWWR® RORP DFWLYH PHWK\OHQH JURXS

,EDVLF BB@RODPHGLXP WKH SKHQRPO\PRLWMWLENYRRUY
LQ WKH UHRBFWIURX DQGYROYHV LIQ HQ®@®OKURNPLQ LV S
GHJUDGDWLRQ@® Q GRIRDUQPHS LXP > @

'HIUDGDWLRQ RI FXUFXPLQ

9DILRXV VWXGLHY KDYH EHHQ FDUULHG RXW WR VWXG\
XSRQ WKH PHGLXP ZKHWKSRODN L& HIODBOMWIHR & LRIQRXQU F
WKURXJK GLITHUHQW SDWKZD\V

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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,Q EDVLF PHGLXP WKH GHJUD G IDMLVRRQFRFR XB B VERFQX F O
LRQ )HUXOR\OPHWKDQH DQG IHUXOLF DFLG DUH I
FXUFXPLQ 7KH IHUXOR\OPHWKDQH IXUWKHU XQGHUJRHYV k

> @ )LIXUH 7K XV DWK BDG KIQU®HWD WD ROFSPHGLXP LQY
KHSWDGLHQRQH PRLHW\ OHDGLQJ WR GLVDSSHDUDQFH R
DQWLR[LGDQW DFWHQIFPM\ WRUFXPERPEDQQRW DFW DV DQ [

$ONDQL +

2 2
2 2
. ]@M M/@ X
+2 2+

L )RUPDWLRQ RI SULPDU\ SURGXFWYV

i i
2
/%Ii:j/*s/\\ $ONDQL h/iIi:j/\+ /ﬂ\
+2 +2

LL )RUPDWERQ ®RDU\ SURGXFWYV

J)LIXUH '"HIUDGDWLRQ RI FXUFXPLQ XQGHU DONDOL(

,Q QRRWODU PHGLXP ODVXGD HW DO > @ SRVWXODW
WKURXJK UDGLFDO IRUPDWLRQ WR IRUR YRIQ LHOOR@ IRQB
FXUFXGHIUDGHYVY WR IRUPLRR_RWRDGDEHEO OXUWKHU JHWV FRQY'I

UDGLFDO |, DQG FDUERQ UDGLFDO ,, %HFDXVH RI
VWDEOH WKDQ FDUERQ UDGLFDO , %RWKHWXGDWORLBEBQW
SURGXFH WZR W\SHV RI SHUR[\ UDGLFDOV ZKLFK Jt

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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F\FOLF LOWHUPHGLDWHYV JHW GHFRPSRVHG WR IRUT
RI WKH K\GURJHQ DWRP IURP K\GURJIKR DQREP RRE@RRI MRPI
K\GURIPHWKR[\SKHRQLAR[RH[HQDD DQG YDQLOOLQ DUH IRL
FDUERQ UD@KHMAHDYV IHUXOLF D FDGE ERQI RIDFREHE BEQ RMDK HR U P
RI WUDKMGURIPHWKR[\SKHER[®R KH[HQDO FDQ WDXWRPHUL
IRUP LL JLIXUH 7TKXV WKH GHJUDRDWURRHSD WK A0\ YX
DXWR[LGDWLRGHIAXUPNPRLXQPLRDLEWQWY D SUR

/2 O o i O N
2 2+
2[\UDGLFDO , +LJKO\ XQVWDEOH

2+ 2 2+ T
2
YyUYYTCL TxTTCL
2 2+ 2 2+

&DUERQ UDGLFDO , OLQ&®&WWUERQ UDGLFDO ,, ODMI

L 5DGLFDOV JHQHUDWHG E\ FXUFXPLQ

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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2+ 2

+2 2+
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2 2
7DXWRPHUL]D = 2
-0~
S 2
2+
L LL
HQRO IRUP NHWR IRUP

LL SHDFWLRQ RI UDGLFDO , ZLWK 2
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2 2
/ZD\M 2+ "'M@i 2
2
+2 2+

LLL 5HDFWLRQ RI UDGLFDO ,, ZLWK 2
JLIXUH 'HJUDGDWLRQ RI BROPXP PO XIQXKPHU QRQ
'HIJUDGDWLRQ RKWURPFHWKR[\SKHQLR[RH[HQDO

W FDQ EH H@ULRM WKG VW XGLHV WKW WHVH O RODW DXR/
RI WUD@UGURIPHWKR[\SKH®LR[RH[HQDQ PD\ XQGHUJR
GHJUDGDWLRQ XQGHU DONDOLQH PHGLXP WR IRUP IHUXOF
WR YDQLOOLQ DQG DFHWRQH RQ K\GURO\VLV DV PHQWLRC

2

2 + 2 2
/2 N = + $ONDOL /_(2 NS +2)%(+
2 2
+2 +2

JLIXUH 'HJUDGDWLRQ RI
7UDQVIK\GURJPHWKR[\SKHGLR[RH[HQDO
XQGHU DONDOLQH PHGLXP

,Q QRRODU PHAQALR® WDKHNVIR P HIK \RBIUWRTPIHQWK R[\SKHQ\O

GLR[RH[HQDO XQGHUJRHV GHJUDGDWLRQ WR IRUP R[\ U
WR FDUERQ UDGLFDO ,,, DQG FDUERQ UDGLFDO ,9
,9 LV PRUHWKDEGEGDUERQ UDGLFDO ,,, EHFDXVH RI FRQM
FRPELQH ZLWK PROHFXODU R[\JHQ IRUPLQJ WZR W\SHV R
F\FOL]HG DW DGMDFHQW SRVLWLRQV $V GLVFXVVE
WKHVHOLF LQWHUPHGLDWHY DUH REWDLQHG E\ VLPXOWD
IURP K\GURJHQ DWRP GRQRU FRPSRXQ & DWER @ HHARPISFD/Q
IRURDQLOOEQUHEHRQWDGLFDO ,9 IRUPV IHUXOLF DFLG

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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2 2+
/2 X H _— H +
2
+2
L
+
2 2+
/2 X H _— H +
2
2

&DUERQ UDGLFDO ,,, OLQRU

L 5DGLAOUDWHE\ KUGQRIPHWKR[\SKHRULR[RH[HQDO

2+
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LL SHDFWLRQ RI UDGLFDO ,,, ZLWK 2
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JJJ)RRG 7THFKQ@RDRJ\

+2
L 5HDFWLRQ RI UDGLFDO ,9 ZLWK 2

JLIXUH 'HJUDGDWLRK\RURIPHWKR[\SKHGLR[RH[HQDO XQGHU
QROROMPHGLXP

,QIHUHQFH DERXW GHJUDGDWLRQ SURGXFWYV

7KH DIRUHPHQWLRQHG PHFKDQLVPV LQGLFDWHG WKDW
FXUFXRLOONDOLQH PRODHIOPHBGY XPRQORQJ ZLWK RWKHU SU
PHGLXXRQVHTXHQWXD @KHAMWKHESRUW WKH IRUPDWLRQ RI

GXULQJ WKH GHJUDGDWLRQ RI FXUFXPLQ
7KH RYHUDOO GLVFXVVLRQ LV UHSUHVHQWHG LQ )LJXU
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J)LIXUH 7KH DFWLYLW\ RI WDXWRPHUV RI FXUFXPLQ |

GWUXFWRWHYLWRQVHKOBWRI GHPHWKR[\FXUFXPLQ DQG
FXUFXPLQ DQG FRPSDULVRQ ZLWK FXUFXPLQ

*HQHUDO LQWURGXFWLRQ DERXW GHPHWKRI[\FXUFXPL
6LPLODU WR FXUFXPLQ WKH RWKHU WZR FXUFXPLQR
ELVGHPHWKR[\RQWEXRLGKHQROLF K\GUR[\O JURXSV KHSYV

PRLHW\ JLIXUH ZKLFK DFFRXQW [IRU WKH YDULF
GHPHWKR[\FXUFXPLQ DQG ELVGHPHWKRI[\FXUIBXXOPLRD W RBEK
DQWLFDQFHU > VHI®O %mRW KW DB KXHYHQWLR® BLOOHKH!

SKHQROLF JURXSVY DQG KHSWDGLHQRQH PRLHW\ DUH UH
FXUFXPLQ DV QRWLILHG HDUOLHU WKH WKHRULHV SRVW
FXUFXPLQRLGYV

&RPSDMBD RI DQWLR[LGDQW DFWLYLW\ RI FXUFXPLQ ZlI
ELVGHPHWKR\SRWKRXUE DOO WKH WKUHH FXUFXPLQRLG)
WKHLU UHDFWLYLW\ GLIIHUV -D\DSUDNDVKD HW DO > @
FXUEXQPLY WKH KLIKHVW IROORZHG E\ GHPHWKRI[\FXUFXPL
ILQGLQJ LV YDOLG RQO\ ZKHQ FXUFXPLQRLGV GR QRW XQ(

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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SRODU PHGLXP 2Q WKH FRQSRIDOW PHEAKEP EBIMLGHPW \§RR)
OHVV VXVFHSWLEOH WR GHJUDGDWLRQ WKDQ GHPHWKRI\
GHJUDGDWLRQ WKDQ FXUFXPLQ > @ %HVLGHV S+ RU QD
SKHQROLF FRPSRXQGV KDV DQ LPSDFW RQ WKH @WDKEH O
PHWKR[\ JURXS SOD\V DQ LPSRUWDQW UROH LQ GHWHUPL

IHYHUWKHOHVV LQ FXUFXPLQRLGV WKH DQWLR[LGDQ
PHWK\OHQH JURXS WKH SUHVHQFH Rl HOHMKRIR@OR GRE D\
K\GUR[\O JURXS DOVR FRQWULEXWHV WR WKH DQWLR[LGD
HOHFWURQ GHQVLW\ RQ WKH K\GUR[\O JURXS E\ PHDQV RI
FXUFXPLQRLGVY WKH H[LVWHQFH RI IR/ PUHHWK R[K H UPFDX B
DQWLR[LGDQW DFWLYLW\ %\ WKH YLUWXH RI WKH RF
GHPHWKR[\FXUFXPLQ LW KDV EHWWHU DQWLR[LGDQW DF\
GHYRLG Rl PHWKA&R[\ JURXS >

7KH HOHFWURQ GRQ DRQ QN DXV SHHIDWRIX LIRZ HQJ WR W ZR
JURXSV WKH HTXLOLEULXP VKLIWLQJ WRZDUGYV IRUPDWLI
FXUFXPLQ DQG PLQLPXP LQ FDVH RI ELVGHPHWKRI[\FXUF
&RUUHVSRQGLQJO\ ELVGHRHWKR[SFXREHPLWR LEHIJUDGI
GHPHWKR[\VFXUFXPLQ ZKLFK LQ WXUQ LV OHVV SURQH WR

$FFRUGLQJO\ LQ DFLGLF RU SRODU VROYHQW WKH UD
DQG LQ EDVIFORU QRQYHQW WKRI|UDMWIFXPILGRLUGY GDW\E
FXUFXPLQ ! GHPHWKR[\FXUFXPLQ ! ELVGHPHWKR[\FXUFXP

&RQFOXVLRQ

&XUFXPLQ LV D VSHFLDOO\ JLIW H G DPAROUHF X\CRH SSARRAYHL IS\
IURP FKURQLF KHDOWK SUREOHPV %\ ORBNHYX DNV W MDWF
FKHPLVWU\ LV DOVR YHU\ VLPSOH +RZHYHU ZLWK LQFUHE
WR EH D PRUH FRPSOH[ XQLTXH DQG GLIILFXOW VWUXF\
PROHFXOH IRXQG DEXQGDQFH L& WWDEHOLW\ZL KW W @DV
YLHZ RI WKH GHJUDGDWLRQ VWXG\ Rl FXUFXPLQ WKLV U]
GLIIHUHQW GHJUDGDWLRQ SURGXFWV XQGHU YDULRXV UH
FXUFXPLQRLGY QHHGR @RJED G\RWRHF WHRGDNIRLO LWV EHQ
PHFKDQLVPV DUH HOXFLGDWHG RQ WKH EDVLV RI UHSRU
FDUULHG RXW UHJDUGLQJ GHJUDGDWLRQ RI FXUFXPLQRL
XQNQRZQ GO JSUDREDFEMRY

5HIHUHQFHYV

-D\DSUDNDVKD *. -HQD % 6 1HJL 36 6DNDULDK . .
DFWLYLWLHY DQG DQWLPXWDJHQLFLW\ RI WXUPHULF RLC
=HLWVFKULIW [+U 1DWXUIRY¥FKXQJ &

5DYLQGUDQDWK 9 6DW\DQDUD\DQD 0 1 $Q XQV\P]
&XUFXPD IXRWRFKHPLVBS\ +

ILPWUDNXO 3 $QXFKDSUHHGD 6 %XGGKDVXNK # C
UHVLVWDQBHQ@H5E\ DOWAKPRLBIRRGH/G &HQWUDO SB®QFHU
5XE\ $ - .XWWDQ * %DEX .' 5DMDVHNKDAWX®RUW D QXGW \
DQWLR[LGDQW DFWLYLWERRQEBDW XH\WWSHVWFXPLQRLGYV

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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XQFKDQG\ ( 5DR 0 1 WHQ UD@LFDO VFDYHQJLQJ DFWL
,QWHUQDWLRQDO -RXUQDO 3 BKDUPDFHXWLFV

6RNPHQ 0 .KDQ 0 $ 7KH DQWLR[LGDQW DFWLYLW
FKDOFRQEBPPRSKDUPRBFRORH\
1LUDQMDKRD® K 3UD &KHPLFDO FRQVWLWXHQWY DQG EL

&XUFXPD O#QUBYLRZUQDO RI )RRG 6FLHQFH DSBG+t7HFKQR

-DLQ 6 . 5DLQV - -RQHV . (IIHFW Rl FXWFXPLQ F
SHUR[LGDWLRQ DQG R[\JHQ UDGLFDO JHQHUDWLRQ LQ |
JOXFRVH) OH BOGLFDO %LRORJ\ DSB% OHGLFLQH

6WDQR - *UDQFDL IHXEHUW . .UHVDQHN - & X
&HVNIRDFAQV NI )DUPDBISH+
&ROH * O THWHU % )JUDXWVFK\ 6 $ 1 HPGQUYRDSQUARHW H F \

LQ ([SHULPHQWDO OHGLFISGH+*DQG %LRORJ\
7KDQJDSD]KDP 5/ 6KDUPD $ ODKHVKZDRBL BXUFXPLQ %HX
VNLQ GLHGHIDWQHPHY LQ ([SHULPHQWDO 088 I#FLQH DQG %LRC
6XQ /LX 4L & DQJ ;=KX BLX &LX +DQJ OD 5)X 0 =KDQJ '

/L < 5HFHQW DGYDQFHV RI FXUFX LW RQWHIQH G UHK W
%LROHG 5HVHDUFK ,QVWBIStQDWLRQDO
4LQ 6XDQJIRQJIBGKHQ+XKDQBHQ +X + (IILFDF\ DQG VDI

WXUPHULF DQG FXUFXPLQ LQ ORZHULQJ EORRG OLSLG Ol
IDFWRL BPHOMDO\VLY RI UDQGRPLIIKGYBRWIWRIRORXEBWOLDO\

.DQW 9 *RSDO $ 3DWKDN 11 .XPDU3 7DQGDQ 6 . .XF
DQIMRIODPPDWRU\ SRWHQWLDO RI FXUFXPLQ DFAHOHUDYV
VW UHSWRQRW RAGQG L SEMHIMULLEDWOLVRYDO ,PPXQRSKDHUPDFRO

*RYLQGDUDMDQ 9 6 +&KHPIXWAHUWH FK Q RAR W L DI 5MHYDLM
LQ )RRG 6FLHQFH DQGSBX#WULWLRQ

$PPRQ + 3 0:BKO BSKDUPDFRORJ\ RB&A&RQAOP DHGR® DD
SS+
2QR . +DVHJIDZD . IDLNL + <DPDGD O + &XUFX

DP\ORLGRJHQLF HIITHFWV 1RR\ORQ K HILFERUW PW XBHWH L WU R
IHXURVFLHQFH 5H8HBRUFK

5XLGDV % &KDXGKXU\ 6 6 5ROH RI FXUFXPLQ LQ \
,QWHUQDWLRQDO -RXUQDO RISBHXURUHKDELOLWDWLRQ
3DQDKL < %DGHOL 5 .DUDPL *5 6DKHENDU $ G

DCMXQFWLYH WKHUD S RIRW W G RIDXMDAXPR.BIRD IGV\ L Q PDMRU
SK\WRWKHUDS\ 5H$8DPUFK

6HPZDO $ ' ©6KDUPD *. $U\D 6 6 $QWLR[\VJHQLF DF
ORQJD LQ VXQIORZRMWQPIOORD QBRRIKBHALHQFH DQSSSFHFKQRC

OXKDPPDG $ +BSEOKQE .KDQ 8 +DQQDQ $ ORKLXGGLQ
&XUFXPDD@MRQFXUFXPLQ $ BRF DL DD WRKOGRGOPIQWLRO
%LRORJ\ SSt

BXUHVKXUXGXWW . 1 6ULQLYDVDQ . 'HJUDGDWLRQ |

FXUFXPLQ GXULQJ GREIRBWDR FRRELEHVHDUFK DQSSS 7THFKC
+

&XUFXPLQ &KHPLFDO DQG 7WWK-Q& FiD£5 $W \DHHODREMDQ W
IWS IWS IDR RUJ HV HVQ MHFID FWD &7$B B&XUFXPLQ S«

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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.DZDQR 6 ,QRKDQD < +DVKL < /LQ #HQRO W DHMDRAM U\
FXUFXPLQ E\ OLTXLG FKURPDWRKULDS$KNHP &K NPV S B BDW b RPMW
Ss =

SD\WRQDQGXVN\ 3 $OZRUWK : / 105 VWXG\ RI WK
FXUFX-ARXUJQDO RI 1IDWXUDG3SERGXFWYV
5HJH 6 % ORPLQ 6 $ :DGHNDU 6 ' %WKRZPLFN ' 1 3UDYV

GHPHWKR[\FXUFXPLQ DQ®LEL\R®HPBWKR[LFXXOUFW DFWLYLW

UHILQHG VXOQRARDWMW RUIORRG 3URFHVVLQJ PRNE 3UHVHUYL

.DOVL 3 6 &KDSWHU  'HORFDWOILD & GF &KHIPAW D R Q% RIQ

OHFKDQLVPV 6HFREOE KEQWQRIQD 1HZ $JH ,QWHUQDWLRQL
+

6N\HV 3 &KDSWHU &DUED® L*KQ G HDERR RK\WMRUO BR R E

LQ 2UJDQLF &KHPLVWUWHZ6HWOKL(GOWILRQ 3HDUVRQ+(GXFDW

&KLIJQHOOVEIM 3%BIVIND . - ORWWHQ $ * 6LN 5 + 'DKO
SKRWRFKHPLFDO SURSKEWRHYHPLFXWUAXPQGQG 38]RWRELROF

.KRSGH 6 0 3UL\DGDUVLQL ., 3DOLW '. OXNKHUMHH 7

H[FLAWWOGWH SKRWRSK\VLFDO SKRWREWH PIVV R U F DX BIKR
SS

5HJH 6 $ ORPLQ 6 $ %KRZPLFN '1l 3UDWDS $ 3 6\

EXWWHU OLNH SURGXFWV FRQWDLDRO®D ML WHHGNE /D & [ WD

FXUFXPL@RUGWDO RI 20HR 6F3+HQFH

-RYDQRYLF 6 9 B6WHHQNHQ 6 %RRQHDWRP SWWPROVAHU |

SUHIHUUHG DQWLR[LGDQW -RXEIQD®L\RP KF HUXLLFOXP 8K H P L |
SS &

-DJDQQDWKDQ 5 $EUDKDP 30 3REB8HBHGGHQW VSIHBWU

HYLGHQFHV RI FXUFXPLQ LQ DTXHRXV PHGLXP $ PHFKD

VWDELOHRMUQDO RI 3K\WLFDO &KSIPLEWU\ %

KXUDQD $ +R & 7 +LJK SHUIRUPDQFH OLTXLG F

FXUFXPLQRLGV DBRI[& GDRHLYH SKHRFMRP SRVLWLRQ FRPSRXQG)

-RXUQDO RI /LTXLG &KURMBBWRJIUDSK\

7RQQHVHQ + + .DUOBMRXGLHV RI FXUFXPLQ DQG FXUFXP

GHJUDGDWLRQ =R+ L BXVUKEXIRE BVQ VB QWM H QX F KXRUVEREBQJ
SS

ODVXGD 7 +LGDND . 6KLQRKDUD $ ODHNDZD 7 7DNH

&KHPLFDOROWXQGWHR[LGDQW PHFKDQLVP RI FXUFXPLQRLG

SURGXFWYV IURRXAXQFGFRIQ3JULFXOWXUDO D8 )RRG &KHP

6DQGXU 6 . 3DQGH\ 0. 6XQJ % S$KQWKBLPWXYDNXDPL

3 %DGPDHY$JXZDO % % &XUFXPLQ GHPHWK

WHWUDK\GURFXUFXPLQ DQG WXUPHUQXDPBLWRYHQWGD |

SUROLIHUDWLYH UHVSRGWHSH QU&KH@E IRHFLEDRYIVGPH § & V
+

=KX 6DQLGDGEXDPWRKKDQJ * SRWHQWLDO UROH\
GHJUDGDWLRQ LQ WKH ELRORIRED O))DFMMLYBB +HV RI FXUF
6FKQHLGRUGRQ (BIDUGV/6LN 3 % '"HJUDGDWLRQ RI

JURP PHFKDQLVP DWRLESRORDXWBLRM)Y RI $IJULFXOWXUDO
&KHPLVWU\ SS

:DQJ < - 3DQ O+ &KHQJ $/ /LQ/, +R <6 +VLHK & <
Rl FXUFXPLQ LQ EXIIHU VROXWLRQV DQG FKBRMWUFWHY IR|ID W
SKDUPDFHXWLFDO DQG %LRPH&SLFDO $QDO\VLV

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

-D\DSUDNDVKD * . 5DR [/ - 6DNDULDK . . $QWLRIJL
GHPHWKR[\FXUFXPLQ DQG E)IRRIHERHKWKIR|WSWUEXPLQ
5DPVHZDN BH6LWW '/ 1DLU O * S\WRWR[LEFELW\ D

LQIODPPDWRU\ DFEWL LW LBR PRE& Y XEMKIPWOERHI®L F LESH

+
=KDQJ J/X- & )OHQJ ; ¢XDQ &DL ; :'DQJ 4 ¢DQJ - <
&RPSDWIRMRLQKLELWRU\ SRWHQF\ Rl WKUHH GLITHUHQW F>
DQG WXPRU QHFURVLV IDFWRU SURGXFWLRQ RI UDW
OLSRSRO\VDHWXKBVEGHQFH /HSWAHUYV
3DUN 6L® ' 6 'LVFRDMX\UDIO SURGXEWYV IURP &XUEXP
FHOOV IHRPERIMEDLQVXOW D GUXJ GLVFRYHU\ RIXIRQMOD JC
RI 1IDWXUDO 3URSXFWV
BULFH / & %XHVFKHU 5 : .LQHWLWYX R I| FORON IS O L HHHQ
FXUFXPLQ DQG FRUMBRQMIIQRLGVRG 655HQFH
JULHGPDQ 0 -XUJHQV + 6 (ITHFW RI S+ RQ WKH
FRPSRX@&VQDO RI $JULFXOWXUDO D% YRRG &KHPLVWU\
.KDQ@$ 6KDKLGL ) (IIHFWV Rl QDWXUDO DQG V\QWKI
VWDELOLW\ Rl ERUDJH DQG HYHBRGJ &KHPLIRMHEIS/ ) LD F\O J ¢

6RPSDUQ 3 BKLVDODSKRQJ & IDNRUQFKDL 6 8QFKHI
&RPSDUDWLYH DQWLR[LGDQW DFWLYLWLHV RI FXUFXPLC
GHULYDWRODRVLFDO DQG 3KDUPDFBRWLFDO %XOOHWLQ
SOWRQRHQHYELPHRO RYXUWHRYIRBEBKHWRP® 6KLYDFEKHY
ILNRGRYIDYDOHVHGDPR & &RQWUROOHG WDXWRF
DIRQDSKWKROV WXQHG E\ VXEWKMPWKHEWKMASE@ WKH SKHQ\

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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&KDUDFWHULVWLFV RI SURWHRO\WLF SURFHYV
LVRODWLRQ RI QDWXUDO FDVHLQ SKRVSKRSH

9RORG\P\U <XNDOR 20KD .UXSD /

THUQRSLO ,YDQ 3XOXM IDWLRQDO 7HFK:

$EVWI

.H\ZRUGV
L QWURGXHWLRQP RI WKLV ZRUN LV VWX
&DVHLQ SURWHRGWRFHVVHYVY IHDWXUHV LQ WKH Sl
3KRVSKRSHSWOKRWSKRSHSWLGHYVY RI WKH PLON FDVHLQ F
SURWHRO\VLY ODWHULDOV D@OGWHWKREEVWUDWH ZDV |
LVRHOHFWULF VHGLPHQWDWLRQ IURP VNLF
SHUIRUPHG XVLQJ SDQFUHIRWHROAKHYV GHD"

GHWHUPLQHG VSHFWURSKRWRPHWULFDOO\
$UWLFOH KLVWRBOHFXODU ZHLJKW SURGXFWV RI SURWHF
\LHOG Rl SKRVSKRSHSWLGHY ZDV GHWHUPI

SHFHLYHG SUHFLSLWDWLRQ ZLWK HWKDQRO LQ WKH
L&OHFWURSKRUHVLV Rl SKRVSKRSURWHLQV ¥

fRE'UFF',*LYHG LR WHYS\URWHRO\WLY ZDV FDUULHG RXW LQ
SEFHSWHG KRPRJHQHRXV SRO\DFU\ODPLGH JHO LQ WK
5SHVXOWV DQG I®WX¥XPVOLBRRVSKRSHSWL

REWDLQHG E\ SWRMWHHKRWIKRBURWHLQV RI

FRPSOH[ ZLWK SDQFUHDWLQ ( 6 XC
&RUUHVSRQGLQEIRQGLWLRQV f & S+ $W GLIIHUHQW V
DXWKRU \LHOG RI SKRVSKRSHSWLGHV DQG SHSW

WULFKORURDFHWLF DFLIE RD 8 URMAHRORY QW
ZCF’,EEO-UXSD LQFUHDVHG PRQRWRQLFDOO\ WKURXJKRXW
(FPDNRWD#XNuﬁﬂg?G Rl SKRVSKRSHSWLGHV UHDFKHV LW
XWH RI SURWHRO\VLY DQG WKHQ GHFUH

RI SKRVSKRSHSWLGHV LV ORZHULMVKDQ L

SUHSDUDWLRQV RI PLFURELDO RULJLQ 7K

ILOWUDWLRQ DQG HOHFWURSKRUHVLV LQ |

WKDW D GHFUHDVH LQ WKH \LHOG RI SKRV

PLOXWH RI SURWHRO\VLYV PD\ EH FDXVHG E

PREOFXODU ZHLJKW GHFUHDVH ORVW RI SKF

LQ WKH WK PLQXWH RI SURWHRO\VLV KDY

'D ZKLFK LV FKDUDFWHULVWLF IRU

ELRORJLFDOO\ DFWLYH SKRVSKRSHSWLGHYV
&RQFOXVXKRQY¥J WKH SURWHROXNMK RI
SDQFUHDWLQ LQ SK\WLRORJLFDO FRQGLW
SURWHRO\WLV SURGXFWV LQFUHDVHV PRQ
SKRVSKRSHSWLGHYV KDV PD[LPXP *HO

) HOHFWURSKRUHVLY GDWD LQGLFDWH WKDW

’ PROHFXODU PDVV

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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,QWURGXFWLRQ

7TKH SURWHLQV RI PL®N H BWHFRX FRPBEWOHI D ODUJH Q
ELRORJLFDOO\ DFWLYH SHSWLGHV ZLWK GLIIHUHQFH DFW
RUJDQLVP > @ $PRQJ WKHP RQH RI WKH PRVW FRPPRC
> @ 3KRVSKRSHSWLWHKW BREXKUNRMMRHEO LORUPDO GLJHVWLR
FRPSOH[ LQ WKH LQWHVWLQH IROORZLQJ WKH DFWLRQ R
EHOLHYHG WKDW WKHLU PDLQ IXQFWLRQ LV WKH DELOL)
PDJQHVLXP VHIUHKX® DW WUDFH HOHPHQWY JLQF QLFNHO
WKHLU DGVRUSWLRQ LQ WKH JDVWURLQWHVWLQDO WUDF
IRUP FRPSOH[HV ZLWK PHWDO LRQV UHVLVWDQW WR WKH

JRWKH ILUVW WLPH WKH ELRORJLFDO HIIHFW RI SKRVS
ZDV DQ LQGHSHQGHQW RI YLWDPLQ ' FDOFLILFDWLRQ RI
VWXGLHV WKH SRVLWLYH HIIHFW RI FDVHL@QFEXKRVBEKRSHEQ
LURQ LRQV KDV EHHQ HVWDEOLVKHG > @ 7KH PHFKD!
DGVRUSWLRQ RI PHWDO LRQV KDV QRW EHHQ ILQDOO\ HVYV
SDUWLFLSDWLRQ RI SKRYV YKROSH NN NBEH AR IQVKBHO FLWR S O
PHPEUDQH 3KRVSKRSHSWLGHV FDQ ELQG LRQV RI FDOFL
WKH ELRORJLFDO HIIHFW RI SKRVSKRSHSWLGHV LV DVVRF
W KDV EHHQ HVWDEOLVKHGUWLIFWSHRRY & QRS K B VWIHG/WWVR B
FRPSRVLWLRQ RI WHHWK LQKLELW WKH DGKHVLRQ RI FDI
FROQWULEXWH WR WKH DFFXPXODWLRQ RI ELRDYDLODEOH

'XH WR WKH ELRORJLFDO HITHRPWKRLN PODWHR Q FRORAM SRS
DV LQJUHGLHQWYV IRU IXQFWLRQDO SURGXFWV > @ )RU
SURWHRO\VLYV RI FDVHLQ VXEVWUDWHY LV FDUULHG RXW
RULJLQ DUH XVHG DV>SURWBRODWIHFVHQWPH ODUJH QXPE!
SUHSDUDWLRQV ZHUH REWDLQHG ZKLFK GLIIHU LQ WKHL
SURSHUWLHYV 7KHVH GLIITHUHQFHV PD\ EH UHIOHFWHG LQ
> @ 2EYLRXVEBDWHWK'MW YDOXH FDQ KDYH SKRVSKRSHSWL
UHSURGXFH WKH FRQGLWLRQV RI FDVHLQV SURWHRO\VL
SUHYLRXVO\ MXVWLILHG WKH FKRLFH RI SURWHRO\WLF H(
SURERQWR REWDLQ QDWXUDO SKRVSKRSHSWLGHYV > @ 7
LQIRUPDWLRQ WKH SXUSRVH RI WKH ZRUN LV WR FKDUDF\
RI QDWXUDO FDVHLQ SKRVSKRSHSWLGHV

ODWHULDOV DQG PHWKRGYV

7R REWDEQWMRYDIWHVK FRZ V PLON ZDV XVHG 3URWHEF
FDUULHG RXW ZLWK SDQFUHDWLQ SURGXFHG E\ 3-6& 7H
EXIITHUV DQG JHOV ZHUH SUHSDUHG XVLQJ UHDJHQWYV RI V

2EWDLQIRQNMDRD SWHSDUDWLRQ RI PLON FDVHLQ FRPSOH]

7KH SUHSDUDWLRQ RI WRWDO FDVHLQ ZDV REWDLQHG |
7KH VHSDUDWLRQ Rl OLSLGV IURP FDVHLQ ZDV FDUU
PLQXWHV LQ WZRI WWHBV WWPWHRRDGNXUHYV DQG f & U
PRUH FRPSOHWHO\ VHSDUDWLRQ RI PLON OLSLGV 7KH VH
SRLQW ZDV FDUULHG RXW ZLWK DQ DGGLWLRCH RJHRKXGDRLL

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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SUHFWSLWDY ZDVKHG ZLWK GLVWLOOHG ZDWHU DQG GL
PRO GPQ WKLV FDVH WKH S+ YDOXH VKRXOG QRW H[FHHC
GHSKRVSKRU\ODWLRQ RI FDVHLQV PD\ RFFXU 3UHFLSLV
UHSHDWZLFH 7KH WKLUG SUHFLSLWDWLRQ ZDV FDUULHG
UHVXOWLQJ WRWDO FDVHLQ VHGLPHQW KDV EHHQ LQFXED
DW D WHPSHUDWXUH RI f & WR LQDFWLYDWH WKH QDWXU

BURWHRO\VLVY RI WRWDO FDVHLQ

SURWHRO\VLV RI WRWDO FDVHLQ ZDV FDUULHG RXW Z
WHPSHUDWXUH DQG S+ f & S+ 7KH UDWLR RI HQ]\P

'HWHUPLQDWLRQ RI FDVHLQ N®BEVSWURIBXHA VR RF QW UDWR

7KH FRQFHQWUDWLRQ RI SRIRWRWQ®\ LRD \SHILHS MDWIGBN SR
SURWHRO\VLV LQ K\GURO\WVDWHV ZDV GHWHUPLQHG VSHF

QP E\ VSHFWURSKRW®PMKMHWUFONVH WKH FRPPRQO\ DF
FRHIILFLHQMRU WRWHLQ ZDV > @

*HO ILOWUDWLRQ

*HO ILOWUDWLRQ RI WRWDO FDVHLQ DQG SURGXFWV RI

i FP IURP WKH OLTXLG FKURPDWRJUDSK\ NLW RI WKF
ZLWK 6HSKDGHIJH Rl WKBKRESBDRLD 6ZHGHQ 3UHSDUDW
DQG D FKURPDWRJUDSKLF FROXPQ IRU JHO ILOWUDWLRQ
PHWKRGRORJLFDO UHFRPPHQGDWLRQV RI WKH 3KDUPDF
GLVVROYHG LQ D FKURPDWRIVDRIOLFSEXIIHUO XUHD DQG |
UHPRYH LQVROXEOH FHIRIPHIQWIHE\ 7 J PLQXWHYV P
WDNHQ IURP WKH REWDLQHG VXSHUQDWDQW DQG DSSO
FKURPDWRJUDSKWEDWLRQ*EOVIIFDUULHG RXW DW DQ HOX

PO RI HOXDWH )RU REWDLQLQJ RI FKURPDWRJUDPV WKH
E\D VSHFWURSKRWRPHWHU KN

(OHFWURSKRUHVLV

7KH DQDO\WVLV RI WRWDO FDVUILIQGDRI)GWKLQUIR G\N DIWFHIV R
W\SH RQ YHUWLFDO SODWHV RI D KRPRJHQHRXYVY SRO\DFU
VA\VWHP S+ ZKLFK LQFOXGHG 0 XUHD > @ (OHFW
SRO\DFU\ODPLGH JHO ZHUX} CBWWS®IUHEHDXYDRQJ RRPBEDQ\
3RO\DFU\ODPLGH JHO ZDV REWDLQHG E\ PL[LQJ VROXWLR(

$OVR WKH HOHFWURGH EXIIHU DQG WKH EXIIHU IRU G
DFFRUGLQJ WR WDEOH

(OHFWURSKRUHJUDPV ZMUH IDFHG DIQMBKVWDEGRHG ZLWK

% > @

6WDWLVWLFDO DQDO\VLYV

7KH VWDWLVWLFDO DQDO\WLV RI WKH REWDLQHG UHVX
H[SHULPHQWDO GDWD ZHUH FDUULHG RXW XVLQJ WKH OLI
R WKH REWDLQHG UHVXOWY ZDV SURYLGHG E\ WULSOH UH
WKH REWDLQHG UHVXOWY ZDV WDNHQ DW S

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7DEOH
KRPSRVLWLRQ RI SRO\DFU\ODPLGH JHO

5DWL
BROXWIB®RO\DFU\ODPLGH&RPSRQHQW $PRXQW
JHO YRQXPH
$FU\OI
*HO SDUW 1 1 PHWK\OHQHE
"DW XS WR

7ULV K\GUR
DPLQRPHWKDQH
(WK\OHQHGLDPLQH

J

%XITHU IIRU JHO, ) _GLVRGLXP VDOW PJ
iG 9HUF
PHUFDSW :
8U
DW XS WR
SPPROLXP S VHOF
&DWDO\WW DQG H[SHULPHQWDOC
LOLWLDWRUSDUW 1T 1 1 WH'HW 0o
VRO XW|LRQ HWK\OHQHGLDPLQH
DW XS WR
7TDEOH

KRPSRVLWLRQ RI HOHFWURGH EXIIHU DQG VDPSOH

% X &RPSR $PRX

7ULV K\GUR[\PHWK\C
(OHFWURGHWKIOHQHGLDPLQHWHWUD

iG 9HUF
D W XS WR
7ULV K\GUR[\PHWK\C =
%X11HU Iéﬂ$¥3HQHGLDPLQHWHWUD Pp
G LROX W L RQ-Riu—=ra F
VDPSOHV &

:DW XS WR

SHVXOWGLVFXVVLRQ
'"HWHUPLQDWWRQY RO WKHIHOG RI SURWHRO\VLY SURGXFWYV

KHQ FRQGXFWLQJ SURWHRO\WLYV RI WRWDO FDVHLQ ZL
IURP WKH WK IURP LWV EHILQQLQJ DQG XS WR WKH V
WDNHQ WR GHOWAMN@VDQW\WVKHVKH SURFHVVY DQG WKH UHOH
SURWHRO\WVLYV SURGXFWV REWDLQHG DIWHU VHGLPHQWD
WULFKORURDFHWLF DFLG ZHUH GLOXWHG IRUW\IROG ZLW

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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WKH BOWILHQVLW\ ZDV PHDVXUHG E\ DW SHFQWFU RISHKR WIRWVPXGA
SURWHRO\VLYVY DUH VKRZQ LQ )LJXUH (DFK SRLQW LQ
GHILQLWLRQV $V FDQ EH VHHQ IURP WKH JU DLSSKF UMIOH/ I&\H .
WKURXJKRXW WKH SHULRG XS WR WKH WK QXWH 7K
RFFXUV DIWHU WKH WK PLQXWH $GDPVRQ DQG 5H\QROG
HQJ]\PH SUHSDUDWLRQV 1RYR WU\SVLQ DQG 3D§FUHDWLQ
6LPXOWDQHRXV(‘\\ _ll\/llll\
PLQXWHV RI S
VDPSOHV KDYH EF~—
WK H H[WUDFW
SKRVSKRSHSRPL GW
K\GURO\]DWH 7KI
WKH PHWKRGROR
HDUOLHU > @ +
S+ RI WKH V
K\GURO\]DWH ZDV
S+ ZLWK FKOF
VROXWLRQ RI FRG 7LPH PLQ
PRO GP7KH XQVROYDWHG
SKRVSKRSURWHLQ DQG WEKHUBDUIJHRWHRO\VLYV SURGXFWYV
SRO\SHBV\X/LI—GBLPHQWS'@:H"LSI#RSHSWLGHV \LHOG LQ WKH SURF
VHSDUDWHG E\ FHQWU WK BFPWRRIXRSURWHLQ VXEVWUDWH Z
DW D FHABMBULIXJH
USP PLOQXWHV RFTKH@DRO®B RKIPHWKDQRO ZHUHRIDGGHG
VXSHUQDWDQW 7KH SUHFLSLWDWH RI SKRVSKRSHSWLGH)\
WR D FRQVWDQW ZHLJKW DQG ZHLJKWHG 7K H KIH X XIDONG/
SKRVSKRSHSWLGHV REWDLQHG LQ SK\WLRORJLFDO FRQG!|
PLFURELDO SURWHRO\WLF HQJ\PHV > @ DQG LW DSSURDFK
DQDO\WLV RI WKH SKRVSKRS WKW WG B MVH[W U B BWKIR@JI VK RD|
PLQXWH WKH YDOXH Rl WKH \LHOG GHFUHDVHV 7KLV RFI
LQ D GHJUHH Rl SURWHRO\VLY DQG PD\ EH GXH WR D FKI
ZHLJKW LQ WKHR®WREHVVVRY SU@ ,Q WKLV UHJDUG WR
REWDLQHG DW YDULRXV VWDJHV RI SURWHRO\VLV ZH FDL

3KRVSKRSHS
\LHOBJ

*HO ILOWUDWLRQ DQG HOHFWURSKRUHVLV RI SURWHRO

*HO ILOWUDWLRQ PRAVHIBSKWGPIDWLQJ WKH PROHFXODU LC
RI SURWHRO\WLY SURGXFWYV LQ WKH UDQJH IURP WR
KDYH EHHQ WDNHQ DW GLIITHUHQW VWDJHV RI SURWHRO\\
JLIXUH DRAG FRPSDULVRQ LQ HDFK FDVH WKH FKURPDYV
VXEVWUDWH LV VKRZQ LQ SDUDOOHO $FFRUGLQJ WR OL
DOUHDG\ NQRZQ ELRORJLFDOO\ DFWLYH FDVHLQ SKRVSKR
DUH HOXIDQ@ WKH WK DQG VXEVHTXHQW FKURPDWRJUDS
ILOWUDWLRQ ,Q WKH WK PLQXWH )LIJXUH WKH JUHD
SKRVSKRSHSWLGHYV KDYH PROHFXODU ZHLJKW X8 WR '

WK PLQXWHYV WKH DPRXQW RI ORZ PROHFXODU ZHLJKW
FDQ EH VHHQ IURP )LJXUH WKH WRWDO DPRXQW RI ¢
GRHV QRW FKDQJH DQG WKHQ EHJLQV WR GHFUHDVH
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JUDFWLRQV
JLIXUH &KURPDRVRVKH SKRVSKRSURWHLQ VXEVWUDWH DQG
WKH WK PLQXWH RI SURWHRO\VLV ZLWK SDQFUH

JUDFWLRQV

JUDFWLRQV

J)LIXUH &KURPDWRJUDP RI WKH SKRVYVSKRSURWHLQ VXEVWUDYV
REWDLQHG LQ WKH WRXWHVDEG RWEURWHRO\VLV ZLWK S
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7KH VDPSOHV IRU JHO ILOWUDWLRQ ZHUH VHOHFWHG D

3KRVSKRSURWHLQ VXEVWZDWG6EDPSOH

Y

+\GURO\]DWH

K |G PLQ (@@ —> 6DPSOH

6HGLPRRQWKHOXHXGY VXEVMEUDWH

5HPDLQGHU RI WKH K\GUR®\]De/DHW SOH

6HGLPHQW> ©6DPSOH

2KRVSKRSI —> 6DPGSH

JLIXUH 6FKHPH RI VDPSOH VHOHFWLRQ IRU JH
7KH )LIXUH VKRZV WKH FKURPDWRJUDMV RN KWKLIHQ KWK
XQGHU SK\WLRORJLFDO FRQGLWLRQYV f & S+ DV ZHO
DW S+ WKH UHVLGXH RI WKH K\GURO\WDWH DQG WKH L

JUDFWLRQV
JLIXUH &KURPDWRJUDP RI SKRVSKRSURWRL QWX BV WHI\R B \
REWDLQHG LQ WKH

WK P LIQUGW IR GR\[] VDR H B OMGL V X EVW UDW H
UHPDLQGHU RI WKHS KRM/BSKGRJEBWLGHV

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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$FFRUGLQJ WR WKH JHO ILOWUDWLRQ GDWD DW S+
JUHDKMDHU W 'D DUH VHGLPHQWHG IURP K\GURO\]DWH )LJ;
FRQILUP WKDW XQ G HUKVXE R ARG ISWRRGHWL QRQDYV ZHOO D\
ODUJH PROHFXODU ZHLJKW DUH LVRODWHG > VL@XHRAKH F
YLIXUH KDV D VLPLODU SURILOH WR WKH FKURPDWR
ORUHRYHU DPRQJ WKH UHPDLQGHU RI WKH K\GURO\]DWH
7KLV IDFW LV FRQVLVWHQW@LWK SXEOLVKHG GDWHV >

,Q DGGLW®RQLWWUDWLRQ HOHFWURSKRUHVLV ZDV XV
YLIXUH 7KH REWDLQHG UHVXOWV LQGLFDWH WKDW D
SKRVSKRSURMHLQV&1:3 &1 3 DUH FOHDYHG WR IRUP OF
ZHLJKWHBQGDWH PDFURPROHFXODU SURGXFWV WKDW DU
WKH WK PLQXWH KLJK PROHFXODU SHSWLGH IUDFWLRQ\
D ODUJH QXPEHU RI YDULRXV ORZ PROHFXODU ZHIWJKW S

VFLHQWLILF UHVHDUFKYV > @
JLIXUH (OHFWURSKRUHJUDP RI SKRVSKRSURWHLQ VXEVWUL
REWDLQHG LQ WKH WK WK WK WK WK

&RQFOXVLRQV

'XULQJ WKH FDVHLQ WIXEVMWBEWSEHDQBBWIHWROQ ( 6 UDV
SK\WWLRORJLFDO FRQGLWLRQV f & S+ WKH WRWDO \
WULFKORURDFHWLF DFLG DQG SKRVSKRSHSWLGHYV GRHV C
SURGXFWYV PRQRMIRMHR/XWEBWURIBKRXW WKH ZKROH SHULRG
SKRVSKRSHSWLGHY UHDFKHV D PD[LPXP LQ WKH WK Pl
GHFUHDVH 7KH UHVXOWYVY RI JHO ILOWUDWLRQ DQG HOHF
ZLWK BIivVWHFUQ WKH PROHFXODU ZHLJKW RI SKRVSKRSHSW

5HIHUHQFHYV

YR[ 3 BOLDFRZH 7 OF6ZHHQH\ 3 / + 2Y0DERQ\ &KHPLVWU\ DQ
%LRFKHPLVWU\ 6HFRQDIAQJEUWILRQ <RUN

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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,XNDOR $ 9 6WRUR]JK / $ <XNDNIRHLO®RYRKR3NRRSHIHNV X PR
%RV WDXUXV \DN SRSHUHGQ\N\ ELRORWHNKQR ®RKLYD\NK S
OF6ZHHQH\ 3/ + 2Y0DKR@®GYBQFHG 'DLU\3RRMAHLQWU\$SSOL
$VSHFRWW K (GESWLLRIHZERU N

3DUN < : %LRDFWLYH FRPSRQHQWYV L:Q GPHADND PXQZTH GDL $P BV F
3DYN: +DHQOWMLQ OLON DQG 'DLU\ 3URGXFWV LQ +XPDQ 1X
&RPSRVLWLRQ: D@HAGBPNIHOO $PHV

OHOODQGHU 2 7KH SK\VLRORJHEQ S KRS BKRIDHEML B H WH
., 3HURUDO FDOFLXPRBRE DL HNBW DBBIBWYLHQVLSES

%XOODSSD ' 3XUDQLN 03 8PD 65 DPRE&SKRXQ BHANIS)
SKRVSKDWH, QW HHQDNMARIDD ® I-RHQWDO DQG +BBOWK 6FLHQFH
3LQWR * &DLUD 6 &XROOR 0 /LOOD 6 &KLDQHVH / $
3KRVSKRSHSWLGHV LQ 'DLU\ 3URGXFWV DV QX®N BERMMLPNO'
7HF&EURDWLD

JLW]*HUDOG 5 - 3RWHQWLDO X\QHWH R IQ BDW-HRLRIORQEDKORIVLB\K
SS
<XNDOR 9 + 6WRUR]JK /$ 6KWRNDOR 0 2 9\]QDFKHQQI

ELRDNW\YQ\NK NDJHLQR&KNK QWRWIRGHSWYGEE8Y0%7 QDPHG DIW
*]JK\WVN\M SS

<XNDOR 9 * 2EWDLQLQJ RI FDVHLQ SURWMKMMBRRSOH] |
SsS
<XNDOR 9 B6WRUR]K / 7KH LVRODWLRQ RI SKRVSKRS

IUDFWRRQ@VFKHPLVWU\ DQGjWHFKQRORJ\
YDUUHOO + 0)ORIPHMQ B] YOUHERNQ* (TOXWO RWHDPHWLUFNV & /
+ROODU ®IDPDEDQJ . 6ZDLVIJRRG + YRPHQFODWXUH RI WKH Sl
FRZVY PLIOWK UHRXVQRQ RI 'DLU\ BBLHQFH
3KDUPDFLD )LQH &HADFO@WUDWLRQ 7K&SFSW\DD®G SAHGFW F H
<XNDOR $ <XNDOR 9 6K\QNDU\N 0 (OHFWURSKRUHW
3URFHHGLQJ RI WKH ,QWHUQDW L R QIOUKRVH FK G RBIRURE WAL R T
&RPSLHJQHj JUDQFH
2VWHUPDQ / $0OHWRG\ LVVOHGRYDQL\D EHONRY L QXNOHLQ!
XOWUDWVHQWULIXJLURYDQL\H $DRNWLFKHVNR\H SRVREL\H
%DHUOH $ 'LPRYD 2 =DGRURMQDL / 7DWDURY 3 =HQNR
RLKRQWDLQLQJ HGLEOH PLFURFDSVXOHV8NLIMKQ LDURWRR G
-RXUQDO SS

$GDPVRQ 1 - G5H\QROGBWOD W LRROVEHIBSQ GHJUHH RI FDVHLQ K
SKRVSKRSHSWR&HQIIORDVH HDUFE S

$GDPVRQ 1 - S5H\QROGKDUDFWHUL]DWLRQ RI WU\SWLF FD
SUHSDUHG XQGHU LQGXVW%LRBRIGF BD@BOR DRMQ FIRMHEEBVLLERIQ V
6X 5 4L := +HKXDQ 6 =KDQBDXQFUHDWLF K\GURO\VLV RI E
,GHQWLILFDWLRQ DQG UHOHDYRRNL ® KMRIVWGEI\SKRVSKRSHSW
(OOHJDUG . + & /DOPAH®JIBEGBHQVHQ 6 )HGRVRY 3U

&KURPDWRJUDSKLF ,VRODWLRQ &KDUDFWHUL]DWLRQ DQG |,
3KRVSKRSHBMHGHYWLRQDO 'DLSS -RXUQDO

1DTVYL$ ,UDQE .DWDQLVKRRRKWIHDX 'LVRUGHU LQ OLON 3U
JRURIRW 6WUXFWXUH )XQFWLRQ ,VRODWLRQ D@&UNSIS@QWF DV
3URWHLQ DQG 3HSWLSS$ 6FLHQFH
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6XUIDFH PRUSKRORJ\ RI VR\EHDQ SHD ZKH\ ¢
LVRODWHYV DQG WKHLU GULHG JHOV

ODNV\P 3ROXF 20HQD 6/ 20KD <DV
IDWDOLLD <XVRBIONRAR .X]P\N

1 1IDWLRQDO 8QLYHUVLWI Rl )RRG |
+*&KHUNDVV|I 6WDWH 7THFKQRORJLFDO 8QLYHUVLWI &KH.

$EVWI

-H\ZRUGYV ,QUWRGXFWHIRQE\GURFROORLGV RI SODQ
RULJLQ DUH ZLGHO\ XVHG LQ IRRG WHFF
ORUSKRORJ\ WKH PHDW DQG GDLU\ SURGXFWV PDQXIC

_?’KUHR\WHLQV VWXG\ ZDV WR LQYHVWLJIJDWH WKH VXUI
SR\EHDO SURWHLQV LVRODWBG K\ GDDWQMG RIHAV (
oR IURP WKHP

ODWHULDOV DQGKRHSWKRWBNLQ LVROD)

VRV\EHDQ SHD DQG ADHI\UDNM ZHQDODW QG
JXP ZHUH XVHG LQ WKLV VWXG\ :H SU|

LVRODWHY ZLWK ORZ IDWV PLON DW V
SUWLFOH KLVWRUBWUXFWXUDO FKDQJHV RI VR\EHDQ SHEC
ZHOO WVKWKWRWHY ZHUH REVHUYHG E\
S5HFHLYHG HOHFWURQ PLFURVFRSH -60
SHFHLYHG LQ UHYLBHIG/ XFOMY DQG TN FXWMVRQFH RI FR
SDUWLFOHV ZDV REVHUYHG LQ WKH VDP
$FFHSWHG LVRODWHY ZKHUHDV VDPSOH RI ZKH\ L
VKDSHG SDUWHFORXQ 8QWKDW SHD DQG

LVRODWHV GLG QRW GLIIHU VLJQLILFDQ
ZKLEK ZDV DSSUR[LIKMHVHROA K\GUDWLRQ
&RUUHVSRQGLQJ AWKRY, | vRODWHY DW D UDWLR RI C
0DNVIP 3ROXPEU\NRUPDWLRQ ZLWK WKH OBRBHRQXREHU R|
( PDLO WKH ODUJH JOREXOHV FDQ EH LGHQWL
SROXPEU#QXIW HEXNGBDWHG SHD LVRODWH DV WKH HGJHV
VLIHV DUH VLPLODU WR W,QRVH DRIHGOL
K\GUDWLRQ OHYHO XS WR UHVXOWF
EHWZHHQ WK H FRFRWHHFLX@®WH W IDFAUG OHDG \

IRUPDWRBQ/DFFKDULGHY LQFRUSRUDWLF
RI VWDELOLJHUV UHVXOWHG LQ WKH VXU
PRUSKRORJLFDO IHDWXUHV ZHUH VLPLC
LVRODWHY RI SHD VR\EHDQV IDX@F& ZKH\
IXUWKHU UHVXOWHG LQ WKH JHO VWU X
PLQRU FURVVOLQNLQJ
&RQFOXVQRQNDVHG DPRXQW RI PLON
UHVXOWHG LQ WKH GHYHORSPHQW RI '
H[SHFWHG 3HD LVRODWH ZDV FKDUDFWF
"2, WRHWWIRVVOLQNLQJ EHWZHHQ PDFURPRO

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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,QWURGXFWLRQ

6HYHUDO GDLU\ SURGXFWV VXFK DV \RIJXUW FXUG DC
GLHW ORGHUQ WUHQGY LQ WKH VXEVWLWXWLRQ RI UDZ
HIDPLQDWLRQ RI VWUXFWXUDQDI®DWHIHI RO VEKID GO DRWN
DQG SHD DUH ZLGHO\ XVHG DV D VRXUFH RI SURWHLQ
WHFKQRORJLFDO SURSHUWLHY DUH VLPLODU WR WKH DQL
WKHVH SURWHLQV LVKEHID@OMWKFGEBD WRRJ K XRDIQ DPRXQW RI
> @

,QWURGXFWLRQ RI WKHVH SURWHLQVY LQWR WKH IRUPX
UHGXFWLRQ RI IDWV FRQWHQW ZLWKRXW DQ\ DGYHUVH HI
SVXDOWHEQRLVRODWHY DUH XVHG LQ D SUHOLPLQDU\ K\C
HYDOXDWH HIIHFWLYH ZDWHU SURWHLQ UDWLR LQ HDFK F
DPRXQW RI ZDWHU PD\ KDYH QHJDWLYH HIDEKRMY QRIQL @/ KUIHH\WU
YLVFRVLW\ XQSOHDVDQW DIWHUWDVWH DQG ORZ \LHOG |
PXFK ZDWHU UHVXOWHG LQ WKH FRPSOLFDWHG UHWHQWL
VHYHUDO SURWHLQ LVRGEMNWDHY DRRIGXS HR G WV G HDUWL. R
ZLWK GHVLUHG SURSHUWLHYVY 7KLV DSSURDFK ZDV DQ HIIH
PHDW HPXOVLRQ DQG LQ WKH FXUG PDQXIDFWXULQJ WRR
HITHFWLYH URWRRORLIGEG LQ WKH HDFK FHUWDLQ FDVH 71
LVRODWHY GXULQJ K\GUDWLRQ DUH WKH VXEMHFW RI FDU
RI K\GURFROORLGY WUDQVIRUPDWLRQV DQG ZLOO KHOZ¢S
FRSRVLWLRQV

6FDQQLQJ HOHFWURQ PLFURVFRS\ LV DQ LPSRUWDQW \
WKH FDUHIXO VFUHHQLQJ RI WK VXKLYNFPHRKIRER & O0°P\D \MRH
XVHIXO LQ WKH LQYHVWLJDWLRQV RI VKV ID WHGRRIHIKHRIOMR J
VWDUFK IDWV DQG HJJ ZKLWH LQ WKH IRUPXODWLRQ >
VDXVDJHV ZLWK WKH PRGLILHG IDWV SURILOH > @ 7K&F
SURSHUWLHY RI WKH ILQDO SWUIR® XH DWW XGHYHRIGWRKNH V8 KR G/
7KH PRUH XQLIRUPO\ GLVWULEXWHG KROHYVY RQ WKH VXUI
$SSOLFDWLRQ RI 6(0 LQ WKH DQDO\WLV RI GDLU\ SURGX
GLITIHUHQFHV RI WKWVVEWIWKH STLUMHRHHQOHW GXUDWLRQ RI1
$OVR WKLV PHWKRG ZDV XVHIXO LQ WKH DQDO\VLV RI IDYV
EXWWHU FXUG PLON DQG RWKHU ,W VKRXOG EH QRWHG
KDHY HIDPLQHG E\ FU\R VFDQQLQJ HOHFWURQ PLFURVFRS\
XVHIXO LQ WKH LQYHVWLIJDWLRQV RI GLVWULEXWLRQ RI |
IRUP VKDSH DOG WUDQVIRUPDWLRQV GXUHQJX»>» WWHFKQ
IHYHUWKHOHVYV 6(0 PHWKRG KDV XVHG LQ WKH TXDQWLW
SURGXFWYV WRR > @

3XUSRVYKIH SXUSRVH RI WKLV VWXG\ LV D VXUIDFH H[DPI
SURWHLQ LVRODWHYVY DW GLITHUHQW PLON SURWHLQ UDW

ODWHULDOV DQG PHWKRGYV

ODWHULDOV DQG VDPSOHV SUHSDUDWLRQ

7KH SURWHLQ LVRODWHYV RI VR\EHDUQ DSHB @I DIQHE D)
ZHUH SXUFKDVHG IURP 5RHSHU *HUPDQ\ +$00 WHBIGH RO
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/RZ IDWV PLONZDV SXUFKDVHG IURP D ORFDO VXSUWHH® DU N
JHOV RI WKH LVRODWHV ZLWK ORZ IDWV PLON DW WKH UL
WKDW WKH ORZHU LVRODWH PLON UDWLR ZDV UHVXOWHO{
WKHUH ZHUH QR SRVVLELOLWLHWKR DRRIGO PTDQWKL R ©WRX UW R
> @ ORUHRYHU ZH SUHSDUHG WKH JHO VDPSOH RI WKH ¢
K 7KH VDPSOHV ZHUH UHW SILRWCGWRXKHQW WUHDWPHQW
PD[LPDO K\GUDWLRQ RI WKH YID®'8 GRH \8 URW WIKMHWULVRODWH V
PLON DW WKH UDWLR DQG ZHUH H[SRVHG WR WKHUP
PLOQXWHV UHVSHFWLYHO\ 7KLV ZDV GRQH RUGHU WR DFF
3HWULCV GHWHGZEVSURWHLQ K\GUDWHV DQG GULHG DW U
E\ ULQVLQJ LQ FKORURIRUP IRU PLQ LQ RUGHU WR UHF
VXUIDFHV DQG ILQDOO\ WKH VDPSOHV ZHUH VXVWDLQ
HORMWLRQ IURP WKH VXUIDFHV

‘H KDYH SUHYLRXVO\ UHSRUWHG WKDW WKH DSSOLFDYV
RQ WKH LVRODWH RI ZKH\ SURWHLQV UHVXOWHG LQ WKH L
VDPSOHV RI JHO RI FRPSRVDWLRRHZUDWLRRZ ID@Y® PLANUF
IROORZLQJ FRPSRQHQWY KDYH XVHG LQ WKH FRPSRVLWLR
SRWHLQV JXDBDX®DDHHRDQ DW WKH UDWLR

6FDQQLQJ HOHFWURXSPLFURVFRS\ VHW

6WUXFWXUDO FKDQJHV RI VR\EHDQ SHD DQG ZKH\ SU
REVHUYHG E\ XVH Rl VFDQQLQJ HOHFW2/R@DRLFURMNFR:E
PLFURVWUXFWXUH RI SURWHLQ LVRODWHYV ZDV REVHUY!
FRYHUHG ZLWK SODWLQXP OD\HU ZLWK WKH ZLGWK RI
PLFURSKRWRJUDSKY ZHUH REWDLQHG DW WKH DREHOHUL
FXUUHQW Q% 'ULHG VDPSOHV RI WKH $URPWIHY @G KSGUKD
ZHUH IL[HG ZLWK WKH VWHHO KROGHU IROORZHG E\ RSHU

“ Iq'
5HVXOWY DQG GLVFXVVLRQ

,Q WKH ILEMWNVYWHWG@HWR DVVHVV PRUSKRORJLFDO SDUI
SUHVHQFH RI FRDUVH SDUWLFOHV ZDV REVHUYHG LQ WK
LVRODWHY ILJXUH F ZKHDWBV KDBSWSKRUEZKHO MK H
ILJXUH D :H IRXQG WKDW SHD DQG VR\EHDQ LVRODWHYV
VLIH 7KH SDUWLFOHV ZLWK WK I UPHHIBIQ DEE.M\P BRUHU KU H V H ¢
LVRODWHY DQG RUQRWLRRRXQWKRWKH DYHUDJH VL]H =
VDPSOHV ,Q FRQWUDVW WKH VDPSOH RI ZKH\ LVRODWHC
DYHUDJH VL]H RI DERXW P ZLWK LQFOXVLRQ RWKHU S
WKH FHRADLRQW ,W VKRXOG EH QRWHG WKDW SURORQJ!
WKH ZULQNOHG JOREXOHV IRUPDWLRQ ZKLFK ZDV REVHU
WKHVH VDPSOHV

B3UHYLRXDOUDJHHQDQ DQG JXDU JXP ZHUH XVHG D\
PLIWXUH RI VWDELOL]JHUV > @F D/KKWDV WHIQ B Q¥ XOUICHO Gl HID RVUXH
SURWHLQ LVRODWHY :H GLGQCW GHWHFW SUHVHQFH RI
K\GURFROORLG ILJXUH G 7KH SUHYWRIEGHHRS FRWUNG HWDZ
GLDPHWHUVP DQG P ZDV REVHUYHG RQ WKH VXUIDFH |
FDUUDJHHQDQ
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F G

JLIXUH (OHFWURQ PLFURSKRWRJUDSKV RI ZKH\ SURWHLQ LVR
F DE®UUDJHHQDQ G

7KH ORZ K\GUDWLRQ OHYHO RI WKH LVRODWHV DW
IRURRRQ ZLWK WKH ODUJH QXPEHU RI KROHV ILJXUH 7k
GU\LQJ ,Q RXU RSLQLRQ LQVXIILFLHQW K\GUDWLRQ RI S
GLVUXSWLRQ ZKLOH LQWHUFRQQHFWLR®@VRENWEZMHQ SOQR
LQWR ILJXUH ' UHYHDOHG WKDW UHPDLQV RI WKH ODUJH
K\GUDWHG SHD LVRODWH DV WKH HGJHV RI GULHG VSKHU
LVRODWHY ,Q RXU RSLQURIQ MWK R B WH\HH DX bI I RF HUDIFS\HD J
DVVRFLDWHG ZLWK LQFRSOHWH K\GUDWLRQ RI WKH VDPS(
P ZHUH VWLOO SUHVHQWHG RQ WKH VX8 DU RH RQVIXP! B
WKH VXU IOBFBHRIVGALHMQ CW REVHUYHG

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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F G

J)LIXUH 6(0 LPDJHV RI GULHG JHNGWRL Q DLRFRODWRI| DKHYS\EHD |
SUHOLPLQDU\ VZHOOHG SHD LVRODWH F DQG SHD LVRODWH ZI

JXUWKHU K\GUDWLRQ RI SURWHLQ LVRODWHY ZDV UHV.
JOREXOHV SLVRXQWPLONRKRR LVRODWH PLON UDWLR XS
SURWHLQV $V LW FDQ EH VHHQ IURP WKH ILJXUH DOO V
E\ VPRRWK WH[WXUH ZLWK ODUJH QXPEHU RI VPDOO KROl
JHOSUHOLPLQDU\ K\GUDWLRQ RI LVRODWHY DW WKH L\
WKH VXUIDFH PRUSKRORJ\ RI WKH JHOV

‘H REVHUYHG GHFUHDVHG QXPEHU RI SRUHV DQG WKF
K\GUDWLRQ UDWLR LQ FRPSOGUBDWR Y DPBEWIHR Z W KRWKHU
K\GUDWLRQ ZDV UHVXOWHG LQ WKH OHVV SRURXV VWUXF\
E\ 5RYLUD HW DO LQ WKH GULHG VDPSOHV RI JRDW FKHH
LQ WKH VDPSOUBHAKUFAKQDDY WZHOOHG GXULQJ K 7KLV VL
WKH KLIJKHU GHYHORSPHQW RI WKH SURWHLQV FURVVO
VZHOOLQJ

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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D
F G
J)LIXUH (OHFWURQ PLFURSKRWRJUDSKY RI GULHG JHOV RI ZKl
E SUHOLPLQDU\ VZHOOHG SHD LVRODWHG FDW @G RWMBLIQV RPQO

UDWLR

)XUWKHU K\GUDWLRQ Rl WKHVH LVRODWHY DW WKH U
EHWZHHQ GLIIHUHQW UHVLGXHV Rl SURW®OLRQMIF QRIMR Uk
IRUPDWLRQ ILJ 7KLV ZIKH SIDPVBIORHX @ D S®ID WY RID D.\Y HW
VXUIDFH FRQVLVWHG QXPHURXV KROHV DQG IUHH VSDI
GHYHORSPHQW RI IUHH GLPHQVLRQDO VWUXFWXUH RI \
GHSHQGHQW RQ WKH SURFHKWDQWIL @ISZAD Y UB VXIOPW IRG DLYH F
VWUXFWXUH RI VR\EHDQ JHOV WKDQ WKH JHOV REWDLQHC

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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F G

J)LIXUH 6(0 LPDJHV RI K\GUDWHG VDPSOHV RI ZKH\ SURWHLQ 1
SHD LVRODWH F DQG SHD LVRODWH ZLWKRXW VZHOOLQJ

‘H GLGQCW VWXGLHGVALW KONL UIKDHUL RVERXOH WR ERWK X
DQG DGYHUVH HIIHFW RQ WKH WH[WXUH RI WKH JHOV FDX

'LVEXVVLRQ

SWLOL]DWLRQ RI SURWHLQ LVRODWHY LQ WKH IRUPXOD
RI WRWDO GRUWSWBRRGXFWY DQG KDV D SRVLWLYH HIHHFW
SURGXFW 8vXDOO\ WKHVH LVRODWHY KDYH XVHG LQ WKH
WKH QHFHVVLW\ RI HYDOXDWLRQ RI WKH PRVWFBQH®EE®LY}
HOHFWURQ PLFURVRFRS\ ZDV XVHG IRU WKLV SXUSRVH ¢
WKH JHOV IRUPDWLRQ ,W KDV VHYHUDO DGYDQWDJHV HV
IHDWXUHYV DUH VLPLODU WR SURWHLOHV LRIRDHDOWHR | SHU BW

FFFBNUDLQLDQ )RRG -RORDPK ,VVXHF
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ZLWK D LVRODWH PLON UDWLR DQG 7TKH VDPSOH

K DQG WUHDWHG ZLWK FKORURIRUP DQG HWK\ODOFRKR
WKH VDPSOHV VXUIDFHV

‘H REVHIWODH® XUHV RQ WKH VXUIDFH RI JHO PDGH IUR
JOREXOHVY UHPDLQV RQ WKH VXUIDFHV RI WKH RWKHU VD
DQG PLON LQ WKH UDWLR RI ,Q RXU RSLQLRQ WKHVH I
HORXJK IRU WKH IXO0 K\GUDWLRQ RI SURWHLQV 3UREDE
VLPLODU ILQGLQJV LQ WKH RWKHU VDPSOHV ZLWK ORZ K\
VLGH™ VXUIDFH ZDV URXJK ZKHUHDV WKHKKNX0DWH @B Y FK:
VPRRWK 6LPLODU REVHUYDWLRQV ZHUH LQGLFDWHG E\ .I
JHOV > @ :KH\ KDYH VXJJHVWHG WKDW URXJQHVV RI WK
UHODWHG WR WKH SURVBRBW IRAIOWHRDBWSHD> @ )JURP ILJIX
EH VHHQ WKDW WKH SUHVHQFH RI JOREXOHV RI WKH LVR
VDPSOHV $00 WKH LPDJHV RI GHK\GUDWHG SURWLQ IHO
VLGH

,QFUHDVHG K\GUDWLBRVEBDWHEG X WRKH FURVVOLQNLQ
PDFURPROHFXOHY DQG FDUFDVV IRUPDWLRQ ILJXUH
VWUXFWXUDO IHDWXUHV W LV NQRZQ WKDW WKH GH®
UHDUUDQJHPHQW RRIFDWHI\L QURIWHIO®WHV$YVY LW KDV REVHU
LQFUHDVHG SURGXFWLRQ WLPH RI JRDW FKHHVH UHVXO
IRUPDWLRQ GXH WR ELQGLQJ RI ZHDNO\ K\GUDWHG DJJUH
RI SURWHLQ RFDWHRDWH/GKB\W/LQ HW DO LQ WKH VDPSOHV RI
> @ 6(0 LPDJHV RI GHK\GUDWHG WRIX VDPSOHYV KDV FKD
SRUHV EHWZHHQ SURWHLQ PDFURPROHFXOHV ZUNHK FXI
VWUXRWRDWLURQ > @

7KH JHOV SURGXFHG IURP PLON DQG SURWHLQ LVRO!
SURGXFWLRQ RI EDWWHU SDVWHV 6HYH WKG® FRESFRVHRKIDI
RUGHU WR LPSURYH WKHLU WHFKQRDWRU DB B 8 (GGIUR & B UMKLHHW
PDNH LW SRVVLEOH WR GHFUHDVH DPRXQW RI FRPSRVI
LQFRUSRUDWLRQ PD\ UHVXOWH® GXQF WKGEGXUR U R YHPMHIOQN R
SURFHVVHV :H KDYH IRXQG W KADN WDK H HIQDOARR IKPRU DW VY R
IRUPDWLRQ RI KLIJIKO\ FURVVOLQNHG JHOV ZKLFK FDQQRW
VDPSOHV RI JHOV PDGH IURBRURYWILBW RLENGDRERERORLG
SURWHLQVY DQG ZKH\ LVRODWH SURWHLQV DW WKH FRPSR
VHHQ IURP ILIJXUH D LQFRUSRUDWLRQ RI SRO\WDFFKDUL(
LQ WKH VXU IDRAH HROWPDRALIFFKOP RUSKRORJLFDO IHDWXUHV Z1I
LVRODWHY RI SHD VR\EHDQ DQG ZKH\ ILJXUH +RZH?Y
K\GUDWHG E\ ORZ IDW PLON KDG WKH VWUXFWXUH ZLWK
RSLQURRNVEOLQNLQJ EHWZHHQ PROHFXOHV RI SURWHLQYV
GHWHUPLQLQJ RI SRVVLELOLW\ RI WKH JHO DSSOLFDWLRC
ZKLFK ZDV REVHUYHG LQ WKH VDPSOH RI SHD BV RVB® H Q7
WKHVH SURGXFWYV PDQXIDFWXULQJ ZLWKRXW VLIQLILFDC
DPRXQW RI LQJUHGLHQWY LQ WKH IRUPXODWLRQV ZKLO!
EHWWHU FKRLFH IRU WKLV SXUSRYVH VLRHIRH) RRIHWXWL © W]
DOORZV GHFUHDVLQJ WKH GHYHORSPHQW RI FURVVOLQNI
K\GURFROORLGYV

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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D

J)LIXUH 6(0 LPDJHV RI K\GUDWHGRRPERVYHWRRK\GURFRC
DW SURWHLQ PLON UDWLR D DQG E

&RQFOXVLRQV

7KLV VWXG\ SURYHG WKDW 6(0 LV D SURPLVLQJ WHFKQL
LQ WKH FRPSRVLWLRQ RI VWDELOL]JHU GHSHQGHQWO\ RC
LQFUHDXR® IRPAPLON UHVXOWHG LQ WKH GHYHORSPHQW R
3HD LVRODWH ZDV FKDUDFWHUL]HG E\ WKH JUHDW DELOLMW
RI SURWHLQV 7KHUHIRUH LW FDQQRW EH XWHXVRIXVKHE
WKH FKHHVH PDRXVDWMWXG\LOM OLPLWHG E\' D ORZ QXPEHU |
JXUWKHU VWXG\ RQ ODUJHU QXPEHU RI SURWHLQV LVRC
K\GUDWLRQ OHYWO X Q@WWWKH GHYHORSPHQW

5HIHUHWQFH

+DQ % S5RPERXWV ) 0 1RXW 05 $PLQR DFLC
&KLQHVH IHUPHQWH G RRRGELRIIRRRESS +
'LRQJ 7 <H ; B6X < &KHQ ; 6XQ + HW DO
TXDQWLILFDWLRGVRIUSWRWRBLOD\BW I HPXOVLRQ VW
LVRODWR® O 6XUI % %LRLQVBISUIBRFHV 2,

M FROVXUIE
*XR < =KDQJ ; +DR : :LH < &KHQ EDAWHW®DO
FHOOXORVH VR\ SURWHIOQ DIW RIDW WH ERRRPISW KW HV LQ
&DUERK\GU 3R0OSB+ 'RL M FDUESRO
RFKXEMLY\QHQNR 2 <DWVHQNR 2 <XVKFKHQNR 1
,QYHVWLJDW L RW HAKIZR® RILLIRFFPIOS U R S(185 W HAL IRl VR\I
BFLHQFHVSS+ 'RL
.RFKXEMLY\QHQNR 2 <DWVHQNR 2 <XVKFKHQNR 1
VWDELOL]LQJ V\VWHP IRU EXWWHU SDVWHV EDVHG F

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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(DVIXURS - (QWHUSULVH 7HEKQRO
1LX + ;LD :; :DQJ & .RQJ % /LX 4 7KHUPDO
RI P\RILEULOODU SURWHLQ DV DIIHFWHG E\ VR\ SURYV
DQG PLOG KMHRRGLQXEKHP SS = ‘2,

M IRRGFKHP
&KHQ - 6XUIDFH WH[WXUH RI IRRG\&USMU BHIW L

JRRG 6FL 13%% W GRL

5RYLUD 6 /IRSH] 0 % JHUUDQGLQL (RVVDUBQFRALRDF
TXDQWLILFDWLRQ E\ VFDQQLQJ HOHFWURQ PLFURVFI
FXUG'DLU\ 6FISS = ‘2, MGV

ORKDPHG + O (PDUD 0O IRXPDQIIHFON RI FRRNL
WHPSHUDWXUHV R@Q@ G- KBDLLHURYMUULDAVAWEYH DRI FDPHO
VDXVDBDJANL )RRG $JBLE GRL MVID
&DEDOOR - )HUQDQGH] 3 %DUUHWR * HW DO
VDXVDJH DV UHODWHG WR FRQWHQWRRKI 6BW SSNDUF

* '2, KWWSV GRL RUJ WNE
/ILX IDQLHU 7 &RPELQHG XVH RI YDULDEOF}
PLFURVFRS\ DQG FRQIRFDO ODVHU VFDQQLQJ PLFUR
FRPRXWHG PHDWx)JRRE® 6FL 7HFKQRBROG: ‘2,
M OZW

2QJ/ 'DIJDVWLQH 55 .HQWLVK 6 ( *UDV 6/ (
DQG FKHHVH FXUG REVHUYHG XVLQJ FU\R VFDQQLQJ

PLFURVHRBS\+ )RRG ©6FL THFKQBG = ‘2,

M OZW
.RFKXBEMLY\QHQNR 2 9 0 3DVLFKQ\L <DWVHQNR 2 <
8 BURVSHFWYV RI XVDJH RI SHD SURWHLQ LVRC
6FL WHWS8)7 S& ‘2,

/ILX ++ . XR O (IlTHFW RI PLFURZDYH KHDWLQJ RQ WKI
DQG PLFURVWUXFWXUH RI VRIWMXBMWHBXGVRODWH JH
.RZDOF]\N ' *XVVEDZ(: /EYHHFNL 6 HW DO OLF
IXQFWLRQDO SURSHOMMWNVNFRIHEGRIEDWRIRWHLQ LVR(
(I THFW Rl OLSLG W\SH PR& R RBQ RHF@MBCDAW L R'Q,
M IRRGK\G
/ILQ + )/X & 3 +VLHK -) .XR 0, (I THFW RI XOWI
UKHRORJLFDO SURSHUW\ DQG PLFURVWUXFWXUH RI
FXOWLQOWRWYDWLYH )RRG 6FL (PHU3IS®J 7HREKQRO
M LIVHW

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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(ITHFW Rl K\GURO\WLF HQ]J\PHV SUHWUHDWP H(
HIWUDFWLRQ IURP SXPSNLQ VHHGYV

7DPDUD 1RVHQNR *DQQD 9RYN

IDWLRQDO 8QLYHUVLWI RI IRRG

$EVWI
-H\ZRUGYV ,QWURGXAWMLROP RI WKH SUHVHQW V\

HYDOXDWH WKH HIIHFW RI HQJ\PH PL[WXI
3XPSNLQ RLO \LHOGSBHVARRQG DQG G\QDPLFV R
6HHGV H[WUDFWLRQ RI SXPSNLQ VHHGV RLO
2LO ODWHULDOV DQBURWWRRGHM $DNID® L
BURWHDVH SURWHDVHY DQG &HOOXODG (1=,0( 8NU
&HOOXODVH SXPSNLQ VHHGV SUHWUHDWPHQW 7KH
3UHQV HYDOXDWHG E\ WKH PHWKRG RI LPPHGLD

SUHVVLQJ ZDV FDUULHG RXW RQ WKH OD
VROYHQW RLWODWHVED¥WIVMRQLPDWHG XVL{
HIWUDFWRU DV RLO TXDQWLW\ HIWUDFW|

5HVXOWYV DQG,WLYBXVEGHRMMHFWHG WK

LQFUHDVH RI SXPSNLQ VHHG FHOOV L«

$UWLFOH KLVWRUERPSDULQJ ZLWK D FROWURO WWPSOH KI
EHEHLYHG KRXU RI HQJ]\PH SUHWUHDWPHQW )XU
SHFHLYHG LQ UHVIWREQRYYHHGV ZLWK HQJ\PHV GLG QRW
LQFUHDVH RI RSHQ FHOOV FRQWHQW

SEFEFHSWHG VKRZQ WKDW XVLQJ RI GLIIHUHQW NLQG
IRU SXPSNLQ VHHGMVSOMVWIGH DY/ PLEFW HU

GHVWUR\HG FHOOV TXDQWLW\ IURP

DVHV DQG FHOOXODVH PL[WXUF
&RUUHVSRQGLQJ nggHDWPHQW KDG UHVXOWHG LQ IXL
/DPDUD 1RVHONR SXPSNLQ VHHG FHOOV 7KHYRD® LQHO &\ R

(PDLO FROG SBHRFERLAHQIWHUSUHWUWBWPHQ
WDPDUDBQRVHQNRA RWHDVH DQG FHOOXODVH PL[W
XNU QHW LQFUHDVHG IURP FRQWURP WIRRIOH

RLO FRQWHQW RI VHHGV 7KIRIRIDOVH RI °
IURP SXPSNLQ VHHGV KDG LQFUHDVH

SWHUUHDWPHQW WKDW PHDQV DQG
H[WUDFWHG DIWHU PLQ HQUPHWLRQ
SUHW WDHIBNVARBQWURO VHHGYV UHVSHFWL®
GLIIHUHQFH RI SHUR[LGH FRQWHQW EHW
VDPSOH DQG FRQWURO

&RQFOXVAVA@WI SURWHDVHV DQG FH
PLWXUH IRU SXPSNLQ VHHGVY SUHWUHD
LQFUHDVH Rl GHVWUR\HG FHOOV TXDQW
>y RIFROG SSMPSNGQ RLO DV ZHOO DV UD

- H[WUDERLLR QURP SXPSNLQ VHHGYV

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

3UHVVLQJ DQG VROYHQW HWKRBHWIRRQ RLOHRE W VQZR) J
7KH VROYHQW H[WUDFWLRQ LV PRUH HIIHFWLYH IRU RLO \
WRWDO RLO FRQWHQW 7KH GLVDGYDQWDJHV RI WKLV P}
LVVXHV DVVRFHRDWHKE[\®UWKWIRRY SURFHVYV 7KH SUHVVLQJ
EXW GRHV QRW SURYLGH WKH ZKROH RLO H[WUDFWLRQ
DQG HQYLURQPHQW IULHQGO\ WHFKQRORJ\ RI RLO UHFRY|

,Q WKLV FROWW[WQRPDMWWF WHFKQRORJLHV ZHUH SURSE
UDZ PDWHULDOV )LUVWO\ WKH HQJ]\PH DVVLVWHG DTXD H
IURP RLO VHHGY ,Q RUGHU WR LQFUHDVH WKH HIFLFLHQF\
RLOVHHGY LW ZDV SURSRVHG WR XVH K\GURO\WLF HQJ\P
IUDPHV VXUURXQGLQ@ RTKHRRRPHM. HOG KDG YDULHG IUR
GHSHQGLQJ IURP SURWHDVHY DQG FHOOXOZDMDHNW XVHGR D
HQJ\PH DVVLVWHG DTXD H[WUDFWLRQ LLDWHIK IFKDW\RQL
ORZ RLO \LHOG (Q]J\PH DVVLVWHG WHFKQRORJ\ ZDV SURF
SURWHLQ IURP VXQIORZHU PHDO > @

,Q SDUDOOHOVVHHG\MHBPKYRORJLHY ZHUH XVHG IRU RL
WKHLU SURFHVVLQJ 7KH FHOOXODVH KHPLFHOOXODVH
WKLV SXUSRVH ,W ZDV VKRZQ WKDW SUHVV RLIDWHHOG |
SUHWURDWPEAWDBUBRKEEBEDVHV>DO @SURWHQ¥HMDVH RI S
EHDQ RLO \LHOG DIWHU HQ]\PH SUBWUHDWPHQW ZDV VKR.

7KH HIIHFW RI GLIIHUHQW HQ]J\PH SUHSDUDWLRQV 9LV
RQ WKH RLO \LHT®G OSIXKQ\GL PRMKIHRALGDQW SURSHUWLHV RI F
DVVHVVHG LQ > @ 7KH RUCHDWIOG FBR®E BQHNNNHG IOD[VF
WKDQ 6R[KOHW H[WUDFWHG RLO \LHOG ZDV FRQVLGHUDE
ORVW RISWKLFRFKHPLFDO SDUDPHWHUV VXFK DV UHIUDF
IUHH IDWW\ DFLG FRQWHQWY VDSRQLILFDWLRQ YDOXH
VLIJQLILFDQWO\ EHWZHHQ WKH FRQWURO DQG HRJL®H SUH
YDOSBWWMLVLGLQH YDOXH FRQMXJDWHG GLHQHV WULH
PHWKRG RI RLOWMURBWHG\PBID[VHHGY ZHUH VXSHULRU FRF
HIITHFWV RDWQIWHBGHVROG) ($&3 RQ WKHFRIE® HP HBIZO D
SURSHUWLHV Rl KHPS VHHG RLO ZHUH DOVR LQYHVWLJDW
RLO \LHOG IUWRBHDQMEH KHPSVHHGY ZHUH IRXQG WR EH V
GHWHUPLQHG IRU WKH FRQWURO 7REVHUZHEH QR WILKIH) LYI
LRGLQH QXPEHU UHIUDFWLYH LQGH[ GHQVLW\ XQVDSRQ
EHWZHHQ WHWMHOQPRRHG DQG FRQWURO KHPSVHHG RLOV 7
IUHH IDWW\ DFLGV LRGLQXHYDHWXH \DALG) KSWMORMDAH. MO EHW
$ UHODWLYHO\ KLJKHU FRQWH®W RH OWR PR SIKF-BWRO\H G 5D QF
ZHUH REVHUYHG LQ WKH HQ]\PH H[WUDFWHG RLOV FRPSDI

7R WKH EHVW RI RXU NQRZRWIW ¥YHD BARKKMU 18 XCPLBHN IQ@R WUH H C
XVLQJ ($&3 7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR H
FHOOXODVHV RQ WKH FHOO LQWHJULW\ RLO \LHOG RI WK
SXPSNLQ VHHGV RLO

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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ODWHULD®HWRBGYV
ODWHULDOV

3XPSN&XQF XUELWODHSIBYRZHUH SXUFKDVHG IURP D ORFDO
IHXWUDO SUPRAMDHDLOW XIVRPREWRIODLB J RBRIWLPXP S+
(1=,0( 8NUDLQH D O N D O %@H L OUDKWHHO L\SHR T B IRK\A $8 J
RSWLPXP S+ (1,9 8NUDLQH DQG DFLG SURWHDVH (1=,0 ¢
K\GURO\VLY RI FHOO SURWHLQVWV D&HIPGEOMHD G1 QAP H SSNHSDU
FHOOXODVHV IRU WKXWIKUGK BRWWIMDRFIQRWLGHY REWDLQH(
RI WKHGEQH ¥WUIHHYHLEGLWLRQ WR WKH PDLQ DFWLYLW\
FRQWDLQV VLIQLILFDQW DPRXQWV Rl KHPLFHOOXODVH
H[SHULPHQWYV ZHUH DW OHDVW DQDO\WLFDO JUDGH

(Q]\PH WUHDWPHQW DQG SUHVVLQJ

&OHBEGN ZHUH JURXQG XVLQJ D FRIITHH JULQGHU DQG

E\ VHHG ZHLJKW RI WKH HQ]J\PH SUHSDUDWLRQV RYI
PRLVWXUH OHYHO 7KH K\GURO\JHG VDPSOH ZDV GUL
LFNLYDWH WKH HQJ\PHVY DQG WR UHDGMXVW SMKR UP RIR/V
SUHVVLQJ 3UHVVLQJ RI WKH K\GURO\JHG DQG GULHG VHH
ODERUDWRU\ VFUHZ SUHVV DW “ f& $ FRROBURBHVY A S(
XQGHU WKH VDPH VHW RI FRQGLWLRQV H[FHSW IRU WKH |

(YDOXDWLRQ RI WKH FHOOV LQWHJULW\ E\ WKH PHWKR

J RI JURXQG SXPSNLQ VHHGV ZHRH SHWBE R G HOQP DH WOKD
DGGHBG WKH FRQWHQWY RI WKH IODVN ZHUH VKDNHQ IRU
OHIW IRU VHFRQGV H[DFWO\ DIWHU ZKLFK WKH HWKH!L
WUDQVIHUUHG WR DQRWKHU IODVN 7K HHCEWIIDLVONH G7 K/IR DLXC
ZDV ZDVKHG E\ VHYHUDO SRUWLRQV RI WKH HWKHU 7KH H
DQG WKH UHVXOWLQJ RLO ZDV GULHG WR D FRQVWDQW Z|
SXPSNLQ VHHGYV ZHUH WDNHOQH@YW BEHWHKUYPHRWHU WKWLROQOL
DSSDUDWXV 7KH PDVV IUDFWLRQ RI RLO HIWUDFWHG IURI
D SHUFHQWDJH RI LWV WRWDO FRQWHQW FRUUHVSRQGV V

7TKH QXPEHU RI GHVWUR\HOG W BOSOHW EB Q@ VEIHWHRIPRQO GH |
LPPHGLDWH VKDNLQJ IURP WKH WRWDO RLO FRQWHQW L
o 4
4
ZKHUHRDO H[WUDFWHG E\ WKH LPWKGELWWWD QKRN FRQWB
SXPSNLQ VHH®WHGCGHWWMKH HIWUDFWLRQ LQ WKH 6R[KOHW

OHDVXUHPHQW RI G\QDPLFV RI RLO VROYHQW H[WUDFW

7KH HQJ\PH SUHWXPPNULRHYWHRBN ZDV FDUULHG RXW DV
SUHWUHDWHG DQG FRQWURO VHHGV ZHKWHWGD NG WRDIEK
6R[KOHW H[WUDFWRU 7KH H[WUDFWRU ZDV ILWWHG ZLW|
IODVN 7KH H[WUDFWLRQ RI RLO ZDV GRQH LQ DQDWHU

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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KH[DQH 7KH GXUDWLRQ RI H[WUSFWH BGH F D HH Z\U ¥ COFERLXR
WKUHH ILOWHULQJ SDSHU VKHOOV ZHUH ZLWKGUDZQ IURP
ZHLIJKWHG 7KH OHYHO RI RLRVHQVUWK W Il RQ OZDAL @ D GIF XD
, P R
P

ZKHBHWKH LQLWLDO PDVV RP I WKW HUOLNMM BIDISIOWHMKHQO SD
HYHU\ HIWUDFWIKRQQARFEHU Rl HIWUDFWLRQ F\FOH

"HWHUPLQDWLRQV RI SHUR[LGH YDOXHYV

"HWHUPLQDWLRQV\WRS MKR{IHGH\PBEIEOXWUDFWHG DQG FR
RLOV ZHUH PDGH IROORZLQJ $2&6 RIILFLDO PHWKRGV > (@

6WDWLVWLFDO DQDO\VLYV

$00 WKH H[SHULPHQWY ZHUH FRQGXFWHG LQ WULSOLF
SHUIRUPHG XVLQJ WKH WWDWILVWILFDO>VRIVEZBURBYELOL)
FRQVLGHUHG VWDWLVWLFDOO\ VLIJQLILFDQW 'DWD DUH ¢
FDOFXODWHG IURP WULSOLFDWH PHDVXULQJV

5HVXOWY DQG GLVFXVVLRQ
,QIOXHQFH RI HQJ\PH SUHW UIHHIBNVPRIQ W RH FKPONLQWH J

7R HVWDEOLVK WKH DSSURSULDWH FRQGLWLRQV IRU V
LQIOXHQFH RI WUHDWPHQW GXUDWLRQ E\ SURWHDVHV RQ
ILUVW KRXU RI WU HDWNH@®EWV GHERWWR\HG FHOOV ZHUH REV
D FRQWURO VDPSOH )LJ DQG QH[W KRXU RI G\HWMDUARRH Q
FHOOV FRQWHQW LQFUHDVH )XUWKHU LQFXEDWLRQ RI J
VLIQLILFDQW RQHQHIFWIO ®RY FRQWHQW LQ WKH KKIRWXUH
HQJ\PH WUHDWPHQW IRU WKH QH[W VWXG\ $W WKH VDPH \
VHHGV ZDV XS WR KRXUV LQ YWX@& RI /DWLI 6 DQG $QZI

7TKH GDWD REWDL @MWGHIGDW KDAMH RRQYWRI GLITHUHQW NLC
IRU SXPSNLQ VHHGY SUHWUHDWPHQW UHVXOWHG LQ LQF

)LJ 7KH DFLG SURWHDVHYVY ZHUH WKH PRVW HIIF
SXPSNLQ VHKBYLRHOWK/H WLIKHVW LQFUHDVH RI GHVWUR\I
2EYLRXVO\ WKDW SURWHLQV DUH LPSRUWDQW VXEVW
FHOOV ZKLFK SOD\ D VLJQLILFDQW UROH LQ WKH EXLOGL
WKHDVXUURXQGLQJ WKH ROHRVRPHY DQG LQ WKH DGKHVLF
SUHWUHDWPHQW IDFLOLWDWHY WKH EUHDNGRZQ RI WKH
DQG DOVR VXSSRUWYV WKH FRQYHUVLRQ RI RVKHPBSRORHS OHS$ I
DQG SURWHLQ PROHFXOHV WKHUHDIWHU HQKDQFLQJ ERYV

@
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AXDQWLW\ RI GHVWUR\HG F}F

7TUHDWPHQW WLPH KRXU
® FRQWUHR@I\PH SUHWUHDWHG VDPSOH

>

JLIXUH ©KH LQIOXHQFH RI SURWHDVHV WUHDWPHQW GXUDWL
OFRQWURO DQG HQJJB R XIXAR &NHBW M G
I

7TKBFFHYVVREEBDW\RLO GHSHQGVYV IURP WKH LQWHJULW)
IURP FHO®PXORVH ,W ZDV VXZ5RNLIQUD GLIQDVWHQRBHQ WRI \W
FRFNWDLCIRU VHHGY SUHWUHDWPHQW KB VF WAROH\OW D R FW
LPSURYD—F@-K\H/RIEROOW\

Em

AXDQWLW\ RI GHVW

i G
IFRQWDHQHPHSUHWUHDWHGVDPSOH

JLIXUHTKH LQIOXHQFH RI GLITHUHQW SURWHDVHV RQ WKH TXDQ
HOQJ\PH SUHWIRXEMEHSSNLQ VHHGV

7TKH GDWD REWDLQHG KDYH VKRZQOWRDWHXMULQ B RP SN
SUHWUHDWPHQW KDG UHVXOWHG LQ VRPH LQFUHDVH RI
PLIWXUH )LJ 7KH PD[LPXP OHYHO RI UHYHDOLQJ RI S
DERXW XQGHU LQIOXHQFH RI PO[WXBWHDVH DRHXWULOFHOO
KLIJKHU WKDQ DIWHU WUHDWPHQW E\ WKLY SURWHDVH
FHOOV ZDV P@EBNKW XVLQJ RI DFLG SURWHDVH DQG FHOOX
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BURWHDVH FHOC 3URWHDVH FHOOXODVH
mFRQWURO EFRQWURDO
OHQJ\PH SUHWUHDWHG OHQ]\PH SUHWUHDWHG VDPSOH

D

JLIXUH KH TXDQWLW)\ RI GHVWUR\HG FHOOV JURFRGFPBHURQ DQG |
VHHGV RQ GHSHQGHQFH WKH SUFR\OBXOBV H IUPW DR G SU
DQHXWUDO SURWHDVH DQGFLHOOXRWHMB \WH. MG HFHBOXOD V]

,QIOXHQFH RI HQJ\PH SUHWUHDWPHQW RI SXPSNLQ VHF

7KH FROG SUHWXIPGNROQ JUIHGE/ VHHGY PRLVWXOUMH ZDV

“ f&KH RLO \LHOG BXPRB®NGQSHREWNPHEHIHWVHB®Y ZQ W KR
QHXWUDO SURMWHB®WHOOXOBNVNMWXUH ZDV LQFUHDVHG IUR
VDPSOH WIRIRP WRWDO RLO FRQV2NMQ VG DAKD BRFADOMGDQFH Z
WKH UHVXOWYVY REWDLQHG IRU KHPS VHHGYV ZLDPROMDMK/H HQ]
EJOXFDQDVH FHOOXODVH FRPSOH[ KHPLFHOOXODVH FRI
> @ DV ZHOO DV ZLWK UHVXGaVvmw REW D 5@ HVG1 HREY )0 D@ WHRHDX
HQJ\PH SUHWUHDWPHQW

&RPPRQO\ WKH HQJ\PH SUHWUHDWPHQW RI RLO VHHG\
WKH SUHVV RLO \LHOG PDLQO\ FROG SUHVVHG RLO DV KF
JLYH R KHFRYHULQJ RI RLO RQ WKHLU RZQ %XW LQ RXU V
RI RLO VROYHQW H[WUDFWLRQ IURP RLO PDWHULDO XQGH

7KH UDWH RI VR RRILONIBHRW UDPBINRQ@ VHHGY ZDV LQIO
PLIWXIHWE HDWPHQW DOVR )LJ (QKDQFHPHQW RI RLO F
SUHWUHDWPHQW ZDV REVHUYHG IURP WKH EHJLQQLQJ RI
RI HHWUDFWLR® IDEIRXWHUH H[WUDFWHG IURBHRQWURO V
I[URPQ]J\PH SUNWWHEB WWHKYSHFWLYHO\ 7KH GLITHUHQFH EH\
DIWHU PLQ HIWUDFWLRQRWRKDW 2HUH HPWGDHYHNBHIURP
SUHWDRBWHRWURO VHHGY UHVSHBP@GYROWRWH®HRZ BUAR
IRHQJ\PH SUBDWGHEROMIWU RO VHHGY UHVSHFWLYHO\
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2LO \HLOG

(IWUDFWLRRQQWLPH
--4+-FRQWUR®— HQ]\PH SUHWUHDWHG VDPSOH

JLIXUH\QDPLFV RI VROYHQW H[WUDFWLRQ RI RLO I[URP FRQWUR
VHHGYV

W ZDV SRVVLEOH WR VXJJHVW WRDBW RRL VRWHX WK HOOHW P
RLO MVRHGWRXUV FRXOG UHVXOW LQ LQFUHDVH RI RLO TX
7R HOXFLGDWH WKLV SKHQRPHQD WKH PDLQ FKHPLFDO
HYDOXDWHG 7KHILHIEHY B FRHRMW B E WDLVQHRSI IRIRP WKH SU
DQG IURP FRQWURO VHHGV WKH DFLG YDOXH RI SXPSNL
.2+ J7KH VLPLODU UHVXOWV ZHUH REWDLQHG FRQFHUQLQ
KDG QRW EHHQ GHPRGVWUBALHG WVHEEMIRFIBHIYDOXHV WK

DQG PPRO IRU2FRD@® RHOQ]\PH SIMNPBNHQWHEHG RL
UHVSHFWLYHO\ 7KHVH UHVXOWY DUH FRUUHVSRQGHG WF
HQJ]\PH SUHWUHDWH®@ KBP$ WHMGY > @ DQG UDSH VHHGYV

7KHUH ZHUH QR UHOLDEOH GLYHUVLW\ LQ WKH FRPSR\
VDPSOHV RI RLOV > @ 7KH UDWLR EHWZHHQ WKH LQGLYL
VDPSOHV RI SXPBWLEL 8 LORMWOBRIIHU 7KH DQDO\VLV RI WK
WKHLU WRWDO FRQWHQW LQ WKH RLO VDPSOHV VKRZV W|
WKH VHHGV DIWHU SURFHVVLQJ ZLWK K\GURO\WLF HQ]\PH
7KXWKHVH UHVXOWYV PHDQ W KIDX\P SINQL]QP W HSHUGHWGEILHD @ R WQGHH
TXDOLW\ DQGELRIFRRIYLADDOKUDOXH RI RLO

&RQFOXVLRQV

7KH UHVXOWY RI WKH SUHVHQW VWXG\ KDYH VKRZHG
SUHWUHDWPHYWHRBIVSXREXO®/HG LQ FRQVLGHUDEO\ KLJKH
WKH PL[WXUH RI JURXQG SXPSNLQ QHXWVD OKSEURIWW DXV H
FHOOXODVH ZDV WKH PRVW HIIHFWLYH LQFUHDVLQJ WK
SUHWUHBWANG VRPA&SDULQJ ZLWK D FRQWURO 7KH LQFUHD

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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VHHG RLOV IURP HQ]J\PH SUHWUHDWHG VHHGYV ZDV REVHU
FHOOV LQWHJULW\ 7KH HQJ\PH SUHWUHDWPHQW RI SXPSN
RI RLO FRPSDULQJ ZLWK XQWUHDWHG VHHGYV 7KH HQIJ\PH
DGYHUVHO\ DIITHFW WKH TXDOLW\ RI WKH RLO 7KLV VXJ.
PLIWXUH LQ SUHSDULQJ IRU WKH HIWUDFWLRQ RI RLO IUR

$FNQRZBPABYDMH UHVHDUFK ZDV FDUULHG RX'
VXSSRUW Rl WKH 1$6 Rl 8NUDLQH ZLWKLQ
VFLHQWLILF UHVHDUFK SURMHFW < 8
YHIHWDEOH RLO WHFKQRORJLHV ZLWK W
SUHSDUDWLRQ

5HIHUHQFHYV

7RZD / .DSFKLH 9 1 +DXFN & QHVROMVLVWHG DTXHRXV H[WUDFV

LVRODWHG ROHRVRP-HSRIALR\BRKDHE ISRKXY

IDPVDO % 3 OXUSK\3 $ -RKQVRQ / $ YOERWPHRYE H

IRU HQPDWWLVWHG DTXHRXV H[WUDFW$RQ2RO RKH PURRS/R\EHD
+

ORXUD - 0 &DPSEHOO .D® ODKQfJ{P®¥ VHWWHG DTXHRXV H[WUI

DQG SURWHLQ IURP V RMPKDWD WP IQRED FALID P& IGHP 6 FSFS +

ORXUD - 0 -RKQVRQ /VWDJH FRMW®RW HWPAKXULWHHNG DIXPRXV H[

SURFHVVLQJ RI RLO DQG-SSRWHIM &KRP \6REHDQV

ORXUD - 0 GBAPHKL -RKQVRQ / &S RI H®OPNMRMNWHG DTXHRXV H[

SURFHVVLQJ RISR\EHD @KHP 6RF +

ORXUD - 0 $OPHLGD D® -XQIDMLGWDV D SUHWNH\DIWRHHBN

DTXHRXWWLRQ SURFHV VLGP R2L\ORSKHPQ \6 BB

JUHLWDV 3 6 &RXUL DO -DQNTKRQNRPELOWG DSSOLFDWLRQ F

HQ]\PDWLF WHFKQRORJ\ IRU HBALGD F\WMMR&ES Rl VR\EHDQ RLO

/IDWLI 6 $QZDU ) $TXHRXV HQ]\PDWLF YRRBP&KRPO DQ
SS

ORXUD - 0 ODXUHWO -XQDWHIWDWHG & R BVHU {XMUUDHQWL R'Q

&UHDP 'HPXOVLILFDWIWRQY WEHREVPHWUDFWLRQ$RI BROE & BN

6RFSS

ORXUD - 0 ODXUHWDO -XQILBREYW ERRRHSW IRU FRXQWHUF X

VWDJH HDYNPMWHG DTXHRXV H[WUDFWLRRD SURRHWPLBRRI VR\

SsS

1RVHQN.RED\FKXBRYNRGEBRXHU¥WYD ,QIOXHQFH RI SDUWLDO

WKH SURWHLQ BX\WUDEXHENBHI®RDQ -RXUQDO RI $BRG 6FLHQ

1IRVHQNRDQN 9 =KXNRYD < &K&RFNVSRWLWLRQ DQG SURSHUW
K\GURO\]JHG VXQIORZI8N BURM BRQ)RRBORKHEYD O

6RVXOVNL . 6RVXOVNL ) :WUHDWRH®M WBRHHQKDEBR R H[V
,Q &DQROD DQG 5DSHVHHG 3URGXFWLRQ &KHPLVWU\ 1XWUL
) 6KDKLGL SS1HZ <RUN 1< 9DQ 1RVWUDQG 5HLQKROG 3XEOL\
6RVXOVNL . B6RVXOVNL PLGHG WWQWPERSURFHODLYHRKGERQRJ
SURGXFW TXDOLW\ DQSPFRV® &K SERFL R Q

6RVXOVNL . 6RVXOVNL ) : &R[ZRUWK ( &DUERK\GUDVH
H[WUDFWLRQ-ZI$W K 2K O] B®H P S 6RE

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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&KHUVWYD $ /DVWRYHWVNDS8$LQR\RHQNR\PHYV WR H[WUDFW R
SUHVENQDL@®IURIRRG 6FLHQFHS

5RVHQWKDO $ 3\OH ' / 1LUDQMDQ . $TXHRXV DQG H
H[W RFWIPH OLFURELDO 7HFK@RORJ\

6PLWK ' ' $JUDZDO < & 6DUNDU % & 6LQJK % 1 3
SUHWUHDWPHQW IRU PHFKDQLBPO 2H[® REEPGBERA VR\EHDQV
%DUJDBOGRY XOVBRV.XOVNL ) : (Q]\PDWLF K\GURO\VLV RI "
PHFKDQLFDO RLO)RIRWS UUFRBHY® H LS S

$QZDU ) =UHHQ = 6XOWDQD %DL®PEFRBOG SUHMMVLRH RI 10LC

XVLWDWLVVIORKRECPQFHPHQW LQ \LHOG TXDQIDVWDVQGDEKBEWRWLF)

/IDWLI 6 Y¥QZDUSK\WLFRFKHPLFDO VEDXTQDBELRMIOHWELSRDR O X VL Q
HQI\MHW VLVWHHFRO@J- /LSUHGFERIRGS  +

0XUSK\ ' - BWUXFWXUH IXQFWLRQ DQG ELRJHQHVLV R
SODRWRI /LSLG BIBV+
7]JHQ - 7 & +XDQJ $ + & 6XUIDFH VWUXFWXUH DQG S

%LROHR SS

$2&62IILFLDO DQG 5HFRPPHQGHG 3UDFWLFHV Rl W/HKH(SBHULF
$2&6 3UHVV &KDPSDLJQ ,/ 86$

LDPDUD 1RVHQNR 2NVDWDOXBDIRKXRGDY $O\RQD@I GXHQNMW RD
SDUWLDO K\GURO\VLV RQ WEHQ BURAI® NG EHQVLLODGF WR R(QQ DUMR R |
6FLHQFISS

1RVHQNR 7 7 O9RYN + 2 .KER®WXKR 79 $ +R®SO\Y SRSH
IHUPHQWDW\YQRL REUREN\ QDVLQQLDLONRNO 56 BWN VY RBREZ K
Ss

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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6XEVWDQWLDWLRQ RI UDWLRIQDOQ VWRHEEH V¥ LROINV F
SODQW VWXIILQJV IUHH]LQJ

THWLDQD O9LFVD *QLWVI ,U\QD 1D]D

1.ILY IDWLRQEDO 8QLYHUVLWI RI 7UDGH
+'RQHWVN IDWLRQEDO 8QLYHUVLWI| RI (FRQRPLFV DQG 7
IXIJIDWRDUDQRYVNI . UIYIlI 5LK 8NUDLQH

$EVWI
.H\ZRUGYV

,(QWURGXKWLROIWLRQDO UHJLPHNQRVKHLH]LQ
6WXIILQJ PLGMODQW VWXIILQJY EDVHG RQ EXWWHUP]I
6Hp||_|_Q|_VKHGVXEVWDQWLDWHG DQG H[SHULPHQWDOO\ FRQI!
OLON ODWHULDOV DQGLOMBWHKRBGS/XPERNNQN PL
JUHH]LQJ ]JXFFKLQL VWXIILQJY DV ZHOO DV FRWWDJH FKk
6WRUDJH ZHUH VWXGLHG 7KH UHVHDUFKUHANR OPOVUIUR® C

VSHFWURPHWHU 7HVOD %6 $ ZLWK D ZRUNLC
RQ SURWRQV E\ WKH .XQW] PHWKRG

'LVFXVVLRQ BRMWW KR ,MMBOA HVWDEOLVKHG W

WHPRSHUDWKIUMHWRKH GXFOHDU PDJQHWLF UHVR
$UWLFOH KLVV\W%B VIHPLLV KHEOPIQAW VW XIILQJ DQ LQWHQVH
SHEHLYHG UHFRUGHG ZKLFK VLJQLILFDQWO\ GHFUHDVHV

FRROLOQJWHPSHUDWHXKSHKHRISUHVHQFH RI D QX
SHEHLYHG Lo PDJQHWLF UHVRQDQFH VLUBB QQ G DMHUHYRM}
UHYLVHG IRUPGLVDSSHDU FRPSOHWHO\ ZKHQ FRROLQJ WKH

f & ZKLFK LPSOLHV WKH SRVVLELOLW\ RI

SFFHSWHG  SUREBHVLQ WKH VWXIILQJ ,W LV GHWHUPLQF
ILQLVKHG VWXIILQJV UHTXLUH D GHHSHU RYHU

VLQFH LQ GHVLJQHG VDPSOHV RI VWXIILQJ

&RUUHVSRQGLRPUERK\GUDWHY LV SURFHVVLQJ

DXWKRU ,W ZDV LQYHV WL & WMRGMRIIDWDWSOH FRQWE
J RI22SHU JUDP RI GU\ PDWW® UV KHEED® WG V H |

7HWLDQD <XGVYOXIILQJ FRQWRLRWU JUDRIR+ GUSPRSMWEU PL

(PDLO VWXI4LQJJ RR+SHU J RI GU\ PORMFWHQL #MONILQJ

<GLQD  # J RRSSHDRWRI GU\ PDWWHU DW WKH VDPH W

JPDLO FRP  f& WKH FRQWURO VDPSQ@H REQWDPQRI G U\JPRDIW
ZKHQ LQ WKGLVKRAEBDBUBMW VWXIILQJ2WKH FRQ
UHDFKHYV J SHU JUDP RI SXR PDVOWHWX ILQQV

+ J SHU JUDP RI GUXPPRA\GH W WPXIDISQHU
JUDP RI GU\ PDWWHU DW ,WKHVV®DPRY WE PVB KDV
VPDOOHVW DRABKEBW QRI DRWHU LQ WKH VWXIIL
WHPSHUDWXUH RIDQG DPRXQW\RI + SHU  J

J RI GU\ PDWWHU ZKLFK DOORZV WR UHFRP
WHPSHUDWXUHV IRU WKHLU UDSLG IUHH]LQJ
>y &RQFOXVKRQWHP SHUDSOUGWRVRXONQJIV IUHF
VXEVWDQW&«DWHRG 7KH SRVVLELOLW\ RI IUR]JH
VWRUDJWHPWHDDWXUHKRIZKLFK LV WKH VWDC
WHPSHUDWXUH RI LQGXVWULDO IUHH]LQJ FKDF
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JJJ)RRG 7THFKQRDRJ\
,QWURGXFWLRQ

$ SURPLVLQJ GLUHFWLRQ LQ FUHDWLQJ TXDOLWDWLYHC
SODQW UDZ RBDPWHULDOV

7KH WHFKQRORJ\ Rl IXQGDPHQW D O DAQFNZL RRURIEN VKR &/ K F
SURGXFWV RQ WKFDEERKIGRUBWRVEBLY\ DQG SODQ@ UDZ |
7KH QHZ DSSURDFK WR WKH XVH Rl XQLQYROYHG QDWXUD
JLYHV WKH SRVVLELOLWFWIIRR@®DOLFSLURSWHWILBVIXQQFUHLE
HIILFLHQF\ RI WHFKQRORJLHV E\ UHGXFLQJ WKH XVH RI Q
WKH QXWULWLRQDO DQG ELRORJ@®FDO YDOXH RI ILQLVKHG

BHPILQLVKHSOPOMWN VWXIILQJV FDUOR EMNFXWLHR® IRU DWEKIHG H
UHVWDXUDQW IRRGYV VZHHW GL¥KHV IORXU GLVKHV SDV

W LV DGYLVDEOH WR VWRUWN KHEE PERWNEMWRIH® NHRPD 1L
> @7KH DGYDQWDJHV RI WKHQXKVKHEOPORNOQVYXHO LWKH IR
SURGXFWLRQ DW UHVWDXUDQW HVWDEOLMKRHQQ W HPULH
ILQLVKHG SURGXFWV LQ WKH IDVW IRRG V\WWHP UHGX]
IOH[LELOLW\ Rl WKH WHFKQRORJLFDOVHB®EWKNSOBRKENO R
VWXIILQJV VLJQLILFDQW H[SDQVLRQ RI WKH UDQJH RI FXC
WR WUDQVSRUMD LWR H SWHPGAXFWY D@ ORQJ GLVWDQFHYV

ILWHUDWXUH UHYLHZ

7R HIWHQG WKH VW RUD H{ SMIGRLH ®W | RFRRGXW HWQ BDHHYL @ X (
TXLFN ILHE@3XQBFMHH]LQJ LV RQH Rl WKH PHWKRGV RI SUHV
OR@HUP VWRUDJH Rl UDZ PDWHULDO SURSHUWLHV GXH \
GHYHORSPHQORBIRHEGRFUHDVH LQ WHPSHUDWXUH LV DF
GRZQ RI UHDFWLRQV UHODWHG ZLWK WKH DF&LYLW\ RI H(

7KH HIIHFW Rl ORZ WHPSHUDWXUHV RQ IRRG FDXVHV FK
DIIHFWV MWK HRT SR GXFWV B I@ HAK 6 KA H RWAH. ®J WKHVH FKI
RQ WKH VSHHG DQG WHPSHUDWXUH RI IUHH]LQJ WKH GXU
RI GHIURVWLQJ DQG FRPSRVLWLRQ RI SURGXFWV > @

7KH VWXG\ Rl WKH LOJIOBHQURYWL@XKBURFHVY RQ WKH
SURWHLQ IRRGV FRXOG EH IRXQG LQ WKH ZHR@V Rl GRPH'

W LV NQRZQ > @ WKDW D ODUJH QXPEHU RI VPDOO FU
SURWHLQ SURG XFMVJHRIHND J HMKIHQQHIDWLYH LQIOXHQFH
SURWHLQ SURGXFW LV PDGH E\ WKH SUHVVXUH RI WKH
FRPSOH[HV ZKLFK OHDGV WR WKHLU EUHDNV FXWV DQG
LQFUHDNHFRQFWRWUDWLRQ RI GLVVROYHG FKHPLFDOV RF
WKH FRQGLWLRQV IRU WKH UHDUUDQJHPHQW RI SURWHL
SURGXFW ZKLFK OHDGV WR DQ L@WHQKH PRPE M WUKHREH GV K \
LQ WKH TXDGIUWRWRILEQOMRHG IRRGV EDVHG RQ WKH FRW
YDULRXV ZD\V DOPRVW GLVDSSHDUV FIGWG XH/WRHW DI FPLRI]
UHFU\WWWDRQ®H DWRRWK RI ODUJH RIUYPW D O VRDQHWHY @ H DK
WKLV SURFHVV LV FRQVLGHUHG WR EH WKH WHPSHUDW XL
RQ LWV VXUIDFH DV ZHOO DV WKH GLIIHUHQFH LQ SUHVV
> @

7KH WHFKQRORJ\ RIVHFRWWLDFK HEHLVDJIJHV WKH HQU
PLFURSDUWLFXODWHV RI VHUXP SURWHLQV LV GHYHORSF
H[FHHGV WKH VWRUDJH WLPH B FRWWDJH FKHHVH E\
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$ PHWKRG WR LQFUHDVH WKH VW RUDHBIH®MP HHR P F R WL
SURWHLQ FRDJXODWLRQ DQG VHUXP UHPRYDO WHFKQL
LPSURYHPHQW RI WKH UHIULJHUDWLRQ UHVHUYDWLRQ WH
PHWKRG MXVWLILHVY WKH FKRLFH RIHRSWALLFFJ®R SDYHD FBEHHWH
EXW UHTXLUHV H[SHULPHQWDO FRQILUPDWLRQ > @

,Q WKH ZRUN > @ WKH FKDQJHV Rl RUJDQROHSWLF SD!I
ZHUH LQYHVWLJDWHG 7KH EDUV ZHUH VWRUHG DW WKH W
,WDZ HVWDEOLVKHG WKDW SWKRHVEDRQVFRREHQWW QW IR LKCD\Y H
UHJDUGOHVV RI WKH VWRUDJH WHPSHUDWXUH ,W LV GHW
WKH EDUV ED V8 GRRHWEX HF PQPMQWUDWH L ¥&P LEXVP D Q RZUKHHEY
DW f& DQG f& > @

7KH UKHRORJLFDO SURSHUWURW BQ®E FPRROMEQWUWWRI |
DUH LQYHVWL@EWHE HVWDEOLVKHG WKDW WKH ILQDO FF
GHFUHDVH H[SRQHQ@WDNBO\QZ WKK Y RQBJH WLPH Rl WKH
7KH LQFUHDVH LQ WKH VWRUDJH WHPSHUDWXUHV LQWH
GHFUHDVHV H[SRQHQWLDOO\ RYHU WLPH DQG VHUXP SU
EHFRPH OGFWR&LODWH

,Q WKH ZRUN > @ WKH HIIHFW Rl ORZ W H FSSJHRWDH\L QU H
FRQFHQWUDWH ZDV LQYHVWLJDWHG DQG LW ZDV GHWHU|
IRRGV DW f& ZLWK VXEVHTXHQW VWRUDRE& DOV WK DW GWHHPH
WKDW WKH UDWLRQD G WRWRHIIDQ HF FSGIIH QW IRD WWHOWDNLQJ L¢
FROSSOWDPHWULF FKDUDFWHULVWLFV LQ WKH VWRUDJH S
PDQXIDFWXULQJ

W LV SURYHG WK DWRWBHEEQPD RLOQW XU HS EHIRUH IUHH]LQ
ORVVHV UHGXFLQJ EH\RQ G URKNHH U@ JEID\DH FFIRWRN PLHD R K H H
LQ WKH VWDERKRGWKRH VWKW H DQG LW¥ OHENDWHLYIWRIQI G
WKDWD QG FAKHDW H[WUXGHUV LQ FRPELQDWLRQ ZLWK FRW
WKH VW DWHER X @B WXWRH SUHYHQW DFWLYH VVQHUJLVW
GHIURVWLQJ > @

,Q WKH WHFKQR®@RIKREVYBIBAN VW X 11LQ RWWEKPSWH. R B
]XFFKLQL SXUHHV LV SURSRVHG WR SURYLGH FRPSDWLEL
FRQFHQWUDWH DW WKH RUJDQROHSWLF OHYHO HFRQRP
WKH UHJLRQV DQG SHUIRUP W KNFMQHFIKQUR GERH. FDRO K K OKF \A
SHFWLQ VXEVWDQFHY¥ L@YHJHWDEOH SXUHHV

,Q FRQQHFWLRQ ZLWK WKH IRUHJRLQJ WKH VWXG\ RI \
VWDWH RI ZDWHUGEKURQW LIQHERIVEHSOP QAN VWXIILQJV D
GHILQLWLRQ RI UDWLRQDO PRGHV RI WKHLU IUHH]LQJ LV

7KH SXUSRVH RI WKH ZRUN LV WR VWXG\ WKH LQIOXHQ
ZDWHU GXUL®HIURVWLQUQRNKHBQPRQAW VW XIILQJV DQG WK
UDWURQGDPHY Rl WKHLU IUHH]LQJ
7R UHDFK WKH JRDO WKH IROORZLQJ WDVNV ZHUH VRO
WR LQYHVWLIJDWH WKH LQIOXHQFH Rl SODQW UDZ PDWH
WKH VWDWH RI ZDVGHUURX WL@QLUQR MPERERDQW VWXIILQJIV
WR VXEVWDQWLDWH WKML B0 BDM) VWKRBEUDWXUH R
WR VXEVWDQWLDWH WKH WHP S HRIIDBIXDGWR NV WOUIWLIQHY V V

I+

+ 1+
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JJJ)RRG 7THFKQ@RDRJ\
ODWHULDOV DQG PHWKRGYV
5HVHDUFKHG PDWHULDOV

$V PDWHULDOV ZHIW B LOMK B30HDG0 WLIPRILYE B UNWR XYM | P QO N
SXPSNWXIIPQIXNFKLWXIIDQEG D FRQWURO VDR SXH LBRWWD.
&RWWDJIJNWWKHIDYFHREWDLQHG E\ DGGLQJ IORXU DQG PHC
WR WKH ZLSHG FRWWDJHHPKHHVH DQG E\ PL[LQJ WK
7R REWDEQDQW VWXBMRWWLQ FRQFHQWUDWH EDVHG R
PL[HG ZLWK SUHSDUHG PHODQJH ZKHDW IORXU VXJDU V
WKHQ WKH PL[WXUHWN LV\VIMLUHG! GQ FU BHEOHT RIS KXDMW L\DK bl 19 DR
WKH WHPSHWDMV@XWKHRFHG@WHU RI WKH ORDI
7KH SUHVFULSWLRQ FRPSRQHQWY DUH WDNHQ LQ WKH
) RALL GFND UMUWR W IPQOMIRWHLQ FRQFHQWUDWH EPNVBIGRRWQ E
SXUHH PHODRJH ZKHDW*IORXXJDU
) RRJL GBI P S VMQX | IRIQBNU RWHLQ FRQFHQWUDWH EDVHG R
SXPSNLQ+SXUHH ODRJIH ZKHDWIORXXJD U
JRPLQXNFFKUL\GKIIPQOWRWHLQ FPYHEQR/Q IEXMW\VEHUPLON
]XFFKLQE SXUPMOD®RJIJH ZKHD Wl ORXDHO W

'"HVFULSWLRQ RI PHWKRGYV

7KH UHVHDUFK ZDV FDWHMRIGXRX W QRYSHKWIURPHWHU 7H
ZRUNLQJ IUHTXHQF\ RI 0+X QY |SRIIRWEBRG/ E\ WKH

5HVXOWY SURFHVVLQJ

JRU VWDWLVWLFDO SUREDELOLW\ DOO H[SHULPHQWYV X
LQ D ILYHIROG UHSHWLWLRQ 7KH UHVXOWYV RI H[SHULPI
SURFHVVLQJ E\ WKHWRRGWAWRVAKYUHHY LKHH WKH HUURU RI
VHULHV RI HDFK H[SHULPHQW WKH DYHUDJH YDOXH RI
FDOFXODWHG

Q
[ Py
\ L
S
ZKHYHDYHUDJH YDOXH RItWHGXHQRBLMDKMRUQGLFDWRU LQ
VHRQLtQXPEHU RI SDUDOOHO H[SHULPHQW VHVVLRQV

,Q RUGHU WR FDOFXODWH WKH UHOLDELOLW\ RI WKH F
XVHG 7R FKHFN WKH GLIITHUHQFHVY EHWZHHQ WKH WZR PH

Op Oe
vh &
ZKHUMMWH 6WXGHQW V FULWHULRQ
EzaiWKH DYHUDJH RI WKH $ DQG % VDPSOH

W

0 & +WKH HUURU RI WKH DULWKPHWLF PHDQ RI $ DQG ¢
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JJJ)RRG 7THFKQ@RDRJ\

5HVXOWY DQG GLVFXVVLRQ

5HVXOWV RI VWXG\ RI QXFOHDU PDJQHWIA WKH® PL. Q NI
FDUURW VWXIILQJ

7\SLFDO VSHFWUXP RU KQXEQB® EHRRIVKHFEDEURMW VW XIILQ
WHPSHUDWXKBY® RIKDUH VKRZQ LQ )LIXUH 7KH VLJQDOV
VWDQHWH®WUDPHWK\OVNDOBQHHFRIBGHG LQ WKH QXFOHDU

VSHFWUXP

JLIXUHHF®SJ X8 QKFOHDU PDJQHWLF UHMRXHEDRLLRRW WRLX 1L Q J
EDVHG RQ EXWWHUPLON FRQFHQWUDWH
DW WKH WHPSHK DWWUWKH WHPSHUBWXUH RI

$QDO\VLV RI GDWD JLYHQ DW )LIXUH RK/IK®RZWK W KDVE DH)
PDJQHWLF UHVRQDQFH Q/IS\WKFWED RPORW WMPUILQJ )LIXUH
ZDWHU VLJQDO LV UHFRUGHG ZKLFK GHFUHDVHV VLJQLIL
WR D WHPSHUDW XWKH BUHVHQFH RW IDF QX-RCRHIDQ P B JWQH Q D

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

WKDWURIRIQLQJ ZDWHU GRHV QRW GLVDSSHDU FRPSOHWE
WHPSHUDWHX& HZRLFK LPSOLHV WKH SRVVLELOLW\ RI ELRF
WKH VWXIILQJ

7DNLQJ LQWR DFFRX\QW WKRMW QWKRO HQ W HP@VRQHWLF UHV
WKH DUHD XQGHU WKH FRUUHVSRQGLQJ UHVRQDQFH OLQ*
HITHFW RI IUHH]LQJ WHPSHUDMWXUBUHL @ Q ZNDKHHDIPIRRXHYGH PR IO §
FDUURW VWOYMHVNLIDWHG LQ WKH QH[W VWHS

6WXG\ RI WKH IUHH]LQJ WHPSHUDW XIWH H]LIQBW RWWQ HM KIHQ
FRQWURO VDPSOH

7KH )LIXUH VKRZV WKH UHVXOWV RI WKH VWXG\ RI W
DPRXQW IRIHEIR J ZDWWU R@ WDKPHS B R Q

JLIXUH 7KH LQIOXHQFH RI ITUHH]LQJ W HR$HUJ DWIX D BIWRHY W R HWM
FROWUROz¥EPRSERROLQJ+*KHDWLQJ

,Q WKH WHPSHUDW XU Hf & Z@LID HURPPROL& WRKH LQWHQVL
LQUKH VSHFWUXP Rl QXFOHDU PDJQHWLF UHVRQDQFH GRH
LQ WKH VDPSOH LVUHHARQE HEUDMVQRQ@L]DWLRQ RI LFH LQ
LWV FRROLQJ LV REVHUYHG LQ WEH 2K HPISFRUDGVHXG H W [DQ Y
GURS LQ WKH LQWHQVLW\ RI WKH ZDWHU QXFOHDU PDJQ
IUHH]LQJ ZDWHU LQ WKH FRQWURO VS P8OM B RJ HDUAHA/D M

J RR4SHU JUDP RI GU\ PDWWHU

$ VOLJKW IGHMKHDYPRMHMIRROROWHU XSSMR JUDPRRI+
GU\ PDWWHU LV REVHUYHG ZLWK D GHE UZLDWK | XQ WHKHHPLS B
LQ WHPSHUDWXUH WHKH JLPR XZDW RU GRM Vf @ RVK i KIDRRHMHQ VB
QRWHHILQJ ZDWHU LQ MPRK 6 RIIVWREZR OHWD PBMH RI GU\ VXEV

7KH DPRXQW RH]QRQ® ZDWHU LQ WKH H[SHULPHQWDO VDI
f& GRHV QRW FRLQFLGH DW WKH FRROLQJ DQG KHDWLQJ
RYHUFRROLQJ RI WKH OLTWH® SIHY DWKXHU N DR ISOUWHH DWH D : DV
FKDUDFWHUL]JHG E\ D YHU\ KLJK SUGRSRHYWUWHOAR RMIOBIFIR

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

IURJHQ ZDWHU VROXWLRQ WKWMRCHGW IHYXREEERUNVXPWs RUKHNC

FRR&HDWLBILB\FADWHU V\VWHPV I WHKHH LIQD ZWUWRQY RN QR®V
WHPSHUDWXUH K\WWHUHVLYV ZKLFK LV SURYHG E\ WKH GDW|

S5HVXOWV RI WKH VWXG\ RI WKH IUHH]LQJ WHPSHUDW)
I[UHH]LQJ ZDWH Q LMX NSBRVDO N W XI1ILQJV

$W WKH QH[W VWDJH WKH HITHFW RI IUHK]HBL QH 2 B MUAL
LQ VHRILVKHFEDBUBMW )LJISXIRSNLRLONJIXFFKLRLONLJIXUH
VWXIILQJV ZDV LQYHVWLJIDWHG

JLIXUH  7KH LQIOXKBQPAMHRISHUD WXUH RQUWKHL Q P RODQWH R IL Q R
VHRLQLVKHEDRIURW “WX+HRROLQJ+KHDWLQJ

JLIXUH 7KH LQIOXHQFH RI TUHH]LQJ W HR$HUJ DWX D BIWRHY W R HWM
VHRLQLVKHSXPISOWVDX | [+ £x)#+F RROLQJ+*KHDWLQJ

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\

J)LIXUH 7KH LQIOXHQFH RI ITUHH]LQJ W HR$HUJ DQIX D BIWRHY W R HWM
VHRLQLVKHIXPRIOINQL VWXHERROLQJ*KHDWLQJ

$QDOVWLYV RI*)LIVNKREY WKPWVWIROOOL]DWLRQ RI LFH ZL
WHPSHUDWXUH EHIJLQV LQ WKH RYHUFRROHG VWDWH RI W

6XEVWDQWLDWLRQ RI WKH 1UHHQLY K MSOPEE@EW DAWXXU H. @J V

W LV GHWHUPLQHG W K D@L WKHEGBIOWNYRE MGKQUALD GHE
RYHUFRROLQJ WKD QKL WVRYWHODWBBSWR WKH SUHVHQFH
VWXIILQJ FRQWDLQLQJ D ODUJH DPRXQW RI FDUERK\GU|
FRQGLWLRQ LQ WKH FRPSRVLWRRQ HRIHWDEIDHQ $X U BXNK FL
IDYRUDEOH FRQGLWHR® VT XPW WKHVAVRQID JH RI WKH IUR]JHC

7KH FRPSDULVRQHH]WEKHZDRMU SUHVHQFH UHJLVWHUH
PDJQHWLF UHVRQDQFH LQ SURMR QQ ®IMW DWKHVWHP & B B D WX\
IUDFWLRQ DPRXQW LQ IDQOVK®ISEPNWN VW MKGELYHRLFRPSDU |
DPRXQW LQ WKH FRQWURO V/&P 9/&H HRQWJRPDSOBIP HAH FR
+2 SHU JUDP RI GU\IRWDWW HUY HREHED BUBMW VWXIILQJ WKH
+2 SHU JUDP RI GU\ PDWWSMNPENLQ WW XRIL FRUJREPKIL QL
VWXItLQJJ DW WKH VDPH WHPSHUDWXU & \8WHWKRQ WHR S H\
FRQWDLQM 2 SHBU JUDP RI GU\ PDW\VQH YV K BRD® WBMA VW X LI L G

J RR4SHU JUDP RI GUS®PSWLRU¥WXONRER+SHU JUDP RI
GU\ PDWWMNBF KL@INY W X JIIRRHSHU JUDP RI TKL\WVPIDWWHXU W |
FRQILUPV WKH FRQFOXVLRQ IW®& DWK HROW RGNWMPXS OLH/I R IWWK-
ERXQG E\ FDUERK\GUDWHYV VXJDUV

7KH FRQGXFWHG VW X&RHEZVW KDV UMHR/H V P D QDRI Y IDPIRW B
LQ VDPSOHNV @UWHSEIOB@W XI1LQJV LV NHSW DW foDWBPSHU
DPRXQWYV SHURI 3 GU\ PDWWHRBIRWY DPRXQW LQ V
VDPSOHV DW D WKP,SHUDWXWIDROLVKHG WKDW GXULQJ IXL
QRWHH]LQJ ZDWHU LV DOPRVW QRW RPHIGE HIX) IR GHHK DL
WHPSHUDWXUH UDQJH IR MKH GUWMWMIQLIQRN VHP L

FFFSBNUDLQLDQ )RRG -RXORDPK ,VVXHF



JJJ)RRG 7THFKQ@RDRJ\
6XEVWDQWLDWLRQ RI WKH IXUWKHU V3 RLDEWHVWEXPISIQU L

W LV GHWHUPLQHG WK DO IWQIDMKMHEBIB QAW R W X JIH. @HY B ML D
RI K ZKLFK LV D QRUPDWLYH WHPSHUDWXUH RI WKF
FKDPEHUV XVHG LQ WKH IRRG LQGXVWU\ DQG UHFRPPHQG
ILQLVKHG SURGXFWV FRQWULEXWHY W RIWH M LIQIK \& DIMOHW
WHP ,1 ZH WDNH LQWR DFFRXQW WKDW WWHWKRHR YWQW SRIU
IUHH]LQJ ZDWHQL VIQH\GHPW X 1ILQJV LV WKH VIRD Q@HVBWPBRR GV
DW fK WKHQ DW WKH WHRSHKDRMKXUM B HF RWPHRHI GHRG [D.
WHPSHUDWXUBLRKNEPLWXITUBIHYL QUKED@/RIQ ZLOO DPRXQ\
6LQFH WKH LQFUHDVH UG MW K® JDPIRWLEM. VAR HEER BIOAW VW X 11 L G
LV LQVLIQLILFDQW WKH VKHPSHREBMBEUBHRI IRU WKH IXUW
RI IURJHQ VWXIILQJV

&RQFOXVLRQV

3UHVHQFH Rl FDUERK\GUDWHY LQ FDUURW SXPSNLQ RU
ERXQG ZDWHU LQ VWXIILQJY DQG FUHDWHVHRIFPUWWRYRU
RI ITURJHRLQLVKHSOPQMWNVWXIILQJIV

7KH VPDOOHVW DR QJ RZDURQL PRIGEBEPQ W LW XN HSW V
DW D WHPSHUDWXUHGRIV HTXDO WR SHU JRRGY\ PDW
ZKLFK DOORZV WR UH DRPPHH G DIDKIHY | RVVHVAVEKE BN QUM H]L Q.
JURJHQ IVBR VK HSSOPQAW WA RN D@GIJEH NHSW DW D VKHPSHUTLC
GXULQJ WKH VWRUDJH

7R GHWHUPLQH WKH UDWHLAR@D GPH/EEER D Q WH WWHU PL\Q RV FK
WKHLRELIRFQURIJLFDO SDUDPHWHUV RUJDQROHSWLF SUR
VKRXOG EH LQYHVWLJDWHG ZKLFK LV WKH SURVSHFW R

5HIHUHQFHYV

JLSDWRY 11 6D]JKLQRY 6 ,X %DVKNLURY 2,
WHNKQRORJLFKRVNLRBERSEURWN HBVMMRP\WKOHQQRVWL L N
HIJR RWXKHQKQHQLH L SHUHUDERWWND VHONKR]V\ULD
'"HMQ\FKHQNQR.WVHY\EXGLQD 7 1D]PDW®NR Y,D
'"HWHUPLQDWLRQ RI SURFHVV UDRJS [SRIFNHYADIRYP RS Q/R RC
YHIJHWDEO KHDVWXIUIQQUXUSSHDQ -RUQDO RI (QWHUSULV}
DQG HTXLSPHQW RI IRRG SjRGXFWLRRQ

<XGLQD 7, 1D]DUHQNR , $ 'RMEKHRYQ BB FONRAKD R
URVO\Q Q\WKQID IRW®R R Y V HQ\MBDWWEDR URSHLVN\L JKXU!
SHUHGRY\NKLWHNKQRORBJ GRL

ODULDQQD /\VHQ@MR 3UREOHP RI (QVXUE®UMWKHR(FRQRF
,QGXVWU\ LQ(FRQRBILKWH 6RFLRIRJ\+ ‘2,

=KRX*< /L' :DQJ /L < <DQJWKDQGDUL % &KHQ ;' 0

(I 'THFW RI ZDWHU FRQWHQ W FF®R PPRHU ERBNEZ K KD WL
VWDWRKKUQDO RI )RRG (QJL@IBHULQJ
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JJJ)RRG 7THFKQ@RDRJ\

.ROPDNRYD 1 3HNWLQ L HJR SULPHQHQQLH
SURL]YRGVYWKPKHHYDLD SURPSSKOHQQRVW

'XELQLQD $$ 2GDUFKHRMNBNRO 02GELQFKHQNR 2 9
SHUHNKRG\ L VNOXYDQQLD GRVOLG]JKHQR Y RYRFKHY
G\IHUHQWVLDOQRL VN D.GRIUFKKRLD N.D 8 RWUMNRHRE QBESUR P

3RG UHG '1K $ (¥DORURIJKISQQKFKH Y\l DXFK@XMNWVQRY!
L WHNKQRORUIHML. BB WHIENW J

.RURWNRY (* OHOQLNRYD (, .X]JQHWVRYD , 9 6\
,VVOHGRYDQLH IRUP VYLD]L YODJL Y WYRURJH V PLNUF
ORORF KSQURIFD VK O HSSQ RV W

=RENRYD = 6 =HQLQD '9 )XUVRYD 73 *DYULORYD
%LRWHNKQRORJLFKHVNLH L PLNURELRORJLFKHVNLH
XYHOLFKHQQ\P VUGRRGRPFXR®Q R VSWIR B\S/ KOHQQRV W

JULGHQEHUJ * 9 IXNDVKRYD 7 $ 6RYHUVKH
NKRORGLOQRJR UHIHOROCBRKXDOQLDDSWRBW/RIDHQQRVW
%DQDFK - & &ODUN 6 /DPVDO % 3 TH{WXUH DC

LQ PRGHGURMIMXWULWLRQ EDUV IRUPXODWHG ZLWK
FRQFHQWUDWRE 6FLHQFH DQG 7THFXS®RORJ\

+XQWHU 5 - +HPDU < 3LQGHU '1 $QHPD 6 * (
WHPSHUDWXUH RI PLON SURWWEK® BRQBHQWL QD VS RG3HU
PLON IRUWLILH@GRRGVEKMHRELVWUSS +

$QHPD 6 * 3LQGHU '1 +XQWHU 5 - +HPDU < (11
RQ WKH VROXELOLW\ Rl PLON SRR® H\GURFROHORLGD W |
SS

*QLWVHY\FK 9 <XGLQD 7 'HLQ\FKHQNR / 1\8XIRYUHRY 5
RI FKDUDFWHUSYVRWHVY @ IFB Q EH QMWHFDSM WD W @ UMK WWIRRIZD .
(DVWHUWRHEXQ -RUQDO RI (QWHUS U ORI \WHFE& GRIXXR SIPHIQ
IRRG SURGXFWLRQSS '2,

,)YDQRY 6 9 +UHN 2 9 .UDVXOLD 2 2 9\]QDFKHQ
L&KW SHNWURVNRSRYV O\EROMKR YR R NRKDNKUDW VLSISS. K7

+UHN 2 9 7\PFKXN $ 9 .ULRVNRSLFKQD WHPSHUD
N\WWORPRORUERGRKROFKD LQGSSWULLD $3.
2QRSULLFKXN 2 2 SHWU\QD $ % +UHN 2 9 'RV

NURNKPDOPLVMWNRYROIRRRLX PRORFXQRY\IRWQRQ\N /YL
QDWVLRQDOQRL DNDGHPLL YsHW HUKQW VRIS HE\W V\Q\

XQW] %UD&VILBEDG: ' 3IXUFHOO % 9 +\GU
PDFURPRGHEKQERW SS

ROIH%U\DQW * . RVWKIDW LV XQIUHH]DEOH ZDWHU KF
DQG KRZ PXFK&UVRW K WUWSHE'U V

OF&ODWFKH\ . " &OLQLFDO /DERUB®BKRWGCHOGIKAIDQH /LSS
:LOOLDPYV ISBBNEQV

IDEXWLQD 1 3RY\VKHQLH HITHNWLYQRVWL WHNKQRORJL
]IDPRUR]JKHQQ\NK SROXIDEULNDWRYOY\RYSRO]RYDQLHP L

FFFBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JIIJWLRWHFKQRORJ\ DIFURELRORJ\

$SSOUFDQW Rl VXDIPWHYH VXEVWDQFHV SURGX
1RFDUGLD YDFFLQLL &4 &NKH WUHDWPHQW
YHJHWDEOHYV

THWLDQD .ULVWLQD ¥ %RJGDQD *HL
9LNWRU 6WDEQLNRY

1 IDWLRQDO 8QLYHUVLWI RI )RRG .

+ , QVWLWXWH RI OLFURELRORJ|I DQG 9LURORJI| 1%$6 RI 8N
$EVWI

.H\ZRUGV

,QWURG XF¥BISOQ FDRVIL ¥ U IDFWLYH
9HIJHWDEOHYV VXEVWB®EFSHVR G X FIRRGF EWDIAELB I<
LRVXUIDFWDQW  |RUKHQMHNH@QRWLHRIH WATRO MW XGLHG
1RFDUGLD MBFFLQLIDWHULDOV DQGIPKHWRRGVIHWDEOHV
% WRPDWR FXFXPEHUV QUK NG XZLWKKH W B
6KHOI OLIH VROXWLRQ RI 6% YIDFGERBHG R\LWK

FRQFHQWUDWURDNORFURELRORJLFDO DQ
ZDV GRQH EHIRUH WKH EHJLQQLQJ RI W
(YDOXDWLRQ Rl YHJHWDEOH TXDOLW\ ZD

GXULQJ WLPH RI WKH VWRUDJH
5HVXOWYV DQG7&HMPXRENERYHDUFK
$SUWLFOH KLVWRUWKRZW®&H I LF LR Q/ADHSISOD VRIFRAQR VXU IDFWD Q)
EHEHLYHG SURGXFHIRFDU®BDBF U@ L< XVLQJ
SHEHLYHG LQ UH@_&g){g KHODUHWHQRIYRQHWDEOHYV
VXOWYV Rl YLVLEOH REVHUYDWLRQV D
SEFEFHSWHG DQDO\WLV VKRZHG WKDW WKH WUHDWPH
VROXWLRQV DW WKH FRQFHQWUDWLRQV
HHFWLYH WKDQ ZDVKLQJ WKHP ZLWK W

QXPEHU RI KHWHURWURSKLF EDFWHULD
&RUUHVSRQGLQJ B>XMKRHUDVHG DIWHU WUHDWPHQIW RI YHJ

YDFFLOQY L% E\ = DQGt WLPHYV
ILNWRUW MR EQ UHVSHFWLYHO\ PHDQZKLOHVWHKMW EKDVBE C
(PDLO ZDWHU GHFUHDVHG WRWDO RLFURELDO

YVWDEQLNRY #JPRYPPARY W ZDV VKRZQ WKDW YHJHWDEC
VSRLOHG IDVWHU WKDQ WKRVH WUHDW#
DGYDQWDDIS8OLFDWLRBL RRIX UNBREW DQ W

YHJHW D EIOHYY & RANRPAWVEY UWH D U IV DY W G
DWIOHR ZzZBHA4+ WLPHV FRQFHQWUDWLRQ LQ F
RWKHU UHSRUWHG LQ OLWHUDWXUH PLFI
SURGXFHG XVLQJ LOQOGXVWULDO ZDVWHYV
LWV SURGXFWLRQ
&RQFOXWLRYWWDIQW SURGKFBIGG ED

YDFFLBAL< FDQ EH XVHG IRU WKH WU
"2, YHIHWDEOHV WR HIWHQW WKHLU VKHOI
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JIIJWLRWHFKQRORJ\ DIFURELRORJ\
L, QWURGXFWLRQ

6 K HOLURHU HYKJ H WIDEPOMRWHHPVE R UVEBPREBGLQJ WR VWDW
WKH JRRG DQG $JULFXOWXUH 2UJDQL]DW L R® R IGWXHORSLH
FRXQWULHV ORVH RQO\ RI WKH KDUYHVW GXH WR WKH
VWRUDJH PHDQZKLOH LQ WKH RWKHU FRXQWULHV WKH O
H[DPSOH LQ &KLQD WKH ORVVHV RGNYXLOD/OHRRQRRQN ®D
FDQ EH HVWLPDWHG>D @8N UEDIRIBRROIAM D QLQJ ZRUOG SURG
Y HJ HRWBDE DH Y\M KNHR SIFDYOD U Y HV W OIRWWHHIW BBU MK RXVDQG W R
LQ > @KLFK FRQVLVW DFEIRX W®&B W WE& AR HIHWDEBWH V
FDBHNUHRWHEK\VLFBDWKRGV V XFKWMEPP KRVRRD WHPSHUDW »
VWR WPREHL DLW BR VS B FNBWHG X QWERJI N D MPAHEPPUDD GLRWLRQ
E\ SXG\DHHG W UD@GI LFKOBHVWWPRGY VXFK DV DSSOLFDWLRQ |
FKHPLFDO UMGOLEWW®WW RWHQHPKMY W @D W WUHDWPHQV
YHIJHWDEOHV XWHYKREMVFDXY® WKHLU PHFKDQLFDO GDP
DEUDVLRQ@WKRLEK PDNH WKHP PRUH VHQVLWLYH WR GHVLF
LQ UHVSLUDWLRQ UDWH DQG HWK\OHQH HPLVVLR®HVSHHC
KLJK WHPSHUDWXUHV FDQ FDXVH \HOORZ GLVFRORUDWL
PRGLODWBRVSKHUH SDFNLQJ VWLSXODWHY GHWHUPLQDWL
FHUWDLQ SURGXFW > @ $SSOLFDWLRQ RI WKH SK\VLFD
UHTXLUHV VSHFLDO HTXLSPHQW

$SSOLFDWLRQ RI VIQWKHWLF FKHPRLWD 68 QMK ERMWHQ AMAD
DSSUHFLDWHG E\ FRQVXPHUV EHFDXVH Rl WKH KHDOWK F
ZLGHO\ XVHG KDWYHWRVGLS RI FURSV VI\QWKHWLF DQWL
GLSKHQ\ODPLQH DUH XQG HU&R! JWEBWRWREDBVWUHBW LIRQ
XVH Rl WKH VIQWKHWLF FKHPLFDO VXEVWDQFH IRU SUROR
WKH GHYHORSPHQW RI DOWHUQDWLYH VDIH PHWKRGV LV
HIILFLHQF\ Rl QRQW®RDIER HE LRRIGHRUIRFEW DOH VXXED WD Q FHV ¢
H[DPSOH VRSKUROLSLGY DQG UKDPQROLSLGY WROWUHDW
+RZHYHU WKLV WUHDWPHQW LV FRVWIODU YR VG PALQH B W P
YHJHWDEOMHYRELWR BRO\WWDFFKDULGHV WKH VWUDLQ SURG
DUH E\ RQH RUGHU RI PDJQLWXGH PRUH DFWLYH WKDQ NC
7KNW (RIK\G U R F B JLER@EIDFIMRFDLY®IFF LBLL LVRODWRPAG
W HRLSIR O O X W H GD K GV QZNDKM X E MV 2 R ERKKD & X U | D F W LDYQ @&/ \

HP X O GURG HU @, MHIVV K R MKW ML V E L R VKKIIED FW CDIQMMD PIGF U RE L
DQWL D GKHRBEIHAHW LEDQ G ZDV DFWSKHV R $DMWXWRA BRQ LW KED F W
JHQLBVHXGR PREIM KRB R® DV

7KH DLP Rl WKH SUHVHQW UHVHDUFK ZDV WHVWLQJ RI

E\l YDFEQ®WL&L IRU WKH YHJHWDEOHV WUHDWPHQW WR HJ

ODWHUDD@WHWKRGV
OLFURRUJDQLVP

TKNWUREQP WdIFF1LB <L ZDVVROIDWWKEHS ROOXWH& VRLO
DQG ZDV GH@KWHLWRGOHFWLRQ RI 0MPURR WIDQLAMPRERRO®
9LURORJ\ 1$6 RAKENRYXUMBLRGEGEWCD FFL® kL ZDV D VHW
RI QHXWUDQ@ GIJDPRRRROLSLGY 1HXWUDO ODSING®W RRRWBIC
JO\FROLSLGY FRQWDLQHG WORYXB PRFRIOGMDHHODWHY DQG
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& XOW L RMWYLDRAF 1L Y L<L

%DFWHUUDYDVYAUEDLQ ZDWFXOWILYDWKIEP OQ HXMGL X P

ZLWKKKIROORERRSRVUIWURQ?2 0J62A+ 2 o &3 2

.+ 32 YH6 A+ 2 \HDVWV H[WBDEWVWLOOHG&UDXGEHU
JO\FHKRE6K LVUZRRLWB ISHNR-GXXFWLRQ SODQW 3ROWDYD UHJ
DV D VRKDBHRMKH FRQFHQWRWOYRRQOKIP ZDV SUHSDUHG E\
RI WKHIWVWRA1E@EXL< LQ WKH PHGLXP GHVFULEHRA BER®BH ZL
JO\FHURO 7KH FXOWXUDO OLTXLG ZLWKt WRHOFRKPFHQW UL
WDNHQ IURP WKH H[SRQHQWLDO JURZWK SKDVH DQG ZD

FXOWLYDYWRARXOWLYDWKRIQQ R < ZDV FRQGXFWHG LQ W
ZLWK WKH YROXPH RI P/ LQ P/ RI PHGLXKXRWLIHI VKL
KRXUYV

SURGXFWLRQDHWDLYHDPHEVWDQFHYV

7TKH FXOWXUDO OLTXLDVDFWEWUAARIHG' DDW.RQ 14 IRU
ODERUDWRU\#FFHQWUY L BNJIBHDAQ H 7KH )ROFK VROXWLRQ F
LQ YROXPH UDWLR ZDV XV HBFWIWY H[WUBDWWILRBHR | YK
ZDV SODFHG LQ WKHMVMRQRWORWKPBPY PREIGAHKG UDWLR |
VKDNHQ IRU PLQ DQG OHIW IRU SKDVH VHSDUDWLRQ 7K
UHPRYHG DQG WKH H[WUDFWLRQ SURFHGXUH ZDV UHSHD
$00 HIWUDRRPEVLQHOGHDE®G HYDSRUDWHG RQ BXHVULRPWRW KM
WHPSHUDPRDXQG!I SUH\DWXRI VR WKH FRIOQKHVB®WD\W6 F6H ZDKRWG LV VF
LQ ZDWHU DQG VROXWLRQ RI ELRVXUIDFWD@WVZXWKGLMWY V
UHVHDUFK

9HIHWDEOHYV

2UJDQLF YHJHWDEOHV VXFK DV WRPDWR UHG $GPLUD
YDULHW\ FXFXPEHUV KRQQL ) YDULHWURZAIXDVWKW RS
JURXQG ZLWKRXW WUHDWPHQW ZL WZXE CSIMWAW L FBINGJHD. QLHD
f 1 f ( 7KH KDUYHVWHG YHJHWDEOHV ZHUH
DQG LQIHFWLRQV

9HJHWDEDKH QJ

7TRYWX\GLA ) 1O XRM@ K H Y H WHIMHDBENCWEHEBMIL Y CKE QLMD <

RWKWHWRUDJH SSEKNBW DR YAHUHW BBEGHEHG LQWR WKUHH JU
SLHFHV LQ HDFK 9HJHWDEOHV RI WKH ILUVW JURXS ZHUH
JURXS ZHUH ZDVKHG ZLWK WDS ZDWHU DQG YHIJHWDEOH\
VROQGWRR 6%$6 ZLWK FRQFRQWUDWIRWWHERIHY ZHUH SODFHC
F\OLQGHU P/ Rl wbDS ZDWHU RU WKH 6%$6 VROXWLRQ ZD
DIWHU WKDW YHJHWDEOHY ZHUH WDNHQ RI$ QWO B FHRA
REVHUYDWILRURELRORJIJLFDO DQDO\WLV ZDV GRQH EHIRUH
VWRUDJH
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OLFURELRORJLFDO DQDO\VLV

6RPH YHIJHWDEOHYV IURP HDFK JURXS ZHUH WDNHQ ZLW
LQWR SWHPHOBQQ KHWWH SHVWOLQJ +RPRJHQL]JHG PL[WXL
IODVN ZLWK P/ R VWHULOH WDS ZDWHU AHD®O VKBRERQ
IRUPLQJ XQLWV &)8 ZDV GHWHUPLQHG E\ WKH SODWH
KHWHURWURSKLF EDFWHULD ZDV G HM] MUURLRY/HBUEDIW KIH L U
DWXKIRU KRXQU WKH TXDQWLW\ RI WK MW KXQ UL JUIRVZ & Kl VR K
'RUW $JDU IRU PLFEKREURORRXDW

(YDOXDWLRQ RI YHIJHWDEOH TXDOLW\

(YDOXDWLRQ RI YHJHWDEOH TXDOLW\ ZDV FRQGXFWHG
7KH H[SHULPHQW ZDV ILQLVKHG ZKHQOMK HRYLWBWY RHGH®
VXFK DV GHFD\ FKDQJHV RI FRORU DQG WH[WXUH WKH S
HYLGHQW RQ DOO YHJHWDEOHYV

6WDWLVWLFDO DQDO\VLYV

$00 H[SHULPHQWYV ZHUH GRQH LQ WULSOLFDWHV WK
YDHIG&E IURP WR 6WDWLVWLFDO DQDO\WGWDWNVVBRQPH XV
'LQGRZV YHUVLRQ 7KH DYHUDJH PHDQV 0 DQG VWDQ(
IRU WKH H[SHULPHQWDO UHVXOWYV

S5HVXDWBLVFXVVLRQ

YURWKE. | | H U HW WE DKIMBKIAHX O W LIY® WBIBMEKHH  F X F XWKE-H U V
VT XD VKWK H W RAHDUMRRMR B X[ S H U L B WDHRD O RZHRQV R Q V
DFFRUGLQJ WR WKH GDWD RI )$267$7 8NUDLQH RFFXSLH
FXFXPBHWRGXFREIRXKHDG 86$ DQG 6SDLQ DQG LV ZLWKLQ \
FRXQWW@SHNWIDLQH LV D OHDGHU LQ (XURSH LQ WKH SURG
WRPDWRYJV SURGXFWLRR RROWIOESHWHKWWEOH SURGXFWL
FRXQW®Q>DGGLWLRQ WRPDWRHV XQOLNH YHIJHWDEOH P
VRIW JDW&HY VR DW WKH ORQJWLPH WUDQVSRUWDWLRQ
PLFURRUJDQLVPV DQG VSRLOHG

,Q WKH VWXGLHV RI WKH LQIOXK\YHB \RIRRL RURELD U V6 R &
IUXDQWGHJHWDEOHV SURGXFWV KLJK HQRXJK BRQ@HWMWGWUDYV
XVHG >+ @XBUHYYRXWEKR HMIGHE \ QW K HEVILY BE QLM <

KDIGLJXQWLPLBBWEFD@W KN Q L PIXPK L EERQRBHQ W IBD WLRQ
D J D LSKYWR S D VE DR ZBHQENDR E DF MHRMW BPR UXP 3VHXGRPRQDV
VUL GBINDW UR IBBEHQV DQ:®QWKRFROBW S YRD PEW 8D N
< ZHUH 3P/ PHDQZE 8RB S$SGUHSRUWHG LQ WKHJIJBRHWHUD
BR F& RI6$6 V\QWKEWD|®GLERDPELFRRGR DIJDLQVW
SK\WRSDWK R JHIDW R UWQRRID W RESOKW B QRO QW H UIAW H D Q D W D
$VSHUJDQ OEWUH R E D '8 XG0 DM DXW&K D HW RFARPR V X P
YXVDULKPLDWLKXP ULXRVWURDPHKYBDQR#UH D)XMD ULXP
JUDPLQHDUWYORIRXP SR BXR LFLPIOWXR JBERP FLGDLXPD W X P
3HQLFL®QLRRRCPK\W R SKOWHVBKDWY R S VKSVATFW L PDIRDYD G

SK\W R S D WEORFMASRILEDR YAROULDR W R (YWWRZWXIRFD O R Y3BRMHIXGRPR QD V

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JIIJWLRWHFKQRORJ\ DIFURELRORJ\

FLFKRBVHXGRPRQDY3IBHWRED FIWHRWREY ROXWR@IDDFHDUXP
;DQWKREREBWIZDV LQ WKH UDIPIH @7TKHUHIRRXJUHYHQW
VW XINGOR ZIHRIQ FH Q WP U R Q@ EFIHYGKE QLI < = J/
DQG XVHG LQ H[SHULPHQWY ZDV FRPSDUDEOH ZLWK WKH F
J/

9LVXDO VXSHUYLVLRQ RI WKH FXFXPEHUVY DQG WKH VT
ZLWK 6%$6 GLG QRW KDYH WKH VLJQV RI VSRLODJH DIWHU
ZDVKHG ZLWK ZDWHU )LJXUH

J)LIXUH (IMHFW RI WKH W UWEHW PH@QGV VRIXWKKHWXEKWK 6$6 S
1 YIXEQLMI < J/ RQ WKHLU VWRUDJH

7KH VSRLODIJWBHMKHGOBQG ZDVKHG ZLWK ZDWHU WRF
WKLUG GD\ RI WKHLU VWRUDJH PHDQZKLOH WRPDWRHV V
VSRLODJH HYHQ RQIWKIHH VHYHQWK GD\
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JLIXUH  (ITHFW RI RMKH WHQ DWRPHDOMRHY ZLWK 6$6 SURG
1 YIKEQLF9 < J/ RQ WKHLU VWRUDJH
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7KH UHVXOWYV RI PLFURELRORJLFDO DQDO\WLV RI WKH
WUHDWPHQW DKWHWADVIKQQGIDZWWU WKH WUHDWPHQW ZLYV

&)8 P
&)8 P

1XPEHU RI
1XPEHU RI
'_

[ ]

D
J)LIXUH 7TRWDO QXPEHU RI KHWHURWURSKLF EDFWHULD $ D¢
WRPDWRBHW GLQJ RQ WKH PHWKRG RI WKHLU WUHDW
+ZLWKRXW W UWMDIWAPMPW QW ZLWK ZDWHU
+tWUHDWPHQW ZLWK VXUIDFWDQW VROXWLRQV

W ZDV VKRZQ WKDW DIWHU ZDVKLQJ WKH TXDQWLW\
VXUIDFH RI JUEZPY WRPIDQVNRB®YG WELPHY PHDQZKLOH DIWH!
ZLWK WKH 6%$6 VROXWLRQ LDWQBDNVWLBHW L QIHWSHHE VELYH O\ L
ZLWK WWHHRQHG JUMHHXWHRPDWRHYV

5HG WRPDWRHV ZHUH WUHDBWRG ZLWKQ®&KH VR OWXZDL\R QK
WKDW LQ WKH FDVH ZKHQ WKH WUHDWPHQW RI WKH UHG

DW WKH FRQFHQWUDWLRQV RI RU J/ WKH TXDQWL
WLPHVY DQG WKHI ARQBH@WBDWMLMKHG RE\ DQG WLPF
FRPSDULVRQ ZLWK WKH WRPDWRHY¥ ZDVKHG ZLWK ZDWHU
£ 3
Q — o}
8 1 8 0
Y z 1]
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J)LIXUH 7TRWDO QXPEHU RI KHWHURW UR®KIH \BOHAW HW LR WH ®
WRPDWRHYVY GHSHQGLQJ RQ WKH PHWKRG RI WKHLU WUHDWPHQV
ZDWHU WUHDWPHQW ZLWK VXUIDFWDQW VROXWLRQV J/

J/
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$FFRUGRQH VREOHU YHI W HR@DHD B DVGRAPHD W B HDLWARKS H
6$6VROXWILWRQYFHQWURWLRRQW KH YH®RDEIRDOPRVW WKH VD
JLIXUHDNLQJ LQWR DFFRXQW WKH HFRQRPLF FRQVLGHUI
UHFRPPHQGHG IRU W KMW VECHDWIFRFUQM[WHYMLRQ RI WKHLU \
W KFOR/D F H Q RIBSIBW IR @DRRUHIHFWLYH

JLIXUHIITHFW RI WKH WUHDWPHQW RI WKH UHG WRPDWRHV ZLW
SURGXFHG® QLM < RQ WXWRWDJH
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&XUUHQWO\ WKHUH DUH NQRZQ RQO\ VRPH VWXGLHV |
IRU IUXLW DQG YHJHWDEOH VSW R G BFWPHIRDRY | D D\GOIMREME. Q G X
DQG VRSKRURQICSEFRMHEERPSDQLHVRWEXKLPRVARUN LQ WK
> @$PHULFRRPSDQLHV7HFKQROMRI LHQ HALR V X U IOFEM® Q W
3DUD GALIPPHEBBOPQROLSLG &RPSDQLHV ,QF SURGXFH U
SKDUPDFHXWLFDOV LQGXVWU\ DJULAXDG XD L LRRD EH R W
LQFUHDVH Rl RLO SURGXFWLRQ -DSDQHVH FRPSDQLHV 6D
$&6 /7' -DSDQ SURGXFH VRSKRUROLSLGV ZKLFK DUH XV
DQG K\JLHQH SURGXFWV DV ZHOO DV LQ DJULFXOWXUH

IRZ\LHRELRV\QWEK$6/ LDIDG KNKSWUBGXFW DRIGI FRVHW PDMR
UHVWULFWLRQV IRU WKHLU ZLGH XVH 2QH RI WKH ZD\\
SURGXFWLRQ LV WKH XVH RI WKH ZDVWH PDWHULIRQV D\
H[DP¥H ZDVWHWDQBR® IDXWDU DQG PLON LQGXVWULHV |
SURGXFWLRQ RI ELRGLHVHO DQG XVHG RYHUGRQH RLC
ELRVI\QWKHVLV RI WKH P L FRRREWD OQWXQU | Z bW\ @W §ZRAU AKRX (
FHOORRAWHWLQLQJ ZDVWHV PLON ZKH\ DQG WHFKQLFDO
WUHDWPHQW DQG SXULILFDWLRQ

W ZDV VKRZQ LQ RXU SUHYLRXV VWXGLHV WKDW WKH
XVHG VXQIORZHU RLO FW& W HUY i XDDMEMKE\RAREY \FDLOOG
VIQWKHVLV Rl ELR\@$GI®IEWDRQD OO\ WKLV ELRVXUIDFWD
YHIJHWDEOHV WUHDWPHQW LQ WKH FRQFHQWUDWLRQV P>
OLWHUDWXUH G¥RS WRGXFHGRIEKDPR P O ORTLO & &

ZHUH XVHG WR WUHDW FLWUXVHV SHDFKHV D@ ®&M\SULFR\
V K R WKV RV U RIQWBHKOWA J U R Z WKV 8 B U BIDGERNE H U 1 DO ®XNG
3HQLFL MGIQA |UXLIXWUH I ZPWLRQXSSUHVVHG DW FRQFHQ!
VRSKRUROLSLGYV IUXLW @UHKWHUWRW I YH IRFW JRAJW® HDW U H
XQLIORULDLQDP FKHUU\ SLWDQJD ZLWK U KD/AHXRERPR GV \
DHUXJL®RVQ WKH FRQFHQWUDWLA@RQ, RILVINZDAQWRZWY £ L
FDQ EH XVHG DW WKH ORZHU FRQFHQWUDWLRQV EXW RQC
H[DPSOH ZLWK V\QWKHWLF 6$6 RU ZLWK PLFURRUJDQ
SK\WRK RJIJHQV 6R <DQ ZLWK FRDXWKRUV VKRZHG WKH \
3VHXGRPRQBVYLQBRNDQG VXVSHQVLRKRERWKRIUVKON WU X W L G
FHEOWQ VXSSE$OWHIDQDULRQD &WHWQ\D W PYMPK OWDQHR X
DSSOLFDWLRXIQL@WKDPQROLSLGY WR WUHDW WHKWY\W R WD W
GLVHDVHV ZDV PRUH HIIHRWDYW WRRG ES§ R UKBDO\EFRINQERQ
RI VROXWLRQ RI VRSKRUKDQSEGRE VE@BEE HVL]HG E\
FRPELQDWLRQ ZLWK V\QWKHWLF 6$6 SRO\HWHKXQEDRB JO
FKU\WD QWE&PL DQ®QWKRFROBMYMRIRY RQ WKH VXUIDFH
FKLNRRV WRPDWRHV FXF&PEHUV DQG FLWUXVHV

&RQFOXVLRQV

TKHHVRRWUHVHDKFRRAMEHILFLRIRKIS SOLRIEWRRQUIDFWD C
S UR G ERHRSF D UGLAOF L L4 IRVKHOUHHWHOQMYRQHWDEB HV
DGYDQRMDISVLFDWERRVRUIRBWMHQWWBRBEONMHVSRWNWHDWPHQ

W DBV BD®VIORZEHNU WLPHV FROQFHQWUDWLRQ LQ FRPSDUI
LQ OLWHUDWXUH PLFURELDO 6%6 DQG LW FDQ EH SURG
WKH FRVW RI LWV SURGXFWLRQ
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6RXVRIELRVXUVDG@WR EWLY EKEQLA< < ZKLEKE8B SURGXFHG
XVLRQ G X\VADY MEHDD H V ROXAHP S R USWIREWHPW LOL]DWLRQ RI WK
LQGXVWULDO ZDVWHV GHFUHDVH RI WKH FRVW RI ELRGL
YHIJHWDEOHV GX @G WK B QW S/RURUDWHR Q

5HIHUHQFHYV

.DG BUS$ ,QFUHRRDBYDLO EEUBGWBRYWKDRBRYRWWH V K

SURGXFH 9  QWHUQDWLRQDO 3RVQUHKDHUYRHYDW BWDSRVLXP
+

&KHQ - <XDQ HBRSKRGBGROXEW SUHVHUYDWLYH DQG XVH WK

&1 %

6KDUPD 5 5 6LQJK ' 6LQJK 5 %LRORJLFDO FRQWUR

DQG YHIJHWDEOHY E\ PLFURBRLD®ORQMFDIR GRIESYH RID UHY LH.

GRL RUJ M ELRFRQWURO

S8NUDLQLDQ FOXE RI DJUDULDQ EXVLQHVV

$YDLODE@WWVBW XFDE XD XD GRLQJBDJULEXVLQHVV DJUDUQ
KDGBHBODUDVULRRZBODXWDP $FHGR -U (11 HENMMDW L H W\
DQSRVWKRDYBOWD B W @AHW RER $X00 D WL IR 9V W QRMMAKYHD O X H
FKDRIUHWRPBWADQXP O\FRSHUAWNKR Q 7 HALIRLO RGE BHHHS/K O
,QWHUQDBWMRFD® ' GRL
*DODQL<3DWHGBDWHO7DODWL 6 W RUIVX-D\YYEH J H WIDE O H V

U H U L JIHQFU/WRKISHK\ Q R PLERGWH F U MVCKV-R SWKOHIQ ROOQLW W R FODGE) L Q V

Y L W DSPZIQV K E V H DRHRQAWAK B QW L R FIDGD@GWWAL R [ LOGID\QHBY

GRL DQWLR]

$QEXGKDVDQ 3 6XUHQGUDUDM $ .D3UNX]KD Q@D WeXU D@ W
DQWLR[LGDQWYV, Q@G U VVEIRIRI OWRZUIN G 1XWULWBBQDO ¢

'LODUUL * GD 6LOYD 9/ 3HFRUD + % ORQWDJQROOL 5
(OHFWURO\WLF WUHDWPHQW DQG E LR V(XU HFMBOXRUM WS SO L
JRRG 6FLQI® FHMAKQROGBAUJ
GH 20LYHLUD 05 ODJUL $ 1HWFOGR (8 QXMHQAOLRV &HOO
S5HYLHZ B6RSKRUROLSLGV D SURPLYVLQ,JQBHRVX\MLRQI
-RXUQDO RI $@WHFEOHR® RILRDQG 588HDUFK
6LQXPYD\R/KI3P1IZH $JULFRQMRRIBSS O L FOWMKLIRRQYRDQ S L G V
LVBWR G XEWYR®XG R DRIV L-RRVD R RHRI(ADQQ HH U B QR ANYW
7HFKQROXRRL RUJ
.DXU +3UDVD® X& $ UHYLHZ RQ DSSOLFDWLRQ RI ELRV
IURP XQFRQYHQWLRQDO LQH[SHQVLYH ZDRWERXIWD DRRE D (
3KDUPDFBXWHBDB&S +
9DUQLHBDSRA] ADWVEBERBXGHVREDNRADXIJIHDBHQRHOLQD )
DO %DFWLHKD_R)@RIIDLDS?LMAD3\FRQIHUHVQ\JWMR;WEB{L\QH\IUHD
LQUDSHBDDIYW &HOO AMHIBNYQYISBRE GRL

[
3LURB 6KHYFRKSNORORVKLODHFKLUFKDN 8VRHFOD\GLWH
LPPRELQIIGIR[L PLIFEYREEDI@BXULILFROM\BEBBRMRLESSOLHG
%LRFKHPLYMFW\REQBORJIS:t GRL RUJ v ]
3LURJ6RILONBQIRRRR 6KHYFRXNDQ®RY ,QWHQVRILFDWLF
VXUIDFWDIDMKEVEKRGRFRFEXWKURGRGEV  $FLWREDFWHU
FDOFRDEMWLF XD QERFDU®MIAFLQRQPULRIEQLO\F HFRRAWDLQLQJ

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JIIJWLRWHFKQRORJ\ DIFURELRORJ\

PHGLXP)RRG DQG %LRSURGRFMWVLQJ SS i
GRL RUJ M IES
3LURY 7TRQRQ %$HUHJR$D\BKXO\DBRYD $QWLDGKHVINBWLHYV
R IW KX U | D FRAFQ WM W FFDIDAFRBERW ISFX\6KRGRFRIEEWK URSROL)
1F< :k DQGRFDUGLEFLBO&L< OLFURELRORJSS %
GRL RUJ 6
3LURJ 73 .ROQRIQGBNDQGFK $ 3 ,XWLQVNDLD *BFWLYH (Il
VXEVW DSFRHOHWREDFWH LD F D0 F BEKRSWRERFF XV HIO\WRKURSRO
DQ&FDUGLD .YDRRLQKLWRSDW KRS S Q8% LRFRWHAWL D QG
OLFUREILRO SS + GRL RUJ 6
JRRG DQG $JULFXOWXUDO FRPPRREEMN HNVYSENRFEROEQWLRQ )$ 2
DQG $JULFXOWXUH 2UJDQL]JDWLRQ RI WKH 8QLWHG 1
DWWWS IDRVWDW IDR SR[UJ VLWH GHIDXOW DV
6KDWNRYVN\ $ 3 7RPDWR 6LWXDWLRQ DQG RSSR
RSHIQHOHBIHWDEOH SURGXFWLRQ $YDLODEOH BPW KW\
LQIR FDJ
<DQ ) ;X 6 &KHQ < =KHQJ ; R B R\E RRAROUCOBEI RD L
E LR F R R B/QMR 19 UDQCDWHLIDG! B WATBLKRHAWR\P DUAKR RW W K DAL RID\WRW\ D Q G
7HFKQRORIS+ KWWSV GRL RUJ M SRVWKDUYELR
.DUWKLN 5 *REDODNULVERWRHIKLOOVIBEQF) RI %DFWHUL
IURM®FWREBBEL ODXY DV ELRSUHVHUYDWLYH IRU VHDIRR
WHPSHUDWXURXRQBQ VRLORGHUQ %IRWHFKQRORJ\
SHUQHHIKRQGW PDH\HBGLREBDBEDH ¥ | WH 3KHQD]JLQHYV
DQG ELRVXUIDFWDELVRY R DVF B O DFERRUARHRGLIR [H D R KX RV H G
VSS (QYLURQPHQWDO OLFURESRORJ\ GRL M

[

'"HQJ®XODWH 5 -RVKL - K%RHBJEDW 6 $SSOELFDWLRQ RI V
VIQWKHVL]HG XVLQJ ODXU\O DOFREKIRW DIE\ORR @ BURRALGBIODFR
3KDUPDFHXWLFDOSSH¥HDUFK
0QLI , *KULEL *O\FROLSLG ELRV XU | HQWDLIDWOV
DSSOLFDWLRQV LQ DJULFXROWXRWDI RQ GV KRR GFLE QRN WG )

SSs = GRL MV ID
5DQGKDZD . .6 5DKPDQ 3 . 5KDP GRS LSUHNVRNDIN |
IXWXUH VFHQDULR RUR@WEBOV PIDY NHWHRELRORIQXPEHU
GRL RUJ IPLFE

6DQWRYV '. 5XILQR 5' /XQD XEERRDG@WRYV 9 $LEBUNUIDF
PXOWLIXQFWLRQDO ELRPROH F KHNHYD R-RRIQKIDDRWWX 6B Q W X
6 HQFHV GRL LMPV

3LURBKXO\DNRRDLOND GWHKYFKENVKFKEQNR %LRVXUIDFWI

VIQW K HBKR/GR\FRFF XV HIB\ WK U RSRGIVWR BIDFOF IR D FG-BWoh F X V
DA®RFDUGLD YDF%LQIRI) E\SURGXFW RI| ELRRGRG VHIDG S UR

%LRSURGXFWV 3UREHVVGAL RUJ M IES
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' QIOXHQFH Rl QDQRSDUWLFOHV RQ WKH VR(
EDWHULDORVWULGLXP EHLMMUL@FNLL
CORVWULGLXP DFHRREXWIOLFXP

6HUKLL 6NURWVN\L 6HUKL\ 9R\FKXN
20JD 9DVV\OLXN 9DOHQW\Q 3LGJRUVNI\L

", EDERORWOQI| ,QVWLWXWH RI ORI VIDWLRQ@DO
RI 6FLIRQBMWUDLQH .ILY 8NUDLQH

SEVWI
-H\ZRUGYV  QWURGXEWHRQWKH IDFW WKBW QDQRS
% DFWHULD KDYH ORQJ EHWMRMHXW XG$ERERH KXVH RI
D U2« p DOWHUQD VBLHNH. XWP@IO D FK L H YGHPHIOM &R |
S LREXWDORO ELRORILFDO R WUHFELRDIOIRKCHD QWK H
0OG RI ELRWHAFOQROBSHDU DV FDWDO

1DQRSDUWLFOHVREKHPLFDO SURFHVVHV DV RAHERO DV S
HWF VRUEHQWYV RI W R [VFDR-ONMHE® O R
VLJQDOLQJ RRGHFXOHV

ODWHULDOV DTKH PHWRRGQFH Rl QDQRSD
PHWDOV LURQ R[LGHV FHULXP VLOYHU

WKH ELRVIQWKHVLV Rl EXWDQROWED WK H
FWEORDWULGLXP .BELWHULDEBLL
SUWLFOH KLVWR@EHWREXWQ(_%_FXZDDVWXGLHG

SHEHLYHG 5HVXOWYV DQG6GQWKXWALIVRQ!I PDLQ SURC
SHFHLYHG LQ UBY(WHEPHQWDWLRQ DFHWRQH EXWDQRO C
IRUP LQ SUHVHQFH RI 13V LQ WKH FXOWXUH PH
$FFHSWHG IRU WK O/RWUXDR ECH LM B I%Q FNDIOO VW XG LHC

13V VXSSUHVVHG WKH VIQWKHVLV RI EXWI
,Q FDVH Rl SUHVHQFH RI VLOYHU R[LGH

&RUUHVSRQGLQW\QWKHVLV&E BFHWBEX@QAOALFXWKHUH ZDV
DXWKRU REVHUYHG DSWHQGRI) AW RUHDMWWDQRO \LH
RP “ J/ LQ FRQWURO XS WR “
?';B'E(L)L 6'\'URV"V}\'RJLJ/ LO WKH SUHVHQFH RNO 13PNQQQG
VNUR VFLHQFH# PHGLXP UHVBKHF\QDWDIOMH RI FKDQJHV GHSF
JPDLO ERP RL3WVWQG WKHLU FRQFHQWUDWLRQ 7KH RS
WKH VW3XGH Bii® W L P D WDH/A/ X PSR RDWL E O H
PHFKDQLVPVU3RBMWKHN RQ WKH $%( IHUPH

SURFZHWWH IRUPXIOIDWHGXODWRUWLSRWHQWL

IRU WKH FRRUGLQ DMULRMQ WIDWKRQ$%BURFH\

VIQWKHVLVLRBIVIBWWEBARQ VWXGLHG LQ RU

WKH \LHOG Rl WKH WDUJHW SURGXFW
&RQFOXMLHRQIIIHFW3RR QVWNAIWKHVLYV RI

RUJDQLF ¥RIDPHVEROWHO EDWWHMBIHFLILF

>y DQG GHWHUPLQHSUR'S WKW LIN\R BRWEH W H U L
- IXQFW LRNIQFLQUFP H V\DWHPY O
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L, QWURGXFWLRQ

ORUH DQG PRUH DWWHQWLRQ KDV EHHQ SDLG WR WKH
H[SDQGV WKH FDSDELOLWLHV RI LQGXVWULDOQRL PMKREL R
UHVSHFWLYHO\ DOORZV WR JHW [iERIKY BADRIW\B V L QK H bl B NRLLE
REWDLQLQJ ELRREXWDQRO BIRY RKEKQRRE) DIDQFER RW K H VU LRI
RI VXJDUV DQG FRQ WD \D VQIPYBEVWDQFHYV

7KH PDLQ SUREOHP LQ REWDLQLQJ ELRBRGIFW \LVIRW
PLFURRUJDQLVPKMWKWPMHONYFHYQWO\ OLPLWYV WKH @RWHQ\
7RGD\ GLIIHUHQW DSSURDFKHV DUH XVHG WR VROYH WK
$%( IHUPHQWDWLRQ E\ XVLQJ PRUHV VRV DEEIDFHN B Q GD 8 Y SIWH
REWDLQHG E\ PHWKRGV Rl JHQHWLF HQJLQHHULQJ DV ZI
XVLRRUH DGYDQFHG V\VWH P @& LR/ FIK DRI B X ®UIDR\CHRRAVR@HE W F
RI WKH PRVW SURPLVLQJ DUHD VWX G RREIHYQR S HIUNQLAHY LR/
13V DQG QDQRPDWHIMROINFDIR QRW RQO\ LQIOXHQFH FH
ELRORJLFDO SURFHVVHV EXW VLPXOWDQHRXVO\ FKDQJ
RUJDQLVP PLFURPROBERSWHUWLIRHEY HRWHUQDO HQYLURQPH
FUHDWH QHZ FRQ G LWL@$YVDRU HHWAWH®IFYHL QJ RUJDQLVPYV
IHDWXUHVLVWBQRWRWERHN U HV L Q VYR IRL FIKWVL RRO RJLFD O
ELRFK HIXGFOWOIDRY® RRH XQLTXH SUBSTHIUMVLEWURIDVLQJO\ »
YDULRXV VSKPHIBY FRIQGILIWHFKQRARIGXEWRQARD FRPEOH [
DUHDV@>1D QRS D UWLIFWOH @DKMYWRYUH LWVHOI VLQFH PDQ\ R
FRPSRXQGUIRQB BHMUWDLQ ELRORJLFDO IXQFWLRQV LQ FF
WKH XVH RKXPOBHHVLIQWER IRBEWDLQ W K H2G H X HWHHGD M IH HFERW *
PRUH DSSOLFDWLRQV Rl QDQRSDUWLFOHV LQ 3M\RQRJI\ D
IRUP IRU H[DPSOH DV HZEDWHEHR®WILYB LQGLFDWRU PRO
SDWKRJHQLF PLFRRLUEIDQWVPIRG LPPRELOGPIYVWERQLRHHDRQ
DIHQWAML.DERQRVWLF DQG WK HU D@®HRUNP A GLEERADEEH ¥ WK H U
DOUHDG\ H[LVW ELRGHJUDGDBXH VLG RSDEWREQ H \o
SRO\DON\OF\D Q@& D BR\O\DW A W-DaW HDJ Q G F\OPO@ES RZIHSYLHW  + Q
UHFHQW \HDUV QDQRSDUWLPWHY JPRRHB JRQGP R RIDW TR EG
> @ ,Q WKH ILHOG RI ELRWMMY FKIRDARMW V3RIFDLRFKHPL
DV ZH®DUDRIMRMWHFW RRWP FWWR VRUEHQWY RI WR[LF PHW|
DQG PHGLDWRUV VIHWPOLQJ PROHFXOHYV

&XUUHQWONLRQ DWRGQ\ EHIJLQQLQJ WR EH IRFXVHG RC
QDQRSDUWLFOHV RQ PLFURRUJDQLVPV RI YDULRXV JHQHL
WR WKLV SUREOHP LV FRPSOLFDWHG E\ WKH H[WUHPHO\ \
ERDG PHWKRGRORJLFDO EDVH WKH QHHG BRU GHYHORSLC
@7KH VWUXPRBWXUBDRIJHO\ GHWHUP L QHKG B & BRGPHRW K R Q
VSDWLDO VWUXFW X3 N @PWDH QN § R DELVAAIQERHIDIR QD6 OSHYV REW D
E\ H[SORVLRQ Rl FRQGXFWRUV SODVPD V\QWKHVLV WK
GLPHQVLRQDOORKEMREPWILQHG E\ PHWKRGV RI PROHFXODU
RQGILPHQVLRQDDDRBRMHBYNVQRWXEHVV QRRIRAK DUH REWDL
PHWKRG RI PROHFXODU VWUDWLILFDWLRQ WKH LQWURGX
HWF @ $OVR WKHUH DUPDQHURBROPS REUWDHIBNEGRE\ LQV
DQ\ PDWUL[ 1DQRS DKD W& EIOHYHRIW NWD® WY DQG DQFPRVW
DOWKRRPIK RI WEHMPDFRQSKRXV

,Q WKLV SDSHU ZH KDYH IRFXVHE3R@®WKHOVR{X GHR IR
VIQWKHVLV RI EXWDQRO ZKLFKEXVWW® AD\DERQVES RE ZPW R
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DOPRVW QRW VWXGLHG GHVSLWH KHLJKWHQHG LQWHUHYV
RI ELRIXHOV 7KHUH LV RQO\ VPDOO QXP®HU RI SXEOLFDV

7KHDLP Rl UHADAD WRK DQDO\]H WKH SR VD@ ISDRUMKLVAD K
LQWHQVLILFDWLRQ RI $%( |'WWIPHQNROIBMIOR B DFWRFHMY MAR RLI
VIQWKHVLV RI EXWDQRO

ODWHULDOV DQG PHWKRGYV

%DFWHRMNVULGLXFWHOMGUL QEMI.DFHWREXWYODOLRXP
% WKIDWHSRVLWHG LQ WKH "HPERIORRUW\R QDWW HWXWH RI
DQG 9LIRRABSEBRNIUDZHH XVHG LQ WKH VWXG\

IDQRSDUWILFDHWLF QDQRSDUWLFOHY ZHUH SUHSDUHG
NLQGO\ JLYHQ IRU 3XKH$ VWHRGP\ WK HJ , QVWLWXWH RI %LRRLU
1$6 RI 8NUDLQH 2WKHU QDQRSDUWLFOHV ZHUHUNRRQG®RHS!
'". =DERORWQ\ ,QVWLWXWH RI BLAGYRERENIRORQHDQG 9LUROR

(OHFWURQLF PHRMHRNPRLRDWILRE RI QUIXPRSDUWLFOHV DQ
PRUSKRORJ\ ZDV FDUULHG RXW E\ HOHFRN®R Y XULFHRVERG
QDQRSDUWLFOHV ZHUH GURSSHG RQ D VXUIDFH RI D FDU!
WHPSHUDWXUH $1W HWL MKW Z WUKHH DQIDQORBHDAJ) XVLQJ D W
PLFURVFRSH -{8RO -DSDQ DW DQ DFFHOHUDWLQJ YROWD
PDJQLILFDWLRQ RI |

$QDO\WLYV RI QODQRBRHWILFBD HRI QD Q MFHINWHNULARIWMKGIZI U R
GLJLWDO LPDJHV REWDLQH 8 DE\HWOHFWAAR QVPZBV ROVFRIS\Z L
LPDJH DQDO\VLV VRIWZD U WALIRIHD O HQWWREBXWHYV RI +HDC

BWXG\ Rl WKH LQIOXHQFH RI QDQRSD UWIXR/SHING ® QR W K H
EDFWHULDO FHOOV LQ WKH DFW LFHOSKLB/PHOR R DU 8 2ZMWKL R D W
QXWULHQW PH®RWK H+ LPOIGR DL Q JJFRMSR S MWRIQRI® VW H[WUDF

JOXFRVH/RGLXP FKORUVBHLQNRGLXP WKLRJ®RFRIOWPW H
UH]D]XUL@JIDIDU $IWHU VWHULOL]DWLRQ DWP IRU F
FRROHG WR [ GVWDR) & ISR\ BMIGRH\BWR 1SQ) RYIGGHI DQDHURELF
RI FXOWLYDWLRQ DV H®Z R M VBEGGHID FIKRW XLEHY H VWH. S D WH. R Q
QXWULH@WURRZHEGW KRI WKH LQRFXOX PKKIVE\GBN W ®UH R1 W
FRUUHYV SR Q & WQIMALXIPQ

'LVSHUVH QDQRSDUWLFOH V\VWHPV ZHUH DGG®RIG WR W

0 6XEVHTXHQWO\ WKH FRQWHQWYV RILWKH WH
YRUWH[ ODQFRU IRU VHFRQGV D®\G BRIREFMRMMHG QRDV
LQRFXODWHG W WHHPWH FRHBA BRQ ZIWWRIGRXUWW LRQ FFIOBW QRS
&XOWLYDWLRQ RI FHOOV ZDV FDUULHG RXW XQGHU DQDH
7KH FRQWHQW RI EXWEHQRBQNIBVRWR HUBRBKFWYV ZDV GHW
DIWHU KRXUV RI FXOWLYDWLRQ

7TKH GHWHUPLQDWLRQ ® EXW DRPRIALHRGQWRAKT XRG D
FKURPDWWRJIKBSIKDQWLWDWLYH GHWHQ P DWDW LIREL ®Y ZIOR/L
JDV FKURPDWRYVDWBXHFW&IEPHWIUK XVHRLAW B XPO QAW
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1 LQHUW $JLOHQW 7HEKDRORFHDOHBLOBIBU\ F3ROXPQ

PP 1 P - : 6FLHQWLILF 86% 7TKH VHSDUDWLRQ Z
WHPSHUDWXUH JUDGLHQW RI XVEQHPIDYBMWYWRPDUUNRU Oé&
UDWH WKURXJK D FIPQECGXRIK RAHEWPRID $V DQ LQWHUQDO
LVRYDOHU\ODWH DFLG ZDV XVHKD /& HDMEW Q VWIWMRADMALRY F
XVLQJ OLEUDULHYV RI 1,67 PDVV VSHFWUD DQG VWDQGDU
$OGULFK 86%

6WDWIDWQUAVEWUIRAPWMEKH OSBLFIURVRIW ([FHO DQG 678%7
YHUVLRQ 6WDWBRIWZDOQ R 3R NDJIHIL F®IQFHURIQFH EHWZ
WKH PHDQ Y®WHWV PALHISPEWARQVLGHUHGEG UHGLWERH DW
ZD\$129%$ZDV XVHG WR HQDOXH@ARH ARBEHFOMR U V VRVX GALKIKE
SDUDPHWHUYV

SHVX®WGLVFXVVLRQ
OXFK DWWHQWLRQ LV SDLG WR WKH VWXG\ Rl WKH LQW
GXH WR WKHLU NH\ UROH L® Q® WQIRXXUDKR 6 RANARRBIR L F

QDORUWLFOHY WKDW ZH HUHBWWRYKPH MINRVEFRBLWKRZHG
VLKDEROG QDQRSEDUWUPQHWYG IQRP7DERINYRUH

&H: &H $.2

$.2 *GO: )t 2

JLXUH (OHFWURQ MRIFWRMFRBQ REKDWVZHFOHWVHG LQ WKH VW
%DU LP ODJQLILFDWLRQ 1
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7DEOH
IDQRSDUWLR®@HYV VLIHV

1DQRSI OHDQ OD[LP OLQLF

_2 “

| *|&~|A TR

I_

I_
G9 )
| F

7KH DGGLWLRQ R13YD®RE R H QXFOUHDAV HR Q/BIG RHGH X PQ W |
EXWDQRO ZKLFK UHVSHFWLYHO\ DOWHUHG WRBIMEBRZWK |
13W/R[LBOHWO S D UWRB X\W R HEY/RWMIDWIQG L X P, EH M H ULQBG N L L
LQYHVWLIODWHELIBNG WKH VFERW® & B VFRE) MVBERRAVK DIQHRIOH FW R
13V KDG WIMHFRLIQF D Q & SRF VIS IF FRE KGR DREW MAK HERZMWUHDULLQD F N L
1M < WKHUH ZDVDRENG®HYEBEG GHFUHDVH LQ WKH IRUPD
SUHVHQFH RI DD WXMH. NWBEGWHGQKLELWLRQ RI WKH ILQI
GHWHFWHG LQ WKH SUHVHQ RW RIBY URED V@ @EF MHXEHR[E\G
WR VXSSUHVV WKH EXWDQRO L\Q@Q/\M R MM \E QG WK HQ GHNU B
FRQFHQW UBDWQ ROKRI FX O W XK PW IG H XLACBRERIQ@ MHHQMQU DW L R Q
HITHFW RI EXWDQRO V\QWKHNIWHEQ KL BSW B RGREDAL \P\R UFD
VLIQLIZKB®WSRVLWH WUHQ GXADNQRRED/ MUHENGE RQ W B\KIQHYE Y D
LQ SUHVHQFHLRV AL IRMUKHIQIR IDF HW R E X WA G4 FX PV D E
7KH SUHVHQFH R IDIORRS DQ\B LAFHOUHNX@ QH/QKHH B B BRIURPGOXCFWM GQ

HITHFW RQ WKH V\Q WKHVYLVWUIMEXNDQRO LQ
7TDEOH

6\QWKHVLV RIEEDRVIVYRWIIDQV XQGHU WKH LQIOXHQFH RI Q

1DQRSD % XWDQ S
OHL | 6
K EHLMHULQFNLL

&RQ
)l 2
*G9
&H
&H
$.2
$.2

& DFHWREXW\OLFXP

&RQ
)l 2
*G9
&H
&H
$.2
$.2

& DFHWREXW\OLEXP
&ROQ | | |
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+RZHYHU WKH HIIHFWLYH XVH Rl FHULXP R[LGH &H?2
VWLPXBDMWRWHFRPSDUHG WR FRQWUB® K $Y LLV\Q ED WV CREYV HQ Vi
D PD[LRXPRHO J O

7KHITHFAIWQDQRSDUWLFOHYVY GHSHQGHG RQRWKHW D HFRIDG |
LQ PH®WMG® WR ERWK VWLPXODWLQJ DQG GHSUHVVLQJ HIIH
EWWXGLHBERWH® D FWHDLD V

7KH VWLPXODWLRQ RI Z\LK\HI R ®WIDCRSE R KRR BWYY ILFD Q
LQIOXHQFH RRQMFR SDYWQ FOHVWHKRQ FKQWX DM PRIG LLXQP D
RI FHULXP R[LGH QDQRSDUWQLFWOHDN K HVWX QWKHIG EXQV U@BQ
FRQFHQWUDW DRGVORIIIHFW Rl JROG QD QR SIDRHMLREBDXW \Q QF
VWUDLQ ,09RBFXUUHG RQO\ DW D BROFHKRWKDWKRQ\LRIOG
VIQWKHVL]HG EXWDQRO ZDW JJ LQFRAKSDBRGWWRO 7D
PD[LPXP \LHOG Rl EXWDQRO DOPRVW 0 DQADVOIL[HG L
RI VLOYHU R[LGH 13V LQ WKH PHGLXP ,Q FDVH R0 XVH RI
WKH DPRXQW RI VIQWKHWR]HG JEXWRGREDWHEXIFBIG LQKLEL

YRU WK R VEVFIHW RE,XW % LF XK H \LHO GGRIUERWWQ RDWLRQ
SUHVHQFH RIWBRQRNQYWUDWLREFPDLQHG X @F K DWQLOHRH U
R[LGBY SUHWKBBREADMHG D WHQG HRUQFSREXWDQR® \LHOG
FRPSDURRQWHRBO J XS WR FDQG “/ LQJ SUHVHQFH
RL3V LQ FRQFHQD@®WLRQWHVSHFWLYHO\

2EVHUNHIBRWURQ RPBM® G L AMDRNDMY K HRIRW JDQLF YROYHQV
DFHWR@HO EIDVF\8HWIHL P L@ HGURZIMKR @ BXWH IDVOXMRFBALRQLQJ
RI HQ]\PH VA\VWHPIW\QWHKERYBEYMAMO\ IURP EDFWHULDO JURZ

7KH QDQRSDUWLFOHV RI LURQ R[LZHUB @E GHUNLR A AN
VIQWKHVLV Rl EXeW D@ R @ EEVMWBDER® YHUMIHWLPHY $QG
IRU VW& UBPHIQM H, 02 @FNLLWKH EXW D Q R OUHBMLKQHMA \X QDKDHM |
SUHVHQBK RS DU W GROMNVBQL REYWVGNEO WWE& B LD WW HQ F
RI FHUWDLQ VW UDZKL FK SIURE IVEHW\D VINAGHXY W IR PRISHF L D O
HQJ\PH V\VWHPV ([DFWO\ WKLV ZRXOG DOORZ WR PHWDE
VWUDLQ DQG VG WK HRYQVBWRG(X PAXVI LCFAHWME 7KH SULPDU
SUREDEO\ WKH ARV¥WRINKRUBDHWHQFH RI D VHW Rl FHUW
VIVWMPAAMOW LV WKH EDVLV RIQWSREF LDIOR VKEHNSUHANG IRFG! R |
FRPSOHWH VHW VRV HPQP\ INHH \W RIBWMRRIZY WKH IXOO0 XVH RI \
SRWHQWLDO RI EDFVBHUYIVHQ FHIRO ¥ 5 R RISDH WIIDHFWRU WKD\V
D PHGLDWRU RU D FDWDO\VW IRU WKHVH SURFHL¥NV RU
UHTXLUH VHSDUDWH VFLHQWLILF UHVHDUFKHYV

7KH IHUPHQWDWLRQEWLMH 0¥@FMIEHFUHDVHY DOPRVW
WKH SUHVHQFH RI LURQ R[LGH DQG G RH3N Q@ W K k& D/QIWHDILG
DFHWREXWYO%FXMVKWDVRIHUPHQWDWLRQ WLPH RQ WKH F
WZLFH LQ WKH SUHVHQFHI1RWVIRIRQIQAHUEX® VWD G 8 UMRKDAED W L
KDYEHHHQ GHEWWRNMRHM@DWLRQ RI WRKMWYOMHSDRARBWDWLRCG
WKH IHU PG XQWIMWLERD

7KHUHIRUH WRWY HDNH MK RZIQ WSRHEHIIWMIRADAY DFWLRQ L\
FRQFHQ®HOMUEWNGWSHHG HDVH RI1 WK HVEXWANERID QHD @ I
% DQG LWV LQVLJQLILFDQW LQGXPWHRQRLIQGHNVKIKD S/
& DFHWREYXWWLFX®PYH QR GHSHQGHQFH RQ WKH EDVLF SI
VWDUW WLPH RI JDV IRUPDWLRQ G X UBW REQ I\ &b RHHQUWP
E\ RWRAWRUV
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5HVXD@D/O\VLYV

7KH SRVWRLEULGHVSSUHDG LQWURGXFWLRQ RI QDQRSDUW
OLIH SRLQWY WR WKH KLJK SRWHQWLDO RI WKHVHO/WUXF\
SURGXFWLRQ RI OLTXLG IXHOV PDLQO\ WK URXHKVWWKLG\X O
RI WKH LQIOXHQFH RI WKHVH QDQRSDUWLFOHV RQ WKH |
FDUULHG RXW IRU WKH ILUVW WLPH 'HVSLWH WKH ODFN
QDQRSDUWLFOHV ZLWK FORVWUWGYE DRX® |G DWDE Y ®LIVR\
QDQRSDUWLFOHV WR HQKDQFH WK HHW IR G B BWHNVR R @ D-UR HMN
REYLRXV WKDW IRU RWKHU ELRWHFKQRORJLFDO SURFHVV
HITHFWLYH

LP DQ®>¥WKRUMDRRISGUWLFOHV WR LQF &DRWHV WK ¥R
OMXQJGK OIHU P H Q V&OMWDRI GOW@R QRVV.IMGEFRQ GLR[LGH
HIITHFWLYHO\ LQFUHDVHG WKH PDVV WUDQVIHU 7KH FRQTF
LQFUHDVHG E\' DQG UHVSHFWLYHO\ 3URGXFWLRQ R
LQFUHDVHG E\ DQG FRUUHVSRQGLQJO\ DV ZHOC

%LRPDVV HWKDQRO DQG DFHWLF DFLG \LHOG LQFUH
UHVSHFWLYHO\ LQ WKH S&H\QDUFRISRU RO B V6t 2@

"KLOH WKHUH DUH VWXGLHV RQ WKH DQWLPLFURELDO
JHQ&ORVWHY L@ L XP

7KH UHVXOWV REWD L QEHY ES HO/QGE BMRDAMH WK AHUW DL
QDQRSDUWLFOHV WRVK® FW B D YHY/EHRE MOWDRWLRQ EXW L\
WKOWH IBMFDQ EGMR HFWRUWY RWKHU ELRWHFKQRORJLFDO Sl
DFFRXQW RXU SUHYLRXV VWXGLHY DQG WKH UHVXOWYV RE
HVWDEGRWHWWHDO IRU WIRWRQ QVRMHQ DAV RHWKHRI RUJDQL
$%(IHUPHQWDWLR@ KWK H @ 3WKH PRAWDEROLF RU SK\VLROR
EDFWHULDO JURZWK FDQQERRWINFRVHV WK HZ ED HHRWWD E O |
HIITHFWQYHQFUHDVLQJ WKH VAWK H\3LMV WR DEVX WDIBIR @ L Y H C
VWLPXODWHG JURZWK SURFHVVHV DQG VKRZHG D SRV
PHWDEROLF FRHIILFLHQWV %3ZDVS$® KHDR[SCGH VREAMKEIRQ [
+RZHYHU WKH DELOLW\ RI VLOYHU R[LGH DW ORZ FRQF
EXWDQRO E\ FHOOV RI DFHWRQ®EXW UL GIDX¥RV B BH B ARE XWWK E

LQGLFDWHY WKDW LQ DGGLWLRQ W R VEHKVWL ROKRH LFDW
WKH VWLPXODWLQJ DQG VY XWEKRKXO\GE QO WRI HEFHWVDRRNVKLHD W
13V ZKIDRKH D EHQKL BMRV EDFW H WIQRN IR ZFV K | BHUEREVW WHK\H
VDPH WRP®RW LQKLELW WKH ERRFKPALKBOLS DRDKNZBM JH W
PRUH VXLWDEOH IRU XVH LQ WKH ELRWHFKQRORJLFDO SUJ
DGGLWLRQDO H[SHUXPHQW®@O YHULILFDWLRQ

&RQFOXVLRQ

7KH ¥Y3FDQ GLUHFWO\ RU LQGLUHAWDWISIFUWH.FEWD R@IVL
FDWDO\VWVHWRGHDRWRKULFK WKH\ SOD\ LQ $%( WHHUTPHQWBW
IXUWKHU LQYKYBRIDGORR G HWKHR WD\ HWEBLELRORJIJLFDO |
RI WMIBM.@% ( IHUPHQW DW L$RMU BBNRIWHY G XH WR WKH ODFN RI
ZH FDQFR@QONUP WKRIEBUWRORIQFBO HIIHFW LWVHOI +RZHYF
QDPHOQ LQFUHIRAEXWDQRO \LHOG1I8YQ RMMKRIQSRH\GHQOBR RIFH
DV ZHOOODWILWN UHSHDWDELOLW\ |REXWLOI HEDH QW WMVDU DIO
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UHFRPPHQGDWLRQ R WHHNWKHU VWXIGBEOWS BY B RV ISQOW Q R/G
LQWR WKH ELRWHFKQRRORIGPRAE SRRFRQV\ MKRHIQIAH LW K HR
PDLQ SURGXFMYPRIQVMEWWR@H EXWDQRO WRGHHWIKD CROW
ELRPIRW H[WUDEWIL® QUENFXV LROW K HU W D @GIRHMHDOVLRQ L

$FNQRZOHG PBHHFHHPW V¥ K ZDV FDUULHG RXW ZLWKL(

8 RI WKH WDUJHWHG FRPSOH[ PXOWLGL
VFLHQWLILF UHVHDUFKHY RI 8NUDLQH 3'HYHORS|
UDWLRQDO XVH RI QDWXUDO UHVRXUFHYV DQG V.
EDVLV IRU WKH UDWLR®RXOFXKYHDRIG QDDAWXANUHD & DG
SUREOHPV’

5HIHUHQFHYV

.LP<. 3DWBK /HH <XQ< (QKDQFHPHQW RI ELRHWKDQR
VIQJDV IHUPHQWORN\R QL GLWKX®MXIQ JIEDXRIE DR WH \F R
7HFKQROjj ‘2, M ELRUWHFK

LP<. [HH + 8VHI PDJQHWLF QDQRSDUWLFOHV WR
SURGXFWLRQ LQ V\Q@4DRUHMRPHIMDVHFK@RORJIR,

M ELRUWHFK
-RQHV ' 7 :RRGV ' E X WEFGIR\CR QHIU P H QLB WR RQROR YL
SHYLHZM =
3DSRXWWDNLV (QJLQHHULQJ VROY H-Q V&R UHGIFWF R K VUL
ELRWHFKQROR®#\
$QGUXVLVKLQD 1DQRFK DN WWWONBRY RBRO X FK HJ L NR
NKLPLFKYRN WY WIR GV O HGERWD\DNRN V L F B QRMBIR EOHP L
WRNVES RBORJ
JHH 7 :X <1 &KHQ+ :X 65 6K /L7- <DQJ <HK6 7VDL

3- 6KLHRb 2FWDKHGURQ LURQ R[LGH QODRWRWUVGALRXE
GLIILFERWH JHUPLQDWLRQ DQG D WLMDH Q B B AEME HRY@AD DF [
SHSRUWV '2, v \

“LQFKH®NR 1DQRMKDMYD NWUDQVSBUDIKIRV W LIEKHV N L

WHUDSH Y WLAKHWVRQWREQRWHNKQRORJLL IXQGDPHQWD
DVSHNW\ VERUQLN @ B ®BKIQ\KNKDDL D) XDEDRK N D
$QWRQRYVNDLD /, 6NRUE (9 B6YLULGRY '9 %HOLDV
DNWLYQRVW SOHQWEMPORY\SKRNRIKRNDWDOL]DWRURY
JUDPSROR]KLWHOQ\P L JUDP RRWNQBVGAD W$HIO % HPO PDJNWIH U L
+

BROHVKEEKXBVWDVKRDRMNKED QLN =KDYQHUNR
1DQRWHNKQR GRIENKRGNX EK HOW UX N WX UBRLL B5\W WHN W V L L
&KODPWILDFKRBMDWYRRNKUD|QHQLH

%HUHVQHY $ .YDFK 6, 9 =LQMFPRENRLYDWVLLD EDV
QXNOHR]JLGIRVIRULOD] QD PD.JDQNWREH\HQDBIREW B NWQ
IXQGDPHQWDOQ\H L SULNODGQ\H DV[SHNW\ 6E 1DXFKQ\
3DUYHH@LWBWD 6DKRR 6 . 1DQRSDUWLFOHV D ERRQ W
WKHUDSHXWLFV GLDJQRYWQRVWH®LFEQHPDJIEQJ

‘2, M QDQR
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JIIJWLRWHFKQRORJ\ DIFURELRORJ\

ODUW\2SSHQKHLBSHKVHU 3 1DQRSD{DNQHIHFWROORLGDO
GHOLYHUBKDWPHBFWDjj#HOY

&RXYUHXU 3 .DQWH % B5RODQG 0 *XLRW 3  %DX
3RE\DQRDFU\ODWH QDQRFDSVXOHV DV SRWHQWLDO O
PRUSKRORJLFDO DQG VRKDWPY I3 KSURPSHUREL H V

*XUQ\ 5 3HSSDV 1 % +DUULDBWRQ ' ' "HYDMMIAHQW
%LRGHIJUDGIVEHFW DR@GH , QDWLFHV IRU &RQIXKUROXOHG 5HC
'"HYHORSPHQW DQG ,QGXVWULDO 3D UPDF\

>
6LHNPDQQ % :HVWH®SMBPLFIURG SDUHQWHUDO FDUULHU
VROLG IXDBLRBKIDF RO fHW W

5DR 1 SDPDNULVKOD6OBWRWHDNHDRGRYLQGDUDM
5HFHQW SURJUHVV LQ WKH V\QWHKIHOMRRI7UBRVID QLF QI

ORQIJNRONDMLW - 3XOORQWLWRPED@WD\DANRPFKDQ 3UD)\
3KLVDODSKRQJ 0$OXPLQD 'RSHG $0OJLQDWH *HO IRU &H¢
JHUPHQWDWLRBO&KWYRFH)V VA V

'XUiQDGLOOD 9 ®D]TXH]OD &KiYB]1 $ IDQREORLD - 5
SiXUWHILQFYQ - L,JURQ HIIHFW RQ WKH IHUPHQWDWL
DFHWREXW\OLFXP $7&& XVLQJ FKHHVH ZKH\ DV VXEV\
SS + ‘2, %5 -
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JJJ3URFHVVHV DQGIJIXLSPHQW
,QWURGXFWLRQ

7KH FRQFHQWUDWLRQ SRODUL]DWLRQ SKHQRPHQRQ D
VXUIDPAHEBULEY SURBOXWPM)J RGBUHNYXAHPEUDQH SURFHVV}
LQGXVWU\ ,Q SDUWLFXODU GXULQJ GULQNLQJ ZDWHU S|
XOWUDILOWUDWLRQ WKH ZDWHU | GR[KGHFW HOKVGXBROPR VW
WKRVH HIPHRFMAR YH@ LIV RESHBSHG DOVR LQ FDVH Rl PHPE!I
PRGLILFDWLRQ > @ DQG PHPEUDQH V\WWHPV ZLWK SUHW
XOWUDILOWUDWLRQ WKH UHYLVWRIQWH HR NRMIDRAOWNMU  ZC
WUDQ¥UWHRNV WKH PHPEUDQH ZKLFK FDXVHV % @H FLWDRD W
UHVXOWV ZDV REWDLQHG IRU XOWUDILOWUDWLRQ RI E
QDQRILOWUDWLRQ DQG UHYHUVH R\UARRSV GX HR WAL D & \ZAKUHS WA
DQROORZLQJ IOX[ GHFUHDVLQJ GXH WR FRQFHQWUDWLRQ
REVHUYHG > @ ,Q FDVH RI PLON ZKH\ XEHFDXMHK RU DWKLR
SKHQRPHQD ZIRWREVHKRNKGV@R DDRBUGXULQJ VNLPPHG PLON
WKH FDNH OD\HU UHVLVWDQFH ZDV WZR W LEHM KILFDHUW\
GHFUHDVLQJ RI SHUPHDWH IOX[ ZDV DOVR GHILQHG IRU
GLVWLOOHU\ > @ £EHABU > @ DQG ZLQH

7KH FRPSUHKHQVLYH UHYLHZ RI PHQWL R®HG DS K HD@RP B (
> @ ,Q SDIWQNVWARXOOMWRUN LW ZDV SRLQWHG RXMV WKDW
GHWHUPLQDWUWHEBY EYWBQEHY RI PDVV WUDQV K{ W QIFFOROM/
PHPEUDQH UHVLVWDQFH FRQFHUWDWLRQ SRODUL]DWLRC
EORFNLQJ UHRZIHWVWWHDQRHRUH EORFNLQJ UHMWWREY RWH RU VWE
SUHVENMU¥HHQ PHPEUWRHUSUREHMV\Q R WKAHEOMH Z RXIR D QIR WD @
IRU LQYHVWLIJDWLRQ RI QDQ@RFHGRUDW GRQ OS UR F@& VNRHV [
XOWUDILOWUDWLRQV RQO\ WKH ILUVW WKUHH UHVLVWDOQ

7KH PHWKRGV IRU GHWHUPLQDWLRQ RI| MHYR EWD®DH K HDV
UHSUHVHQWHS @Q PRUBRR¥WRSRPOREHME > @ KDYH GH\
WKH GHSHQGHQFHV RI IRXOLQJ OD\HU UHVLVWDQFH IUR
SURFHVV LQ SDUWLFXODU IURP DS SR HBEDSULRWVDV R U AR QKA
SRODUL]DWLRQ OD\HU UHVLVWDQFH DUH DOPRVW QRW GH

,Q PRVW FDVHV WKH UHVHDUFKHV RI FRQFHQWUDWLRQ
ORRNHG WREANHOG RSPHMMOM \DQ & K IR I DENVDKELFDO PRGHOV R
SKHQRPHQD )RMHUHIDBHIRQOQYR > BURDBRMHG WKH PRGHO
H[WHQGH GOIHUFNWTXDWLRQ ZKLFK DOORZV WR SUHGLFV
SRODUL]DWLRQ LQGH[ RI FRQFHQWU QW QROL O RQDW.L] R § LD
RVPRVLV Rl GLOXWHG PXOWLFRPSR®HQW WDOW BRIV XKW RE
PRGHO EDVHG RQ JHQHUDO V BO WDEROIRUMHR [DQUEG VIK®H DY @
IRU VLPXODWLRQ WKH PHWRBRGDRL FRP &)X W-DRIPINRQ B@ KDXYLHC
FDUULHG RXW WKH FRPSDULVRQ RI VHYHUDO DQDO\WLFI
FRQFHQWUDWLRQ SRODUL]DWLRQ DQG KDYH GHILQHG WK
SDUDPHWHUV FKPWQUBY BROAKKH UHDO FRQGLWLRQ RI UH
RSHUDWLRQ %XW LQ WKHVH ZRUNV WKBYVYDEDBHH @RVFRC
FRQVLGHUHG

6KLUD]L DQG DO > @ KDYH SRLQWHG RXW WKDW IRU
SRODUL]DWMRY VODOHH UW LV EBRBYBMWED AHWK RGW BY LW KL
HDUOLHUZRUNWSDUWLFXODU 6RQJ > @ KDV SRLQWHG R
SRODUL]DWLRQ FRXOG EH WDNHQ LQWR DFFRXQW E\ C
FRREHKHQVLYH VWXG\ RI WKH SUREOHP RI FRQFHQWUDWL
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

FDUULHG RXW E\ ODFKBRGOHFG MWOH>WIKRKDW XQGHU FRQVWD
IHHG IORZ YHORFLW\ DQG WHPSHUDWXUH FRHOSH®RGOV ILDRPL
DSSOLHG SUHVVXUH LQ SDUWLFXODU WKH DVVXPSWLRQ
YDOXHV %XW WKLV XHURWHKIHGY RQ BDMRBHHIWUDILOWUDWLE
VROXMRYRQH PLON ZKH\ 7KH YDOXARHRL AMKH) 3WIRG ZBRWN RQ
GHWHUPLQDWHG IURP H[SHULPHQWY DQG WKHLU PDJQLWX
GLITHUHQW FRRIG DWLVREGEURE MM WIRRIHRYHU WKH SK\VLFI
SURSRUWLRQDO FRHQALVEODRWHKIGIDRAQERVWHYHEY WLPH WKH
GLUHFW WDNLQJ LQWR DFFRXQW RI FRQFHQWUDWLRQ S
PHPEUDQH HTXLSPHQW LV RYHUVWUXFWXUHG 6LPXOWDQ
WKH WHFKQDDDH RILEDRVIBE URG XEWILYH Y \PRIPEUB QWXEWRF H \
DOORZV WR GHWHUPLQDWH WKH IRXOLQJ OD\HU UHVLVYV
GHSHQ GHFERFHFHRQUNUDWLRQ SRODUL]DWLRQ OD\HU UHVLVYV
GHWHDPVH LQ ZRUNLQJ FRQGLWLRQV WKH QHRHVWKWYV RI
UHDVRQ WKH GHWHUPLQDWLRQ RI WKLY GHSHQGHQFH LV
7KH SXUSRVH RI SUHYHRIW DRURQLR IVKKERWKHVLYV DERX
RI FRQFHQWUDWLRQ SRODUL]DWLRQ OD\HU IURP DSSOLHC(
VROXWLRQV DQG GHWHUPLQDWLRQ RI DSSOLHG SUHVVX
FRQFHQWUDWLRQ SRODUL]DWLRQ UHVLVWDQFH YDOXH

ODWHULDOV DQG PHWKRGYV

ODWULDOYV

7KH H[SHULPHQWYV ZHUH FDUULHG RXW ZLWK XVLQJ RI F
PHPEUDQH PRGXOHV 'RZ )LOPPDIGAH 7.Q 86$% 7KH GHLRQL
UHYHUVH RVPRVLV SHUPHDWH ZLWKS®/mR&RIOF K LPRIROHMER
WKH FRQFHQWUDWLRQ RI 6R®UXCPRROGRDQBR 1DR&O VRO X W
XVHG®/ IHHG VROXWLRQV 7KH GHLRQL]JHGVRDWHPREDDWY KV
UHVLVWDQFH DQG VDOWWRD RRQRIQQI\R U DPVHIDRAX LBHRFDEDQRAH D \
7KH FRQVLGHUHG W\SH RG RWYPEYD® HRRRWH@FFZOMW UHD W P H
IRU WKLV UHDVRQ IRU GHWHUPLQDWLRQ RI FRQFHQWUDW
ZKLFK VLPXODWHG 7'6 Rl WFAFR 70D W V&R Y EDMHELQHUD O
LQ ZDWHUV Rl 'QLSUR: DQRG GIPMIDPG LY 6 SDUDPHWHU RI WI
(XURSHDQ FRXQWULHV 6SDLQ ,WRO® DWGQHIDESH DFFRI
LQ PRVWERDVHWUDPHWHUW ZDS/SPFE UDHIRWH WKH 1D&0O VRC
FRQFHQWUDWLRQV RI ZHUHDXQVGHG LRU KB HULPHQW YV

'"HVFULSWLRQ RI HPSHULPHQWDO VHW

7KH H[LVWLQJ H[EBUDPPHQWDO ¥BIW XVHG IRU FDUU\LQ.
UHVHDUFKXY SHRFFWWKH PHDVXUHPHQWY RI SHUPHDWH |
YROXPHWULF WHFKQLTXH WKURXJK WKH XVH RI WDQNV
FRUUHVSRQGLQJO\ LW ZDV FDUULHG RXW WKH GLUHFW P/
DOORZV XWURH PHIOY RYHUDOO PLQHUD @HWWURAQ WK LBPFIR D
PJ GP7KH DSSOLHG SUHVVXUH ZDV WKIB WHRG 8 D WXQ RIPZDA
E\ &KURMREBGIO WKHUPRFRXSOHY DQG VRIWZDUH PRGXOH ,(
f& EGWG QRW UHSUHVHQWHG RQ WKH VFKHPH
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

JLIXUH 6FKHPH RI H@SHULPHQWDO VHW
+IHHG VROXWISK® SYPIPMEUD Q HtXBLXODWLRQ YDOYH
+PHDVXULQJ WDQN+PRADSKUPHD W B Q Nt $RIU RIHDANHQ WO F
WDQANJHWHQWDWH FRPDBIRRHYHWDQN

BURFHBKDHU\LQJ RXW WKH H[SHULPHQWY DQG PDLQ PH

7KH IHHG VROXRAHR® ZDNVK D SUHGHWHUPLQHG SUHVVXLU
SOXJ IORZ PHPEUDQH XQLW LQ ZIGXFKHWRH \\UR@/HFG7P HP
ZDV LQVHUWHG 'XULQJ WKH PHPEUDQH VHSDUDWLRQ
VROXWLRQ DQG UHWHQWDWH FRQFHQWUDWHG VROXWLF
WDQNV DIR®H R@GWR FROOHFWUBYSRODGNQ JMDQ EBKHFRSSO
ZDUHJXODWHG E\ WKH QHHGOH YDOYH RQ WKH UHWHQWD
7KH PHDVXUHPHQWY RI SHUPHDWH DQG UHWHQWDWH Z
DFFRUGLQJ WR LW WK HKY.R & XVFLHP\X GRNREDEDEHREWAVHEE) Y QZ P HD V X L
DQG GXULQJ WKIHP & H\@ MHRILYZBEEW H UP L ZHAGH

3URFHVVLQJ WKH UHVXOWV RI WKH UHVHDUFK
7KH IHHG VROXWLRQ IORZ UDWH ZDV GHWHUP
LQDWHG INRRZZH®OWHULDO EDOD @FHEDIODXDAML RV V WKIF
IROORZLQJ > @
[, 1!
ZKHUHV IHHG VROXWLRQLND SH WMHDW HP VORY UBWHQWDW H
UDWHN P
7KH PDVV EDODQFHRRORZHIQVRO®WH LV
[s/s [
' [,
ZKHYHY VROXWH FRQFHQWUDWLRQ VW OYRONG IV ERQOWHRQ/
SHUPHDWH[uPV BROXWH FRQFHQWUDWLRQ LQ UHWHQWDW
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

7KH PHDQ YDOXHV RI GHWHUPLQDWHG IURP HTXDWLR
FDOFXODWLRQV ,I| WKH GLIITIHUHQFH EHWZHHQ WKDW YDO
VXFK H[SHULPHQW ZHUH GLVFDUGHG DV PLVWDNHQ
7KH WUDQVPHPEUDQH ®OXYRPWKEHWHOPMIIRONKLS > @
/s
)
ZKHUHY PHPEUDQH VXURNFWIOH REPEUDQH PRGXYOH XQGHU
P GLUHFWO\ PHDVXUHG YDOXH
7TKH YDOXRROGBHWQXPEHU ZDV XVHG IRU DQDO\VLV RI K
PRGXOH > @

5H Z GU
P
6LQFH LQ PHPEUDQH PRGXOH WKH IORZ UDWH FKDQJH 7
RI' D RDUWDWKH IHHG VROXWLRQ WKURXJK WKH PHPEUDQH I
FDOFXODWHG IURP WKH SHUPHDWH DQG UHWHQWDWH IOR
> @

I 1y
% 6
ZKHBHV PHPEUDQH FKDQQHO RIRWVKN HFEMRERWLD QM PRG X
FRQVLGBUDWLRE) GLUHFWO\ PHDVXUHG YDOXH
7KH HTXLYDOHQW GLDPHWHU ZDV XVHG DV GHWHUPLQ!I
PHPEUDQH PRGXO HW H @WAD® LEH U HFSWP > @
G ¢
ZKHUH / LV VSDFHU QHW ZLGWK P

'"HWHUPLQDWLRQ RI FRQFHQWUDWLRQ SRODUL]DWLRQ C
7TKH FDOFXODWLRQV RI UHVLVWDQFH ZHUH FDUULHG RX'
DFFRUGL®J@VRD®Y) EH GHVFULEHBVE\ HTXDWLRQ P
as &
P5P 538 5I

ZKHUML M DSSOLHG SUHVVXUH GULYLQJ IRUFH 3D Q0E LV

LV FRHIILFLHQW RI G\QDPLF YL\BFRW IPMP RU DHHHGUWR/Q X W T
55LV FRQFHQWUDWLRQ SRODUSIMWRRQ L@\ H b VUL ANIVQVDHD F

,Q QHZ PHPEUDQH PRGXOHV IRXOLQJ LV DEVHQ@WORRQVH
EH HTXDO WR JHUR ORUHRYHU ZKHQ GHLRQL]HGHRFWHU |
RU QHJOLJLEOH DPRXQW RILN REQHW N XW KHIERDRXMAR QV R G
FRQFHQWUDWLRQ SRODUL]DWLRQ SKHQRPHQD ZRXOG QRMW
FDQ EH GHILQHG IURP UHODWLRQVKLS > @

'S
5 —

JRWKIL@P FRPSRVLWH PHPEUDQH WKH IOX[ GURS GXH
VWUXFWXUH DFFRUGLQJ WR > @ LV REVHUWBBG POMGKRIX DIS
LQ FXUUHQW VWXG\ LQ SDUWLFXODU FDVHV WKH DSSOLH
XUDWLRQ RI FRQWLQXRXV RSHUDW L R ZDN|RBRHORY PHU I/
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

LPSDFW RI FRPSDFWLRQ WR PHPEUDQH UHVLVWDQFH ZD
FRUUHB®LWRHEH FRQVWDQW XQGHU DQ\ DSSOLHG SUHVVX

JRU WKH FDOW RROXWLRQ VHSDUDWLRQ WKRURXJK QH.
UHVLVWDQFH ZR6QIBQEE DWIOHHV X PKBHLNM DNVQWE® WKH FRQFH
SRODUL]DWLRQ UHVLVWDQFH FRXOG EH REWDLQHG IURP P
IURWKH WUDQVIRUPDWLRQV RI HTXDWLRQV DQG

'S"' S
5 — -

7KXV IRU WKH VROXWLRQ ZLWK NQRZQ YDOXHV RI RVPF
FRQFHQWUDWLRQ SRODRRXD\G LR GHWHHW RIHYDRWW G QB H U L
RI 0E DQG GHSHQGV RQ VRUW RI VXEVWDQFHV FKHPLFC
DUH IXQFWLRQV RI WHPSHUDWXUH DQG SUHVVXUH )RU PF
EH GHWHUPLQDW® BHI DR H@DW XUH >

S

5HVXOWY DQG GLVFXVVLRQ

7TKH WRWDO UHVLVWDQFH WR PDVV WUDQVIHU WKURXJ
UHVXOWY RI WKH FXUUHQW VWXGISLSQ WHRUWGOGRURM@U]BGS SAD

DQG 1D&O VRERWERQWUDWKRQ ) L DXQUEH PIK & PV W
RI DSSOLHG BDUWIHDW XR® ZDWKIBDVWBIRI , QHLRQL]JHG ZDWHU W
WRWDO UHVLVWDQFH YDOXHV ZDV OHVV WKDQ IURP W

PHDVXUHRPRHRQUWOHPLW 7KXV WKH UHVXOW VKRZQ WKDW P
LQGHSHQGHQW IURP DSSOLHG SUHVVX¥XRHIDQBHWK H KSHJ R &
YDOXHpZDV P DQG PMKIQLWXGH ZDV XVHG LQ IXUWKHU F

o

/(

|

as 03D

JLIXUAKH GHSHQGHQFH RI WRWDO UHVLVWDQFH WR PDVV WU
DSSOLHG SUHVVXUH
+*'HLRQL]JHG ADWE W RO XWWUR®P:t1D&O VRO XWIL RQ
¥1D&O0 VROXWUR®PLID&O VRO XWLUR®P
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

'XULQJ 1DE&MARPROXHSDUDWLRQ XVLQJ WKH PHPEUDQH
UHVLVWDQFH LQFUHDVHG ZLWK LQFUHDVLQJ RI IHHG FRQ
QHZ PHPEUDQH PRGXOHV ZHUH XVHG LQ H[SHULPHQWYV DC
VDWXUDWIQRWZRLRUWMEHUYV RI PDJQLWXGH > @ WKH IRXOLC
DV DEVHQW WKHUHIRUH WRWDO UHVLVWDQFH LQFUHD
SRODUL]DWLRQ 7KH FRQFHQWUDWLRQ SRODUL]DWLRQ OTC
WKRZQ RQ )LIXUH

7KXWKH HTXDWLRQ DOORZ WR GHWHUPLQDWH FRQF
RVPRVLV RI VDOW VROXWLRQ ,Q RUGHU WIRWYD\O QGIFW VR G
WR DQDO\]H WXKHHPHR® QWK W\ KLRBEEHBMIIRWH)GS DW LR Q V

7KH LQFUHDVLQJ Rl FRQFHQWUDWLRQ SRODUL]DWLRC
LQFUHDVLQJ LV H[FHSWHG DQG GHWHUPLQDWHG E\ LQFUH
FRQFHQWUDWLRQ LQ ERXQGDU\ OD\HUQPDWVPW B BQD QHU 2%
PHPEUDQH DQG LQFUHDVH GULYLQJ IRU RQ UHYHUVH GLII

7KH LQFUHDVLQJ RQ FRQFHQWUDWLRQ SRODUL]DWLRQ
LQFUHDVLQJ LV LQ DJUHHPHQW ZLWK UHVXOWQJRERMDLQ}
DSSOLHG SUHVVXUH WKLV GHSHQGHQFH FRXOG EH DSSUF
RI VXFK UHVXOWV RQ WKH DJUHHPHQW ZLWK H[LVWLQJ L
LQIOXHQFH RI DSSOLHG SUHVVXUH RQLEDVIDRPH WHKRX OR3
FRQVLGHUHG

o

SFs
b

. 1

| = ]

[\
\

as 03D

JLIXUMHSHQGRBRBFHQ\ERDW URJDWLHRQ VMWRE 5 8B CLHEV V X U H
+1D&OROXWLARPQ GPt1D&OROXWLRQ GP
+1D&OROXWLARPQ GPt1D&OROXWLRQ GP
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

$SFEFRUGLQJ WR ILOP WKHRU\ RI FRQFHQWUDWLRQ SRO
FROFHQWUDWLRQ SRODUL]DWLRQ LQIOXHQFH WKH YDOXH
XVHG
L Bog&
E o ON

ZKHBH. V VRRRQFH Q WERWQ BDUG HPH P E U DRI BAHY RO X W H
FRQFHQWUDWLRQ LQ MD¥DNWRIWHEQWROXRHRIQFLHQW
,Q D RIY R Q L GHHO AT XDLIWWLRIQR XOG EH UHZULWWHQ LQ Wi

H[?@'
©N-1

mrl |'UT|

I H[E
©N>
$ WV KVID RVHH M HFFRVHLI RION/HHOGHVE MM GIWMH UBPL@DWHG DV

Z K HRIHV R OPRNDH H Q MGHDUNPLHREBN ALY VRO XWH FRQFHQWUDWLRC
NP

$V PHQWLRQHG @WXH LQGH[ RI FRQFHQWUDWLRQ SR
FRUUHVS FROEGDWUDWLRQ LQ WKH ERXQGDU\ OD\HU LQ
LQFUHDVLQJ D@MAHPD¥RHWUBLHQW GHFUHDVLQJ ,QFUHC
GHWHUPLQDWH LQFUHDVLQJ RI WUDQYRHRPEWRBH QBEXHDVY!
LQGH[ RI FRQFHQWUDWLRQ SRODUL]DWLRQ WKDW FRUUHC
YLIXUH

|1 PU T~ e
\ b&%

7

as 03D

JLIXUMHSHQGHQFH Rl WUDQVPHPEUDQH IOX[ IURP DSSOL
+'HLRQL]HG ZDWE W RO XVWUR®P:1D&O VRO X WL RQ
+1D &0 VROXWLUR®P1D&O VRO XWLR®P
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

|

- P PV

JLIXUFHHSHQGRBRRFHQVWWRDW U RUME W L RWRIMAMU D QVKRU RXKIHK
PHPEUDWRWUDQVPHPEXDQH
*1D&OCROXWLRPQ GP1ID&OROXWLRQ GP
*1D&OCROXWLRPQ GP1ID&OROXWLRPQ GP

W VKRXOG EH QRWLFHE WKDW. HHESRX¥WPMXQ@NUZBQ DPE
ZKLFK YDULHGWRJRP& fl&LV IDFW GHWHUPLQDWHG REVHUY
Rl WUDQVPHPEUDQH IOX[ ZLWK IHHG FRQFHQWUDWLRQ LQ
YLVFRVLW\ Rl WKH VROYHQW

7KHPDVV WUDQVIHU FRHIILFLHQW YDOXH GHSHQGV RQ
K\GURG\QDPLF FRQGLWLRQV LQ D PHPEUDQH PRGXOH DQC
*HQHUDOO\ WKLV SDUDPHWHU LV FDOFXODWHG XVLQJ GL
LBUHDVLQJ RI OLTXLG IORZ YHORFLW\ LQFUHDVLQJ RI
LQFUHDVLQJ RI PDVV WUDQVIHU FRHIILFLHQW > @ 7K
DSSOLHG SUHVVXUH LV VKRZQ RQ )LJXUH

,Q H[SHULPHQWDO UH YV HDOLHG SSURHAHWLID Z BWK i HDISX O D W
K\GURG\QDPLF UHVLVWDQFH Rl UHWHQWDWH IORZ DQG
DSSOLHG SUHVVXUH FRUUHVSRQG WR KLJKHU 5H\QROGYV
SRODUL]DWLRQ UHVLWXDGHNQ BHEVYHRXREHUEL LQFUHDVL
&RUUHVSRQGUBDW\LQJ RI DSSOLHG SUHVVXUH LQ WKH LQY
PDVV WUDQVIHU FRHIILFLHQW GHFUHDVLQJ ZKLFK GHW
FRQFHQWUDWLRQ SR ®VWLFRWYERQ \WQBWLR @/ ISIROBUL]DWLF
LQFUHDVH 7KHUHIRUH WKH REWDLQHG H[SHULPHQWDO
DJUHHPHQW ZLWK ILOP WKHRU\ RI FRQFHQWUDWLRQ SROTL
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JLIXUFHSHQGDQFH RI 5H\QROGVHGXSEHVVIXURHP DSSOL
+1D&OROXWLARPQ GPt1D&OROXWLRQ GP

*1D&OCROXWLRPQ GP1ID&OROXWLRQ GP
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5H
J)LIXUH '"HSHQGHQFH RI FRQFHQWUDWLRQ SRODUL]DWLRQ OD\}F
PHPEUDQH NQR®O GM QXPEHU
+1D&0O VROXWLRQ=*1D&QJ GROXWLRQ PJ GP
+1D&0O VROXWLRQ=*1D&QJ GROXWLRQ PJ GP
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

W VKRXOG EH QRWLFHG WKDW WKH GHSHQGHQFH RI F
IURP 5H\QROGV EXPESSURRKPIBWHG E\ D OLQHDU HTXDWLF
5H\QROGV QXPEHU XQGHU WKH VDPH YDOXHV RI DSSOLHG
RI WUDQVPHPEUDQH I0X[ IRU GLIIHUHQW IHHG VROXWL
GLIIHUHQREGWDQYH HOWX[ DQG FRUUHVSRQGLQJO\ FKDQJHV L
IURP HTXDWLRQ

,ORUGHU WR PRUH UHOLDEOH YDOLGDWLRQ RI GHILQHC
VKRXOG PRI IYDWLDWLRQV RI FRQFHQWUDMWLR @/ ISR @ DGIH|
FRQFHQWUDWLRQ SRODUL]DWLRQ YDOXH $W WKDW VLQF
5H\QROGV QXPEHU > @ ZKLFK FRUUHVSRQGV WR Wk
WUDQVIHU FRHIILHVAMQ\W DWDHX HINQ QIR GUKHHIY & LPTXDWLRQ IR
LQ FKDQQHO > @

ek N8 3 5
1 © / 51
ZKHUHWLIIXVPYV®R ' LBWFKPIQGWEHUV FKDQQHO QWQJIJWK
FRHIILFLHQW RI NLQHWDWLF YLVFRVLW\ P
7KH OHQJWK RI FRQVLGHUHG GKDREMAO\ 22DV XUHG YDO.
FRHIILFLHQW RI NLQHPDWLF YLVFRVLW\ ZDV &6HAVBQBLQD
GLIIXVLYLW\ YDOXH ZHUH FB&BROCHVH O WIVRQ@ > W&H :LONH

IA

Vv
P9 .

ZKHBQMHY VROYHQW DEVROXMWHVWBFSOW WRRKHIHLFLHQW RI G
P3D %LV VROXWH PROPROHMROXPH FP

7KH YDOXHV RI WKH LQGH[ RI FRQFHQWUDWLRQ SR
HTXDWLR@®OO SDUDPHWHUV RHAUWKGGHWHNMXRQ\G D WRH GP HUD V X |
GHSHQGHQFH Rl FRQFHQWUDWLRQ SRODUL]DWLRQ LQGH]

7KH YDOXHV RI WKH LQGH[ Rl FRQFHQWUDWLRQ SRODUL
H[SRQHQWLDOO\ EXWILDSSBIBGGEQH WXQH FRKDQJH WKLV
DSSUR[LPDWHG E\ D OV®H DHLFHMDMWLRR W HQKLQHHULQJ F
SDUWLFXODU IRU 1D&O FRQ WHKGWULIPVSIORQFRIUUHPD WRRQ |
7KHUHIRUH SMKHR @ \WDERXW OLQHDU GHSHQGDQFH RI FRC
UHVLVWDQFH IURP DESAGUBG SDIP\V WX SR HADK QW $ITSUIDP = W B N
UHDVRQDEOH DQG FRXOG RH XO\WGDJ ROMRPWLRQ BDFD DOV

W VKRXOG EH QRWLFHG WKDW FRQFHQWUDWLRQ SROD
WLPHV ZKHQ DSSOLHG SUHVVXUH LQFUHDVH IURP W F
FRQFHQWUDWLRQ SRODUL]D W4 RQW.IGP MAK L . JADR/AHY HQE RIWHKDH
UHODWLRQVKLS EHWZHHQ FRQFHQWUDWLRQ SRODUL]DWL
SRODUL]DWLRQ FRXOG EH DSSUR[LPDWHG E\ D OLQHDU H
WKDQ YLIXUH
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JLIXUH 'HSHQGHQFRQFIHOWGHIWIRQ SRODUL]DWLRQ IURP L
+1D&0O VROXWLRQ+*1D&Q GROXWLRQ PJ GP
+1D&0O VROXWLRQ+*1D&Q GROXWLRQ PJ GP
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'"HSHQGHQFH RI FRQFHQWUDWLRQ SURIDPDW H]D WIKRRQ RXAK
PHPEUDQH

+1D&0 VROXWLRQ +1D&Q BROXWLRQ PJ GP

+1D&0 VROXWLRQ +1D&Q BROXWLRQ PJ GP
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

&RQVHTXHQWO\ VXFK JRRG TXDOLWDWLYH DJUHHPHQ
UHVLVWD QG FIDGRPX B DX DW LNRMR Z Q 2 WHKRIHHOMAL. FDO IXQGDP
WKH SRVVLELOLW\ RHEWILGRD WE MW BRKRULHXH LQ VHULDO F
REWDLQHG IURP SLORW H[SHULPHQWYV DUH QRW HQRXJI
UHODWILLRY DPRQJ FRQFHQWUDWLRQ SRODUL]DWLRQ OD\H
LQFOXGLQJ DSSOLHG SUHVVXUH $OVR WKLV GDWD DU
SURSRUWLRQDO FRHIILFLHQW ZKLFK XVHG LQ ZRDN\> @
ZKLFK ZRXOG DOORZ REWDLQLQJ WKH UHOLDEOH FDOFXO
RSHUDWLQJ SDUDPHWHUV RI SUHVVXUH GULYHQ PHPEUDC
IHHG VROXWLRQ SURSHUWLHV K\GURG\QDPLF FRQGLWLRC

&RQXWLRQ

7TKH K\SRWKHVLVY DERXW OLQHDU GHSHQGHQFH RI FRQF
IURP DSSOLHG SUHVVXUH ZKLFK XVHG IRU DQDO\VLV R
FRQILUPHG IRU WKH FDVH RI VDOW VROXWLRQVSUHVMXA\
* 03D
,Q WKH FRQVLGHUHG UDQJH RI DSSOLHG SUHVVXUH Wi
QHJOLJLEOH DQG LW FRXOG EH FRQVLGHUHG WKDW DSS
UHVLVWDQFH YDOXH IRU WKH FRQVLGHUHG W\SH RI PHP
7TKH REWDXDOH®/DWLYH GHSHQGHQFHV RI FRQFHQWUDWI
IURP DSSOLHG SUHVVXUH WUDQVPHPEUDQH IOX[ DQG 5
ILOP WKHRU\ ORUHRYHU WKH FRUUHODWLRQ ERWHHHQ
DQG LQGH[ RI FRQFHQWUDWLRQ SRODUL]DWLRQ ZKLFK
REWDLQ RI UHOLDEOH FDOFXODWLRQ GHSHQGHQFH RI |
IURP RSHUDWLQJ SDUDPHWHUV RI SUHVVXUH GULYHQ P

5HIHUHQFHYV

&KDRJLDR@JIAX) /LR <X+ 'X; /L* 6Q\GHU +\GUDKDERZDVKLQJ
IRORFUHVVXUH PHPEUDQHV LQ GULQNLEQRXEIRWEURW UH B ERWPH

6FLHQFH SS =+
"X -  3HOGV]XV 6 QUXEN 3 )HRDWLRQ RI PHPEUDQH VXU
PLFURVZHOOLQJ IRU IRXOLQJ FROVRXRQDLQ RIUQLIDMNE QD ZH WHLLH
SS

BWRTXDUW & G6HUYDLV 3 %pUXEp 3 %DUEHDX % +
DFWGYPMWME RQ WUHDWPHQW |RURXWIQDNL ®J @ 1HMEHIE GHUGHLLHHYF
SS+

2QVHNL]RJOX 3 3URGXFW4IR® RR PHLIKD QOMH. WX E BHD FIR
PHPEUDQH SBRREHHMVHRI OHPEUDQSIS&FLHQFH

5XE\LJXHURD 5 6DDYHGUD - %DKDPRQGH 1 &DVVDQR $
WKH XOWUDILOWUDWLRQ RI FBXUW IMX RF W EE ($B D8S&RIGHIAH
AUVFKXN , O\WRQFKXN 9 =PLLHYVNLAR¥WDHRIOZRRAK XN BDW P+
QDQRILOWUDWLRQ BRGDULRYBQVIRRERRXEQD O
&KDPEHUOBEOBEZDUHERQQHDX #HVDBUGHO6 %D]JLQHW / 'R\HQ
< (IIHFW Rl PHPEUDQH P DVWSHIWIDICH ¥ KRIP LBLVR UR XODQ.® JS V
GXULQJ PLON DQG FKHHVRXZIKIDOX@WUHREOWQHESHERBQ F H
-LPHQRI$SH] $ - ( /HFRQWHWPEURXUQLHU %RXFKRX[ $ B5RXVVH
*XL]JLRX * ,RQ L F GH\UFHIQR MAKNG A B HWPUL DWW LAIRGF URH O D W L R (
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

OHWKRG RI WKHUPRPHWULF GHWHUPLQDWLRQ
WKHUPRSK\VLFDO FKDUDFWHULVWLFV RI WKH

20.0D]XUH' /LO .KDUFKF
'P\WURRORPLRWWNVDID3KUHQNR

IDWLRQDO 8QLYHUVLWI RI IRRG

$EVWI

.H\ZRUGV

L, QWURGXKWLRQDO\WLFDO UHVHDUFKH
7TKHUPRPHWULF DQG GHYLFHV RI IGWWHUPRPOWLRRORSUR
+HDW WUDQVIHLRI FRPSOLFDWHG VWUXFWXUH DQG FKF

OHWURORJ\ SURGXFWYV RI SURFHVVLQJ LQGXVWU\ DI
'"HWHUPLQDWLR(LQFUHDVH WKH DFFXUDF\ RI PHDVXUHPH
7TKHUPRODEYV ODWHULQOGNWKREBW EDVLV RI WKH VW

GHYLFHV LV WKHUPRHOMEW WRUIFWHP SHUL
KHDW IORZ LQ WKH IRUP RI DX[LOLDU\ Z

DFFXUDF\ RI WKH PHDVXUHPHQWV RI \
FKDUDFWHULVWLFV RD@DAWUEDO VP HWKKF
$UWLFOH KLVWRUEFDOLEUDWLRQ RI WKH GHYLFHV ZDV XVH
B T AR AL
SHFEHLYHG LQ UH@\KH%%ERUPF!;WULF PHDQV RI WKHLU FRPS!
SFFHSWHG DOORZ WR FRQGXFW UHVHDUFK LQ WKH
PDWHULDO SKDVH WUDQVIRUFKWLRQV F
FDORULPHWULF PHDVXULQJ LQVWUXPHC

PHDVXUHPHQW RI WKH WHPSHUDWXUH F

WUDWH WKH VDPSOH XQGHU GLIIHU
&RUUHVSRQGLQJ [§>H’$ MUPDO HOHFWULF DQG RWKHU WUE
'"P\WUR RORPLHWWKHUPRPHWULF P BWWHHD DYV &D\E HOPW Q
(PDLO WUDQVIRUPDWLRQ IXQFWLRQ DQG IRUP [
NGS  #L XD WKH EDVLV RI WKH FDOFXODWLRQ DQG
WKHUPDO DQG FDSDFLWLYH DMYQMWDQF
VIVWHP D IXQGDPHQWDOO\ QHZ PHWKRG
DFRUGLQJ WR ZKLFK WKH WKHUPRSK\VL

WKH PDWHULDO DQG WKH PHWURORJLF
GHYLFH DUH GHWHUPLQHG LQ D FRPSO!
EDVHG RQ WKH UHVXOWYV RI WKH H[SHUL
WKH WHVW PDWHULDO
&RQFOXBMULAROWDQHRXV REWDLQLQJ L
WKH YBRDXHWH WKHUPRSK\VLFDO FKDUDI
PDWHULDO DQG WKH PHWURORJLFDO FK!
FDQ LPSURYH WKH DFFXUDF\ RI WKH G
WKHUPRSK\VLFDO FKDUDFWHULVWLFV RI
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JJJ3URFHVVHV DQGIJIXLSPHQW
,QWURGXFWLRQ

7KH LQWHQVLW\ RI KNDWVHRFEXQUH QIURGHVXEVWDQF
TXDQWLILHG E\ FKDQJLQJ WKHLU WKHUPRSK\VLFDO FKDU|
WKH WKHUPDO oF PQXBFR/E YY RO XPHKHDOW FDSDFLW\ WHP.

GLIIXVEYIOW\FYy DQG WKHUPBO,/DFW LY L/WHVH 73& UHIHU WR

WKH GHILQLQJ SDUDPHWHUYV RI PDWHULDOV L@QWBGKHLU
RSHUDWLRQ LQ YDULRXV LQGXVWULHV 7KHUHIRUH ZKHQ
DQG SURFHVVHV RI KHDW WUHDWPHQW RI PDWHULDOV >
73& RI WKRVH PDWHULDOV XVLQJ WKHOUWRRZI®Y XD XRY
>+ @

7KH DFFXUDF\ RI GHWHUPLQDWLRQ RI 73& RI PDWHULD
IURP WKH SHUIHFWLRQ RI PHWKRGY DQG GHYLFHV IRU Gl
PHDQV RI PHDVXUHPHQW DQG HQGBRYUGHMNV MK KHT XLLBHPIHW
PDLQWHQDQFH RI WKH GHVLUHG WKHUPDO PRGH LQ WKH \
FDVHV VSHFLDO PHWKROWBHQG/ B YWLRHOMHWHUPLQH WKH 7
FDQ EH GLYLGHG LQWR W KRJIHWMKIHIRXBY FERW KPW LY DW\L RRE
KHDW FDSDFLW\ DQG FRPSOH[ GHWWWEVQDMWIRIKQR| 73& R
DV ZHGD® ®FRI WKH PDWHULDO VDPSOH DQG LI QHFHVVI
FKDUDFWHULVWLFV RQ WHPSHUDWXUH DUH GHWHUPLQHG

‘H VKRXOG QRWH WKDW UHJDUGOHVV BHYKWRK RHWHKIF
PHWKRG DQG GHYLFH IRU PHDVXULQJ WKH 73& RI PDWH!
QHFHVVDU\ WR WDNH PHDVXUHV WR GHWHUPLQ® WRHH PHW
WKH GHYLFH LQ SDUWLFXODU WKHWHQV LW KWL WH \RU VWK
WUDQVIHU GHYLFH WR WKH VDPSOH RI WKH UHVHDUFK PD
WR FKDQJH WKH WHPSHUDWXUH RI WKH GHYLFH DQG RWHK

$W WKH VDPH WLPH RQH RI WKH PDLQ OK RI WKH GHYL
H[SHULPHQWDO GHWHUPLQDWLRQ RI %3&DRIGPEMGDUFLINA VY |
UHVLVWDQFHV 7KHLU YDOXH GHSHQGY RQ WRH @GRXOBWIH
RI WKH WHPSHUDWXUH FRQYHUWHUY KHUHLQDIWHU 7& D!
RI WKH 73& RI GHYLFH WKH UHVLVWDQFH RI WKH FRQWD
GHYLFH WKH GHJUHH RI XQLIRURPXWLRQ W&E WHKRSHLIDW KC
WKH ZRUNLQJ VXUIDFHV Rl WKH GHYLFH DQ® WHKHH U BIRFHQH
FDVH WR GHWHUPLQH WKHVH EDOODVW UHVLVWDQFHV L
RI WKH GHYLFH LV FDUULHG RXW

7R GHWHUPLQH WKH WKHUPRODELOH PDWHULDOV 73Kk
WHPSHUDWXUH UDQJH ZKHUH SKDVH WUDQVIRUPDWLRQV
LW LV DGYLVDEOH WR XVH GHYLFHV IRU FRPEPKI[DGBOWRHAU
LPSOHPHQWLQJ D FRPELQDWLRQ RI VWDWLRQDU\ DQG WU
ZKLFK SKDVH WUDQVIRUPDWLRQV GR QRW RFFXU LQ WKH
WR FDUU\ RXW WKH GHWHUPLQDWLRQDRI FR&HR RWWHK HP W
TXDMLDWLRQDU\ WKHUPDO PRGH > @

*LYHQ WKDW WKH HUURUV LQ GHWHUPLQLQJ OK RI GHYI
WKH UHOLDELOLW\ RI WKH PHDVXUHPHQW UHVXOWYV RI WI
GHYHORS D PHWKRG IRU WKH LQWHJUDWHG T&EBRWRIUPLQL
WKHUPRODELSOWUDEZDRMDHWHDIOD/OV LQWHUPHGLDWH DQG ILG
SDUWLFXODU LQ WKH SURFHVVLQJ LQGXVWU\
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JJIJ3URFHVVHYV DQGQJIXLSPHQW
ODWHULDOV DQG PHWKRGYV

2QH RI WKH PRVW FRPPRQ GHYLFHV IRU GHWHUPLQLC
VDPSOHWHRBLPFPOWLQ 8NUDLQH > @ FRQOORZWARQGHAQMHU
DQG DQ HOHRMUWKKHRWNUQJ VXUIDFHV RI ZKLFK IODW S|
DQG WHPSHUDWRUH PREG Y M\HBEHNYG EHWZHHQ ZKWHK IDD®D P
LV SODFHG

7TKH WKHUPDO FRQGXFWLYLW\ |
WKH UHVHDUFK PDWHULDO LV FI
PHDVXUHPHQW UHVXOWYV LQ WKH
PRGH RI WKH WHRBHYRBY BWKHG LI
VXUIDFHV RI D IODW VHKDREBE® MW EHW K
KHDW IORZI &ZKQ¥KWSDVVHV WKUR.

VDPSOH E\ WKH IRUPXOD

K
? "W T:5
E
ZKHWBHLY DQ DGGLWLRQDO EDOC(

JLIXUH  'HYLFH IRU GHWHYRNMNQ Q B HRVKZK LYAKO LV GHWH!
WKHUPDO FRQGXFWLYLVGXRILRQDWNKHDPPOLEUDWLRQ RI WK

6LPLODU LQ VWUXFWXUH GHYLFHV IRU GHWHUPLQLQJ
ZLGHO\ XVHG LQ *HUPDQ\ > @ WKH 8QLWHG 6WDWHV > @

KHQ GHWHUPLQLQJ AUKMHN RHDMDWHDBIDGE KRQGXF\
PLFURFDORULPHWHUY DUH RIWHQ XVHG > @ ,Q4WKHVH C
VXSSOLHG RU ZLWKGUDZQ IURP WKH GHYLFH DQA WKH VD
YRORXRPHZKLFK FDXVHV D FKDQJH LQ WKH DYHUDJH WHPSHI

6 WKH EDWWHULHV RI WKHLU WKHUPRFRXSOH HOHPHQ)
GHYLFHV ZKHUH WKH VDPSOHRRDWHK&8 WDWHD WKKI R RWMH RL
WKHUPRPHWULF VKHOO RU D IODW WKHUPRHOHFWULF +)&
PDWWDQG YROXPRHKWODOW FDSDFLW\ RI WKH PDWHULDO DUH
IRUPXODYV

" 9,"Gw
ZKHUHWKH DPRXQW RI KHDW FRQVXPHG WR FKDWJWWKH
YDOXH LV GHWWKUHPEQBAGEUDWLRQ RI WKH 73& GHYLFH

7R GDWH WR GHWHUPLQH WKH KHDW FDSDFLW\ WKH P
VWENYWHS VFDQQLQJ RI WKH KHDW FDSDFLW\ E\ WKH WHF
EHFRPH ZLGHN¥ S HDG >

OHWKRGWWRUPGQLQJ WKH 73& RI PDWHULDOV DUH UHIO
WKDW DUH IXOO\ FRQVLVWHQW ZLWK WKH VAWDQGDUGV RI

7KH GHYLFHV IRU FRPSOH[ GHWHUPLQDWLRQ RI 73& E\
GLIIHU IGRPY MFKIHVKRZQ LQ )LIJXUH $W WKH VDPH WLPH
EORFN Rl WKHVH GHYLFHV FDQ IRUP YDULRXV KHDW H[FKD
DQG WKH IORZ KHDW H[FKDQJHU VKRZQ LQ )LDRUGLTXVLIGH |
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IORZ KHDW H[FKDQJHUV D FRPELQDWLRQ RI IORZ KHDW H
HI[FKDQJHU RU DQ HOHFWULF KHDWHU DQG D GHYLFH WKI
KHDW ZLWKGUDZDO IURP WKH VDPSUOKHH ROSW K HFDMALHRDU RK
DORWKHU SDLU RI KHDW H[FKDQJHUV LQ D 73& GHYLFH IR
GHWHUPLQHG E\ WKH W\SH RI WKHUPDO PRGHV DQG WKH
PDWHULDOV > @

8QGHU VXFK FRQGLWLRQV
FRPSOH[ GHWHUPLQDWLRQ RI 7:
IRRG SURGXFWV LW LV DGYLVD

ZLWK D FRPELQHG KHDW EORFN
D XQLW FRQVLVWV Rl MR IORZ
DQG WZR WKLQ HOQWRKWHNHQIOH I
GLVWULEXWHG GHQVLW\ Rl WK
WKH VXUIDFH ZKLFK DUH ORFD

KHDW H[FKDQJHUV DQG WKH
PHDVXULQJ FHOO RI WKH GHYLF
DQG 7RRXQWHG WKHUKHQW%RW
H[FKDQJHUV DUH VXW80QNGHZL
PDWHULDO RI WKH VDPH WHPSH
JLIXUH 'HYLFH IRR@GRWRAVOREOMDUO\ RYHU WLPH ,Q WKI
PDWHULDOV ZLWK FRPEL QKIGDHWMIBWVE ®RFM XVHGVWREGHHD
GLIIHUHQFH LQ WKH GHQVLW\ R
WKH VXUIDFHV FEMWKH WHVW SL
7KH WKHUPDO FRQG X\FRAH Y R\U X P H WKUIRA  WYHKIHIWWAHD/SAD I/ IDVR X
WKH SURGXFW DUH FDOFXODWHG IURP WKH HTXDWLRQV
XQVWHDG\ WKHUPDO FRQGXFWLYLW)\ KHVKHEXOQDW HURDEH KR
VHFRQG NLQG > @ +HUH LQ FRQWUDVW WR WKH VWDWLR
WKH VDPSOH RI WKH UHVHDUFK PDWHULDO GRHV ®RW FKL
VWDWLRQDU\ WKHUPDO PRHGH HRMHDKH K CPIDW N D P3O HWRK HWK |
WKH ZRUNLQJ VXUIDFHV RI WKH VDPSOH TDD WRRVMW G ¥
T2 FRQWMW 2 0T FRQVEXW GLIIHU LTQ-T DI MV KD KD W KLW/ WH P |
RQ WKH ZRUNLQJ VXUIDFHV RI WRKW2VIDWP S@BVWDQJHV OL
7DNLQJ LQWR DFFRXQWDWIGHFDB®R O DWW KM UPIDAB & GHY
WKH 73& RI UHVHDUFK PDWHULDO LV FDOFXODWHG E\ WKF
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

ZKHYHGW W ~ > W, W W @W *+WKH UDWH RI FKDQJH RI

WHP SHGBRVWKKUH VDPSOH RI UHVHDUFK PRWHEKBEQ K® DVKLHY W
FRROLQJ RI WKH VDWEBDW LIFQ WKKIKM PIX®D WIRGH IURP WKH

W w ,W DW WKH PRPH@R RVIKW LIPYAH U D) H WHPVBHUDW XU F

5HVXOWY DQG GLVFXVVLRQ

JURP WKH UHVXOWYV RI WKtH DLQ\D (R¥ D\R RY MRKPWOIDFK R
PHWKRGV RI H[SHULPHQWDO GHWHUPLQDWLRQ RI WKHUP
FDSDFLW\ DV ZHOO HWWYWPWKMHWHRRS BH[f &&H Wl PDWHULDOV
REWDLQLQJ DQ HTXDWLRQ RU D VA\VWHP RI HTXDWLRQV RI

% 3 5

3 3 3

ZKHBHK ([ DQBK FI{ tUHVSHFWLYHO\ WKH WKHUPDO DQG YR
VDPSOH RI WKH UHKYBQ®REK HFPVBMEWLY® O\ WKH EDOODVW
FDSDFLWLYH UHVLV\&ODQRH ¥ URIV S/HFHWE M M DR H W K A HWKUH. P D
UHVLVWDQFHVVDIPSRH SHWMLAA PHDVXUHG GXULQJ WKH F
WKH 73& Rl WKH PDWHULDO

7KH YDOXH Rl WKHUPDO DQG YROXPHWULFESGHSLVWDQF
LV FDOFXODWHG E\ PHDV XIUQ QWKW KFHR X DD lRY WEW CH[SHG L |
RI WKH 73& Rl WKH PDWHULDO

7KH DFFXUDF\ Rl WKH F3 O RZ0IHSHQWE VW HRVQX @\ M BHUIHF
VI\VWHP Rl PDLQWDLQLQJ WKH GHVLUHG WKHUPDO PRGH L
LWIVHWKH SULPDU\ DQG VHFRQGDU\ PHDVXULQJ HTXLSPI
GHWHUPLQLQJ WKH R SHQIRWIQIH BRI NLHFQ M QWIVY LW\ RI WK
+)& RI WKH GHYLFH 7KHUHIRUH LW LV QDW XO BXOW KD\R QA
Rl WK®MXNDRI WKHVH UHVLVWDQFHV GLUHFWO\ GHWHUPL
GHWHUPLQLQJ WKH 7)K RI WKH PDWHULDO

$V LW IROORZV IURP WKH UHVXOWYV RI WKH DQDO\VLV
HTXDWEHRQWRU FDOFXODWLRQ RWRB& RD ® DY BULROXPHW UL
WKH GHXYRSEBH V\WVWHP DUH FDOFXODWHG EDVHBGWRQ WKH
DQG KHDW IORZ GRI®@WRKH ZRUNLQJ VXUIDFHV RI D IODW
PDWHULDO %XW LQRBHRRKWWFELMHULNVWQMW VLQFH WKH WH
GHQVLW\ RQ WKH VXUIDFHV Rl WKH PDWHULDO VDPSOH
WKHUPRHOHFWULF 7& DQG +)& DUH XVHG WR GHWHUPLQF
IORZ LQ WKH 7REFGHIYLGEHU ZWH (0 HJIHQHS HF WUIKYHH BD O F X O D V
HTXDWDREGZKHQ KHDWLQJ FRROLQJ WWKHWALREDWH WE FKPH
KDYH WKH IROORZLQJ IRUP

"W W W . JH, H,

5 =
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JJIJ3URFHVVHYV DQGQJIXLSPHQW

7KH RSHUDWL Q3OFRG | LLFLSQMWLYHO\ 7& DQG 73& RU W
+VHQVLWLYLW\ ZKLFK DUH XVH QR W R B AXHDDNRIGD RIZ K FQH
VXUIDFHV RI WHKH WHFV/SIOW R WD W HWEYOT TG | | D QIEQ WHW 0
DYHUDJH RI WKHWYDW&HVT T T 6 T DOVR UHIHU WR W
RI WKH GHYLFH

7KH DFFXUDF\ Rl WKHLU GHWHUPLQDWLRQ LBUDWHRQH
RI WKH GHYLFH DV ZHOO DV EDOODVW UHVLVWDQFHV VL
RI WKH H[SHULPHQWDO GHWHUPLQDWLRQ RI 73& RI PDWH!

&XUUHQWO\ DPRQJ WKH H[LVWLQJ PHWKRGV IRU GHWF
WKH FRPWRQ WHFKQLTXHV RI ZKLFK LV DVVRFLDWHG ZL\
VWDQGD@GV >

,Q RXU RSLQLRQ WKLV LV GXH WR WKH IDFW WKDW WK
XVLQJ ZRUNLQJ FDOLEUDWLRQ VWD Q G DAHIWHERHQ LIORVWVE B
RI PDWHULDOV )RU H[DPSOH DFFRUGLQJ WR WKH UHVXO
UHVSHFWLYHO\ DQG  ZLWRKDWDHPSIDHY RK VRKD IQE\D WK H U |
vDQG YROXPHWULR K DDWDEBER FRIWKBK SOKPW LV ZLWK VI
WKDW GLIIHU5/® NG UPDMIRBWUHVFLVWDQFHY ZH REWD

FRPSRVHG RI HTXDWLRQV RI WKH IRUP DQG UHVSHF
g8 W - -
Z&H_QTK T % r®y - 1D
5w
o= N —QTNK + 3 .:5y 5
§H - FU. 3 3 3
°©XN ! T T T
®
TH. R 33
©X 1 T T T

$V D UHVXOW RI VROXWLRQ RI HDFK RI W BH{HZHHK\D\YMW HP V
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H: @l M1
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,Q WKLV FDVH WKH IRUPXODV IRU FDOFXODWLQJ RI EL
RI WKH 73& GHYLFH KDYH WKH IROORZLQJ IRUP
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JURP WKH UHVXOWYVY RI WKH DQDO\VLV RI WKH VI\VWHPV
LQ WKH FDVH RI H[SHULPHQWYVY ZLWK VDPSOHV RI WKH UH
KeK WKDW LV WSH DQGHYRDGPH WHIVEVWDQFHY WKHUH L
GHWHUPLQH WKH EDOODVW UHVLVWDQFHV RI WKH GHYLF|
RI D WEZBO 73& GHYLFH )LJXUH L QD RIGRABDOWUIZ R BUDH &V R
PRXQWHG UHVSHFWLYHO\ WR PHDVXUH WKH WHPSHUDW?)
RI VDPSORHWKH UHVHDUFK PDWHKOKDO ZLWK D WKLFENQHV\

JLIXUH FHAORO GHYLFH IRU FRPSOH[ GHWHUPLQDWLRQ RI

6LQFH WKH IORZ KBEDW WHXBKDQ WRURZQWKHKHIDWHULDO ZL
WHPSHWDAXXBK LV ORZHU WKIRQ WKH MMHPEWMOOLRNMKKBIQ/ HQ \

VWDWLRQDU\ WKHUPDO PRGH ERWK VDPSWHWRKDIYH WKH

ZKLFK LQFOXGHV WKH UHVXOWY RI WKH FDOFXODWLRQ ¥
DFFRUGLQJ WR WKH IRUPXOD

T"T~ K K
? W w T
ZKHOHDQ® UHVSHFWLYHO\ DUH WKH GHQVLW\ RI WKH Kt

VDPSOH ZLWK DML FNQHVYV

7R GHWHUPLQH WKH YROXPHWULF KHDW FD3DIFQ&\ RI V
4 DUH PHDVXUHGFXRXPIWDWHIKE DILYHQ E\ WKH VDPSOHV LQ
RQH VWDWLRQDU\ PRGH WR DQRWKHU GXH WR DQ LQFUHD

WKH Y@D®B8 DUH FDOFXODWHG E\ WKH IRUPXOD
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FU, 4 4
K K°G
,Q WKLV FDVH WKH RSHUDWLQJ F R Byl DIQERRI QMARERO \E U L F
GHYLFH DV ZHOO DV 73& GHYLFHV Rl DOO RWKHU PRGLIL
FDOLEUDWLW® HWWHD DY 8BU WHVUKRXOG QRWH WKDW LQ WK
VSHFLDO FDOLEUDWLRQ VWDQGY WKH GHWHUPLQDWLRQ
FRQYHUWHUV RI WKH 73& GHYLFH RFFXU LQ FRQGLWLRQV
IQ ZKLFK WKHVH FRQYHUWHUV RSHUDWH GXULQJ GHWHUP
LQ VRPH FDVHV WKH XVH RI ZRUNLQJ FDOLEUDWLRQ VYV
DSSURSULDWH WKDQ WKH XVH Rl FDOLEUDWLRQ VWDQGV
$W WKH VDPH WLAKH HH DWMH WKBAWRGY IRU GHWHUPL
GHYLFH LQ SDUWLFXODU XVLQJ ZRUNLQJ FDOLEUDWLRQ
LQFOXGH WKH IROORZLQJ
JLUVW DQG IRUHPRVW LW LV QHFHVVDU\ WR WDNH LQW
LBOXGLQJ WKRVH WKDW DUH XVHG DV ZRUNLQJ FDOLEUL
HUURUV WKDW DIIHFW WKH DFFXUDF\ RI WKH GHWHUPLQ
&RQWDFW WKHUPDO DQG YROXPHWULF UHVLVWIEQFHV R
DQG SURWRW\SHV Rl PDWHULDOV ZLWK WKH ZRUNLQJ V
YDOXH 7KLV LV HVSHFLDOO\ WUXH RQ WKH RQH KDQG
FDOLEUDWLRQ VWDQGDUGYV DV IRU H[DIRIS GRW KU FKDQ G
SURWRW\SHV RI EXON PDWHULDOV 6LQFH WKHVH FRQ\
EDOODVW UHVLVWDQFHV RI WKH GHYLFH GHSHQGLQJ
UHVHDUFK PDWHULDO LW LV OLNHGDDWR REWMWDIPD G LD QH
YROXPHWULF UHVLVWDQFHV RI WKH GHYLFH DQG XOWL
PDWHULDO
YJURP WKH UHVXOWV RI WKH DQDO\VLV RI NQRZQ PHWKF
DQG LQ SDUWLFXODU ®HYQMHVLRRYU RAIRP3ROR[ BBIW/HU L D (
UHVXOWYV RI WKHLU LPSOHPHQWDWLRQ LQ SUDFWLFH L
DUH UHODWHG WR HDFK RWKHU DQG LQ WKH FDVH RI Gt
WKH DFFXUDF\ RRI GRMAKHHWPERDQDFWHULVWLFV FDQ EH H
WKLV ZH DGG WKDW WKH FKDQJH LQ WKH YDOXH RI RQH
SURFHVV Rl VWXG\LQJ WKH 73& Rl PDWHULDO FDQ FDXV
RI GHYLIFFK XOWLPDWHO\ OHDGV WR WKH UHFHLSW RI L
WKH 73& RI UHVHDUFK PDWHULDO $W WKH VDPH WLPH
PHWKRG RI GHWHUPLQLQJ WKH 0& RI GHYLFHV IRU FRPS
ZLWKKH WVH Rl ZRUNLQJ FDOLEUDWLRQ VWDQGDUGV LQ S
2Q WKH EDVLV RI WKH DERYH LW IROORZV WKDW LQ RU«
GHWHUPLQDWLRQ RI 73& Rl PDWHULDOV WKH 0& RI WKH G
RI BHULPHQWYV ZLWK WKH UHVHDUFK PDWHULDO DQG QR
WLPH ZH QRWH WKDW LQ WKH FDVH RI XVLQJ WKH UHVHDL
WKH GDWD RQ WKH YDOXHV RI WKH 0& RI ¥DUGHYLFH PD\
*UDSKLFDOO\ WKH UHVXOWV RI WKH GHWHUPLQDWLF
GHWHUPLQDWLRQ RI 73& RI PDWHULDOV IRU WHVWYV LQ W
WKHUPDO FROGGFWKWLYWRO X P HWKU\L FZ K IHEKW G BISHLIK L NG K V V
KeK WKHUHIR Wb+ 5VDIQHU PROX PR WHYEVWDQFHY VRRZQ LQ )L
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BWUDLJIJKW SGLUQR®DQGW r IURP WKH WKLFNQHVV RI WKF

ZRUNLQJ FDOLEWKIFWRRY WWEHEQRADAL& DWH D[LVDREVDKAHLU J
SRLQW $ DW DQG KDYH DQJOHV RI LQFOLQDWUR®Y WR WK

DQIG DUFWTO, 7KHVH OLQHV FURVV SYKH DEKDBPUWNVD DMW VWK
ZKHUH WKH WKHUPDO UHVLVWDQFH RI WKH VDPSOH RI WK
EDOODVW WKHUPDO UHVLVWDORH _®&1:tWKAKHKE GMYWKHH D
WKLFNQHVYVY RI WKH VDPSOH RI WKH ZRUNLQJ FDOLEUDWL
RI WKH VDPSOH LV HTXDO WR WKH EDOIKQODW WKHUPDO UF

7KH OLRHYIUR®DQGH XIURPFURVV WKH RUGLQDWH DJ[LV
JLIXUGD QK DW SRLOHW %% DW DQG KDYH DQ DQJOH RI LQFC
DEVFLVVD D[LVJUNYBSWMWQYBDOFWT 7KHVH OLQHV FURVYV

RI DEVFLVVDJDMAVSHFWLYHO\ WKDW LV DW WKH SRLQW Z

WKH VDPSOH ZRUNLQJ FDOLEUDWLRQ VWDQGDUG LV HTXI
73& GHYLFH_RQRGIDW ZKHUKJ, LV WKH WKLFNQHVV RI V

ZRUNLQJ FDOLEUDWLRQ VWDQGDUG DW ZKLFK WKH FDSDF
EDOODVW FDSDFLWLYH_WUWVWW\WDQEFHIRI WKH GHYLFH

6XFK JUDSKV FDQ EH EXLOW RQ WKH UHVXOWYV RI H[SH
WLPH VLQFH WKH YDOXH RI WKH RSHUDWLQJ FRHIILFLHQ

RQ WKH 73& Rl WKH UHVHDUFK PDWHULDO WWH H RUGLQDW
DQGH ¥ 0  ZLWK WKH D[HV RI WKH FRUUHVSRQGLQJ JU|

FRRUGLQDWHYV RI WKH LQ\X\O(H—FUVHIF[V\Q.CR;Q Bl WKHALWKQWYH

D[LV RI WKH RAKGILDDDBHKY WIOVR UHPDLQ XQFKDQJHG ZKHQ
YDOXB®®B Rl WKH PDWHULDO $W WKH VDPH WLPH ZKHQ V
GXH WR WKH FKDQJH LQ WKH FRRUGLQDWHV RI WKH FRQF
WKH DQJOHV RI WKH OLQHV WR WKH DEVHLVRAD WKW RILY
GHSHQ@HIQE\ J | FYy

‘H VKRXOG QRWH WKDW VLQFH WKH EDOODVW UHVLVW|
73& Rl WKH RDWBQEB®!;, WKHQ ZLWK WKH FKDIQH HD RV FALK N [
PDWHUKDDQ &, WKH\ FKDQJH VR WKDW WKH QXPHULF

K Q EDQG WKH_SURGMFW:UHPDLQ XQFKDQJHG

,W IROORZV IURP WKH DVKRY BRUKBKH IRORSH RI WKH V\
'WrH |WR WKH D[LV RI WKE D¥\HILVI/D® \B)R UVWWGHRSGII R H
WKH VWUDWIHW QL@BRD[LV )LDXQHVKLV FDVHNV WKHREGLQHYV
KDQGW rt IURRFURVYV WKH DEVFLVVD |DHLVORE WKHLU JUDSK

DQGKe O K O e tHUK LV WKH FRUUHFWHG WKLFENQHWV\
RI WRBO UHVLVWDQFH DW WKH WKHUPDO FRQGXFWLYLW\
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F I

J)LIXUH 5HVXOWYV RI GHWHUPLQDWLRQ RI 0& RI WKH GHYLFH |
PDWHULDOV GXULQJ H[SHULPHQWY ZLWK WZR VDPSOHV
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6LPLODUK ,DW WDNHV SODFH ZLWKH GQHSHQ@HQEFLHV
'H ¥ 0  ZKLFK DUH VKRZHD @® NHHXQU®IQQFOLQDWLRQ RI
'H ¥ | WR WKKZRDP® EH HTXDO WRLWRABLDOWAHRQ RI \
'H ¥ 0 WR WKH ZKLNOH WKHWKHM BEVWRLRWD D[LV RI WK

| K| 3 B3 DQGKy, "kU Ky ™ W @K HU K,
LV WKH FRUUHFWHG WKLFNQHVV RI WKH FDSDFLWLYH ED
FDSDFLW\ RKWKH OD\HU

TKXDW Ko WKH JUDSKRKLY WUDQVIRUPHUWGEWRWKH Yl
5 DQ® ¥RK UHVSHFWLYHOH3 WRUP $WDWKDW WKH VXP RI

RI LQP@®ILRQ RI'WKH OLU@HMGH ¥ | WR WKH DEVFLVVD DJ

FRUUHVSRQGIG:—QJW&DWKNVL\!RW_TEHRWM O DR V¥ I,

6XEVHTXHQW WR WKHJUWNNKCOCM:VRRIGGMWHH BARHE G HS HQ (
DQ¥xLRB FDQ EH EXLOWQIELIODUWVMHHG RQ WKH DQDO\VWLV RI HTX
IROORZV oGVKDDW WWHVH OLQHV LOWHUYHFWQWKWKRUBGEQBLW

D[L5 RI WKHLU JUDSKYV DW SRLQWV ZLWK FRRUGLQDWH)
S I\N_TNHT' TT 2 7 DQ% CHO X & .7

5% _§ 0 K_QO _ DQG
SRV T A % @

$W WKDW WKH DQJOH RB,LQIF®LIDTBVLRQ W R WWKK-H LEQH. \

D[LV RI WKH FRUUHESRQGLQJ JUDSK LV

,W IROORZV IURP WKH DERYH WKDW @8 WEWD RQXWHK
KHDW FIXS/RFLIMKH ZRUNLQJ FDOLEUDWLRQ VWD ®GMKGV DL
73& GHYLFH 7KXV DFFRUSLQW R/ S HIBE R D WIKRIOGHY XFHH G
WR GHWHYRLQBQG WR GHWHUPLQH WKH RSHUDWR®Q@J FRHI
KyRI ZRUNLQJ FDOLEUDWLRQ VWDQGDUG LV XVHG

$W WKDVW WK HRIUWKX DQDO\VLV RVHKRS WHKINWRQ V

WKH VIVWHP RI HTXDWLRQV DQG HTXDWLRQV D
GHWHUPLQLQJ WKHUPDO FRQGXFWLYLW\ Rl PDWHULDOV

WKH VIVWHP RI HTXDWLRQV DQ SRHIIKX DWRLWE®W G H YL
GHWHUPLQLQJ WKH YROXPHWULF KHDW FDSDFLW\ Rl PDW|

VI\VWHPV RI HTXDWLRQV + FORQUGJ HY S R @/G RIDR/ W K H
FRPSOH[ GHWHUPLQDWLRQ RI 73& Rl PDWHULDOV

$W WKH VDPH WLPH ZH QRMUWHP WEIDW WKH EBWRRE VR IUG
GHYLFH IRU FRPSOH[ GHWHUPLQDWLRQ RI 73& RI PDWHULI
IRU GHWHUPLQLQJ WKH EDOODVW UHVLVWDQFH RI WKH G|
DQG WKH GHYLFHWRH GRIGMPHULQLE XHDW FDSDFLW\ RI PD

‘H FRQVLGHU WKDW WKH PHWKRG RI GHWHUPLQDWLR
GHWHUPLQDWLRQ RI 73& R @POMHMRIVDB[FENEWOO SURYL
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WKHUPDO FR GOFWLYVIOE WKHUPDD DEWLYRW\ZRUNLQJ

FDOLEUDWLRQ VWDQGDUGYV
%DVHG RQ WKH DERYH IRU D FRPELQDWLRQ I MWKH VL
LV QHFHVVDU\ WR EXLOG WKHLU FRPELQHG JUDSKYV

7R EXLOG D FRPELQHG JUDSK/ RHDGE $HH QAR FILHW BQ G

REWDLQHG IURP WZR H[SHULPHQWYV ZLWKKVDRKRP®PHV R
VA\VWHPV RI HTXDWLRQV VLPLODU WR ZH REWDLQ

OLQMWH IDQGH X | ZLWK WKH D[HV RI DEVFLVVD DQC
DV WKH DQJOHV RI LHAMOW@RDWH.IR @ [RVWRK DBV BULVQVD RI WKF

JLIXUH 7R WKH FRQVWUXFWLRQ RI D FRPELQHG GHSFH

"WrH IDQGH ¥ |
#K_ (A "W H .. _5: %DUFWJ
DQG

e 33 B 'H % 3 ;< DUBPWY. @

2Q WKH DEVFLVVD D[LVFkLQZMW O YGI\OB FBN. D& VB WE R OMHK F
VFDOHYV DQG YDOXHVFRQQ\&EK\NKD—IEDFI-HVVRJVﬁ/HtNFRi[HJ_@DWH\
'"H ' ¥*Fs;p IURP WK B R MXWM LQWHUVHPWIHR Q RZ LWMKHWOKLKD H

DEVFLVVD D[LV WKURXJK WKH WKLU% DXXEMEU DQW RU RVPKH
WKH SIRLQMKH LQWHUVHFWLERQ RI ZLKMMHK QUWWQHH DEVFLVVD D]l

WKH VHFRQG TXDGUDQW RAOUPBRH.I@ DR WWHDRQENVGILUWD DL

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJIJ3URFHVVHYV DQGQJIXLSPHQW

WKH FRUUHVSRQGLQJ OLQHV '\@ WK LV ZAIDWCH F WR\HY VWHIHD RJ.
D[LV DW SRLQW $ ZKLFK LV ORFDWHG RQ WKH FRQGLWLR
GLVWDQFIW AR WKH RULJLQ RIWMRUTG| QD@G WRW VWUDLJI
'H % | +DW SRLQW % ZKUPAKLI\H [SDWWHRBE®RKH RUGLQD\
RI 4lURP WKH RULJLQ Rl WKH RRPBLQHG FKDUW DW

%\ WKH YXGXHVWKHH DEVFLVVD D[LV Rl WKH JUDSK VKI
SDLUV R4DOERHY RIWOLQBRRDQGH ¥ IURRDQG D SDLU RI Ol
"W tHIURRDQGH X IURRB 7KH OLMQHV [IDQGH ¥ |

KDYH DQ DQJOH RI LQFOLQDWLRQ WR WD) ®E\GF EVRN \D LK
D[LV DW SRLQWK_UA\DSHERAN BYHIO\

,Q FRQWUDVIVR XWRSWKH 'SWKH Ol QIHYGH ¥ I, PXVW
KDYH DQ DQJOH RI LQFOLQDWLRQ WR WKHDDEWFDWQ\GD DI[L\
J DUFWT DQG FURVV WKH DEVFLV¥RBRL[GVQDW ISR LDQWAV Q2%
HTXDO

_K _ K 9
Q =S
_Ke, "kUg LT I‘U_[.~ @

ZKHUK *HIIHFWLYH WKLFNQHVV RI EDOODVW OD\HU ZKLF
RI WKLV ODYH@XPHULFDOO\ HTXDO WR EDOODVWEWKHUPDC

tHIIHFWLYH WKLFNQHVYV RI WKH EDOODVW OD\HU ZKLFK |
OD\RUY LV QXPHULFDOO\ HTXDO MAML WK BIQEFIHORIDW WHF D)S-DE

7TKHUHIRUH RQ WKH DEVFLVVD D[LV RI WKH FRPELQHG
DOWKRXJK KDYH WKH GLPHR VL-RE@DBEXW\GPPRHULFPOO\ DUH
WKLFNQHVYV RI WKH PDWHQWRMU MDPVBBOE WK XWK H KOHEQ ALV VL
D XQLIRUR VGBI RHBY RDW HDFK SRLQW RI WKH VFDOH WK
UHVLVWDQFHV RI WKH VDPSOH RI WKH UHVHDUFK PDWHUL

5 3 WKBW) LKk U ZKH@QRKk U, E

8QGHU WKHWHDRIRHV RIRU WKH FRRUGLQDWH RI
'H, H 7 DQG WKH RUGLQDAWH'RY, SRLQWWHKH FRPELQH
JUDSK OHQJIWK\V RQ/GHBPRQBMVILYHQ DV IROORZV

S K K. Koo L
oH 1 H Q H p A o
§' W'H . I§%~ e I§J~_R,{ > K"~ §~ @, K
© K g “H ©H ©H . H
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$V LW IROORZV IURP WKH UHVXOWYV Rl WKHDBMWSHQ GHC
o ko HDFK RI WKH WZR \§BHUV IFDQ@MWOHY | DQG DOVR
'H ¥ | DQGH ¥ J, LQ WKH FRPELQHG JUDSK VKRXOG E
FRUUHVSRQGLQJ OLQH ,Q WXUQ WKHVH OLQHV ZLOO LQ
'WrH | DQGH ¥ J, DV ZHOO:BV bogt ¥
SDVVLQJ WKURXJK WKHKSRLQ WY BWQXs ROWKH FRPELQ

JUDSK VKRXOG LOWHUVHFW DW DQ DQJOH & ZH GUDZ C
GLDPHWHU

I 1 ¢ "W H " H,X

WKH FHRRWHEDKRFK LV RQ WKH RUGLQDWH D[LV DQG JHC
WKH RULJLQ RI WKH JUDSK

7KLV FLUFOH FURVVHV WKH DEWFMWMWWD MV VLRIVYKRH ZWD
OHQIWKRIPHOMFDQ EH FDOFXODWHG DV JHRPHWULF PHD!
$DQ& ZKLFK IRUP WKH GLDPHWHU RI WKH FLUFOH +RZt
VFDOH RI YDOXHV WKDW DUH LQWHUFHSWHG RQWEKH D[H
FDOFXODWHG DV IROORZV

}g\//:h’/%\/IWTHN‘ \'A?'%X/ + e 5 3T\/. =

JRU WKH FRQYHQLHQFH RI SUHVHQWDWLRQ RI WKH PDV
KLIKOLJKW WKH YDOXHV WKDW UHIHU WR WKH SRLQW & R

$W )LIXUH WWHHOLQ®WGH ¥ | LQWHUVHFW WKH F
SRLQWY UHVSHFWLYHO\ ( D.Q®@/ K H: ISHR K@GMWR H LIQONF I BI\D I FHWRLIF
D OL@WH | ZLWK WKH DEVFLVVD D[LV RSRANQW BUDGSK PR

LQ WKH QHIDWLYH VHFWLRQ RI WKH VFDOH $W WKDW WK
'LWK GHFUHBWLWHKHRISEEQW F!} RI LOWHUVHFWLRQ RI
'H % | ZLWK WKH DEVFLVMSR PRYWHRIWRKHIDUGBY WKH SRL(
LOQWR WKH QHJDWLYH VHFWLRQ RI WKH VFDOH DQG WKH !

PHHW WKH SRLQW (
7KH SRVLWLRQ RI WKH SRLQWYV ( DQG ' RQ WKH FLUFOH

H

+

K Fi_

$W WKDW WKH VXf RRIWNKKHDQQYPGIVQ DWIHRQ RD®EQH YV
'H % | WR WKH DEVFLVVD D[LV RI WKH JUD@GKKIkKY HTXDO
Zo DQ@G
K £ e

K
Jo,  Ja Ffu |z

ZKHKHKeDQIG |/ K7 E+UHVSHFWLYHO\ WKH WKLFENQHVV RI W
EDOODVW WKHUPDO DQG FDSDFLWLYH UHVLVWDQFHV RI
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EDOODVWKOD\@B+UHVSHFWLYHO\ WKHUPDO FRQGXFWLYLYV
DOQWHPSHUDWXWRH WKHXVLEDWVW OD\HU

,Q WKH FDVH ZKMUH WKIFDQBEHY | LQWHUVHFW HDFK

LQ WKH&D WHIFLVE® D[LV RI WKH FRPELQHG JUDSK )LJXUH
) ZKHUBK +Krf 5, 3, RU DW WKH'BRIKQWK: 5 3, LQ

WKH WKH UHVXOW RI WKH FBQVYBUJLRGE!' RDQKTXDW,]
5 (Ae 3 3 F!{ZH JHW

EO EO V3E5E

JLJIXUH 2Q WKH DQDO\VLV Rl WKH FRPELQHG GHSH
'"WrH IDQGH ¥ |

ORYLQJ RI WKRI SWRUHDWXMOWHUVHFWLRQHRI WREGOLQH\
'H ¥ | DORQKDWKHRI WKH JUDSK WRZDUGYV WKH SRLQW

E\DQ LOQFUHDEZ B IGHKUHRNEGHA DQ LQRIHNWKH UQWHIOHBR PL
7KH YDOXH RI WKH WKHUPDO DFWLYLAV\ RAERN K $HVPIDQV WK IHD

SUHYLRXV FDVH )LJXUH WKH FKDQJH LQ WKHUPDO FR(
WHPSHUDWXWRH WKIHXYHY HW D FK PRSDUIHOEMWVKH PRYHPH
RI SRLQWYV ( DQG ' LQ WKH GLUHFWLRQ RI WKKDEVFLVVD

7TKH QDWXUH RI WKH GHSHQGHQFH RMHMWWHRGRRU ®LQ

"W rH | DQGH % | ZLWK WKH DEVFLVVD D[LV RI WKH FI
WKHUPDO FRQGXFWLYLW\ DQG YROXPHWULF KHDW FDSDFL
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8QOLNH LQWHUV'HNEW'ILRQ\DQG@L@HVI RQHVIKEVFLVVD DJL

DW SRLDQQ)(EVZKHE{H E[ J% 5: WKH VXP RI WKH DQJOHV RI
OLQHV WR WKH DEVFLVVD+D}fLVQLVFQRY OTX B O, WR LB
WKH FDVH RI LQWHUVHFWLRQ RI OLQHV DW SRLQW & WK
EVFLVVD D[LQLW@&, RQGE 3. 5. DQB 3 57 ¢

7KH SURFHGXUH RI SORWWLQJ WKH F'FW3EH_QHIG GHSH(
'W-H ] W T | 5 § & 'H ¥ | 'H % 0
'T 33 J DQ@ J .]l EDVHG RQ WKH UHVXOWYV RI WZR HJS

o (o]

RI PDWHULDO XKeWRLWKUANQHENVNO®O EH VKRZQ RQ WKH IROO|

JLIXUH 'HSHQGHQFH RI W KHU® YR CRRIOXE WA KHWW FDSD|
H[SHULPHQWDO PDWHULDO RQ WKH FRRUGLQD4VHHRI WKH LQWH
DQG W'H ' H | ZLWK WKH D[LV Rl WKH DEVFLVVXV
RI WIRHPELQHG JUDSK

%DVHG RQ WKH UHVXOWV RI_PHD®XIUHE®HQ MH RIGWKLH @D
_ DQG WKH DYHWDJH VLIJRID®)& GHYLFH WHNPBGIE® DWKKH H
WHPSHUDW XU MMWARIH WHKQF ERUNLQJ VXUIDFHV RI WKH VD
WHPSHW WWURKRI VDPSOHV DQG WKH X/ SEWG [RW IKWD WKQJ
FRROLQJ RI WKH VDPSOHV RI UH K+KILQF K XMB/MMW UR Q D UA LRARK

‘H JHW WKH HTXDWARQ RI.OX OK@H WKDW SDVVHV WKUR

SRLQWWG ZLWK FRRUGL QD WH V Wy H\DSHE W M HO \D Q G
DOL@HY kU . K 3..WKDW SDVVHV WK DRXJELWKH SR
FRRUGLQDWH VKU HNV SK VMY H G\ X WKDW LQWHUVHFW W

DQG WKH RUGLQDWH D[HVERIQN DML U/ALDQ SK SBR )X U H
DQ&r, J kK oDQG SRIQW 7KH DQJOHV RIQUBKHODVDINH W R
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DEVFLVVD D[LV Rl WKH JUDSK DNWA TO.UHNEEFWLY
T DUBWT .,

%\ WKH PHWKRG RIFEREEWYH®R FIRDWWKHQ )LIXUH ZH E
FRPELQHG JUDSK RI WKIHKOLYH GHVFULEHG E\ WE

'WrH ;.Q" K,” DQG WKH DHIRFK LV GHVFULEHG E\ W
'H ¥ %U . 7K@3..DQG FDOFXODWH WHH GWRUG HE /WR

WKH JUDSK FLUFOH ZLWK WKH DEVFLVVD D[LV WKDW L\
DQG FDSDFLWLYH UHVLVWDQFHYVY RI WKH 73& GHYLFH
7TKURXJK WKH SRLQWYV & DQG $ WKH PRBRUGBERDWMYV RI Z

ZHOO DV WKH SRLQWYV & DQG %>WKHEBRUGLQDHVHV RI

GUDZ WKH OLQH ZKLFK LV GHW/HULEH6 E\ WRB MIXD W
OLQH ZKLFK LV WG/ FHUIDEHGE BQ, . ;3 .. $W WKDW WK

WDQJHQWYV RDW& W DK YOHR\E H RQ @ K B DL QWO WR WKH D
RI WKH FRPELQHG JUDSK WWH ,” WHV5HFWIQGIO\

1177, N R

5 Jey - 753 45 7

LWK WKHW MWEKWHRIURJLQ RI FRRUGLQDAMHEG URDI ZWWKKIH F RIPUE
ZLWK U_D@LXg _53_ ® _ ZKLFK FURVVHVY WKH DEVFLVVD LC
SRLQW & DQG WKH RU:GLDPEVWHWHDH UG DD WRILRWAK LFK L
'WH,. ,5 DQGH ., X, J .3 ,Q WKLV FDVHWWBW ORBW
WKURXJK WRABFENL@MWWFULEHG B 3 KH BIQ % DWK IR KL LF&H
JRHV WKURXJK WKHESRURMWWHWRBXDQMERID WKH FRREUQHG

JLIXUH DV ZHOGDIMMNGWE HLDRAUEBGH RI LOQFO4RQDWLRQ RI
DQGJp 133 WR WKH DEVFLVVD D[LV RI WKH JUDSK LV &

‘H VKRXOG DOVR QRWH WKDW ZKHQ KHDW IVQWD\WRRQDQ !
WKHW PRGH LEHD QVBRIYLFH )LJXUH WEKOHD HETHX B B R Q QRH &
D FRPELQHG JUDSK VLPLODU WR WKH RQH VKRZQ LQ )L.
WHPSHUDWXUH RI VDPSOH RI WKH UHVHDUFK PBMWIRULDO
73& RI PDWHULDOV RQ WHPSHUDWXUH WDNLQJ LQWR DFF
WKH 0& RI GHYLFH RQ WHPSHUDWXUH

1XPHULFDO YDOXHV RI WKH FRHIILFLHQWYV REW R HQHTX
IURP WKH UHVXOWV RRI VD)@ XDIWGP H® WRIULI® GHYLFH LQ V
H[SHULPHQWYVY IURP WKH VWXG\ Rl 73& Rl PDWHULDO DV Z
RI WKLV PDWHULDO DQG 0& RI GHYLFH REWDLQHG IURP W|
JLIXUH  DUHFRVYWHE@EW HBOWQR FRQWHZ XHQWOWKH UHVHDU
PDWHULDO ,Q SULQFLSOH WKH 0& RI WKH GHYLFH DQG
FDOFXODWHG IURP DQ\ Rl WKH SDLUV RI HTXDWLROQV FRPS
DQG WKHRIWLQH
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J)LIXUH &RPELQHG
GHSHQGHQFLHYV JUDSK

"WH
‘Ro¥
"WirH |
+ W T |
% 3 5
‘]P ‘]0 ‘]l

I+

I+

I+

I+

I+

/IHWYV VKRZ WKH FDOFXODWLRQ SURFHGXUH RI WKH 0

PDWHULDO XVLQJ WKH HTXDWLRQV WKIWHGHVMPWQEH WK
"HoX | + "WrH | DQGW T | +5 §5 £ DQG
VSN

JURP HTXDWLR®WH ..Q" K. DQG
'H ¥ %U . 7K@3,.ZH REWDLQ WKH DEVLVVDV RI OLQHV |
RI WKH FRPE kR Hd&: DWQIGS KJ: kl o WKHQ E\ HTXDWLRQ ZH F
YDOXH RI WKH FRUUHFWHG WKHUPDO DQG FDSDFLWLYH U
WKH YDOXH RI WKH RSHUDWLQJ FRHIILFLHQW+RI +)& RI GH

7KH HDVLHVW ZD\ WR GHWHUPLQH WKH 7TB@GRI WKWHDU
FRPELQHG JUDSK FDQ EH FDOFXODWHG DV IROORZV

Cg_OI_NSE—_lg
% -k
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kU, 3 =5
T U _K%
Q0 _K XK,

? FU, _K _

EVTF Y =

,W ZDV QRWHG DERYH WKDW WKH YDOXHV RI WKH FRH
OLQHV VKRZQ LQ )LIJXUH 'WLEBFOXGLQK QL@HG O+QH
'H ¥ XU [ . 7K@3.. DUH FRUZ HFWHR WKE VW D\Y B/W Bl W/ HIQWK

ZH DVVXPH WKDW:HVKH DQGQHOHQK | EXLOW RQ D FRPE

JUDSK )LJXUH DFFRUGLQJ WR WKH UHVXOWYVY RI H[SHUL
KDYH WHPSHUDWXAJH GLIIXVLYLW\

BOGNMFK FROQGLIMIRMWKRA WKH SURFHGXUH IRU GHW
FRQGXFWRILYWKMH PDWHULDO ZKLFK LQ )LIXUH FRUUHVSRC
D[LV RI WKH FRPELQHG JUDSK DWKSRIARQINE WEH BIBWKLH V
JUDSK DW SRLQW ( DQG WKH SURFHGXUH RIkKGHRW MAKRHL Q L (
VHFRQG PDWHULDO ZKLFK FRUUHVSRQGV WR WKH OLQH
JUDSK DW SRLQW % MK H3DFENBQWKH FHUFDW DW SRLQW

7TR GR WKLV ZHHUfeZ D WIKURXIK WKH SRLQWYV % DQG (

RQ WKH FRPELQHG JUDSK DV D GDVKHG OLQH XQWLO FUF
WKDWDEVFLVVDFRMLR@QWRHIUWKLY OLQH ZLWK WKH D[LV RI
IROORZV

3¢ 3c Q"_Kg,
“FU, O (O

_Ke

7KURXJK WKH SRLQWYV $ DQGC ZIHI GUIDLFR IOL WHKRZQ RC

FRPELQHG DUBBXKBIY OLQH XQWLO WKH LOWHUVHFWLRQ
6LQAEH WKH DEVFLVVD RI WKH LQWHUVHFWLRQ RI WKLV C

_K G, 8¢ R e R K F
7DNLQJ LQWR DFFRXQW WKH HTXDWLRQV DQG

HTXDWLRQOIRWLBDO¥XKH EDOODVW WKHUPDO DQG FDSDFLYV
ZKLFK ZH FDUU\ RXW WKH G HRIHRPWRDWRBEY RH ZULWH

S V5% % tDQ% V3 %

$V D UHVXOW RI WKH WIRPQWLROPOWLRQ RI WKHVH H
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5 &% [ _ Koo
J57x J3e\_K, g _K _

3 V3 (K TFU K
J375 | 5¢ _k_ Kk _

ZH REWDLQ HTXDWLRVQBYUVEPOBRODMWRRQ BIQG

7KH SURFHGXUH IRU GHWHUPLQLQJ WKH 0& RI
"W rH .5 WKDW HEHVWKIHE O IBDYHS WKH HTXDW

(o}

'H ¥ .3 + S WKDW GHVFULEWVXWKBD FCH@QWD OO\ WKH V

FDVH RI XVLQJ WKH 'HNT?(I-DWLIFDQQ\GIRI PLOQHVSW WKH VDPH WL

WR REWDL @ XUHOV IREOHKHHWXG\ RI WKH WHPSHUDWXUH Gt
LWLV QHFHVVDU\ WR KDYH LQIRUPDWLRQ RQ WKH WHPSH

WKLV UHJDUG WKH YDOXH RI WKH RBAHODWIL\Q EFRE DV WLH ¢
5., DQ%, RI WKH GHYLFH VKRXOG EH FDOFXODWHG DFFRUG

WKH DYHUDJHWVHW®SHURD WXKUHH WHVW VDP SO K HXKIOPK VL R F Q]
FDOFXODWLRQ RI WKH 73& RI PDWHULDO

JXUWKHU ZLWK WKH‘W_VHL[RQC&RP&NOH/\[KH YDOXHV RI ZKL
GHWHUPLQHG E\ WKH UHVXOWY RI PHDVXUHPHQW RI SULP
WHPSHUDW XU H\ RZ W RBIOWXROLOMH WKH 738& RI WKH PDWHULI

CP* TW
YoorwaeH, 75

§H - 83
" %X % ©T %
['w oK
[?,W QfW . :/v K ’2(§_I_W . », <<§ET S 3 »
FUrw @H v, 0% % o Y
§H . 83
©Xv ENC R =1
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JJIJ3URFHVVHYV DQGQJIXLSPHQW
7KH SURFHGXUH IRU FDOFXODWLQJ WKPBp753&:RI PDWI

DQ% J Je DQG DI LIIHUV IURP WKH WZR GHVFULEHG DER
WKH 0& RI 73& RI GHYLFH EHIRUH FDOFXODWLQJ WKH 73&

K
Qw W T .8
FU[ W ! %KW g\

, - —— .3
T FUL o “ao%
- T Kw @

qw O[WF [W «\pr - \
W el

&RQFOXVLRQ

6LPXOWDQHRXV REW D K® LYQDODH R URR DWKLHR QY KRMUWR S K\V L

RI WKH PDWHULDO DQG WKH PHWURORJLFDO FKDUDFWHU
RI W K HWKADXQGNV

—_

7KH H[FOXVLRQ RI WKH XVH RI WKH UHVXOWYV RI HI[S
PDWHU MO GRIWHUPLQDWLRQ RI WKH PHWURORJLFDO
FRQVHTXHQWO\ 7)5 RI WKH UHVHDUFK PDWHULDOYV

7KH SRVVLELOLW\ WR WDNH LQWR DFFRXQW WKH FKD
WKH GHYLFH IURP WKH WHPEBWHWWDAQUAH RV VEZKB O/\W
VDPSOH GXULQJ WKH H[SULPHQW ZLWK WKH WHVW PD

5HIHUHQFHYV

,QFURSBUDLWW %HUJPDQ DQG ADFLQH)XQGDPHQWDOVF
+HDWIDQ@BU D QVRKQ :LOH\ 6RQV

(FNHUW ( 5 * DQG 'UPQBIOSVQV Rl +HDW D@E*UDWZV 7UD
+LOO 1HZ <RUN

7RXORXNLDQ < 6 DQG +RKHWPRBEVVLFDO 3URSHUWL
9RO 7KHUPDO &RQGXFWLYLW\ RI OHWDOOLF 6ROLG
1RQPHWDOOLF GRBOIEGM FORMDW RI OHWDOOLF 6ROLGYV
1RQPHWDOOLF 6ROLGV 9RO 7KHUPDO 5DGLDWLYH 3
7KHUPDO 5DGLDWLYH 3URSHUWLHV RI 1RQPHWDOOLF
3URSHUWLHV RI &RIDWWLQHZ 3RHRXP 3U

9DUJDIWLN 17 EOHV RI 7ZKHUPRSK\VLFDO 3URSMH®WLHYV
HG +HPLVSKHUH 3XEOLVKLQJ 1HZ <RUN

/IHPPRQ ( : OF/LQGHQ 0 2 DQGI+BEHMWDQGDUG 5HIHL
'‘DWDEDVH 5HIHUHQF B P)OXD® G KHWDRR/SHROVB 28U R S H U
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9HUVLRQ 1IDWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQ
3URJUDP *DLWKHUVEXUJ

JLOH\ 3 ( 7DEOHV LQ 6, 8QLWV SUBFRRRIOFRPBNBKBER
(QJLQHHULQJ IWUGXH: BYUW HDID\HWWH ,1

30DWK® R¥XUDRMXUHILD 3HWHRY 7HSORIL]LFKHVN
LIPHUHSULERDVYKLQRVMQRB QU H

+DWDNH\DPD 7 DQGDIRQGERRN RI 7KHURKQ $QDMI\V LV
S8HQGMDQGW/WPLFKHVNLH PHOLE®VBRROL]D

*HUD VK R % Q*\RR) GSRIY LG U 7HPSHUDMWRHQMGIUDY RFKQLN
1D X®IX P NDH Y

*HUDVKERIQNR 2VQRY\ 7THSORBPXMRMDR GXKPND .
*ULVKKHQNR 7 */ 9HMNKEHY / - 7THSORPHWUL\D WHTF
PHWURORJL\.OWSMDNWRED L VUHGVWYD L]PH LQHWVQLL B/ XWH !
WH[QLFKHVNRM WHMISDRUK]LNL 1$1

%XURYD = O9RURBMRKD/ / 'HNXVKD 2 8V WD
YLP-U\XYDQQ\D NRRISURYQBQRWWS E X G *'6HO QL RRCRI H D+
WD SULODGYLURKQRNKRLM JEXUQDO

+)0 /DPEEHDW IORZ$PBHIMODE BMW VWSV  ZZZVR HWRBPK
DQDO\VLV

,QVWUXPHQW /LQHYDIDDMHEKBMRISN ZRP SO FRRUFURG X F\
GHIDXOMIL®HKOSH IURP WKH VFUHHQ

$QDW\MFKXN / , /XVOLN RRAND O RUIL\BEDMUKNEROD /Y
'"HNXVKD 2/ 9RUREHY / , ,JPHUHQLH WHSORHPN
VNDQLURYDQL\D SUL RGQRYWAPERQBWP \REMD)WHRE L V
PHWURORJ*FKQIS® $KXUQDO

7KHUPRFRXSOHY $YDLODEOHZZDWKHUPRFRXSOHLQIR F
WKHUPRFRXSOH KWP

6FLHQWLILF UHVHDUFK KHDW DQG $KEBDWD EWBID @\
KWWSV ZZZ KXNVHIOX[ FRPUBDMH@EH DINGH RQN\D @ ¥ LHHIQ W L |
PHDVXUHPHQW

9HUVH\ *RUH &DOVR@®BRZPOOQDZVRY % 9DOLGLW)\ DQG
UHOLDELOLW\ RI WHPSHUDWXUH PHDVXUHPHQW E\ KHD
SUREHVY DQG WKHUPLVWRBK\VQRD VWDSS HE ZDWHU EDV
$EGHOD]L] < $WDELOLW\ &KDUDFWHULVWLFV RI ,QGX
7KHUPRPGMBHEUVRXUQDO RI OHWURORJ\ 6BELHW\ Rl ,QGl
&YLWD&#RMHQVNL 4 $XWRPDWHG OHDVXUHPHQW 6\VWH
30DWLQXP 5HVLVW DORX IDFDORAHW, QB X VW UL 3URFHE
,QWHUQDWLRQDO 6\PSRVLXP RQ90BX&/MUKRQHOHFWUR
SS

+RFHQVMNL BWD& /M /DVLRPASDHLVRQ Rl OHWKRGV IRU
&RUUHFWLRQ RI 30DWLQXP &\ LVOWDXDFH &K G HRRFQHAME
&KRIXRN\R -DSDQ SS

%RULV % +RFHQVNL a4 2ZYWWPBEO/MSSUR[LPWWRRQ 3D
7HPSHUDWXUH 6HQVRU 7UDQVIHU &KDUDFWHULVWLF
OLFURFRQWURQJQH,6,6RQWPIDO &DQDGD SS

‘'L OHQJ %LDR<DQ <DQQD *DR -XQ :DQJ :HDEWRQY (C
DIITHFWLQJ WKH LQW LDNFF XPHDRAXRIHWKH ZDOO KHDW WU
WKH KHDW IORZ (FHWHU DRHAV % RES GLQJIV
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,QIOXHQFH RI GLIIHUHQWLDO KHDW WUHDWP
ZLWK DSSOHV REWDLQHG E\WKKHHJPRQ Y B ED/WR &
PHWKRG RI GU\LQJ

/-XGPLOD 6WUHOFKHQNR ,JRU "XENRY'}

IDWLRQDO 8QLYHUVLWI RI IRRG

$SEVWI
-H\ZRUGV J QWURG XAMLRQIOXHQFH RI GLIIHUHQWLDO
SURBWYV IURP DSSOHV ZLWK GLIIHUHQM HGKJD L
$SSOH SURGXFWV LV FRQVLGHUHG
6QDFN ODWHULDOV DQGDWHWKRGVIRU GU\LQJ HOF

&DQGLHG IUXADN) L B\RDIB\HQ 'HOBLFRRXMNY Rl GULHG DSSOHV
%ODQFKLQJ FDQGLHG IUXLWV ZHUH D Q DL RRG EL FFDWDI DQRO
‘U\LQJ GLITHUWEWWUPDO HIIHFWV 7KBLSKHGSDSURBGXHA
ZHUH GULHG E\ WHH FRRWYOI GPMMWKHR® DW D FRR
WHPSHUDWXUH RI f& D FRRODQW PRYHPHQW

ORDG RI INQ A[SRVXUH YDOXH RI WKHUPDO
$UWLFOH KLVWRHPHQWY RDQES:0PQ HIWHUQDO KHDWLQJ HOH
N: P
S5HFHLYHG 7KH UHMAOGVWLREG®%DVDYHG RQ WKH GU\LQJ FXUY

RI PRLVWXUH UHPRYDO RFFXUUHG LQ GLUHFW
SHFHLYHG LQWKH FRQFHQWUDWLRQ RI VXJDU LQ WKH SURGC
UHYLVHG IRUPGHSHQGY RQ WKH FRQWHQW RI BOQ\LVKHE8WDC

SURGXFWWHAKLF IRU GULHG DSSOHV IRU
$FFHSWHG IRU FDQGLHG IUXLWV (QHUJ\ FRVWV IRU GULF
IUXLWYV DUH UHVSHFWLYHO\ N: LQ N

0- NJ RI HYDSRUDWHG PRLVWXUH

&RUUHVSRQGL%E}VHUYHG WKH JUHDWHU WKH FRQHAHWEWGD WL
DXWEKRU SURGXFW WKH ORQJHU LW WDNHV WR UHPRYH

,Q WKH SUHVHQWHG GHULYDWRJUDPV ZKHQ
,JRU 'XENRYHVVVN\L f& UHJLRQ D PDVV ORVV RHGP ZKLFKZDV
(PDLO ZDV DFFRPSDQLHG E\ DQ HQGRWKHUPLF SHDN
GXENRY #XNU78HW PDVV ORVV LV GXH WR HYDSRUDWLRQ
WHPSHUDWXUH LQFEDGHY WIRKFWLRQ EHJDQ
WKH VDPSOH :KHQ WKH VQDHKN. ADPMOKX WM IXWMG D
ORVW E\ GPZKLFK ZDV DFFRPSDQLHG E\ DQ HQC

RQ WKH '7$ GHSHQGHQFH $V WKH WHPSHUDW
GHVWUXFWLRQ EHJLQV WR RFFXU LQ WKH VDP:

7 f& UHVXOWHG LQ D ZHLJKBLWRVIVQRI 0
HQGRWKHUPLF SHDN RQ WKH '7$ GHSHQGHQFH

WR 7 R& GHVWUXFWLRQ EHJLQV WR RFFXU LQ
&RQFOX%DR®WB RQ WKH GHULYDWRJUDP 7 7:

WLPH GHSHQGHQFLHV WEKBVS DB®RG LRRWD GDE Y

>y DSSOHV VQDFN DQG FDQGLHG IUXLWV WR EH
HQHUJ\ ( IRU GULHG DSSOHV VQDFNV DQG F

; DQG N- PRO
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JJJ3URFHVVHV DQGIJIXLSPHQW
,QWURGXFWLRQ

%DVHG RQ WKH OLWHUDWXUH DQDO\VLY LW EHFRPHV
IRFXVHG @O DLRMB\LWR GU\ DSSOH VQDFN D VHOHFWLRQ F
SURFHVV GHFLVLRQV WKDW ZLOO KDYH D VLJQLILFDQW L
DQG DQRWKHU SDUW RQ WKH SUHWUHDWPHQW RIRDSSOH |
WKH VWUXFWXUDO R UJIOHRFDOIWIFRBOIEVEKMVLRRWKH ILQ]

3UHSDUDWLRQ RI DSSOH UDZ PDWHUKXDOV W\ DFSSCFH DA
EHFDXVH LW GHSHQGY RQ WKH FKHPLFDO FRPBRVLWLRQ [

6LQFH VWXGLHV KDYH EHHQ FRQGXFWHG RQ WKH
EODQFKLQJ LQ D VXJDU PDOWRVH V\UXS >DQ GA@F LL\WWB HE \DIF
> @ EODQFKLQJ ZLWK FLWULF DFLG VRIDWAVRIUEQ P 06 LW BH(
HQULFKPHQW RI DSSOH SDUWLFOHV ZLWK SURELRWLFV >
WKDW QHHG WR EH DGGUHVVHG %ODQFKLQJ LQ VXJDU RI
ILQLVKHG SURGXFW hVPRW IDFO ¥ URMMRIDOY L RR) DD KP BIMWAHW
VHYHUDO GLVDGYDQWNJWBV V\Q\VQKHWED&PRPSRXQG DIIHI
RUJDQROHSWLFV E\VDORWLIGYIRD BMKDWHILY QRW DOZD\V S
DQG KDV OLPLWDWLRIQRXM BRBKIE DXWHRRIVYRLQFOXGLQJ FKI
SHRSOH ZLWK KHDUW GLVHDVH DQG KLJK FDOFLXP LQ Wk
ZLWK SURELRWLFV FDQ UHGXFH WKH S+ RI WKH SURGXFW
VKRXOG QBWHRDMNVNHHDFWLRQV ZLWK SURORQJHG XVH RI V
DUH UHTXLUHG IRU WKH VWRUDJH RI VXFK D SURGXFW

5HVHDUFK SUREOHPV UHPDLQ WKH GHYHORSPHQW RI I
FUHDWLRQ RI D IXQGDPHQWDWRD WHZ 6 OREIHX BW FORK D HVC
RI WKH FKHPLFDO FRPSRVLWLRQ RI WKH ILQLVKHG SURG X
PDWHULDO ZLWK PD[LPXP SUHVHUYDWLRQ RI YLWDPLQ &

7KH SXUSRVH RI WKLV ZRUN LV WKH QHHGIWR KHHD'
FRQVXPHU V IRRG SUSIURFHY¥HY JZRWHKDIUMDWHULDOV ZKL
DQG SKARXHPRFDO FKDUDFWHULVWLFV RI WKH SURGXFW ZL
DQG SUHVHUYDWLYHV

7KH WDVN RI WKH ZRWIRWWRWRUHMXUG\DWRHI W RI DSSOF
SURFHVV Rl WRGUPRWDGHDWLRQDO GU\LQJ DQG GLIIHUHC
VQDFN DQG WKHLU FRPSDULVRQ ZLWK VXFK IRRGV DV GlL
H[DPSOH RI FREWRWPBGLDWLRQDO GU\LQJ

ODWHULDOV DQG PHWKRGYV
, QYHVWLIJDWHG PDWHULDOV

5Dz PDWHULDOV WKDW ZHUH XVHG LQ UHVHDUFK DU
©6HPHUHQNR2 ©/LKROG?2 ©O&KDPSLRQ2 ©*ROGHQ 'HOLFLF
VXIJDBPLG LQGMWKIP®RUH WKH KLIJK FRQWHQW RI WKH RULJL(
ODUJH IUXLW VL]H PRUH WKDQ J DQG DFWLYLW\
PLQLPL]H ZzDVWH WKH UDWLR RI WKH SXOS WR WKH LQHG
WRHYH LQGLFDWRUY DSSOHV YDULHWLHY OLNH ©&KDPSLI
EXW ©&KDPSLRQ? KDV ELJJHU SHUR[LGDVH DFWLYLW\ WK
ZDV FKRVHQ DV WKH EHVW RQH

FFFBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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3ULRU SUHSDUDWLRQ IRU GU\RQJIDBSOGINV LFQRDSH. K WIHE
IURP LQHGLEOH SDUWV VNLQ DQGPF HDA WK/DIPEE LE O B R WK\
ZDWHU ZLWK D WHPSHUIPMXBERRILQJ DQG VHQGLQJ WR GL
GULHG DSSOHV ZDV FD WKLH S DRXWQ WWFR R BIGWU Q U QMR«< ©
SURGXFWLRQ RI DSSOH VQDFN=a

3UHSDUDWLRQ IRU DSSOH FDQGLHG IUXLW FRQVLVWHG
PRGHV ERLOLQJ IRU PLQXWHV WKHQ FRROLQJ WR URRF
LQWR WKH IUXLW DQG LQ RUGHU WR DYRLG RYHUFRRNLQJ
WKH GU\ PDWWHU LQ WKH V\UXS UH®IFKHIGE WKDMQ WKH 1L
VHSDUDWHG IURP WKH VXJDU V\UXS ZDWMHG WFRKDWV/L QUMK \S
VHQW IRU GU\LQJ 3URGXFWLRQG RRXMD @G ER G GIIUXL WAR /DR
S8NUDLQH IRU WKH LQYHQWLRQ « ©0HWKRG RI SURGX

3UHSDUDWLRQ RI UDZ PDWHULDOV LQ WKH DSSOH VQ
SUHSDUDWLRQ IRU DSSOH GU\LQJ DSS$RHWVU EXWXE O DIQWK LG
RI DSSOHV DQG V\UXS DV ZLWK WKH DGGLWLRQ RI FLW UL
RI 7KHQ LW ZDV FRROHG LQ WKH VBPH & \BXBEKDWQD
RSHUDWLRQ LV QHFHVVDH\SLE FRIWGER QKD W RAKH VDISIS IOU
SRUWLRQ RI VXJDU ZLWK FLWULF DFLG 6XJDU ZLWK DVFRI
WKH DFFHVV Rl R[\JHQ GXULQJ GU\LQJ DQG DV D UHVXO
\HOORZ FRORMRPRRRRQ/HG UDZ PDWHULDO DQG WKH YLWD
RI DSSOH VQDFN ZDV FDUULHG RXW DFFRUGLQJ WR WKH S
©0HWKRG IRU WKH SURGXFWLRQ RI DSSOH VQDFN=a

SURFHGXUH RI FRQGXFWLQJ UHVHDUFKHYV

SUHSDUHGQVYNRHG SURGXFWYV ZHWHK HWHRRW D B WU DRMRLGRYCHF
7KH GU\LQJ SDUDPHWHUV ZHUH HVWDEOLVKHG H[SHULPHQ
FKDPEHU ZDV WKH YHORFLW\ RI DLU LQ WKH FKDPEHU
NJ PWKH DPRXQW RI UDGLDWLRQ LUUDGLDWHG E\ WKHUPR
WKH ZDYHOHQJWK RI WXEXODU ©GDUN£ WRHRPRQYD GWEW L
ZDV KHDWHG IURP DQ H[WHUQDO KHWWHQ G LNWHRHMWEF
WKRRUDGLDWLRQDO KHDWHUY DQG WKH SURGXFW ZDV |

$IWHU GU\LQJ WKUHH VDPSOHV RI DSSOHV ZHUH REWI
I[UXLWYV ,Q RUGHU WR REMHFWLYHO\ HYDOXDWH WKHVH S
DQDO\WLYV ZDV SHUIRUPHG

OHWKRGYV DQG UHVHDUFK IDFLOLWLHYV

OHWKRGV RI DQDO\VLV

7KH RUJDQROHSWLF DQDO\WLY ZDV FDUULHG RXW E\ WL
D FRQYWKWUYHRUDGLDWLRQDO PHWKRG ZLWK GULHG FRQY

'XULQJ SKYWHFIRFDO DQDO\WUVDREWMKH RPIDGW\ VXEVW]
GHWHUPLQHG E\ WKH UHIUDFWRPHWHEALW KPHH WV K RIGOH @D VWIRC
RI & KL]KR&Y DWKH FRQWHQW RI RUJDQLF DFLGYV ZDV GHWHU
PDOLF>DFR2G VXJDiX¥RPIWHHYMU P D Q JD Q@ WW KRH-H WRKRW HQ W R
LPSXULWEMMHDNVBKULIDWLRQ R@D VERN FRQ@WHIXW Rl SHFWI
XVLQJ FDOFLXP@SH¥FWDDWPHQ> & FRQWHQW LV SRWHQWLE
GLFKORURSKHQR@LQGRSKHQRO >

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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'LITHUHQKMWHDPDO DQDO\WLYVY RI SURGXFWBZOMUISHUIRUP
4 '"GHULYDWRJUDSK2 7KH PHWKRG RI GLIITHUHQWLDO V
FRPSDULVRQ RI WKH SURSHUWLHYV RI D WHVWEVYXDQNFHQ |
DFFHSWHG DV D VWDQGDUG 7KH UHFRUGLQJ SDUDPHWHL
ZKHQ WKH VDPSOH ZDV KHDWHG RU FRROHG DW D FRQVWD
LQ WKH VDPSOH WHPSHUDWXUH RU HVDIQIGE VD BS & H K B QFRIHX
SK\WWLFDO WUDQVLWLRQV RU FKHPLFDO UHDFWLRQV DVVREF
SKDVH WUDQVLWLRQV PHOWLQJ ERLOLQJ 7KHVH WUDQV
UHOHDVH RI KHDW LOWIMH REY HDWH SKPRMSWQDKWG E\ HQG
RI[LGDWLRQ DQG LQGLYLGXDCEGHFRPISRYEWH RIQI FBRMR¥ HV V F

SHVHDUFK HTXLSPHQW

&RQYHMMNKIHYUPRUDGLDWLR QKGO GHMHDUSEDRIWVKH GU\LC
SURGXFWYV ZDV [F DDERW® R R WAKERPRUDELYDHIV LRQDO GU\LQ
ZKLFK ZDV PDGH LQ DFFRUGDQFH ZLWK WKH 8NUDLQLD
©5DGLBRWQRBFWLYH GU\LQJ XQLwWa?

7KH GU\LQJ FKVPEMN®H RI SROLVKHG DOXPLQUXHQ W KRIFK
WKHUPDO UDGLDWLRQ UHIOHFWLRQ DQG LV ZKLFK H
PDWHULDOV GXULQJ GU\LQJ $LU LV VXSSOLHG S\DR/ WLKQH F k
JUDGXDOO\ WKURXJK DMKG W KM HED\D @I EFOMRHAH BR Q@/ D F W V
PDWHULDO VXSSO\LQJ KHDW WR LW DQG DW WKH VDPH W
VHRLQLVKHG SURGXFW LV IRUPHG Y@\ Q CD LQDDISEIRR @ HV K
EDVNHMLFK LV PRXQWHG RQ FIWX DRDIK WLKHD & REDHD L Q WK H
WKH GU\LQJ XQLW 7KHUPRUDGLDWLRQDO LUUDGLDWLRQ |

JLIXUBFKHPDWLF GLDJUDPWKHUPR@ YREMNELRQQJ XQLW

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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'LWK WKH KHOS RI YHW W VFOROUPUEGBYS RLFKWKH WKH QR
Rl WKHUPRUDGLDWLRQDO JHQHUDWRUV WKXV FKDQJLQJ
YROXPH RI WKH ZRUNLQJ FKDPEHU 7KH GHVLJQ RI WKH V
WKH XVH RI ©O0LJKW 2UD®BGE TEVEIDRIQN &) MEHHWIPWR RUV IRU GU\LQ
KHDWHG E\ WKH KHDWHU LV VXSSOLHG WR WKH GU\LQJ FK
LV FRQWUROOHG E\ WKH DXWRPDWLF FIRWWH RO KKRWNVLR || B
UHJMWMRODX QLW IRU UHGXFLQJ WKH PDVV RI GU\LQJ PDWH
ZHLJKWKLFK DUH FRQQMFRNVWGE HEP BVEDHEDWNEW WKH WHPSFH
WKH FRRODQW LV FDUULHG RXW E\ WK HZDK\Y RAPLDQA IPFX PV H
LQDFFXUDF\ RI 7KH UDQJH RI WXUQLQJ RQ DQG RII KHI
IRU VIHBLVKHG SURGXFWV (QHUJ\ FRQVXPSWLRQ SHU N
HYDSRUDWHG PRLVWXUH LV FD$UUHGBRMWRX® DQW KH FRX\G
FDUULHG RXW XM FIODODWHRI DLU UHODWLYH KXPLGLW\
GU\LQJ FKDPEHU ZDV UHFRUGHG XVLQJ WKH DXWRPDWLF
HQHUJL]H WKH KHDWHU JHQ HUIDVERR IV DPOMR E B WETRQWHZ 2\ \W
WHPSHUDWXUH FKDQJH LQ WKHQEVRNE SHRGXRQY RZDW KHH |
WKHUPRPHWHU ZLWK WRKHQPRPRXSBHMUPHG EQRID ISXDVF
PRGH 7KHUPRUDGLDWLRQDO WHDIPVKBQ® LW HOPP 6 QAR
KHDWLQJ $IWHU UHDFKLQJ WKH PD[LPXP VHW WHPSHUDW
DQG WKH H[WHUQDO KHDWHU ZHUH VZLWFKHG WR WKH S
LPSXOVH DQG SDXVH FRUUHWBWHGHDVHPSHUDWXUH ZDV U
WHPSHUDWXUH VHQVRU WKH VLJQDO RI ZKLFK ZDV VXS
WKH UHOD\

'"HULYDWRJUD SR XeBIDEOLN '2 'LIIHUHQWLDO WKHUPDO I
SHUIRUP ®GDRGDDNOUGEH\ 4 '2 VIVWHP GHULYDWRJUDSK

7KH GHULYDWRJUDSK )LJXUHLWKRR WD/R\S\O R WK YOFILEC
VWDQGDUG F RWCHRLAFRDGEH{ MU H Q W L D OPW U@KRVR LROU P H U

7KH GHYLFH FDQ RRESWHIVW W LIPKEWZRVKHUPRPHWU\ PRG
WKHUPRPHWU\ PRGH ,Q WKH ILUVW FDVH RQH VLPSOH W]
D FUXFLEOH ZLWK D VDPSOH LV SODFHG ,Q WKH VHFRQG
FRQVLVWLQJ RVKMIP RERS®OBHY FRQQHFWHG E\ WKH VDPH
RI WKHP ZDV D FUXFLEOH ZLMKVDKVD RSO HU RQFW KX RWVWK B
VKRRWLQJ PRGHV ZDV FKRVHQ XVLQJ WKH VZLWFK ORFDW

2Q WKH EBEPRQGH EHDP ZHLJKWV SODFHG WZR GHYLFH\
ORVV DQG UDWH RI ZHLJKW ORVV Rl WKH VDPSOH 7KH SUL
RQ WKH SKHQRPHQRQ RI PDJQHWLF LQGXFWLRQ

$ GLIIHUHQWLDO WUDQVIRUPHWD FRQY LN &/ LYGLU RIL WIKQ G-
ZDV XVHG WR PHDVXUH WKH PDVV ORVV 7KH WUDQVIRUPH
WUDQVIRUPHU LV SODFHG D PHWDO FRUH VXVSHQGHG RQ
WKH PDVV RI WKBQVUHVW:KB®© SIDMWHUQDWLQJ FXUUHQW LV
SULPDU\ ZLQGLQJ Rl WKH WUDQVIRUPHU DQ LQGXFWLRQ
ZLQGLQJ Rl WKH WUDQVIRUPHU FRQQHFWHG WR HDFK R
DUUD @M MRH WKH FRUH DORQJ WKH FRLOV Rl WKH VHFRQG!
YROWDJH RQ WKHP LV DOPRVW JHUR WKH LQLWLDO SRVL\
WKH WRWDO YROWDJH FKDQJHV LQ SU RISRIUHQMRLD &/ RV WHEG\
FRQYHUWYV WKH PRYHPHQW RI WKH ZHLJKWV DUP LQWR D
UHFRUGLQJ GHYLFH 7KH GLIIHUHQWLDO WUDQVIRUPHU
PHDVXUHPHQW DFFXUDF\

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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RY H ﬁﬁﬁ
R

U '79

L
A =
——o

D

JLIXUBFKHPDWLF GWEBUGKRURIYDWRJIUDSK

L1

7KHA+*FXUYH LV REWDLQHG XVLQJ D GHYLFH FRQVLVWL
LQGXFWLRQ FRLO 7KH LQGXFWLRQ FRLO LV VXVSHQGHG
PDJQHW ILHOG :KHQ WKH VDPSOH PDWH AKD QJKR P RIKH R
PDJQHWLF ILHOG 'XULQJ WKLV PRYHPHQW LQ WKH FRLO
ZKLFK LV SURSRUWLRQDO WR WKH UDWH RI PDVV FKDQJH

6LJQDOV IURP WKHUPRFRXSOHV D GLIIHUHQWLDO WUL
WKURXPISD®IQLHU WR D FRPSXWHU PRQLWRU DQG ZH VLPXC(
GLIIHUHQWLDO WKHUPDO '7$ DQDO\VLV FXUYHV D PDVV
7+%

OHWKRGV IRU FDOFXODWLQJ WKH NLQHWLFKSDV DWPHHW H
DFWLYDWLRQ HQHUJ\ ( DQG WIIN I GHRNVF@LHELHQ EEG PDFWR

7KH NLQHWLF HTXDWLRQ Rl WKH GHVRUSWLRQ SURFH\
ZULWWHQ DV

G, GWRN G, GW

7KH GHJUHH RI FRDWLQJ Rl ELRSROYPHUW H\R OLHEEXIOHIV Z
IRU WKH VW DUWD@OPIDMHULDR Y @HRK\GUDW HGE V7IXK® [RQVE HUH
IURP WR LW LV DVVXPHG WKDHW LFHDRWN QR QY WDRRV WD

N MN[S(57

ZKHUHLY WKH XQLYHUVDO JDV FRQVWDQW 7KH YDOXH RI

WKH HTXLY DBLRBRD RA HUO PR B KXGUDWKILRQ FHQWHUV 6XE
LQWR HTXDWLRQ DQG ORJDULWKPLFDOO\ ZH JHW

OQN @O EWe, aQ87
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%HDULQJ LQ PLQG WKW LQ LWL DM ERRAIGKIFRQAY I WKH H
DW D FRQVWDQW KHDWLQJ UDWH WKDW LV HWKH OLQH

7 W W

WKH IROORZLQJ H[SUHVVLRQV FDQ EH ZULWWHQ
I W 7 6 G, GW 6

ZKHUB®&6*BUH UHVSHFWLYHO\ WXGHLDUWRHRDKWRH BSUHDIN DIC
SDUW IURP 7 WR

67 iiﬂ BG 76 ij Bc7

.l DOO WKH DVVXPSWLRQV LQKHUHQW LQ WKLV PHWKR
FKRVHQ FRU B HFGWHBH Q& HEQ F&\VI&E ,RQ WKH LQYHUVH WHPSHU

LV OLQHDU RYHU WKH HQWLUH WHPSHUDVDXQWH URQU®AJ +
H[SUHVVLRQV DQG ZH REWDLQ L VIR\WX 6 P OWQSIQUDPL
( DUH FDOFXODWHG IURP HTXDWLRQ 7KH DGYDQWDJH
HQWLUH DUUD\ RI H[SHULPHQWE®SGEDWW X UG FOXEWQR | WK
ZKLFK LV HVSHFLDOO\ LPSRUWDQW LQ GHAWHR® LRHFXKIDRU ¥
DQG WKH DGHTXDF\ RI WKH PRGHO

5HVXOW DQG GLVFXVVLRQ

,QYHVWLIDWLRQ RI WKH WKRBHWREN CRIDMRIRYH BW LLY(HI S|
DSSOHYV

2Q WKH EDVLV RI WKH GDWD REWDLQHG GU\LQJ FX
FKDUDFWHUWKDQJHWKQ PRLVWXHSHORQWWB RWHRILIPIKUH VKR Z
WKDW WKS ESBUPRG IRU DOO VDPSOHV LV PLQLPDO DQG |
GLUHFWO\ SURSRUWLRQDO WR WKH LQFUHDVH LQ WKH FR

$QDO\)LQYUH LW FDQ EH VDLG WKDW WKHIKBDWKI®G S|
SURGXFWV LV PLQPLRDXWHMVERPWG WKHQ WKHUH LV D UDSL(

D JURP )LIXWHFDQ EH VHHQ WKDW WKH SUNRKEH WAH RR QG
SHULRG LV ORQJ VLQFH WKH VXJDU FRQFHQWUDWLRQ LV
RVPRWLF ERQGV ZKLFK VLJQLILFDQWOW@FRPSOLFDWHV W}

$SSUR[LPDWLQJ WKH GDWD RI WKH ILUVW MHJ&DMERQ G
RI WKH PRLVW XU HJRRQWKHY &/R RIIEIOW L P H

$IWHU GU\LQJ VDPSOHV RI ILQLVK W& HRLE®GXOF I/YDIRWY L2
SHUIRUPHG 7DEOH ZHUH REWDLQHG

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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JLIXUHJ\LQJ FXUYHV RI DSSOHYV

Z+tDSSOHV DQERAMQIPGFINHG IUXLWYV

7TDEOH
(TXDWLRQ RI PRLVW X UM FFRR @M(H QG IPQ D WLPH
3URC SHU SHL
'ULEFSS : !
D® D®
6QIL Z .
D® D®
&DQGU X : 2 !
D\§ D®
7TDEOH
SK\VIFFHRHPLFDO DQDO\VLYV IRU DSSOH SURGXFWYV
,QGL 3URC
'"ULHG [ | 6QC | &DQG UX

'U\ PDWWHLSSO

'UV VXEVWDQF

ORC DQ(VXJ

2UJDQL

SHFWLQ V

'LHWDL

OLQHUDO \

I9LWI K P,

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



T

-]
JJJ3URFHVVHYV DQGIIIXLSPHQW

LDO

>
KHQ SURFHVVLQJ WKH GU\A\LQJ SURFHVV GDWD WKH
VDPSOHV LQ N:K LQ NJ)IRJX@IBJZD@IBNU-QJLODCN\A RI HYDSRUDW
)LJ HZEV REWDLQHG

P

J HYDSRUDWHG

1 N: K NJRIUDZ
0-

4

Z E

JLIXUHOHFWULFLW\ FRR®QVNRBSRMLRRZSPDWHULDOV D D
NJ R HYDSRUDWHG PRLVWXUH E IRU DSSOH Sl
*tGULHG DSYQB¥YNFDQGLHG IUXLWYV

,Q JLIXUH WKH GHSHQGHQFH LV REVHUYHG WKH JUFL
VHRLQLVKHG SURBXHAW WBEKNHVRWR UHPRYH PRLVWXUH IUR

6WXG\ RI GLITHUHQWLDO WKHUPDO DQDO\VLV RI SURGXF

JLIXUH  )LIJXUH DQG )LIXUH VKRZ WUHH SDWWHUQ\
DQG '7$ IRU WKH SURGXFW VDPSOHYV

'KHQ WKH DSSIDWNGBWRZKWKH PDVV @DV ORVZWLEK
ZDV DFFRPSDQLHG E\ DQ HQGRWKHUPLF SHDN RQ WKH '7$
HYDSRUDWLRQ RI ZDWHU :KHQ WKH %&H RBSHUDWWOFWH. R Q FELK
RFFXU LQ WKH XWDH SOH

'XULQJ KHDWLQJ LQ %KMW KM FIRQVADV O RXK\L BRVZD V
DFFRPSDQLHG E\ DQ HQGRWKHUPLF SHDN DW WKHf&$ :LW
D GHJUDGDWLRQ RFFXUV LQ WKH VDPSOH )LJXUH

'KHQ WKH FRQGADNG KHRWHGR&E @ WHKH WKHUH ZDV D ORYV
apP ZLWK DQ HQGRWKHUPLF SHDN RQ WKH '7$ GHSHQ!
WR 7 RK GHVWUXFWLRQ EHJDQ WR RFFXU LQ WKH VDPSOF

7KH WDEOH EHORZ \D}KORZ W KVHK 1P R/IDWBXOWHIY FRQWHQW R1

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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JLIXUHHULYDWEIUD® DEBOEBMQ "HFOLFLRXV
7+WPH GHSHQGHQFLHV REMHASHUPWWYIUBSSOH
'7$ +GLIITHUMOMIEDDDD \'VVE¥GHULYDWLYH RI WKH PDVV ORV\

JLIXUFHULYDWRRIWNMNBIRRNGHQ 'HFOLFLRXV
7+WPH GHSHQGHQFLHV REMHASHUPWWYIUBSSOH
'7$ +GLIITHUMOMIEDDDD \'VVE¥GHULYDWLYH RI WKH PDVV ORV\
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JLIXUHHULYDWRRIWPPQGLEROGKIQNVVWOLFLRXV
7+WPH GBSHPELHYV RI WHPSIHQIADWXXSUMDVL DSSOH
'7$ +GLIITHUMOMIEDDDD \'VVE¥GHULYDWLYH RI WKH PDVV ORV\

7TDEOH
ORLVWXUH FRQWHQW RI WKH VWXGLHG VDPSOH)

7KH PRLVWX 3URC
RI WKH SURGXEMG/ [| 6QC| &DQGLH

$V LW ZDV DOUHDG\ QROWPISGHVP DMWY DOFFFRWVP EDQLHG E\ WK
HQGRWKHUPLF SHDNV RQ WKH WHPSHUDWXUH GHSHQGH
HQGRWKHUPLF SHDN LV DVVRFLDWH GV MHMKD B/KHDIKILRWH WK
LV LQ WKH VDPSOHV GXULQJ KHDWLQJ WKHUH Zt™V HYDSF
$Q LOQFUHDVH LQ WKH WHPSHUDWXUH RI HYDSRUDWLRQ L
FDQ EH H[SODLQHG E\ WKH IDPWOWNDAD W K@ WKW HER X Q GA
K\GUDWH VKHOO

8VLQJ WKH GHVFULEHG PHWKRG WK H PSFRQIHY@MWILIRD 1B
N ZHUH FDOFXODWHG ZKLFK DUH JLYHQ LQ 7DEOH

7DEOH
$FWLYDWLRQ HQHUJ\ ( DQG WKHRENHH[BRYXHW IDFWR!
3URC 'ULHG L 6QC &DQGLH!

[
? N-

7TDEOH VKRZV WKDW WKH KLJKHU WKH PRLVWXUH F
DFWLYDWLRQ HQHUJ\
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JJIJ3URFHVVHYV DQGQJIXLSPHQW
?[SODQDWLRQ RI WKH UHVXOWYV

6FLHQWLVWYV Rl WMIGHDZRIUQD/GHY @ DHIAHFN RI DSSOHV ©,G
VDPSOH ZKLFK LV GLVWLQJXLVKHG E\ D ODUJH NJRXW VL]I
WDVWH ZLWKL G VEGRBEDWRU RI PRUH WKDQ

%DVHG RQ WKH UHVXOWYV RI R)OUWFRRXVHD SO0 HK ZHRHD
UDZ PDWHULDOV IRU WKH SURGXFWLRQ RI DSSOH VQDF!
SHUR[LGDVH DFWLYLW\

3USIURFHVVLQJ Rl ©,GDUHG?2 DSSOHV > @ ZDV WR FOHD
LQ JOXFRVH V\UMBWXWHHD RWEKPAS HD ORQJ RVPRWLF WUHD!
LQFUHDVH LQ WKH PDQXIDFWXUL®HEFPHYN RIKWPROWK \E HIR G X
JLYHV WKH GHVLUHG UHVXOW WKDW LV GRHV QRW SU
FRQFHQWUDWDRQL®I WKHVH VQDFNQLWKHPREHNOQSKRHWD O ]
FRQFHQWUDWLRQ LV KLJKHU WKDQ LQ WKH PLGGOH 7KH
WKH VWDWH RI HTXLOLEULXP RU LWV FRPSOHWH DEVHQF
DHFW WKH TXDOLW\ Rl WKH ILQLVKHG SURGXFW EHFDXVF
RI DV WKH DXWKRUV FODLP OD\HU UHDFWLRQV FDQ
RUJDQROHSWLFV DURFKH®DVWH DORGC S RWWHBIEGXR L @U I\
DFLGV DQG YLWDPLQ & 7KH ILQDO PRWY W REZ H RRQWHQHWF
LQ WKH SURGXFW JLYHV D VSHFLILF VRXQG RI D FUXQFK
WKLV SURGXFW FKLSV

$QDO\][LQJ WKH UHEXDRWOR WAH\HHDVULIPKWY WHFKQRORJ
LQWR DFFRXQW FHUWDLQ VKRUWFRPLQJV 3UHSDUDWLRQ
LQ VXJDU VI\UXS ZLWK WKH DGGLWLRQ RQ & LDWVFRR BEE ®

+ 7RYBLG FRRNLQJ WKH IUXLW DIWHU EODQFKLQJ W
VLPLODU V\UXS ZLWK D f\&HPB WRIRW XUHPBSIHUDWXUH 'U\LQJ
VRIWHQHG FRQGLWLRQV DW+D F& RO QW8 WRHPSHURMR X U W X
QRW PRUH WKDQ

7KH ZRUOG SUHVHQWV D ODUJH SDUW RI WKH VFLHQW
FRQYHFWLYH PBWRKRGIBPRUDGLWLRQDO PLFURZDYH DQG
TXDOLW\ Rl WKH ILQLVKHG SURGXF@® EXW KMR YHXE® HRID 2
DGYDQWDJHV RI WKH PHWKRGV WH®HBIJL \F PQWIXRBLWILRIQ W
WKH FUHDWLRIQIIRFDOQMQ AHWMKRG RI GU\LQJ RU FKHDSHQL
UHPDLQV XUJHQW 7KHUHWKJB RRQWESEERREK XA ORZ 2R X V
HQHUJ\ ZLWKRXW QHJDWLYH FRQVHTXHQFHV IRU WKH GU
ORRN IRU QHZ VROXWLRQV DQG FUHDWH SURJUHVVLYH GL

7KH GHYHORSHGBKARBGRHPWLEWLRQ PHWKRGBLRLHGWALC
FRPSDUHG WR FRQY HFWWWKH BADPH WLPH WKH ILQDO LQDI
SURYLGHG LW LV SRVLWLYHO\ QRWHG RQ WKH TXDOLW\
YLVXDO DSSHDUDQFH ZKLFK LV RQH RK RWKHI RD U@ RF® ISW R

7KH UHVXOWV Rl UHVHDUFK KDYH D VFLHQWLILF QRY
LQGXVWULDOL]DWLRQ Rl WHFKQRORJ\ LQ SURGXFWLRQ 2
DOZD\V EH LPSURYLQJ WKH TXDTKLWR RW W/ KGIHIG Q/IDVKHIH 8 URF
DQG FDQGLHG IUXLWV PDGH E\ XVDJH Rl WKH FRPELQHG |
DQG SKAXHPRFDO LQGLFDWRUV DQG FDQ EH UHDOE]JHG LQ
IRU WKH SURGXFW L& QH RS NRWHN GOVW ULDO SURGXFW |
FDNHV DV ILOOHUV $SSOH VQDFNV DUH D TXLFN VQDFN .
HQULFKHG ZLWK YLWDPLQV XVLQJ DVFRUELF DFLG

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7TKH DGYDQWDJHV RI WKH SUHVRQ RSGCUDWX & QHFN| VKD >
DQG WKH SRVVLELOLW\ RI FKDQJLQJ WKH GU\LQJ SDUDP
YHORFLW\ LQ WKH FKDPEHU YROWDJH RI KHDWLQJ HOH
JHOQHUDWRUV WR WKH SURBWXEWD ® LRQ UMIkH ULFQNOW VD B D W [X
IL[LQJ SRZHU FRQVXPSWLRQ DQ\ PRPHQW RI UHVHDUFK I
WR RQH RI WKH GU\LQJ PHWKRGV IRU HIDPSOH ZKHQ FDQ
LV XVHG WR VHPRYMWXRH DIWHU ZDVKLQJ WKH TUXLW

7KH GLVDGYDQWDJH RI WKH LQVWDOODWLRQ LV WKDW
WLPH WR ORDG DQG XQORDG D SRUWLRQ RI WKH SURGXFYV

7KH SUHVHQWHG VWXGLHV K®YHWU WBMWHRHQWL R | ORSYSHOOH
LQ WKH PDQXIDFWXUH RI DSSOH VODFNV SURYLGHV KLJK |
FRORU W\SLFDO RI WKH UDZ PDWHULDOYVRMH @ DVMFHK DSIS\
DQG FKHPLFDO JKQ 6 RRMWHRWW RKLYLWDPLQ & ,Q WKH IXW
FROQOWLQXHG DQG IRFXVHG RQ WKH SDFNDJLQJ RI WKHVH S
GXULQJ VWRUDJH

&RQFOXVLRQV

%ODQRFRWYSH RG XR W URIESS @B VD U URIXEG F R UV @BF W X D O
W H F K RQ ¥ VO YOREED B Q YRAL D W H IIRAMQIDFINR G X EDWL W & H
UHFRPP WQGBNG ED VRIG U H YV RX\ZLMAR Q FHQ RIUD WK R Q
VHRLQ L \SKIHRGZOMM FRRQBG VX JDW X 5WKOHG GRRMFLW U L F
D QEBV FRD EL3E H S D W DWSHRRG XK WD @ @ UBEEDN KHD Q X ID FW X U H
R IM DIPQV K W MHDZIHW KEWH U L RRR B/LRR E LW WS H U R O/ EKH G
ERLOLQJ
7K BU R RPRP E LKRGY HAW HR® R U G G UWVAGR € B WD QBWH Q J
F X U DIO®BU \ \MBHAGU R IBW DHEE O B\IFQRD Q G UMBWMI HVHQWH G
$SSURJL PHDWXIDRDIUBH U Ll RMG HUVQWEH F RBQUG LSHIU LIR®D O
S UR GDMRIPS S O H
([SHULPHGWW & OWIKMHPBXRIWO HF WARGFV. XS IBRYE U\L Q J
S U R GDURRIPS SHQ @V ISH R G X I3/ BIGGERRADP R X QUARHIG: N R
UDZDWHULDIOWRIHYDSRPRMWHGRUKEH R G XRWQ RO N
N: NRUDEDWHULDOVYNRIHYDSRBRMWHEGEWIKEURGXRWLRQ
FDQGUMEWVN: NRUDZDWHULMOWRHYDSRERMWMGX U H
$ GLIIHUW®WIDEDAR IELUE U R GHOFPSIODEH H5G1 U | R D BIAGD V
E H HHQY W D E\G KW MHQGH B I7\D WOHRW L YLIPDY @ B QUHXGL W IVJ KEH Ut

N- PRQGDSSOIDIAM LIKENU: N- PRERPSDUZLWKOLHG
DSSOHW- PR S U R WKW KHQUH B IDIF W L YROPRILR/QY K BRY D O
K DVD P SDIHKK JKR L V W R Q MRHPQOW LDRQEL F U R F D BAKDRQUHRY
PRLVWRQ ELW PH W HBLIDEK R @HAME HQWLILHG

5HIHUHQFHYV

9HOLFNRYPNHOKDXVJRQQRYD 3K\VLFQ® Q \SRIRS HRUMIDABR

H DD/& SFKH. SV R G EFRNGPARR Q Y HE WLYRIX URPFORGF LHR@BHFKQROR J\
Ss =

+DZNHYOLQRN 2VPRWR G FH Q WILDMWGRRY WRRU H KEJHK\GUDWLRQ

-RXURIRRBURFHDYEQBVHUYDWLBQ

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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(ITHRW LI HWH 6 @QVRBWISH H | H RIDGSRX-EG MK\ G EDDFRBELQHG
SURFHVV
$YDLODEWWSY ZZZ QFEL QOP QLK JRY SXEPHG
-RVKI3 .5XSDVLQ3IKHKDQL]BGHK PSDRW U\LSQIRFHR@HR/D FWL Y H
SKHQRYLWDP&LDQDBQW L RFDEDRIWHG HVRESOGLFRYXURBDBRG
3URFHYDQEQHVHUYDWI RQ+
7DYHXDWRIBUUD]BLQBWAHHUWROD 'HYHOR DRISRWUDFWRUL]DWLR
D% D NH@ED ANRPL Q RV UH 89S OHRY ® QBLRSURKFKNQRORSS  +

SHLKDIQBKUDYWRWRDQ@FH 5D G LID@NW Q\GHDF X P9 WHFK QRO RJ\
Q R YIHSB U RFIKR G XSALRBEHRW LB B BGID FRX UR XD FW L RR®D
Ss =
0D O HMIXNENRY H W %ND\@ G X ¥ HEMIRH O F KHHQYMR N'D 7TKIBVIRI
FRQYHWW HYIR R U PG MORRAGED WY X\S $ @V KDHS SVDGIDWN FK Q BRRUG QR
<HY UR SIKIXWUNROHGRHNKQRORKEE +
*XRKXDRLDQMXMQKKERQJ  'HWHUPLRVRARROARBYW @SSO0 H
SURGEFRWH/UDWHBMP DLSHFWURYWRSQOWBRYRKFKRWRHOHFWURC
"HWHFIWQ®RRJILQJ 7THUDKBEYRHFKQRDRME S UL F BWRAREBYOR O
$J R WICH GBD;L & LHOQW DR NRYW J L ONLKIXYNWWON|; 5HSUHVHRIWDWLR(C
D J U L F XSOWVRXGXIF@W M XS/ WD R W KIBHW HRIG\K\VE N ¥ B W@ RIRIR X U Q D O
Ss
62 )U XD @IGH JH VB D RGHK AW W U P LRNY W, BIQRA SR O D E O H
DWWWSV ZZZ LVR RUJ VWDQGDUG KWPO
.62 ) U XD QWGH J H WSIVERGHK FHAWH U P LRID BMLADY R & REDERBYW H Q W
$YDLODEWWSYV ZZZ LVR RUJ VWDQGDUG KWPO
.62 YU X DW ®H J HWDUEROGHX FWW H U P L R DAR OREFOHE B W HQ W
5SHIUDFWRRWWRG F
$YDLODEWWSY ZZZ LVR RUJ VWDQGDUG KWPO
HUWHY] 3UHSDDD®EH RO UPRIQB RVHEEY WDHW KEEN \ P RIO R
Ss
.62 ) U X LYW\ H WIDEEHHMSYUHRGS X FHWIWH U P LIRID WALRREELLED U W
SHIHURDWHSR® LODEWWSY ZZZ LVR RUJ VWDQGDUG KW P
,QIOXRODFW RQV 6KV U X BWEH B H B WRIEWR MMOH FURFU\DWBOOLQF
1D QR Y D GIRWDIDQ R VRD\CHDHWWKM HE V' 2, Vv
&K XD 0XM X P$ B R&X + D Z 0 DIG H & +HSWPGU\LRED Q@D YD
D QSR WOLWMR HW RW\F O Y PUQ BW VEIQP S H B R ® ¥ HE WINGHQ HILG- V
FROFRD QUMLGHFKQRORJISS =
'R\PD# (11 H R\ L WDUFLORRESO D Q FSHUMWIH D \R RBHUQ MIQRIGH K \G LROW L R Q
$PDVUMEGS S QRIRBQWBGLRSURGRFWVVLHJISS +
BXQWKRG@YIMG®LENDVYVNH (IIHFRVV\LQUHDWRMGARPSRVLWLRQ
RO R O D&RFSHR X @GVHE FWDWMQEMFKQRORJI\SS +
"XENRYHWOMNOHMEWUHOFKHQNRYYHVW RIPROQLYRHWW HUR RUD G LD WL
GU\LRISURGMMRPS S OBMZ\RW D3IH R F H HRG Q@/H U Q @RVQIRQAB® 6 H U Q
7HFKQRD@HRRG G X V@KLY L QD %
9Z G\BD ]\ XK D BGIDV UZFOHDN VEDKHESUH O L X NH W H U P LRODDWL RRG RO
SXPSNHGGUALENUD LRIRERXUQDGS  +
*DOQDLW\W; $ .ULAPLXNDLWLHQ; , %DOH&HQWLV 7
7HFKQP@RI(FRQRPLF DQG 6RFLDO ,QGLFDWRUV IRU "LIIHUHG
(FRQRPLFV 6RFLRGEH\ ‘2,
"URERWSUVHQLKHXDLOANS 'RWVHDQNR /DERUDVBRODGW\NXP
W H NCKRORRKIO L E R S H NPV N & R @ QUBRKERQ \. WLWW Y D

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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2UJDQL]DWLRQDO EDVLV RI WKH GHYHORSPHQ
IXQFWLRQDO IRRG SURGXFWV E\ WKH 8NUDLQ|
GHHS ZDOQXW SURFHVVLQJ

+U\KRUL\ .D 9LWDOLL 20KD OHO"
<XUL\ 'RYKOULDQ ODOLFNL

19LQQIWVLD IDWLRQDO $JUDULDQ
+-DFRE RI 3DUDGLHV 8QLYHUVLWI| *RUJyZ :LHONRSROVN

SEVW
-H\ZRUGV J QWURG8NWDRQMW UDRBXWHQOWHUSULVHV HQ:
SURFHVVLQJ Rl ZDOQXWYV KDYH D VLJQLILFD!
:DOQXW RI PHWKRGRORJLFDO EDVHV IRU WKH GHYHC
2LO GRPHVWLF HOWHUSULVHV UHGXFHV WKLV SR\
JXQFWLRQDO ODWHULDOV D®Q BHBKRIBMORMLWKH QO XH
YRRG FKDLQ ZDV XVHG PDUNHWLQJ IXQFWLRQDO D

ODUNHWLQJ XVHG WR 7KH UHVHDUFK XVHV DOVR IXQG
H[SHUWV ODERUDWRU\ H[SHULPHQWDO V!
LPSOHPHQWDWLRQ RI WKH GHYHORSIH)G LQQR
Rl LQQRYDWLYH SURGXFWV ZDV FRQGXFWHC

JXQFWLRQ 'HSOR\PHQW PHWKRGRORJ\
S5HVXOWV DQG THHWFMWVEXR@WV RI RXU U

$UWLFOH KLVWKWHPRQVWUDWH WKDW 8NUDLQH LV LQYRO

GLYHUVLILFDWLRQ RI WKH DRBUOGQRG®DRMRRR

SHFHLYHG GHYHORSPHQW 7KH LQGXVWU\ RI GHHS ZDO
SHFHLYHG LQ UMYLY®¥H® zDOQXW IRU WKH FRQIHFWLRQHU\
IRUP ZDOQXW RLO LQGXVWULDO RLO DQG RLOFDN
$SFFHSWHG IRRG SURGXFWV RU XVHGGRRHMWGEFORQBVI\R B F

PDUNHWY 5HPDLQV ZDVWHV IURP SURGXF'

UHF\FOHG RU XVHG LQ RWKHU LQGXVWULHV
&RUUHVSRQGLQDOVR FRQVLGHUHG WR EH D SURGXFW RI WKFE
DXWKRU SURGXFWV Rl ZDO QW ,U W KEH IGCHIY N O/KSRHQ \
LQGXVWU\ RI GHHS ZDOQXW SURFHVVLQJ D\
9LWDOLL /I XWVLBNRVSHFW WKH IRFXV LV RQ WKH FRQIHFWLF
(PDLO WKH FRXUVH RI WKH LQGXVW W URGYXHOWR/S PHQC
OXWVLDNYY#JPEIHOGHRPHORSH® PMWKOURXR® BI[BG VXSSRUW RI W
RI DOWHUQDWLYH ZD\V RI XVLQJ UHPDLQV DV
7KH YDOXH RI REWDLQHG UHVXOWY LV Wk

REWDLQHG WKHRUHWLFDO DQG PHWKRCG
UHFRPPHQGDWLRQV DQG UHIURKRO® WURENVIRIUQI
HQWHUSULVHVY WR VROYH WKH SUREOHP RI FF
DQG LWV SURGXEFWV ZKHQ H[SRUWLQJ LQ WKF
RI EXVLQHVV HQYLURQPHQW EDVHG RQ WKE
PDQXIDFWXULQJ HQWH U SHIHSHZIDD OYXW SQERM
&RQFOX\KIHRPRGHO Rl WKH YDOXH FKDLQ IR!
‘2, ZDOQXWV DQG WKH WHFKQRORJ\ Rl SURGXF
; RIIHUHG

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



JJJ(FRQRPLFV DQG ODQDJHPHQW
,QWURGXFWLRQ

,Q D PDUNHW HFRQRP\ GRPHVWLF SURGXFHUV KDYH D
WR DFKLHYH DQ DSSURWSUWDWHQMHYVWHIOQRWKRPDUNHW > @
WKH PRVW SUHVVLQJ LVVXHV DUH WKH VFLHQWLILF GHILC
WR WKH PDUNHWLQJ RI LQQRYDWLYH DFWLYLWLHV RI E
FRPSOLFDWHGHN WXHGY®LIILFXOW\ RI IL[LQJ WKH IRUPV D«
VWUDWHJI\ DQG WDFWLFV LQ WKH FRQGLWLRQV RI WKH G\
,Q RXU SUHYLRXV VWXGLHV LW KDV EHHQ HVWDEOLVK
HQWHUSHRQWGHWY GH®DUJH SDUW RQ WKH H[WHQW WR ZKLF
LQYHVWLIJDWHG DQG VSHFLILF PHDVXUHV WR DGDSW SUF
KDYH EHHQ GHYHORSHG 7KH PHWKRGRORJ\ RI HQWHUS
GHYMGRBDVHG RQ WKUHH NH\ HOHPHQWY QDPHO\ G\QDF
3'4° DQG WKH GHSHQGHQFLHV EHWZHHQ WKH FKDUDFW
GHSOR\PHQW RI WKH TXDOLW)\ IXQFWLRQ ZKHQ GHAMUQLQ.
UHVHDUFK VKRZV WKDW 8NUDLQH LQGXVWULDO HQWHUSL
KDYH D VLJQLILFDQW H[SRUW SRWHQWLDO LQ WKH LQGX\
@ 7KLV LVRARQIL GHP® EE WKWH SL
SURYLGHG E\ ZDOQXW SURFHVVLQJ HQWHUSULVHV DQG W
WKH XQLTXH QDWXUDO FRQGLWLRQV LQ 8NUDLQH > ‘
(VWDEOLVKPHQW RI FRQVWUDLQWY LQ WKH DGGHG YDC
OLPLWHG DYDLODELOLW\ > @ FDQ VLJQLILFDQWO\ LPSUR’
IRUHLJQ PDUNHWY > @ HVSHFLDOO\ IRU WUDQVLWLRQ HF
WKDW DUH FUHDWHG E\ WKH PDUNHWNURBBIQH WM HRLW [ETDMH I
WUDQVIRUPDWLRQ RI HOHPHQWV RI WKH PDUNHWLQJ FRP
LQWR WKH SDUDPHWHUYV RI WKH TXDOLW\ RI WKH GHVLUH
PHWKRGRORJ\ > @ DOVR DOOREZVHVKMSP HDIW UBJ &L LRLP RO
RSHUDWLRQV WKDW DUH LQFOXGHG LQ WKH RSHUDWLQJ
SURFHVV $ SURPLVLQJ ZD\ WR LQFUHDVH WKH FRPSHWLW
LQ WKH RLO DQG |WGHMNGXXIVMAQ XW S@RRHVVLQJ LV WKH |
WKH (XURSHDQ TXDOLW\ VWDQGDUGV > @ DQG HQVXU
ELRIXHO® >+RZHYHU GRPHVWLF DJUDULDQ DQG SURFHVV
LQVWLWXWLEQYNORDRRYWIDWDLF FHUWLILFDWLRQ > @ $ SR\
FRQVWUDLQWYV LV WR GHYHORS FRPSUHKHQVLYH DQG V\V
RI LQQRYDWLYH SURGXFWYV DQG WKHLU JHQHUDOL]DWLRQ
HQWHUSULVHV RI WKH RLO DQG IDW LQGXVWU\
7KH LGHD Rl WKH GHYHORSPHQW LV EDVHG RQ WKH |
LQQRYDWLYH IXQFWLRQDO IRRG SURGXFWV IURP ZDOQXW
WKH DFWLYLWLHV Rl HQ VEHUBSUSYRFHRIVLQG XM WDOIRXW YV D
DGGHG YDOXH RI WKHVH SURGXFWV DQG HQVXUH LWV FF
ZRUNLQJ K\SRWKHVLV LV WKDW WKH ODFN RI PHWKRGRO
LQQRYDWLYH PIXQD FROMQWLRDW RI WKH 8NUDLQLDQ HFR
SRWHQWLDO RI DJUDULDQ DQG SURFHVVLQJ HQWHUSUL\
ZDOQXWV ,W LV H[SHFWHG WKDW WKH GHYHORSPHQW F
HIILFLHQF\ RV HQWKBXWIWW\ IRU GHHS SURFHVVLQJ RI ZDC

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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ODWHULDOV DQG PHWKRGYV
$SSOLHG PHWKRGY DQG WKHRUHWLFDO DSSURDFKHYV

7KH UHVHDUFK XVHV VXFK SULQFLSDO PHWKRGRORJLHV
SURERBIPHQWHG JURXS GLVFXVV ROHYLRDLWLHADGCD VOL WRH
H[SHULPHQWDO VWXGLHV UHVXOWV RI SURGXFWLRQ DQG
RI WKH GHYHORSHG LQQRYDWLYH SURGXFWV 7KH GHYHO
GHHS SURFHVVLQJ RI 20/ @RQWWKZD EDAMLWURHBDRINHWLQJ >
> @ DQG SURFHVVY DSSUDFRHWW D FRP
YLHZ RI WKH VWDJHV RI SURGXFW IORZ IURP WKH UDZ PD!
FRQVXPIBWSODRDFK WR WKH DQDO\WLYV RI WKH YDOXH FKD
(FRQRPLF DQG PDWKHPDWLFDO PHWKRGV > @ DQG W
XVHG IRU WKH GHYHORSPHQW RI SURYLVLRQV RI QHZ SU
SUREBWYV ZDV FRQGXFWHG RQ WKH EDVLV RI 4XDOLW\ )XQF
WKH IRUPXODWLRQ RI FHUWDLQ WKHRUHWLFDO SRVLWLR
WDVNV WKHUH ZHUH XVHG JHQHUDO VFLHQMMLIRR) PHYV
PRUSKRORJLFDO DQDO\WLYV JHQHUDOL]DWLRQ DQDO\VLV

6WUXFWXUH RI UHVHDUFK

7KLV SDSHU FRQVLGHUV WKH IROORZLQJ SUREOHP LVV)
S5HVHDUFK RI WKH FXUUHQW VWDWH DQG WUHQGV RI WK
ZRUOG LQZW®EH GROBRWLRQV UHVHDUFK RI WKH JORED
VWXG\ Rl WKH JOREDO FRQVXPSWLRQ Rl YHJHWDEOH RL(
YHIJHWDEOH RLO PDUNHW REMHD REK R IDRIZURHOW RH & LR
IHDWXUHV RI WKH LQYHVWPHQW DFWLYLW\ DQG DFWLYL
,QYHVWLJDWLRQ RI WKH YDOXH FKDLQ LQ WKH SURGXF\
IRU GHHS SURFHVVLQJ Rl ZDOQXWV LQ WKH IRQ ONRKHQJ
RLO DQG IDW LQGXVWU\ GHWHUPLQDWLRQ RI WKH YDC
SURFHVVLQJ VXSSRUW RI FRPPHUFLDOL]DWLRQ RI QHZ
WKH YDOXH FKDLQ LQ WKH LQWHUQDWLIRQRDWLEXVLQHVV
FKDLQ

,QYHVWLJDWLRQ RI WKH FRPSHWLWLYHQHVV RI WKH HQ\
IROORZLQJ DUHDV WKH FRQFHSW RI WKH HQWHUSULVH
FRPSHWLWLYHQHVV PDQDJBBROQRK WHRWLKRIGRRYMRN LR Q GG B §
LQGXVWU\ IRU GHHS SURFHVVLQJ RI ZDOQXWV GHYHO
PDQDJLQJ HQWHUSULVHYV LQQRYDWLYH DFWLYLW\ LQ W
GHVLJQ RI IXQFWLRQDO RRAEDDOUREXFWV PDGH IUR
'HYHORSPHQW RI LQQRYDWLYH IXQFWLRQDO IRRG SUR
PDUNHWLQJ GHVLJQ

5HVXOWY DQG GLVFXVVLRQ

5HVHDUFK RI WKH FXUUHQW VWDWH DQG WUHQGV RI WK

7KH JOREDO YHJHWDE&E®HWRLE W HNHMHGY H PLOOLRQ W
WKH JURZLQJ SRSXODULW\ RI KHDOWK\ RUJDQLF DQG XQ!
E\ KLJK GHPDQG IRU YHJHWDEOH RLO ZRUOGZLGH )LJIXUH

JURP WKH SRLQW RI YLHZ RI @RV XPHOREWD/ED HRR.G B DR
EH D KHDOWKLHU DOWHUQDWLYH WKDQ DQLPDO IDWV >
DFLGV > @ ,Q SDUWLFXODU ZDOQXW RLO LV ZLC
DOQG RWKHWLQGXVWULHV@

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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S — 0O6XQIORZHU RLO
T — O5DSHVHHG RLO
T O6R\EHDQ RLO
m3DOP RLO

F< F< 0< 0< 0<
$SULO
YLIXUH '"\QDPLFV Rl WKH JOREDO FRQVXPSWLRQ RI SDOP VR\E
WRQV

9HIJHWDEOH RLOV DUH RLOV RU IDWV REWDLQHG IURP \
DV OLTXLG DQG JUHDMVOFRD/QVEYHINWOG HQHWZ R ZD\V WKH\
RLO RU IRU WKH SURGXFWLRQ RI IXHOV DQG GLHVHO > @
RLO VR\EHDQ RLO UDSHVHHG RLO DQG VXQIORZHU RLO
ZKLFK BDLQO\ IRXQG LQ WKH WURSLFDO EHOW RI $IULFD

HVWLPDWHG WKDW DERXW RI SDOP RLO LV XVHG IRU |
VXFK DV FRVPHWLF RU IXHO DQG GLHVHO L Q®BXNWW MKH U
ZLWK D WRWDO DQQXDO VDOH RI DSSUR[LPDWHO\ ELC

SURGXFWLRQ RI IRRG DQG FRQIHFWLRQHU\ SURGXFWV L
GHWHUJHQWY DQG ELRIXHOWBGMNMWYR PRV SFHWAD®S L]

+RZHYHU WKH VWURQJ JURZWK RI SDOP RLO SURGXFW
VWUDWHJILF SHUVSHFWLYH > @

,Q WKH HDUO\ V WUHQGVYV LQ WKH GHVWUXFWDL®Q RI
SRLQW ZLWK WKH DFFRPSDQ\LQJ LQFUHDVH LQ JUHHQKRX
EHFDPH D EXUGHQ IRU PDQ\ PDUNHWY DQG ODUJH PXOWL
YDULRXV IRUPV RI SURWHVW LQFOXGLQJ FRQVXPHU ER\F

6LIFDIQW FRQVXPSWLRQ RI SDOP RLO OHDGV WR WKH S|
RLO KDV D UHODWLYHO\ KLJK FRQWHQW RI VDWXUDWHG |
2UJDQL]DWLRQ SURYLGHG FRPSHOOLQJ HY LRSUHHDRAHH WAKKDHV U
RI GHYHORSLQJ FDUGLRYDVFXODU GLVHDVHV ,Q WKH FR
DQG WKH DPRXQW RI VDWXUDWHG IDW IURP DQLPDO VRX
+RZHYHU ZLWK WKH GHYHORSPHQ@W RIUW KH IHFR@RP D Q\G
EHQHILWV RI FRQVXPHUV UHJDUGLQJ WKH FRQVXPSWLRQ
> @ $FFRUGLQJ WR WKH 86 $FDGHP\ ROVB¥LIHQSB QP VWK IO ER
SURGXFWV LV QRWWORRW. KBEPB W @QEQRRA HIIHFWV RQ KX
KLJKO\ FRUUHODWHG ZLWK WKH ULVN RI FRURQDU\ KHDUYV

FFFBNUDLQLDQ )RRG -RXORDPK ,VVXHF
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'HYHORSPHQW RI WKH ZDOQXW UDZ PDWHULDO EDVH
IXQFWLRQDO IRRG SURGXFWWEKDWKZILQ@BUHD DHE® B GRH BRPL
PDUNHW LV RQH RI WKH PDLQPARQW LRIQHREOSUREBE OMHPH/ DDER Y

7TKH VWDWLVWLFV IURP YDULRXY VRXUFHV VKRZ WKDW
ZRUOG V ODUJHVW HISKWWHUY¥ Rl ZOOQXWYV

&KLQD2WKHUV

86%

S8NUDLQH

J)LIXUH RUOG ZDOQXW H[SRUWYV LQ VKHOOHG |

7TKH ZRUOG PDUNHW IRU YHIJHWDEOH RLO IURP ZDOQXW
DSSOLFDWLRQV > @ 'HVSLWH WKH IDFW WKDW FW KWH QR
SURGXFWLRQ FRQWLQXHVY WR EH HIWHQVLYH DQG WKH DU
JURZLQJ LV YHU\ OLPLWHG ZDOQXWV XVXDOO\ RFFXS\ Wt
8NUDLQH LV OXFN\ WR EH L@ WKEW VADDWXWWL 6 R$QY/RWKW
FDUH WKH WUHH EHJLQV\WRUFHDIW HIUXBEW NV QWWEKIL@QG FD
IRU FHQWXULHYV > @ 7KHUHIRUH WKH SURGXFWLRQ RI Z
GRHV QRW BRVFRUBXRK WR H[SHUWV FXOWLYDWLRQ RI RQ
WKDQ REWDLQLQJ WKH VDPH DPRXQW RI ZKHDW RU JUDSH

'DWD RQ WKH LPSRUW DQG H[SRUW VKRZV WKDW 8NUD
UHILQHG HGLEOH RLOV UYBURBXV¥VDVWHVOBQG>RWKHD

7TDEOH
6WUXFWXUH RI WKH JOREDO RLO H[SRUWV E\ PDMPY H[SRUWL
7\SH RI RL S8NUDLQH V Ul | 6KDUH RQH V RLC
VWUXFWXUH RI WWHXFOWREWDH RI WIKH WBREDWU XFWXUH RI .
HISRUWYV HISRUWYV HISRUWYV

(ISRUW RI V

([SRUW RI U

(ISRUW RI VX
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JJIJ(FRQRPLFV DQG ODQDJIHPHQW

7KHUHIRUH WKHVH GDWD MXVWLI\ WKDW 8NUDLQH ZLOO
WKHOZRBLO DQG IDW PDUNHW DQG LQQRYDWLRQV GHYHORS

7KH VXSSO\ Rl UDZ PDWHULDOV LV RQO\ WKH EHJLQQLC
PDWHULDOV LQ WKH ZRUOWHRFPUMIHMF WD @B RVIR EHWL R YD G
DWWHQWLR@QWY D V@HOWBM WKH DSSURSULDWH HQYLURQ

,QGXVWU\ DQDO\VLYV

$Q LQGXVWU\N FDQ EH GHILQHG HLWKHU E\ UDZ PDWHULTL
SURGXFW VHUYLFH LQWHQGHG IRU D SDUWLFXQBOXHOHMW B O
HOWHUSULVHV WKDW DUH FRQWUDFWXDOO\ ERXQ®®R VXS
XVHUV > @ 7KH LQGXVWU\ LQFOXGHVY SURGXFHUV SU
PDWHULDOV H[SRUWHUWLBNWRU® HHS DHMDRV H K/ ISYIF LHIORVY. D
JRU WKLV VWXG\ DQG DFKLHYHPHQW RI WKH SURJUDP REMt}
FKDLQ RI WKH LQGXVWU\ RI GHHS SURFHVVLQJ RI ZDOQXW:'
WKHP@BUNHW > @

$FFRUGLQJ WR WKH GHILQLWLRQ WKH LQGXVWU\ SURGX
DQLPDO IHHGLQJ HGLEOH ZDOQXW RLO LQGXVWULDO RLO
SURGXFWV RU XVHG IRU IHHE D@ ARYHVYW®R PN U R HMWKWVH>G@ P H
IUXLWY DUH DOVR FRQVLGHUHG WR EH DREXFGXFWR | RZIDW R P
EHLQJ H[SORUHG ,Q WKH GHYHORSPHQW RI WKH LQGXVWU\
LV PDGKHRER®/IHFWLRQHU\ NHUQHO DQG ZDOQXW RLO ,Q W
LQQRYDSWRGXEFWY ZLOO EH FUHDWHG E\ VWXG\LQJ DQG VX!
ZD\V Rl XWBIURGEFWY DV WK@&\ DULVH >

7KH VAIVWHP KRUQrPORBIHPHHQWRGXFWLRQ LQ WKH RLO D
ZDOQXW SURFHVVLQJ VKRZQ LQ )LJ FROQWDLQV NH\ HOHP
SURGXFHUV RI UDZ PDWHULDOV L H IDUPHUY WRH GKQIFHYLY
DQG VDOH RI UDZ PDWHULDOV L H D ZKROHVDOHU ZKRO!
SULPDU\ SURFHVVLQJ RI UDZ PDWHULDOV SHHOLQJVVRUWI
WKDW SURGXFH FUXGRLEB®EDNH DQI®@RPDAZQRWXW IUXLWV VI
RLO SURGXFHU DIWHU WKH SULPDU\ DQG VHFRQGMDU\ SU

DQG D ZDOQXW VKHOO ZKLFK DUH WKH LQBXWDWI YK
LQGXVWU\ FRVPHWLFV LQGXVWU\ DUH FUHDWHG FUXGFH
IRU WKH SURGXFWLRQ RI ILQLVKHG SURGXFWV LQ WKH IR
SURGXFHUV RI FUXGH RLGRQGXRN BHIRBHQVRE® WKLV J |

SURGXFWYV ZDOQXW RLO FDNH LV D IHHGVWRFN IRU Z
OLYHVWRFN IHHGV ZDOQXW IORXU LV LQSXW UDZ PDW|
E D NH W XFWR/ DQG FDQGLHVY DQG RWKHU SURGXFWYV

ZDOQXW SURFHVVLQJ DUH WKH LQSXW SURGXFW IRU GLVWI

$QDO\WLV RI WKH VXEMHFWV RI WKH YDOXH FKDLQ LQ W|
IXQFWHBRQ@WIG E\ WKHP VKRXOG FRQVLGHU SULPDU\ DQG V
UROHV 7KH PDLQ VXEMHFWY DUH WKRVH ZKR DUH HXHIDJHG
FKDLQ VXSSO\ SURGXFWLRQ SURFHWGAIUW\ VY E WHFOMV RD LS|
LQ WKH PDLQ DFWLYLWLHV RIQGKH HEVWOXH EXWLW KHRW O EWH
RI WKH PDLQ VXEMHFWV RI WKH YDOXH FKDLQ > @ 6HFRQ
LQ WKH YD&ERAH FKIDWEH VHFRQGDU\ VXEMHFWY DUH SROLF
ILQDQFLDO VXSSRUW LQVWLWXWLRQV DQG SURYLGHUV RI
VKRXOG EH VSHFLILHG LQ DFFRUGDQFH ZLWHK FMKIDHWH WZR F
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A

J)LIXUH &DUWRJIJUDSKLF PRGHO RI WKH YDOXH FKDLQ IRU SUR
GHHS ZDOQXW SURFHVVLQJ

&RPSHWLWLYHQHVY RI HQWHUSULVHV RI WKH RLO DQG

7TKH FXUUHQW VWDWHRREBWMYWORGPHIOWMRRLHY LV FKDUD
VXEMHFWYVY RI DQDO\WLYV ZKLFK DUH WKH SULQFLSOHV RI
7KH DFWXDO GLIIHUHQFH EHWZHHQ WKHP LV UHGXFHG WEF
WKDW WKRGFRXHUUDSUHGLFWLYH FDSDFLW\ IRU LQGLYL
VHFWRUDO IHDWXUHY DUH LPSRUWDQW IDFWRUV RI WKH F

*HQHUDOL]DWLRQ RI DSSURDFKHVY WR WKH GHILQLWLR!
DOORZHGR®RVIE DQ DXWKRU V DSSURDFK WR WKH GHIL
PDOXIDFWXULQJ HQWHUSULVH DV D VHW RI LWV FDSDELO
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FDQ VDWLVI\ FXUUHQW VRFLDO QHHGY DQG DELQMWWLHV V
PDUNHW DQG ILQDQFLDO VWDELOLW\ LV SURYLGHG E\ PHEL

JLIXUH VKRZDVIWH FRPSHWLWLYH WHFKQRORJ\ IRU
IXQFWLRQDO IRRG SURGXFWYV IURP ZDOQXWYV ZKLGEM SURY
SURFHVVLQJ RI QXW LQWR RLO DQG RLOFDNH SURFHVVI
VHOHFWLRQ RI WKH REWDLQHG SURGXFWY DQG WKHLU GL)\
LQGLFDWRUV EHWZHHQ VXFK DSSOLWDWLEBQYBVWRYND D (FCE
IHHGLQJ EDNLQJ LQGXVWU\ VSLFH SURGXFWLRQ ELRIXF
FRVPHWLF LQGXVWU\ > @

D $/1872,1
&$.(

5DZ PDWH
TXDOLW

l |

'L\“.Q] Y
JHHG SURGXF\ 2LOFDNH JULQGLQJ
LQWR IORXU

6LIWLQJ—» 6KHRWKHU UHPDLQV

—

SBUHVVLQJ |ZLWK
ILOWUDWLR Y

ERQIHFWLRQE JUDFWLRQ 5(0%,16

L Q G X V BILLAHF
< zz:;> IRRG LQGXVWuon

D $/187.(51(/
y/285 FRQIHF
TXDOLW

6HWWOLQJ

Y

Y Y

YLOWUD
IUHH]LQ

%LRISBOQW DQG
YDUQLVK LQGXVWU\
FRVPHWLF LQGXVWU\

JLIXUH ZDR®H FRPSHWLWLYH WHFKQRORJ\ IRQBWRBRGEWLRQ
SURGXFWYV IURP ZDOQXWYV

7KH SURSRVHG WHFKQRORJ\ LV LPSOHPHQWHG LQ WK
LQIRUPDWLRQ RQ LWV TXDOLWDWLYH FKDUDFWHULVWLFV
FRQQHFWHG ZLWK WKH HOHWV QWS DRJIDWK IR  \W W HAWPK HJ R/FH
RI SURFHMVXQ3PHQW IRU GU\LQJ RSHUDWRU FKDQJH LQ
FRPSOH[ RI HTXLSPHQW DQG SURFHGXUHV IRU WKH SURF
RLOFDNH RLOLQSWHMWU VR WKHDRSHUDWLRQ RI WKH FRPS
DQG IUHH]LQJ WKH RXWSXW RI WKHVH HOHPHQWYV RI
TXDOLW\N\ LQGLFHV DQG UHPDLQYV ZDOQXW RLO FDN!
RI WKH ITHHG SURGXFWLRQ FRPSOH][ DQG VLIWLQJ
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WKH LQSXW UHVRXUFHV IRU WKH FRPSOH[ RSHUDWLR
DQG RWKHU UHPDLQV DQG WKH KRQLIQMDWOLRQHPMHQZI/G
VI\VWHP DUH FRPSOH[HV IRU WKH SURGXFWLRQ RI FRQIHFV
DQG SURGXFWLRQ RI ELRIXHOV SDLQW DQG YDUQLVK LQC

7KXV WKH SURSRVHG WHERYWGIREERAXROMHWQBT QWQFDC
WKH EDVLV IRU GLYHUVLILFDWLRQ RI SURGXFWLRQ GLIIH
RI XQLTXH FRPSHWLWLYH DGYDQWDJHV IRU PDQXIDFWXUL
RI DJULFXOWXUDO HQWHV $QIOMMVEE WEWLURIDBDRIDMREX D U Q R
RI YDULRXV OHYHOV

$SSOLFDWLRQ RI PHDVXUHYVY RI LQQRYDWLYH SURGXFWYV

7KH VFLHQWLILF DQG WHFKQLFDO OHYHOV RI WKH GHYH
SNUDLQH LQ WHUPV RIHNTXZSRPIOGW RQQORVKHVELQ WHUPV F
@ 7KH GHYHORSHG HTXLSPHQW DQG SURGXFWYV
E\ WKH 6WDWH 6DQLWDU\ DQG (SLGHPLRORJLFDO 6HUYLFF
'KHQ GHVLJQLQIXQE@RRMWDYHRRG SURGXFWYV WKH PHW!
WKH TXDOLW\ IXQFWLRQ > @ VXSSOHPHQWHG E\ WKH DXW|
XVHG 7KHUH ZHUH WZR JURXSV RI H[SHUWV WKDW FRQGX
RI SURBREWSURGXFWLRQ SURFHVV 7KH UHVXOWV RI H[S
DSSURYHG E\ XVLQJ .HQGDOOCV FRHIILFLHQW RI FRQFR
FRUUHODWLRQ 7KH UHVXOWV RI GHVLJQLQJ DUH DV IROO
i OLVW RI FKDUDFWH U LWWKIF\SBRRMHW/ HRO FSRHRBX¥VRLRQ R
LQ FRQQHFWLRQ WR FRQVXPHUV ZDQWV DQG FRPSOH
FKDUDFWHULVWLFV PHHW WKH UHTRILUKXKPIOQWYV KXIQ BW
'HSOR\PHQW LRUGHIW &RV W RPE W\NDIQRRPHEEHDRI HQWHU S
PDUNHWLQJ FXVWRPHWURGNA®VFRQG DM VWLFV SL
FRPSRQHQWY FKDUDFWHULVWLFV FRPSRQHQWYV FKDL
SURFHVV FKD WBNRGKEMLVRIOFFKDUDFWHULVWLFV
i ZHIKWLQJ FRHIILFLHQW IRU LPSOHPHQWLQJ 4XDOLW\ )
SURGXFW UDQJH RI 70 3)RRG RBMWIRFWR&RP S DL 3D WHQ\ARILV
YDFWRU\" 3UBWRWN &RIPGWQ\ 29LQQ\WVLD )RRG )DFWRU
ZHUH X\HR® SMRIH FRPSHWLWLYHQHVV Rl GHYHORSHG S|
':DOQXW RUDKDP &&\RRCROQLWHG 6WDWHD RR¥BEHQIADO
DUWLVINQ\WRHG 6WDWHENURL@PRIWIIFQLF ZDOQXW R@0 ,UD(
DGGLWIFRKQ UWRW SURGXFW VSHFLILFDWLRQ LV RGERSWH:
WKH &KHPLFDO $EVWUDFWV 6HUYLFH $PHULFDQ &KHPLF
SURGXFW VHHG RLO &0DVV 2LOV 9HJHWDEOH 2LO DQGC
i KRXVHV Rl TXDMOKWSEBREBWLRI GHVLIQLQJ FRQVXPHU L
SURGXFWV IURP ZDOQXWV 2Q WKH EDVLV RI JLYHQ UHYV
DVVRUWPHQW RI SURGXFWV WR FXVWRPHUV ZDQWV DC
FRPSOH]

&RQFOXVLRQ
7KH UHVXOWV RI WKH UHVHDUFK PHHW WKH JRDOV RI 8N

RQ 6HSWHPEHU E\ WKH *RYHUQPHQW RI 8NUDLQH |
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Rl 6XVWDLQDEOH 'HYHORSPHQW B8NUDLQH  ZKLFK G
DFKYHPHQW 26"

7KH SUDFWLFDO YDOXH RI WKH UHVXOWV RI WKH UHVHI
XVLQJ WKH REWDLQHG WKHRUHWLFDO DQG PHWKRGRO|
UHJXODWLRQV RQ WKH FUHDWLRQ RIULRR EZDDW XK WH I UXQF
DJUDULDQ DQG IRRG SURFHVVLQJ HQWHUSULVHV WR VR
HQWHUSULVH DQG LWV SURGXFWV ZKHQ H[SRUWLQJ RQ
ZLWK WKH PRGHUQ VWDQGDUG V LINQERQRBW ML RQ VWK HK LOIR
RI WKH EXVLQHVV HQYLURQPHQW WDNLQJ LQWR DFFR)
HQWHUSULVH

7KH GHYHORSHG PRGHO RI WKH YDOXH FKDLQ IRU SURG.
ZDOQXW SURFHVVLQJ RRQRE H QXYRIGD VRIUY AUSHDRMGELX FW V' ZL
YDOXH PDQDJHPHQW V\VWHPV E\ VWXG\LQJ DQG VXSSR
ZD\V WR XWRIGEKFWV DV WKH\ DULVH

7KH GHYHORBW\EHQRRP SHWLWLYH WHFKQRORJ\ IRMU SURG
IRRG SURGXFWV IURP ZDOQXWYV FDQ EH XVHG IRU WKH
LQGXVWU\ RI GHHS SURFHVVLQ@D\RW H FORXAV R | MR KDLWQ
HOHPHQWY DQG LV WKH EDVLV IRU GLYHUVLIMADWQRQ R
FUHDWLRQ RI D QXPEHU RI XQLTXH FRPSHWLWLYH DGYD
DJURRG FKDLQ DV ZHOO DV WKH LQYROYHPHQW RI GRF
LQGXVWU\ Rl GHHS SURFHVVLRQYGANVADOLDROR B QER DILOGRE D C
7KH REWDLQHG UHVXOWYV RI PDUNHWLQJ SURGXFWV PRC
SURSHUWLHV Rl QHZ SURGXFWYVY DQG PDUNHWLQJ FRPS(
SURGXFWLRQ SODQW

$FNQRZOHG JHKPHHRQXWYKRUV ZRMXNO G0 G)RRIGWR WHDR H \
WR WKH 8NUDLQLDQ 1XW $VVRFLDWLRQ $00O PDMF
RI WKH GHYHORSPHQWY ZHUH REWDLQHG DQG LPS(
IDWLRQDO $JUDULDQ 8QLYHUVLW\

5HIHUHQFHYV

*ROGUDWW (0 &R{HMRDO $ 3URFHVV RI 2QJRLWK ,PSU
$QQLYHUVDU\ (GLWLRQ *UHDW %DUULQJWRQ 1RUWK 5L
3RUWHU 0 ( &RPSHWLWLYH $GYDQWDJH &UHDWLQJ D
3HUIRUPIHZFHRUN B6LPRQ DQG 6FKXVWHU S5HWULHYHG
%UXQR 6 6 (FRQRPLF '"\QDPLFV LQ 7UDQVLWLERXQDO (FI
*RYHUQPHQWYV WKH (8 (QODUJHPHQWV\F® 8 ORKN JWHXW C
$NDR < 1HZ 3URGXFW 'HYHORSPHQWAIXD® BWD OL\O RAPW;
6\WWHWDQDBWURBQ DQG 4XDOLW\®&RQWURO SS
$QGUHHYD 7 9 (UPDNRRLPBVWLRQ RI SURGXFW YDOXH |
LQGXWWOOHWLQ RI WKH 28 Ss

JHOLHYHOG + JRRG VDIHW\ UHJ$0DRVHREPL EFQWH G
-RXUQDOSS

$0 6KDPVL . % &RPSDJQRQL $ 7LPSDQDUR * &RVHQW
$ 6XVWDLQDEOH 2UJDQLF 3URGXFWLRQ ORGHO IRU 3)RF
(PLUDWHYV DWW BB\ RLIDLQ D E L GRW\ V X
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BKNXUDWRY 2, &KXGRY\VND 9 $ QERDFKHQNRLEX0 W
HFRORJLFDO DQG HFRQRPLF LPSHUDWL& HV$RI GHYHORS
(7,3 %,2(1(5*< 65,% 7KH (XURSHDQ %LRIXHOV 7HFKQ!
$YODLODEOH DW KWWS HWLSELRHQHUJ\ HX LPDJHV (7,3
1XWV '"ULHG )UXLWOREDO VWDWLVWLFDO,QWHNLQIZW LR Q
1XW 'ULHG)UXLW ,1&

BREROHY ' SNUDEZQHH 1XWV $QQXDO :D CBBXHV)N\R S EBDRXP O !
$JULFXOMUND/® *$,1 5HSRUW 83

3RUWHU 0,QWHUQDWLRQ DO DXRFEHWH @/ LRQB KRKIOW VAL QG
ORVFRZ ,QWHUQDWLRQDO FRQIHUHQFHV

BKHUHU ) 0 S5RWWUXFWXUH RI VHFMRUIDOONMHIBUINHRP V( Q J C
3,1)5%0° ORVFRZ

.RWOHU )ODUNHWLQJ ODQDJHPHGWWHIS UBWYV FRXHVWE X
2WOHV 6 'HVSRXGL 6 9%XFDWDULX & .DUWDO &
YDORUL]DWLRQ DQG VXVWD L)XRIREL OLVWW H CBRVREFHVRIR @ JL ¢
7HFKQRORJLHY DQG ,Q8XVWULDO 7HFKQLTXHV
%DOGZLQ 5 37UDGH DQG ,QGXVWULDOLVDWLR
B8QEXQGOLQJ +RZ %XLOGLQJ DQG -RLQLQJ D 6XSSO\ &
ODWWHUOREDQL]DWLRQULY IDQ $IBWLODWHUDO (FRQRPLI
7ZHQWUVW &HQWHKHOVWUD DQG $ 7D\ORU HGV  8QLYH
.LULWVDNLV $ . 9LUJLQ ROLYH RLO FRPSRVLWLR
,QIRUP SS

%DUEDOHWUHHQYLOOH : &URRN 3 *UHWWRQ 5 %UHXQ
%HWZHHQ %LODWHUDO DQG 5HJLRQDO 7 U DSG/M 05J WK H C
3DFLILF 3ROLF\ 6\8GLHV

6DYRLUH 5 /DQRLVHOOp -OHF KRYIRELG FRQWLQXRXV R
IURP RLOVHHGRR® DEBLHIZRSURFHVV 7THFKQRORJ\

%DV 0 DQG DEWUDXVV'RHV ,PSRUWLQJ ORUH ,QSXWV 5
JHYHO (YLGHQFH5HMMHJUPDIQRWOG (FRQBSBLFV
ODWWKDXV % DQG %U+KO / SUHVVHEDBGWEORH BROB\
*HUPDIDKUXQJ )RRGSS

%RMQHF 6 DQG , )HUWR)RRG (['SRRIEND RRBESBBHWLYH:(
SUHVHQWHG DW WKH ,QWH UQPX\AL\R R DDO& F®RIGIRMIQAMVR 10
$XIXVW

gPHU < 7DG4DQ O dHULWOL VR+=XN SUHV \D+ODU
LOHULNOHULQL/MH EHOGDO HQBBMW )DN<OWHVL 'HUJLVL
&DGHVWLQ & - *RXUGRQ 3 .RZDOVNL 33DUWLFL
/IDWLQUSFD ,PSOLFDWLRQV SRODWPGIEDNIBICB GHROLF\
3DSHUR 2(&' 3XEOLVKLQJ 3DULV 'RD MOST \
,RQHVX 0 90DGXW 9 8QJXUHDQX 1 'OQFD 0 =DEDYD
IRU RLO REWDHQUIQQRXWRPPRWHULDOV $QQDOV RI WKF
$JULFXORQWBIQRORJ\ &DGDVWSISH 6HULHYV

'H %DFNHU . DQG 6 OLURXGRW 0DB(SL FUPGRED O
3ROLF\ 3DSHPM' 3XEOLVKLQJ 3DULY WRJBEU N
.LUVFKHQEDXHU ¥DWV DQG 2LOV S5HLQKRORBXNESSVKLQ

'LDWRQLOOD ( 2UGHQ ' .ZLHFL VNL $ (QDEOLQJ
*URZWK DQG &RPSHWLWLYHQHVV (YDOXNRWLRRG ,QGL
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$JULFXOWXUH DQG )LVKHU2(Y 3PBOIUWKLQJ 3DULV
M] K HYGB

1LUDQMDQ . +DQPRXQWWUILLWLRQDOO\ (QKDQFHG (GLEO
3URFHVEKQSWHUPHLGHG $TXHRXV ([WUDFWLRQ $2&6 3U
'"UDEHQVWRWW 0 3$JULFXOWXUDO ,QGXVWULDO
'HYHORSPHQW DQG-RXHQDP FRBUFKLFXOWXUDO DQG $SSC
SS =

&KRR : 6 %LUFK - 'XIRXU - 3 3K \V L FRAKWHPAVF B O
FRGOGHVVHG IOPRXHBOG RROYRRG &RPSRVLWLRE DQG $QTC

YHUQMDLQR O - 8YKQLGBRIM\VLY WR $QDO\VH WKH

WKH %HQHILWV Rl 7BDGB /MUALG®H V2DWRRBISMIERQ :RUNL
+

6LUH$ 1RDOR®BND O 6FABBDW 7KH FRQWHQW DQ

DFWLRILBKHQROLF FRPSRXQGNG LERPEWE RLPOIV)RRG /LSLG\

Ss

*HUHIIL * )HWMIDUNGH]*ORED®@XBID&KDLQ $QDORHYWH WB UL

RQ *OREDOL]DWLRQ *RYHUQDQFH &RPSHWLWLYHQHVV

1&

ODVNXV . ( 2WVXNL 7 :LOVRQ - 6 7KH &RVW R

BWDQGDUGV IRU )LUPV LQ 'HYHOW 816 JSRMRGEA WADLGHY 3 RO L

5HVHDUFK :RUNLR)J 3DSHU

ODQXHOD 7YDURQDYLPLHQ; 'DOLD 3WUDDNDSLHQ| 5RIPDA

3UDNDSDV AaXNDV] 1DZURW (Q HEXX U QL MLKHH) B\H DI |

(XURSHDQ &FR@RBPLAV B6RFLRGBI\ '2,

SWVXNL 7 (I’IHFW Rl ,QWHUQDWLRQB®HOW(OBDWE

$Q $SSOLFDWLRQ RI WKH &RDWDUWRDO6 PKRROL R R, ® SVSHARDOF
BROLF\ 'LVFXVVYRRQ(3DSHU
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JJJ(FRQRPLFV DQG ODQDJHPHQW
,QWURGXFWLRQ

,Q /ILWKXDQLDQ DJULFXOWXUH FDUURWY UHPDLQ DQ LP
GRPHVWLF DQG IRUHLJQ PDUNHWY $O0OWKRKJIK HSYUHN MM |
DOPRVW WKH VDPH VKDUH LQ WKH WRWDO KDUYHVWHG DU
IRU L@ > @ WKH FKDQJHV LQ FDUURW SURGXFW
WKH DOWHUDWLRQ RI DYHUDJH LI)I@EE. ZDWR WY \RH GVW K H 8V R
GRPHVWLF SURGXFWLRQ

7KLYV UHVHDUFK LQYHVWLIJDWHY FDUURW SULFH DV RQ
PDUNHW LQHIILFLHQFLHY DQG HQFRXUDJH IDUPHUV WR O
WKHLU ZHORDWHVHE Y6 XFK EHKDYLRXU LV H[SODLQHG E\
SURGXFWLRQ GHSHQGV RQ WKH SULFH GXULQJ WKH SUHY
WR WKH DFDGHPLF OLWHUDWXUH ZKLFK VWDWHY WKDW
HISOPURFH EHKDYLRXU LQ WKH PDUNHW EHFDXVH ZH RIW
SULFH WUDQVPLVVLRQ DPRQJ WKH VXSSO\ FKDLQ > @ &R
LQ WKH VXSSO\ FKDLQV RI DJULFXOWXUDO FRPPRGLWLH
PDUNXS FRQFHSW WR VRPH HIWHQW FRXOG EH H[SODLQHG
WKH FKDQJRWKRUWWDIWHRQVXPHUVY GHPDQG PDUNHWLQJ
+RZHYHU LW LV DUJXHG WKDW HPSLULFDOLWEHVHD\BPKWQ
> @ ZKLOH PRVW RI WKH FXUUHQW WKHRUHWLFDO PRGH:
EHKDYLRXU SURSHUO\

$FFRUGLQJ WR SUHYLRXV DFDGHPLF VWXGLHV WKH GL
EH H[SODLQHG E\ GLITHYHQWLPFW RUVVEBDMWHRWDQIULFH WL
HITLFLHQF\ 6RPH RI WKHVHRID FRRG@WHRIMWHFFRRRRE LM RWK |
XVHG DV DQ H[SODQDWRU\ YDULDEOH IRU D ZLGHU SKHQR
SULFH EHKD YIDRKNNHRQRWRBULFXOWXUDO FRPPRGLWLHYV DU

@ PDUNHW SRZHU DQG FRQFHQWUDWLRQ UHODW !
VHOHFWHD® WIWMNHQW DQG SULFLQJ VWUDWHJILHYV > @

@ DQG VHDUFK FRVWY > @ DGMXVWPHQW RU PHQX FRYV

FRPPRGLWLHV RU VSHFXODWLRQ E\ WKH VKRUWDJH >

> @ RXWEUHDNV RI GLVHDVHV UHOWWBGHWRH B YWULLFRAOL
@ LQWHUYHQWLRQV RI SROLF\ RDINHUVFOLPDWH BPRDE DK
@ VHDVRQDOLW\ > @ WKH VKRUWDJH RI ZDWHU UHVI

> @ WKH SUHVHQFH Rl EQPSK®ILGIL WH I$ WRKERWLOWX W L R Q
> @ DQG HWF 7KH FRPSOH[LW\ RI WKH SKHQRPHQRQ FR
WKH SULFH WUDQVPLVVLRQ LQ WKH VXSSO\ FKDLQ LV XQL
VHOHFWHG MY WKRHDOBOLRG PDNH GLIIHUHQFH > @

7KLV VWDWHPHQW LV VXSSRUWHG E\ PDQ\ VWXGLHV Z
FRXQWULHV DQG VXSSO\ FKDLQV ,W VKRXOG EH QRWHG W
UHVHDUFK ZHUH VHOWRWHIKBVRQO\ LQ D IHZV @ ZKLOH \
YHUWLFDO SULFH WUDQVPLVVLRQ LQ WKH YHJHWDEOH VH
SXEOLFDWLRQV UHYLHZV RQ VXFK VWXGLHV DUH SURYLG
VWXGLBYVURWFSULFH WUDQVPLVVLRQ LQYHVWLJDWH FDVH
8QLWHG .LQJGRP > @ $XVWULD > @ *HUPDQ\ > @ ,U
RI WKH PHQWLRQHG S D DHUEV GRIII \V H O KVH. /G RKDE\R @ B W Z
WKH VXSSO\ FKDLQ Rl FDUURWY 7KHVH VWXGLHV GLIIHU
FKDLQ DQG HPSOR\ YDULRXV GDWD IUHTXHQF\ )LQGLQJ
VIPPHWULF SULFH WUDQVPLVVLRQ DORQJ WKHRYXBES®\ F
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JJIJ(FRQRPLE® ODQDJIHPIHQW

VIPPHWULF WUDQVPLVVLRQ DUH PRUH RIWHQ 7KH SULFH
GLIIHU

+RZHYHU WKUHH RI WKH DIRUHPHQWLRQHG VWXGLHV
7ZR SDSHUV LQYHVWLJIJDWH WKH G L IGHRURHQPHYWLR @ B B DRYOLE
LQ WKH 86% DQG ILQG WKH HYLGHQFH RI V\PPHWULF > @
VWXGLHV DOVR VKRZ WKH GLIINX®QWT BDIGIDEWM R AQ WQ RW
HVWLPDWHV WKH LPSDFW RI (YSWR AH WUR®XPWY RORQQRY
FRQFOXGHV WKDW WKHUH LV QR HYLGHQFH RI VLJQLILFDC

7KH SDSHU DLPV WR DQDO\VH WKH VLWXDWLRQ LQ WKF
WKH FKDQJHV RI DJULFYXGWXXDB BURBUXRWLRQVUDWH D
WUDQVPLVVLRQ DORQJ WKH VXSSO\ FRPHQURVHDUWFKHF BB Y
WR WKH VFLHQWLILF GLVFRXUVH RQ YHUWLFDO SULFH V
GRPHVWLF FDUURKL MK KDY\ TR LHWSWIO DWIPG \VQVLRQWLO

ODWHULDOV DQG PHWKRGYV

,Q RUGHU WR DFKLHYH WKH DLP WKH SDSHU FRPELQ!
UHVHDUFK PHWKRGYVY 7KH ILUVW VXEWDVN DQDO\WHV WKF
WH VWUXFWXUH RI IRUHLJQ WUDGH 7KH FRPSDUDWLYH D
FROOHFWHG E\ 6WDWLVWLFV /LWKXDQLD LV FRQGXFWHG
DIWHUPDWKY RI WKHVH FKDQJHV IRU WKW WHKUILEBYINRRRS P
RI FDUURW SULFH

7KH VHFRQG VXEWDVN LQYHVWLIJDWHYVY WKH YHUWLFDO
FDUURWY RI /LWKXDQLDQ RULJLQ RQ GRPHVWLF PDUNHW
VXEWDVN UHOLHV RQ WKH YHFRQGCOHU GDIWDIBRBOHFWHG
,QIRUPDWLRQ DQG 5XUDO %XVLQHVV &HQWUHYT 7KH IDUF
PLQLPXP DQG PD[LPXP SULFH RI FDUURWY RQ IDUPV 7KH
RI' VHYHQ /LWKXDRW Q@ FRXSVHSDFNHG FDUURWY LQ WKH
7KH ZHHNO\ GDWD LV DJJUHJDWHG LQWR PRQWKO\ IUHTXF

ORQWKO\ SULFHV LQ )LJXUH GHPRQVWUDWH WKDW E
WZRIROG LPSDFW RI YHDMRQW®HFKDQIHVVWDUW RI WKH
FKDUDFWHUL]JHG E\ WKH VKDUS LQFUHDVH LQ SULFH OHYF
VKRZV WKH GHFUHDVH RI SULFHV 6HFRQG WKH LQWURG
VXFFHVV VROREQHPWKIHGRPHVWLF FDUURW DYDLODELOLW\
\HDU $Q XQLQWHUUXSWHG VXSSO\ RI GRPHVWLF FDUURW
DIWHU +RZHYHU GXULQJ WKH DQDO\WHG SHULRG IDUF
VHOOLQJ RI WKH ODVW \HDU KDUYHVW RQ IDUP LV GRQH F
WKH VKHOYHV RI VXSHUPDUNHWYV

7KH UHYLHZ RI WKH OLWHUDWXUH RQ YHUWLFDO SULFH
VHOHFW HFRQRPHWWILKNF WHVYWO ORURDKWHK DEMDBEOHWZHHQ IDU
WKH MXGJHPHQW DERXW WKH HIILFLHQF\ RI WKH GRPHVWL
PDUNHW FRXOG EH GRQH )LUVW WKH DQDO\WHG SULFH V
WRHFWO WKH DSSURSULDWH UHVHDUFKXPIOWKRGY WKHV I X3
UXQ WR FODVVLI\ WKH SULFMWMWLRDUWA VWDWLRQDU\ RU
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JLIXUH $YHUDJH FDUURW SULFHV UHWDLO DQG IC
6RXUFH RZQ FDOFXODWH REDWRQF REE HFDWHE RY 6 p$JULFXOW XU
%XVLQHVV &HQWUHT

7KH ORQY UHODWLRQVKLS EHWZHHQ WZR WHVWHG YDUL
RI VWUXFWXUDO EUHDNV LQ WKH GDWD 7KHVH SRWUVLEOH
D FKDQJH LQ WKH IDFWRUV VXSSRUW V\VWHP RU WD[DWL|
WKH WHVWHG VHULHV +HQFH LI VWUXFWXUDO EUHDNYV DI
H[LVWHQFHURIQDUBRQWLRQVKLSV\WKKDW DV @H BB VVHWEKRIG
FRQILUP WKH UHODWLRQVKLS ZKHQ LQ IDFW LW GRHV H[L

BHFRQG WHKKH) \DKRGXEMRQHODWLRQVKLSY EHWZHHQ IDUP I
LQYHVWLIDWHG 7KH>XQD WHKO BIVWRL RIQR/HK IOSR D\IVLERYHHS/ \VQ IO MV H
*UDQJHU FRLQWHJUDWLRQ WHFKQLTXH > @ EHFDXVH WL
DSSURDFK LV EDVHG RQ WKH LGHD WKDW LI WKHUH LV |
UHVLGXDOV REWDLQHG IURP RUGY®DWR G DWWDWILFOQUHM
WR WHVW IRMQWEKHOODRQRQVKLS EHWZHHQ UHWDLO DQG
VWDWLRQDULW\ Rl UHVLGXDOV ZLWK WKH KHOS RI $')

7KH *UDQJHU FDXVDOLW\ WHVWX® @HO B SRR M \D B XVK D\
GLUHFWLRQ RI WKH IDUP DQG UHWDLO SULFH FDXVDOLW\
WKH QDWXUH RI WKLV IHHGEDFN 7KH *UDQJHU FDXVDOLW
SUHGLFWHG E\ KLVWRULFDO GDWD KU IDRHR WHKUHILH V XES-SVOW A
SULFHVY GDWD LQ WKH SDVW 7KH *UDQJHU FDXVDOLW\ Wi
H&DUURW UHWDLO SULFH GRHV QRW *UDQJHU FDXVH FDUL
*UDQJHU FDXVHSEDBWRW KH\WBWQPBWLRQ® BIVWIKHV H QVXRi
GLUHFWLRQ RI FDXVDOLW\ DQG LGHQWLI\LQJ WKH SULFH
FKDLQ

7KH DIRUHPHQWLRQHG WHVWVY KDYH DVVXPHG WKDW W
ORQXQ UHODWLRQVKLS +RZHYHU WKH SUHYLRXV UHVHDI
FRQILUPV WKDW DV\PPHWULF SULFH EHKDYLRXU LV RIW
$XWRUHJUHVVLYH PRGHO > @ LV DSSOLHG LKHRUGHU
WUDQVPLVVLRQ RI SULFHV KDYH EHHQ DFFRXQWHG IRU
FRLQWHJUDWLRQ ,I FRLQWHJUDWLRQ LV IRXQG WKH Q
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UHODWLRQVKLS 7KLV ZLOO LGHQWLWR IDWKLHQ BU HBW H/ RRWL
IURP WKH ORQJ UXQ HTXLOLEULXP RU LI WKH SULFH EHKD

5HVXOWY DQG GLVFXVVLRQ
SURGXFWLRQ

Q FDUURWY ZHUH RQ WKH WRS WKUHH OLVW RI
(XURSHDQ 8QLRQ (8 WO VHYHQ VHOHUSDVKH (8 FDUURW
GHPRQVWUDWHG VLJQLILFDQW FKDQJHV LQ FXOWLYDWHG
(XURVWDW > @ WKH PDLQ FDUURW SURGXFLQJ FRXQW!
.LQJGRP DQG *HUPEBRLOH WKH KLIJKHVW VKDUHV RI
LQ 3RODQG JUDQFH DQG ,WDO\ ,Q A
RI WKH (8 FDUURWY DQG WKH FXOWLYDWHG DUHD DFFRXC
FDUURW SURGXFWLRQ
7KH FDUURW LV RQH Rl WKH PRVW SRSXODU YHJHWDEO
ODUJHVW VKDUH RI FDUURWYV LV KDUYHVWHG RQ IDUPHU D
RI FDUURWY RQ IDUPHU DQG IDPLO\ |D WP K DDOUFFFHRXQ R B GD [0RC
FRPSDUHG WR LQ > @ $OWKRXJIK WKH VWUXFW X
SURGXFWLRQ UHPDLQV VWDEOH WKH FKDQJHV RI WKH PD
Q WKH KDUYHVWHG DUKHIV ZI\G L FD VWKPUD®KEP RQ VW UL
FRPSDUHG WR > @ $FFRUGLQJ WR 6WDWLVWLFV /
DQG IDPLO\ IDUPV LV ORZHU WKDQ DW DJULFXOWXUDO FRF
SHULRG WKH PLRQRRRM DOGDRBI[\LHOGYV IOXFWXDWHG IURP
KD > @ +RZHYHU VWDUWLQJ IURP WKH \HDU WKH DY
UHDFKHG WKH ERWWRP LQ

7DEOH
ODLQ LQGLFDWRUV RI WKH /LWKXDQLDQ FDUURW Sl

+DUY $YHUDJH +DUYHVW
WKRIRQQHY WRQQHV SHU KDWKRX KD
YDUPHU

iDPLOs00 1DRY S\ SEEVREEY G\ | 88RIDVPY

IDUPY

FRPSDU

6RXUFH 6WDWLVWLFV /LWKXDQLD > @ RZQ FDOFXODW

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7DEOH GHPRQVWUDWHY WKDW /LWKXDQLDQ IDUPHUYV K
DQDO\WHG SHULRG DQG WKH QXPEHU RI ORZ KDUYHVW \H
7KH ILWOOHBOKDQJ \HDU ZDV $IWHU WKH FROG UDLQ\ V.
\LHOG DFFRXQWHG IRU RI WKH OHYHO RI 7KH OC
PDQ\ (8 FRXQWULHY DQG WKH HDUO\ VKRUWD JMVRR WADKIHH S
KRXVHV FRQWULEXWHG WR WKH VKDUS JURZWK RI ERWK
WKH PRVW FKDOOHQJLQJ IRU IDUPHUV ZDV WKH XQIDYRX
7KH GHFUHDVHG FDUURW VXSSO\ RQ GRPNV\RUFWOHU NP SR
FDUURWY GHWHUPLQHG D VSLNH RI FDUURW SULFH LQ
PRVW LPSRUWDQW SULFHV DIWHU WKH LQWURGXFWLRQ R
UHVXOWHG LQ WKH JURZWK.RS$DRBSXR) SD UPHWY \DIQ BHIOD B UK
KDUYHVW SHULRG ,Q DQG IDUP SULFW D @G UG ORR
KDUYHVW VLWXDWLRQ LQ FDUURW SURGXFWLRQ

W VKRXOG EH QRWHG WKDW WKH VKULQN L QREX®WRXGNF W
ZDV D WORLMMP G XULQJ WKH QDWLRQDO SODQQLQJ RI WKFE
RI % $V D UHVXOW /LWKXDQLD LGHQWLILHG WKLV QL
LQFOXGHG WKH YROXQWDU\ VXSSRWRGHRXBDBGUMRW SR
VWDUWLQJ IURP WKH \HDU 7KH SD\PHQW IRU ILQIOG YF

(85 KD DQG (®5 KD

'XULQJ WKH DQDO\WVHG SHULRG DGGLWLRQDO SROLF\
FRPXQLFDWLRQ DQG VDOHV DW YHJHWDEOH PDUNHW SU
VFKRRO LQVWLWXWLRQV DQG SULPDU\ FODVVHV 7KH VW]
PDUNHW DIWHU WKH 5XVVLDQ EDQ ZDV HQVXUBGVLQ@GRC
KDUYHVWLQJ PHDVXUHV 7KLV W\SH RI VXSSRUW UHPDLQ

+RZHYHU WKH FKDQJHV RI WKH KDUWYHWXHRG D/KDIV |
XQIDYRXUDEOH ZHDWKHU FRQGLWLRQV DQ GXPHENAH &/ RDC
SROLF\ LQWHUYHQWLRQYV

JRUHLJQ WUDGH

$QRWKHU LPSRUWDQW GULYLQJ IRUFH HQFRXUDJLQJ
SURGXFWLRQ FRXOG EH WKH VLWXDWLRQ RQ WKH PDUNHYV
HITLFLHQF\ SUREOWHWNVFLOXWEB\GFKPHQ 7KH FRPEFOUMVRBRQE
HISRUW LQGLFDWRUV GXULQBHW KH B MRCGH RIPSRUWDQW
IRUHLJQ WUDGH VLWXDWLRQ )LJIJXUH 7TKH DQDO\WLV R
XVLQJ WEKBPIWHGUHGLFDWRU RI FDUURWY DQG WXUQLSV &
QRWH WKDW WKH SURGXFWLRQ RI WXUQLSV LV QRW VLJQ
XVHG WR PRQLWRU FKDQJHV RQ WKH FDUURW PDUNHW

7KH LPSUHVVLYH GHFUHDVYW R|]SICPIHIRQUHNG IB\RP VLIQLILFD
HISRUW WR 5XVVLD DQG %HODUXV 7R EH PRUH VSHFLILF
HISRUW DQG LPSRUW ZHUH DIWHUPDWKYV RI WKH UHVSRQV
,Q $XIXVW LD BRSRVHG DQ LPSRUW EDQ RQ D OLVW RI D
(8 RULIJLQ DQG WUDGH UHVWULFWLRQV LQFOXGHG WKH
DQDO\WHG SHULRB[SR[SWURN PRQBUBRMW Y DQG WXUQLSYV UHG
SURBXY¥ RI FDUURWYV VZLWFKHG WKH WUDGH IURP WKLUG

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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WRQQHV

Ya

WRQQHV

W KR X

O,PSREWH H[SAUWSRUMODOXH ([SRUW UDWLR

J)LIXUH '"HYHORSPHOMSRRUWH [ BDRWGBW. PBBRUW RI FDUMURWY DQG V
6RXUFH 6WDWLVWLFV /LWKXDQLD > @ RZQ FDOF

'XULQJ WKH DQRG\WHIGHS\HKDUH RI WKLUG FRXQWULHV LC
IURP WR 7TKH VWUXFWXUH RI /LWKXDQLDQ FDUUR)
WKH %DOWLF FRXQWULHYV RFFXSLHG WKH SRVLWLRQ RI PL
WKH WRWDO DPRXQW RI HI[TSRUWHG FDUURWY DQG WXUQL
GRPHVWLF FDUURWY DQG WXUQLSY KDG LQFUHDVHG DQG

+RZHYHU WKH FRPSDULVRQ RI WKH DQQXBGCGHQIGRE DRNF

* VKRZV WKDW DFFHVV WR WKH PDUNHW RI WKLUG F
PRUH VWDEOH LQGLFDWRU IRU GRPHVWLF FDUURWY DQG

7TKH FKDQJHV LQ WKH VWUXFWEKWDH) RXDRUHQGQ FNVWRGEHR
WRQQH DQG KDG DQ LPSDFW RQ IDUPHUVY ZHOIDUH

'"RPHVWLF VXSSO\ FKDLQ

EHVXPLQJ WKH UHVXOWY |IRUWKKHGSHYBIORSRHQW RI FDU
LQ /LWKXDQLD ZDV KHDYLO\ GHSHQGHQM RQ LAVDVRIQNU FR
PDUNHW LQHIILFLHQF\ LVVXHV UHODWHG WR SULFH FKDQJ
DQ LPSRUWDQW FRQWULEXWRU WR WKH VKULQNLQJ RI G
LGHQWLI\ PDUNHW GHYHORS PR HQK\H SXNREDG® YWHRIUHDDINN R
EHWZHHQ IDUP DQG UHWDLO SULFHV RI FDUURWYV LV LQYF

JLUVW WKH XQLW URRW WHVW LV FRQGXFWHG 7KH UH
IDUP DQG UHWDLO SU L RW DDAEMRD XBDH FYRRBAHRY QR K D O X H V
VLIQLILFDQFH OHYHO +7WWEOM GDWKXWHWKHY FRQWDLQ D
UHMHFWHG +RZHYHU $') WHVWYV DWFROUV/GV B3 U H W H G WHI\G

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7DEOH
6WUXFWXUH RI FDUURW DQG WXUQLS H[SRUW L
7RWDO I
[SRUWHG
<HDU (BRUM/VWUXFWXUHE\FR)Q@QSURWVDQG
WXUQLSV| WRQQF
5¢ 79 % ( 3/
58 19 %< * 0%
5¢ 79 (( % % *
1/ 3/ )
58 19 %< * 0% (
5¢ 79 % ( 1/
* 0 3/
58 19 %< o ( )5
5¢ % 79 (( =
1/ 01 $) * 0
58 /9 % < .= * 0% (
% 5¢ 79 3/ (
1/ = * 0 7
/9 % < 37 = (( 1/
* 0
* %% % 79 5¢ (
= 7 3/ (6
/9 (( % < 1/ * 0 3/
= 3 $) % *
% 79 ( 3/ 5F
* 0
/9 (( % < 1/ X0 .=
: 3/

7KH. DVWHULVN4[($PFRILH-I\MVRWRDUHRWV DQG WXUQLSV %R(

FDUURWY DQG WXUQLSVY WR WKLUG FRXQWULHV ,62 VWDC(C
6RXUFH RZQ FDOFXODWLRQVHRY NX iE\EDVD W IRM WMLK-N  GLD
7TDEOH
$') XQLW URRW WHVW UHVXOWY IRU WKH UHWDLO I
ODULDEOHYV $l) W T OEY Ld:[PFOLBEb%)bH
VWDOWLWEE | ol ROWLSHIFRO KHV
YDUP SU
5WDLO !
' BHWDLO !
" )DUP SUL
8QLW URRW ZLWK VLQJOH EUHDN
W 7THVW FULWLSRDHONMORH
ODULDEOHXUHDN G,R, DV\PSWRWLHE RQH
%WL\\//I\_A}\:]) LILFDQFH SYD/GDOH
" )DUP SUL 0
' BHWDLO ! 0

7KH ODJ OHQJWK EDVHG RQ 6FKZDU] ,QIRUPDWLRQ &ULWI

SURYLGHG LQ PHDKQYYWKERWMH E\WH G
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7KH VLPLODU UHVXOWYVY RI SULFH VWDWLRQDULW\ DW |
PDUNHWY LQ WKH 86% > @ ZKLOH LQ WKH 8QLWHG .LQJ
> @ SULFH VHULHV ZHURIVIKD\WLR@DQU P DTUKNH WWHXXRZHG WK
ZHUH VWDWLRQDU\ EXW UHWDLO SULFHV ZHUH VWDWLRQ

7KH $') WHVW ZLWK VLQJOH EUHDN VKRZV WKDW LQ FD\
GLIIHUHQFH WKH EUHDN GODOWMMOVERXIOGFBIQWGEHDWLILHG
VKRZ EUHDN GDWH LQ 0D\ ZKLOH WKH EUHDN LQ UHW
ODWWHU EUHDN FRXOG EH UHODWHG WR WKH DIWHUPDW
VWUXFWXUH DRORMHGEY POWMMWDWLYH URXWLQJV JUDGXD(
H[SODLQHG E\ WKH LQWURGXFWLRQ RI (XUR DV WKH *HUP|
VHULHV RI FDUURWY DQG FXFXPEHUV ZLWQHVVHV WKH VL

(QJOUDQIHVWMMAIRFKQLTXH IRU SULFH VHULHV LQFOXGLQ
FRQGXFWHG LQ RUGHU WR L GUKKQ@QWLHOW WH RXDWEKK\W ZRHHHQKS

WKH FRHIILFLHQW IRU EUHDN LV QRWDQUHYL WAUQWZ LY
VLQB EUHDN LQ DUH SURYLGHG LQ 7DEOH  7KH ILUV\
DUH VLJQLILFDQW DW OHYHO
7DEOH
SBHVXOWYV RI*WBQJHUJAHHFKQLTXH VW VWHS
&RHIIL W W D WG | 3UF
SHWDL
&RQ\
EVTX] XU :DW'
SGMXE VT X| ) VWD

6RXUFH RZQ FDOFXODWLRQV

7TKH WHVWLQJ RI WKH UHVLGXDOV IRU WKHWHKIH VRIIXFHH R
*UDQJHU XQLW URRW WHVW 7KH U WKODWYWKHBRU WVWK R @
WKH WHVWHG SHULRG EHFRBXWEBWLRK/AVER PYE&XOMHGI DU WARKCHX Y
LV KLIJIKHU WKDQ WKH FULAMREGBOVKDWXWKH UHVLGXDOV DI
+ FRXOG EH UHMHFWHG DW VLIJQLILFDQFH OHYHO %
FRLOWHIJUDWSX ULREVOQERIUHVVLRQ *URR JBIHV WGIWW BIU RC
HYLGHQFH RIXWKUWHHOEIR@HWBRDWKQ FDUURW SULFHV RQ IDUP I

7TKH QH[W VWHS LV WR DQDO\WH WKH FDXVDOLW\ DQG Il
WR WKHXMXRUBHWDWLRQV EHWZHHQ WKH DQDO\WHG SULFH V
TXHVWLRQ plRQ AKIDWDH® SULFH VHULHV RI FDUURWY FDXYV
FDUURWY DQG YLFH YHUVD"Y DQG VHWWLQJ WKH GLUHFW
SULFHV H[SODLQ WKH UHWDLO SULFHV DQG RLFBUPHUWD
RU UHWDLOHUY FRXOG EH PDGH +RZHYHU WKLV WHVW G
YDULDEOHYV > @

7TKH I+t yWyg&«WUURW UHWDLO SULFH GRHV QRW *UDQJHU FD:
DW VLIQLILFDQFH OWYGROOBRG WHMWDIOWLBEHYFRI FDUUF
7KH VHFR@@Q®UURW IDUP SULFH GRHV QRW *UDQJHU FDXV
UHMHFWHG DQG IDUP SULFHVY GR QRW OHDG UHWDLO SUL

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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7TDEOH
5HVXOWYV Rl *UDQJH U FDXYVDW LSULL WHHW W TR U

+ ) 6WD) 3UF

&DUURW UHWDLO SULFH GRHV Q

&DUURW IDUP SULFH GRHV QRW

DIV LOQGLFDWH DWMWEMLRQ GRHYWKBHRI VLJQLILFDQ
6RXUFH RZQ FDOFXODWLRQV

$FFRUGLQJ WR WKH ILQGLQJV RI WKH SUHYLRXV UHVF
JLWKXDQLDQ FDUURW PDUNHW LV QRW W\SLFDO DQG WK
GLUHFWLEQUBIG® IFRQ DO F D X&/IDQ@IL WW DAKHIOROW KH BRRPOG Gl
WR FRXQWU\ ,W VKRXOG EH QRWHG WKDW LPSRUWDQW F|
VXSSO\ FKDLQ RI WKH FRPPRGLW\ )RU H[DPSOH WKH VWX
RUJDQLF DQG FBOQRWQWIORWERE §®$ DUIJXHV WKDW RUJDQLF
OHYHO RI FRQYHQWLRQDO FDUURWYV > @

J)LQDOO\ ZH WHVW WKH VHOHFWHG SULFH VHULHV
$XWRUHJUHVVLYH ORGHO 7KH UHVLI&PDAOWURBWREDG GUH
GHFRPSRVHG DQG WHVWHG IRU FRLQWHJUDWLRQ DQG DV
SURYLGHG LQ 7DEOH

7TDEOH
7TKUHVKROG $XWRUHJUHVVLYH ORGHO IRU FDUURW

&RHIIL BWG (

$ERYH WE
%HORZ W

7KUHVKR
)y HT )
7PD[ YI
) MRLQ

6LPXODWHG FULWLFDO YDOXHV IRU VLIQLILFDQFH O
6RXUFH RZQ FDOFXODWLRQV

7KH FRPSDULWRRQWREZLWK FULWLFMDQVKBOKXH WX JFFRLQ WV
EHWZHHQ IDUP DQG UHWMROQW ILFWHK/L JRZAH WKW RFFIULWLFI
DV\PPHWU\ LV UHMHFWHG 7KXV SRVLWLYH DQG QHJDWLY
SULFHV LQ WKH VDPH PYQWNVWXR H RMQ ERQKHI P HMODWHG
SUREOHPYV

$OWKRXJK WKH UHVXOWV RI WKH FRQGXFWHG VWXG\ ZL
RI WKH DV\PPHWULF SULFH EHKDYLRXU LQ YHJHWDEOH P
(YHQ UHVHDUFXHELWK IRFXV RQ FDUURW PDUNHW >
ERWK V\PPHWULF DQG DV\PPHWULF SULFH WUDQVPLVVLR(
PHQWLRQ WKDW WKH LOWURGXFWLRQ RI WKH PRUH GHW
LISDFW RQ ILQGLQJV LQ WKH /LWKXDQLDQ FDUURW PDUNH
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&RQFOXVLRQ

7KH DQDO\VLV RI WKH PDLQ LQGLFDWRUV RI FDUURW SU
VKRZV WKDW WKH KDUYHVWHG DUHD GHFOLQHG E\ ZKL
WKDQ EVXULQJ WKH DQDO\WHG SHULRG WKH LPSRUWDQW
DQG FRQWULEXWLQJ WR WKH VKULQNLQJ RI FDUURW SURG
EDQ IRU YHJHWDEOHV LPSRVHG E\ 5XVVLD

7KH LQWURGXFWLRQ RIQWUDVBIHY EO\Q DUHFWHG IDUPHU
GUDPDWLFDOO\ FKDQJHG WKH VWUXFWXUH RI IRUHLJQ WU
WR VWDWH WKDW QDWLRQDO SROLF\ VKRXOG HQFRXUDJF
LQGLYLGXDO VHEWRUN RQ RUUEAHU WR DYRLG GHSHQGHQF!
GRPLQDQW VKDUH RI WKH PDUNHW 7KH DEVHQFH RI WKL
ZHOIDUH IRU IDUPHUV DQG FRXOG EH DQ H[SHQVLYH EXU
SDUWGRVH WUDGH UHVWULFWLRQV

7KH DQDO\VLV RI WKH *UDQJHU FDXVDOLW\ LQ GRPHVW
VKRUXWQ UHWDLOHUV OHDG FDUURW SULFH DQG KDYH DQ L
FDXVDOLW\ UXQV IURP WRHSUHMDL O7 1§ U\ FHHA WARWW\KKHR ZD/U
H[HUFLVH VRPH PDUNHW SRZHU DQG FRX®E& U® M-DOLUFKHUM!
FRQILUP WKH SUHWHQF H HRO DWKLHR QRIQLIS EHW Z HH@D MANP D
WKHUH LV D VW WRR YIPPHVBWIQF SULFH EHKDYLRXU DORQJ W
DQG QHJDWLYH VKRFNV DUH WUDQVPLWWHG IURP UHWDL
LQWHQVLW\

5HIHUHQFHYV

$KPHG 2 9HUWLFDO 3ULFH 7UDQVPRVY VR RWH UQW(K
$UDE 6SBSBISPLHG (FBGRPLFV
$TXLDU '5' 6DQWDQD - $ $V\PPHWU\ LQ )DUP W
(YLGHQFH IURPUMEMNLQHVYS
%DNXFV = )DANRZVNL - )HUW , F SULKBW BDRWIY\D

DJURRG VHFWRQYD ®WWWY SHWWVSNFVWR@HID'SHU 1R 07
,QVWLWXWH RI (FRQRPLFV 5HVHDUFK &HQWUH IRU (FRC
$FDGHP\ Rl 6FLHQFHYV S

%DNXFV / = )HUW , BJDEyWH*WUDQVPLVVLRQ LQ WKH -
VHFWWNGLHV LQ $JULFXOWXSPO (FRQRPLFV

%URRNV & ,QWURGXFWRU\ (FRQRPHWBEBV GRU R IFELA
S8QLYHUVLW)\ 3UHVYV

'DUEDQGL ( 6DJKDLDQ 6 LYR YPRILBUEFA ZRPOUI
EHWZHHQ &RQYHQWLRQDO DQG 2UJDQLF 3UBGRRWY 7k
OHHWLQJ )HEUXD U\ 6DQ $QWRQLPYDIBMDMEOH D!
KWWSV LGHDUWNOHPD RUJ S KWPO

'LENH\ ' $ )XOOHU : $ 'LVWULEXWLRQ RI WKH (°
7LPH 6HULHV ZLWRX) QQODWRSRRW $PHULFDQ 6WDWLVWL
SS

(QJOH 5) *UDQJHU &RQWMIBDR DQG HUURU FRI
5SHSUHVHQWDWLRQ H {YFRICPEOPHIVROL BRSE WHVWLQJ
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JJIJ(FRQRPLFV DQG ODQDJIHPHQW

(QGHUV *UDQJHU & 5RRW 7HVSQLWQG $V\@RWHWUL]
ZLWK DQ ([DPSOH 8VLQJ WKH 7HU P-BXWXF®/ RU H6RVL QY
(FRQRPLF 6WDWLSS¢LFV

(QGHUV : 6LNORV 3/ &RLQWHJUDRXRQDIDQRI 7
%XVLQHVV (FRQRPLF 6MSBWLVWLFV

*DUGQHU % / SHWHBL®BPLFH 6SUHDG LQ D &RPSHYV
$PHULFDQ -RXUQDO RI $JUSFIOMXLESO (FRQRPLFV
*ODXEHQ 7 /R\ -3 OH\HU - 7KH LPSDFW RI (XUR
SULFH WWORQPLQ WKH *HUP'RE VIRFRR PDUNEWVIKRQ PD
&RQJIJUHVV WKH ($$( H7KH )XWXUH RI 5XRPO® §XVRISPIL
&RSHQKDJHQ 'HQPBUN $XIXVW

*UDQJHU & : - ,QYHVWLIDWLQJ &FXVROH®HOD QG
& URWYHFW U D Qq FORHQ\RFRIGWU L F B S+
-HGHU + 1DLPL $ 2XHVODWL $ 7TUDQVPLVVLRQ

3ULFHV IRU 0DLQ 9HJHWDEOHVEURDW LRQOWKRRQQD O
$JULFXOWXUDO (FR®RPLFV

.LP * B6HRN -+ ODUN 7 % 5HHG 05 7KH SULF
RUJDQLF RQEDQRR YHIJHWDEOHY LQ WKH 8 6 HYLGHQF
$SSOLHG (FBBGRPLFV

/L & 6H[WRQ 5 - 5HWPURPERUBSWHKDYLRU ZLWK ,PSO
)DUPHU :HEXMDHDO RI $JULFXOWXUDO DQG SENRXUFH (F
/IRQGRQ (FRQRPLEWHVWLIJDWLRQ RI WKHUBWYHW PIQLCF
VSUHDGVY ILQDO UHBRERQWRRQEBLFV

ODWW GI+{WHO ( /H &RWW\ 7IDUP VWIRUGRHVIR@® WR P
YRODWIOLMXOWXUDO (FRQFSMELFV

1DSDSRUQ * 9DQG6LFNOH - 3ULSAHPAHFWU LQ WKH 8QLW
JUHVK 7RPDWRXOWDYNBRI )RRG 'LVWULEX®SRQ 5HVHDUF
3DUURW 6 ' (DVWZRRG ' % %URRNHU - 5 7HV)
7UDQVPQ VSR ([WHQVLRQ RI WKH 6KLOOHU /DJ 6WUXFW.
7RPDWRMVQDO RI $JULEXS&QHVV

3pUH] OHVD - & *DOGHDQR *yPH] ( $V\PPHWULF 0
6XSSO\ &KDLQ ,QWHJUDW LEROH &EBRMK5S D Q LR/IK, @ WHHUND W L
DQG $JULEXVLQHVVIDHUNHWLQJ

6DQWHUDPR ) * &LRIIL $ 7UDQVPLVVLRQ RI 0D
9HIJHWDEO3BBHFWRU S&

6DQWHUDPR ) * *LRLD /' 6XSS®\5&KDHZ@ BULFHV $QD
(PSKDVLV RQ 3HULVEDEORHX 0 BMXNHDW YO IMBMHK ZKHDQ Q/RQ G R
6DQWHUDPR ) * TYOR(E BE PO RQ 2Q 3HULVKDELOLW\
7UDQVPLVVLRQ (PSLULF DWLRDIVGIBGQIPES OLRIFS ,(FRQRPLFV
SS +

9HUUHWK '0, (PYDORPDWLV * %XQWH ) .HPS 5 2X
3ULFH 7UDQVPLVVLRQ ,QWHUQDWLRQDO 7UDGH DQG
$JUIRRG &BDUQEXVLQHVYSt

9RQ &UDPRKE@DGHO 6 7KH DQDO\VLV RI PDUNHW
WUDQVRUHWWDRQNY DQG LPSOLFDW LSRQWNRQD QSR ULFDQ

:DUG 5 : $VI\PPHWU\ LQ 5HWDLO :KROHVDOH DQ
JUHVKHWHDEPHVLFDQ -RXUQDO RI $JUABPXGBEXUDO (FRQR
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‘LH + :DQJ % $Q (PSLULFDO $QDO\VLV RI WKH ,F
3ULFH )JOXFWXDWLRQV RXWKDQOQDE*OBMY <LHOG
=DLQDODELGL® 0 ,OL$RWO\VLV RI $V\PPHWULF 3ULFH
BHOHFWHG 9HJHWDEOHV LID GB\YLPDXORXUQDODRILDDYV
6FLHQFHSY YHEUXDU\

$JULFXOWXUH &UPY DBLRKENMVB DRQRVS VWDW JRY C
URGLIN@RGL]H"WKHPH DOO

&URS SURGXFWLRQ LQ QDVWLYPQDOEOHKXPID

KWWS DSSVVR HXURVWDW HF HXURSD HX QXL VKRZ GI

JRUHLJQ 7UDGH 'HWDLOHG IRUMLIIMLOWEDBH D
KWWSV RVS VWDWR GRKNQEIMEIMWDWLVWLQLX
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e -.

-

% - -.
Ydekge ihdZagbdb a_jgh\bo ieZkle\pe\ nmgdpehgZevgh]lh ijb:

K\eleZgZ ;Z@Zc_jmg =ZebgZ KefZo-g
Ex~fbezZ ;_jDedga_jkvdZz GZlZedZ GZmf
GZpehgZevgbc mge\ _jkbl | oZjgh\bo | _ogheh]ec Db#€\

<klmiH[%jglh\Zgh \bdhjbklZggy peevgh]lh [eheh]eqgh ZdIb)\
aeZdh\bo dmevimj a f_lhx kl\hj_ggy nmgdpehgZevgbo oZjgh\bo

FZl_jeZet Ih*"b>hkee""_gh j_pailmghdbmfer_c ieZkle\pe\ ]hlh\e
ijh"mdlb gZ €0 hkgh\se <fekl [=gdih\lbfa§ZlhZ2&b \fekl djhofZex
iheyjbf_ljbggbf f_Ih~Ahf <fekl "bjm \bagZqZeb f_Ih~hf \bq_jigh]l
osfeggh qgbklbf ]_dkZghf <fekl \elZfegmelZfejggthibgdla gdklx
\bagZqzlb dhehjbf_Ijbggh <fekl \elZfegm K \bmefgZglBhiéehflbljbf_
Fedjh[*sheh]eqge ihdZagbdb “hkee”"m\Zgbo ajZades\ \bagZq:
ih\_jog_\h gZ Z]zZjbah\Zge ih"b\ge k_j_"h\bsZ

J_amevlZlb <« h[]h\Kbapdq_gh \ieb\ |1_fi_jZImjghlh j_"bfr
Ijb\Zehkle oheh”rghlh dhg”bpehgm\Zggy gmogp g kdtr]hApe laéhghmc
I_fi_jZImjghlh j_"bfm 7~&K e« Ijb\Ze+klix dhg*bpsx\4pg@y\fekl m
a_jge mkeo \h*hjhagbggbo \elZfegeA a[jZasbmplvkyd nklv Ihdhn_jh
ajhklz}tmjzZzae\ deevdeklv jl\gilt\trgghxd ZdIb\gekim}aykgvm
jZab

>hkee"" _gh aZe_"ge<klv hkgh\gdle m~glgdbro ihdZagbd+\ a_jg
ieZkle\pe\ 1Z hjl]Zghe_ilbggbo \eZklb\hkl_c "hkee*gbo ajZadse\ ]
€0 dhfihg_glgh]lh kdezZz"m A[eevr_ggy fZkh\h€ qgzZkldb \e\kZ
ie"\bsggy \fTyadhkle dZre \gZkee”hd a[eevr_ggy \feklm ] _fep_e
jhakbiqzkleklv 1le"\bs_ggy fZkh\h€ qgzZkldb a_jgZ ir_gbpe ~h
“hjkldm kljmdIimjm dZre sh ihykgx}lvkyhfjbehgdshevggdklibg a_jg
ir gbpe ihje\gyghka «dgrdZ "h\bfb

Kimiegv aZ[_ai_q _ggy “h[h\h€ ihlj [b “hjhkeh]lh gZk_e _ggy
jZomghd kih* b\Zggy ] ieZkle\pe\ kkde Z™Zj}x [redbm]e \h”b
- - oZjgh\s \hehdgZ <jZoh\mxgb “h[h\m ihlj [m “hjgyweh]h g:
m \elZfegZo ] ieZkalfhpmZ ~*h\hevgblb ihlj_[m m \ekZfege ? gZ
IZ m \elZfege J gZ

AZ]ZevgZ deevdeklv dhehge}ml\hjx\Zevgbo h~”bgbpv f_ahn
nZdmevlzZibyghjh[gbo fedjhhj]Zgeafs\ m k\e'bo ajlrapdolZmfer_
ickey €0 a[_j*]lZggy g_ i_jgdbkmh miclragy\s ]jb[b 1Z iZlh]_gg-
fedjhhjl]Zgeafb \erkmlge

<bkgh\dbheh]eqggh Zdlb\h\Zg_ a_jgh aeZdh\bo dmevimj ir_g
\e\kZ 1Z ljblbdZe_ } " _j_ehf pedelyokg\hjjedgfirenkice Zkle\pe\
nmgdpehgZevgh]lh ijbagZq_ggy

Dexgh\e keAddb\m\Zggy ir_gbpy IljblbdZe_ h\_k ieZkle\pe

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF
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Fhijnheh]eqgZ o0Zjzdl_jbklibdZ djhofZevgbhbz]jZzgme koe~gh
p_gljZevgh}\jhi_ckvdbo khjl«-6RIGDRIXP WXEHURVXP

:gZklZkey AZ[he&RlZpefej Ecl\yd
reydk}c /jfZzdh¥megZabf HkiZzgdmeh\Zz
+J _kim[eedZgkvd_ mgelZjg_i*"ijb}fRthb g®dZ npd o\l
GZpehgZevgh€ Zdz"_fe€ gZmd ;sehjmke a ijh*h\hevkl\Z2 Fegk
t;eehjmkvdbc gZpehgZevgbc |log*gGgdhlcvehgd\ Kikb[eedZ ;eehjm
tDZaZokvdbc Z]jhl_ogeqgbc mge\_jkbl_| «KnkelXKgcnmeeeg:
DZaZoklzg

<kIlmF_lhx "hke+~"_ggy \by\e_ggy \ieb\m jhafejm djhofZev
ydeklv djhofZex hljbfZgh]E pa &igZ%egtgh}\jhi_clk\ddadjlihée e

FZl_jeZeb Ih "bH[T}d] "hkes?fgdbb\gbc dZjlhieygbc djhofZe
hljbfZgbc a khjle\ dZjlhiee [eehjmkvdh€ jhkeckvdh€ mdjZ
k_e_dp+€ Fhjnheh]eqgZ kljmdIimjZ ]jZgme djhofZex "hkes""_
_e_dljhgghddjhkdhie /(2 DhgljZklgeklv agefde\ "hky]ZeZky
f_ 1ZeeazZpe€ ij_iZjZle\ a”eckg_gh€ ahehlhf m \Zdmmfgec mklZg

J_amevidldh\hj_gdy jgZ gZlb\gh]lh djhofZex hljbfZgh]h «a
I1Z p_gljZzevgh}\jhi_ckvdbbikkjla\gdggh \e"jeagyxlvky yd aZ nhjf
azZ jhafejzfiln sh k\e~qZlv |_ogheh]eqge hkh[eb\hkle hljbfZgg!
>hkee”"" _gh sh aZe_"gh \+" k_e_dpe+€ [*ehjmkvdh€ ge+f_pvdh€
jhafejb a_j_g gZlb\gh]h dZjlhieyghdhldjhofglé¢Zekwah}\jhi_ckvdbo
khjle\ dZjlhies dheb\Zxlvky \ f_"Zo fdf
\e~Nih\e~rgh

GZc\bsbc \fekl djhofzZex \ a_jgZo hljbfzghZh a-« |
p_gljZzevgh}\jhi_ckvdbo khjls\\byd&jldiielehjle gef_pvdh&€k_e_dp
©.RUPRHDQ?2K_j_" jhaleygmlbo khjle\ kzf_ \eg fZ} gZc\bsm dj
Ze_ ijb pvhfm ~je[ge djhofZevge ]JjZgmeb k_j_"gec jhafej ]jZgm
GZcgb ' gbc \fekl djhofZex \ a_jgZo [meh \klZgh\le_gh \ khjle j
Cej_iut ijb pvhfm k_j_"gec jhafej ]jZgme "Ajh\jey}*m gZdf
hljbfzgrzgfh gZ ajh[blb ijbims_ggy sh ijb [sevrhfm k_j_"gvhf
djhofZevgbo a_j_g \fekl djhofZex agb m}livkys~hlifhld ffgklfim
djhofZex ajhklz}

Ale~gghhljbZglb j_amevlfdl Z 1Zdh™ \tbhiddgh djhofZevge
a_jgZz fzxlv h\Zevgm kn_jbggm Z[h g gijyZYEévignd medbhid} | €loy \
f_"Zo ff DjhofZevge a_jgZ ih~eeyxlvky gZ ijhkle 1Z kdez”
tp_h~ghjerge mi\hj_ggyrikpegZggy [sevr "je[gbo gZklbghd S-e
djhofZex ~hje\gx} \ k_j_"gvhfm d] f

<bkgh\dbhjnheh]eqgZ kljmdImjZ ]jZgme gZlb\gh]h djhofZex
khjlm dZjlhiees 1Z fh™_ afegx\ZIlbky \ feZirhahgkdfe~sh \ieb\Z}
gZ ydekjpfBEbh]h djhofZex

Dexgh\e ketdjHofZev gZlb\gbc fhjnheh]ey a_jgh dZjlhiey
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?dkljZzdlb gZ hkgh\e eblB KRB OIkY SHUXYLDQD / 1Z €0 aZk
f_"bggedhkf_Ibggec ]Zemayo

L_lvygZ 1\Zgh\Z e*gZ IhGdZ}"~Z FZah\Z
re[_gZ KlhyghliZzgdz >zZfygh\Zz
tMge\_jkbl_I oZjgh\bo I_ogthehjhe]Zeh\"
tJmk_gkvdbc mge\_jkbl_I| ®:gpeeyDXZDHa X" ;helZjey

<kImiF_lhx “~hke<”""_ggy } \bagZq_ggy o-<feqgh]h kdeZ” m e
hljbfZggy cdidhhkgh\e IjAkle\ sh feklylv [*heh]eqgh Zdlb\ge j_q
ih"Zevrhx fh eb\eklx aZklhkm\ZgghnwRfflIbpggedZemayo

FZI_jeZel _Ih"b?dkljZlm\Zggy \bkmr_gbo ebkle\ neaZeekm ij
IZdbmfh\ Je~rjhfh¥fmew Y _dkljzE gl [Z\e~khldl\ _1Zghe
I_fi_jZImiz V4 fK ljb\Zeeklv _dkljZ]lm\Zggyh”® <fekl
iheen_ghees\ nezdAlhgh€§fege\ mel&bkljbfZgbo _dkljzdlZo \bagZqZz
Ahihfh]hix3/&

J_amevlzZlib h[]lh\BhkowyaZehkmo ]_ghlidtd\heh]eklv Ney
]_ghlbim I1B\hYZ tNey [*hnZjfZp_\lbgqgh]h <fekl “m[bevgbo j
h[ho \b”"Zo klzZgh\blv 4 \eNih\e~rgh Dheej _dkljzdl

aZe_"gh \«" dhgp_gljZp+€ _dkhfZjzgq_\bR\dhkhldl\lZghe
"hilm\zdhjbgg_\bc \«~khldk\ _l1Zghe a_ahgbdglhbc
\erkhldlk\ _IZghe 1Z dhjbqg’kin¢dlr\ _1Zghe ?dki_jbf_gtZevge "
hljbfZge je\gyggy ihdZamxlv sh ~\Zbhlddkh )3 tiple €& Z djlhljme Z
I[jb\ZeeklZxIfv kmll}\bc \ieb\ gz \fekl ~m[bevgbo j_qgh\bg Hi
mfh\Zfb ijhp_km } _dkljZdpey Ijb\Ze<klx ]h~ azlZ_fi_jZImjb
\erkhlidh\BZghehf “ey ebkly ]_glotblizna lellz\ghehf\e khldli\
\eMih\ergh ey ebkly [thqdhflhp_Mel&bkldkljZzdlZo ]_ghlbim leh\*
N _glbnedh\Zgh n_ghevdbebkjwemzdfzp \ltngggh Hkgh\lgbc
neZ\hgh€” mZebékljZzdlZo a ~"\ho J_ghilbjie\Z jExipgl_ji_gb
he_hgh\Z dbkehlz IZ [_Ime-g

?2dkljzdlb etmdkdympk]Zle [¢heh]eqgh Zdlb\gbfb j_qgh\bgZfb n_
kihemdzfb neZ\hgh€"zZfb ljbl_ji_gzZfb 1z fzZxlv ihl_gpeZe
aZklhkm\zggy \ fdhikkdghbboggbo ijh*mdlZo

<bkgh\dbi _jr_ ij_~klZ\e_ge ~Zge* ijh hilbfZevge mfh\b hljbfZgc
ebkIgK\VDOLV SHUKMID @BnhjfZpex ijh \fekl ~"_ydbo [+heh]eqg
j_gh\bg mekbKiljbfZzgbo _dkljzdlZzo P_ i_jre j_ameviZIib ]J_ghl
\bjhs Idh ;he]Zj+€

Dexgh\e keh3K\VDOLV SHUXUYKIDDAD iheen_gheb nezZ\hgt
ljbl_ji_g

<ieb\ kljmdImjb IZmIhf_je\ dmjdmfegm gZ ch]lh Zdlb\geklv

Kzf__jz : J_]1_ Hyl®zziif : Fhfeg
l1gklbIml oefeqgh€ I_ogheh]e€ Fmf[Zc 1g~ey

<kImF_lhx pvh]h hlJey”m } jhaley” mgedZevgh€ o¢fe€ dmjdn
chlh jeagyhhflgh€ ih\_"~egdb m jeagbo k_j_"h\bsZo
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FZI_jeZeb f_|Ih*bljhZgZesah\iZghle yde ijbk\yg_ge \b\g_g¢
kljmdIimjgh€ Zdlb\ghkle \aZzZ}fh\e*ghkbg dmjdmfegm yd Z¢
ijhhdkb”Zgley” h[1}*gm} "hky]g_ggy ajh[esge mjpdmfim gZijyf

J_amevigihblh\hj_gdymjdmeem_ hkghlgbc dmjdmfbgh€mn agzc”"
dmjdmydbc \\Z Z}Ivky gZc[eevr Zdlb\gbf dhfihg_glhthdmjdmfb
egrbfb dmjdmfbgh€~Zfb <_ebdZ deevijbkhyqgq”rKe*h\ gVv_ggx
dhjbkghkle ch]h ZdHbdlhkiky \bdhjbklZggy "dyjeémdmdiggy 1Zdbo
o\hjh[yd jzd Zevp]_cf_j 7eZ[_I ZehgheBmjdjhteidd hl’ fZ}
Zglbhdkb~Zglge \eZklb\hkle ijb gbavdbc dhgp_gljZpe€ HI _
kljmdimjgh€ nhjfb dmjdmfeg fh _ ~eygh ¥{h Zyod b hjchkkd"Z gl
Dmjdmfeg ekgm} m ~\ho IZmlIhfxldbbghsd nhhfezo< d_Ihnhjfe dmjd
ijhyley} Zglbhdkb”~Zglge \eZklb\hkle ?ghevgZ nhjfZ kobevgZz
[Z°Zgh IjbfZIb dmjpdimFeghjfe < iheyjbah\Zghfm 1Z deBkehfm k_
dmjdmfeg ckgm} \ dhtydh\fg_itbegjZghfm Z[h em ghfm k_j_"h\bs
iereylZ} "_1jZ"Zp-£€ H[lh\hjx}Ivky f_oZgeaf ~_]jZ"Zpe€ dm
k_j_"h\bsZo < em 'gbo mfh\Zo \«"[m\Z}Ivky gmde_hneevgZ Z
limim Z \ mfhR&yjagz p*€f oZgeaf \eevgbo jZ*bdZes\ > ]jZ"Zp-y
mfh\Zpba\h”~bth ih\gh]h jhadezZz”m fhe_dmeb \ lhmh\Zigbyd \ g_
mfh\Zo ~_]j2A%ZmyZ}Igky_a mli\hj_ggy ijhfe gh]kc h]phfdkb %
ijhhdkb~Zglgbc _n_dl &mhfmofs\pmz~"dZo \Zgeeeg } ijh mdlhf ~_]
djef egrbo ijh"mdle\ ~"_]jZ"Zp-£€

M ijhZzgZeeah\Zgbo ijZpyo ijb*reey}lvky m\Ahzjd'ii@gigrbf \b"Zz
Apf _Thddmjdmmheg [Mf_Ihdmjdmieg :glbhdkb”~Zglgz Zdlb\gekl
dmjdmfegm Yhs8&d kef_Ihddmjdmfeg fZ} gZcf_grm Zglbhdkb”.
Zdlb\geklv k_j_~ dmjdmgh€ne\ H~rgzZd r\b~rdeklv ~_1jZ"Zp-eE
fzdkbfzZzevgZz k_j_» dmjdmfbgh€ne\ BEZIhdkbmhjdmfeg 7o
[*kbf _Ihddmjdmfeg P_ k\lergblv sh “hghi_lhadkdlghg?? Jjm
\ieb\Z} gz ZzZdlb\geklv dmjHdimfbgh®&\mjZ j_qgh\bgb \«€id\"Z}
Zdlb\geklv

<bkgh\Hd”~I\_j~" _gh \Z eb\eklv dhgdj_Ilgh]h k_j_"h\bsZ "ey ¢
[Z2°Zgh€ Zdlb\ghkle dmjdmfegm

Dexgh\e kedhZjdmfeg f |Ibe_g jhadeZ gy jgmibdeZanee

0Zzjzdl_jbklbdZ ijhl_heelbggbo ijhp_ke\ ijb \b”se _gge ijbjhrghc
nhknhi_ilb7e\

<heh”bfbj XdZeh Hev]Z DjmiZz Ex~"fbeZz
L_jghieevkvdbc gZpehgZevgbc I_ogeggbc mge\_jkbl_| «f_ge 1\zZ
Mdjz€gZ

<klmF_lhxX*h&+*~" _gg¥b\g_ggy hkh[eb\hkl_c ijhl_hee<lbggbo ijh
gZk hljbfZggy ijbjhrgbo nhknhiddbh”€gph\éidlm\dhfie_dkm fhehdZz

FZl jeZeb « f Diab €gh\bc km[kljZI \b~reeyeb csah_e dljbggbf |
ag_"bj_gh]h fhehdzZ Ijhl_he<abighybkb2dgaf iZgdj_Zlbgm Klim
ijhl_heeam \bagZqZeb ki_dljhnhlhf_ljbggh azZ Z[khj[pe}x gb
ijhAmdle\ ijhl_heeam gb <boe” nhknhi_ilb”e\ \bagZqZeb ]jZ\-f
ickey hkZ”~" _ggy €mZlgghedtigkd dZevpex ?e_mhjimhhijhb €g-\
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km[kljZIm « ijh~mdls\ ijhl_heeam ijh\h"beb \ em'gec kbkl
ihesZdjbeZfsAghiiZ Jg2%\ khigm\bgb

J _ameviZlb « h[]h\hjpj@ggs nhknhi_ilb”"b hljbfm\Zeb ijhl_he
nhknhijhl_€ges\ dZa_€gh\h]h dhfie_dké iZgdjijZlbgafheh]sqgbo

mfh\Zzo "K |G GZ jeagbo _1ZiZo ijhl_heeam [meh \ba
nhknhi_ilb”~e\ o i_ilb”e\ jhagkyj®bjdoehjhplhlec dbkehle Klimie
ijhl_heesam fhghlhggh ajhkizgvhjhly?hkes*"m\Zgh]h i_jeh”"m

nhknhi_ilb”e\ "~hky]Z} fZdkbémbimbegZge ijhl_heeam e« ~Zee ihk
af_grm}lvky <boe” nhknhi_ilb”e\ f_grbc g ijb \bdhjbklZgg-
ij_iZjzZle\ fedjh[gh]h ihoh”" _ggy J_amevliZlb hljmf2ydjZpeeihfh]
e _e_dljhnhj_ame2djbrezferghfmk\{*gZlv sh af_gr_ggy \boh’
nhknhi_ilb”e\ iel€ey\bebgb ijhl_heeam fh _ [mlIb ih\fyaZg_ -a
fhe _dmeyjgh€ fZkb nhknhi_ilb”e\ ;eevreklv nhknhi_itb”e\ hl]
o\bebge ijhl_heeam fZxlv fhe_dmeyygmyfdkmzjEdl_jgZ ~ey \e~h
[*heh]eqgh ZdlIb\gbo nhknhi_ilb”e\

<bkgh\db* qzZk ijhl_heeam dZa_€gm iZgdj_Zlbghf m nea<h
azZlZevgbc \boe” ijh~Amdle\ ijhl_heeam fhghlhggh ajhklZ} <bo-
fzdkbfmf >ZgmnepvéepZpe€ bFhnédjdam klergZlv sh p_ ih\fyaz
af_gr_ggyf fhe_dmeyjgh€ fZkb

Dexgh\e ked¥a_€g nhknhi_ilb” ijhl_heea

Fhijnheh]ey ih\_joge [*edh\bo caheyle\ kh€ d\Zkhees « fhehqggh€
\bkmr_gbo ~jZ]ee-\

FZdkbf lhemf[jbl&éd _gZ R_kIHewp_gdh
GZlZe+sy Xs_gwWldwygZ Dmavfbd
+GZpehgZevgbc mge\_jkbl | oZjgh\bo | _ogheh]ec Db#€\
+Q_jdZkvdbc ~_j Z\gbc I_ogheh]eqgbc mge\_jkbl_|I Q_jdZzl

<klmi =+<~jhdheh€”b jhkebggh]h ihoh” _ggy rbjhdh \bdhjb
oZjgh\boogheh]eyo hkh[eb\h m \bjh[gbpl\e f ykgbo ¢ fhehqggbo
pe}RIZIl£ ~hke+~blb fhjnheh]ex ih\_joge jy"m [sedh\bo caheyls\
IN\Zjbggh]h ihoh”"_ggy

FZl_jeZeb « f_IlddhjbklZgedh\e e<aheylb kh€ d\Zkhees fh
kbjh\Zldb 1Zdh'dZjZ]sgZg |1Z ImZjhkxb]dlhfeervgh ~jZ]ee aZagZq_
[*edh\bo eaheyle\ ea ag_a bj_gbf fhehdhf m kie\\e~*ghr_gg-
afegb [+ede\ kh€ d\Zkhee IZ fhehgqgh€ kbjh\Zldb IZ €0 \bkmr_gt
"hihfh]hx kdZzgmxgh#iljhggh]lh fedjhkdh)Z -60

J_ameviMp h\hj_gg®Zy\geklv ]jm[h”*bki_jkgbo gqzZklhghd kihk
m ajZadZo caheyle\ kh€ « d\Zkhee \ Ilhc qZk ydgithybgadm fheh
gZklhgdb kn_jbggh€ [m~h\b <klZgh\e_¢& dSHEkkaekeykbhligh€ g _
\eNjeagyebkv aZ jhafejZzfb gZklhghd yde klPghbawldbig b{leia gt
]*~jZ1Zp+s€ ~hkee""_gbo caheyle\ m kie\\e~*ghr_gg- ijba\h~blv
ih\_joge *a agZqghx deevdeklx imklhl AZebrdbv\[edddbo ]Je
N _glbnedh\Zge \ ajZadZo caheylm d\Zkhee aZ k\h}x kn_jbqghx
ih~"e[ge "h \boe”"gbo e<aheyle\ Ile*\bs ggy je\gy ]*"jZlZp+€ "h
arb\Zggy [+*ede\ fZdjkfimé\hdmggy dZjdZkm <dexq_ggy ihe*kZo
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kmfere kéZfZlhje\ ijb\h”*blv ~h ml\hj _ggy ih\_joge "jZ]ees\ f
\eZklb\hkle ydbo } ih”e[gbfb \eZklb\hklyf eaheyle\ kh€ d\Z
kbjh\zldb H~gzZd p_ ijba\h”blv “h mlI\hj_ggy kljmdIimj a g_agZc
<bkgh\dble*\bs_gbc \fekl fhehd2yaokijbpblgyhl\hj_ggy
ljb\bfejgh€ kljmdImjb yd « hgedm\Zehkv laheyl d\Zkhee 0ZjZd
a”Zlgeklx "h arb\Zggy fhe_dme [eede\
Dexgh\e kethjhheh]ey [eedb fhehqggZ kbjh\zZldZz khy d\Zkh

<ieb\ ihi_j _~gvh€ h[jh[db ]J*"jhreejbqaplEfflb gZ \bemqg_ggy he+€
gZkeggy ]Zj[ma-\

LZfZjZz Ghk_gdh =ZggZ <h\d LZfzjz |
GZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec .b€\ N

<klmPgabfge |_ogtodtjtEk I h\mxIiv_j*ej\n[db heecgh]h gZkeggy |
\bemqg_ggy he-§ dzZglakag\gea \bdhjbklZggyf ihi_j_~gvh€ _gabfg
gZmdh\ec ecl_jZImje j_ameviZIbZ gthlgezs\\ "t gopry gBIB ~ex kmfere
ijhl_Zep_exeZa gZ peeckgeklv deelbg \boe” hee€ oheh”ghlh ij_
_dkljZIm\Zggy he+€ jhagdoldyf]lZj[mas\

FZl_jeZeb » f_BIWBWRODG em'gZ 1Z dbkeZ ijhl_Zab &H
MdjZz€gZz \bdhjbklh\m\Zebkv ~ey ihi_j_"~gvh€ h[jh[db gZkeggy
deelbg hpegx\Zeb f_Ih~hf fhf_glZevgh]lh a[h\Im\Zggy Ohe
a“eck\gxeb gz eZzZ[hjzZlhjghfm rg_dh\hfm ij_ke R\b~deklv _dkl
jhagbggbdhf \bagZqzZeb \ ZizZzjzZle Khdke_1Z yd deevdeklv \bemq
dh gh]lh pbdem _dkljZlm\Zggy

J_amevlZlbh[]h\hj_gghy\e_gh sh hkgh\g_ a[eevr_ggy jmcc
pe&kghkle deelbg gZkeggy ]Zj[meaedhgillhihdglyder[m\Zehkv ijhly]h:
]Jh~bg h[jh[db Ih”*"Zevr_ egdm[m\Zggy ih”je[g_ghlh gZkeggy
\bdebdZeh kmll}\h]h af[eevr_ggy jhadjblbo deeslbg m kmfe
\bdhjbklZzggy jeagbo ijld_rhejflbgggb ey ihi_j_"~gvh€ h[jh[db ]Zj[n
gZkeggy ijba\h”"beh ~h a[eevr_ggy deevdhki\edjmcyg\Zgbo de-
ihje\gygh ea dhgljhe_f <bdhjbklZzggy kmfere ijhl_Za ¢ p_exez
h[jh[db JZj[mah\h]h gZkeggy \bdebdvreiggh deemdh&[s ajmcgh\Z

deelbg gZz <boe” hee«€ oheh”gh]lh ij_km\Zggy iskey ihi
kmferrx n_jf_glgbo ij_izZjzZle\ ea ijhl_Zaghx I1Z p_exeZ
Zdlb\geklx a[eevrb\ky Am~" \eN aZ]lZevgh]lh \fekilm hee€ \ g.

R\b~deklv _dkljZlm\Zggy he+s€ jhagbggbdhf ea JZj[mah\h]
n_jf_glzZlb\gh€ h[jh[dbztajhktZeZ he<€ [meh _dkljZ]l]h\Zgh iske
o\bebg _dkljZzlm\zZggy \e® fZkb n_jf_glZlb\gh h[jh[e_gh]lh gZk
\eNih\ergh AZ \feklhfe\ ihid&ko™ m\Zge ajZadb he<€ g_\e"jsagyeb

<bkgh\ddgzkees~hd \bdhjbklZggy kmfere n_jf_glgbo ij_iZjZle\
I1Z p_exeZaghx Zdlb\geklx ~ey ihi_j_"~gvh€ h[jh[db ]Zj[mah\h]l
ajmcgh\Zgbo deelbg ajhklZ} sh ijba\httdfa~h i "kbSh@d¥j[mah\ti
hee€ IZ r\b~rdhkle _dkljZ]m\Zggy he<€ jhagbggbdhf

Dexgh\e keg¥keggy ]Zj[ma heey ijhl_ifakm\ZgeyeZaZz
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H[%jmglm\Zggy jZpehgZevgbo j_"bfe\ aZfhjh " m\Zggy gZis\nZ
fhehgghkebggbo nZjre\

L_lygZz X*"<gdlhjey =geplibgZz GZaZzZj_gdh
tDb€\kvdbc gZpehgZevgbcdithghfeggbghmge\_jkbl_|
Db€\ Mdjz€gZz
t>hg_pvdbc gZpehgZevgbc mge\_jkbl_| _dhghfedb ¢ [hj]Jeles o
;ZjZgh\kvdh]h Djb\bc Je] MdjZ€gZz

<kImiH[%jmglh\ZgHWKIiZ jbf_glZevgh is*lyZjp*haghevges j_"bfb
aZfhjh " m\Aadgy\nZ[jbdfhlehgghkebggbo ngr-nkgh\s dhgp_gljZIm :
kdhehlbg

FZI _jeZeb « f _*hkiee”""m\Zebkv fhpdhyghhc fhellZgpgmah\bc
e fhehgh[Zqgdh\bc nZjre 1Z dhgldbbdgbLjraca dbkeh]h kbjm
>hkee""_ggy ijh\h*beb gZ ki_dljhf_ljs \bkhdh]h jh&\ayaZggy
jh[hghx gzZklhlhx f=p gZ ijhlhgZo az f_Ilh~hf DxglpZ

J_amevlzZlb < h[]h\kklggh\e_gh sh az I_fi_jzZImjb fK m
y*_jghlh fZ]gelgh&@zgkmZie\nZ[jbdZIm fhekegogghlh nZjrm
j_}kljm}lvky +gl_gkb\gbc kb]JgZe \h”b sh ijb hoheh” _gge* ajZa

fK agZqggh af_grm}lvky azZ <gl_gkb\geklx” _G&ly\yka Vg klm]lg]he n

j_ahgzZgkmqgblv sh ijb hoheh”  _glgefiajZzamybff g_azZf_jazZxqZz

\h~Z \ gvhfm ih\geklx g_ agbdZzZ} sh i_j ihN[[Z4gmhmjeb\eklv
[*hoefeqgbo j Zdpec <bagZq_gh sh “ey jhajh[e_gbo gZie\n
jhkebggbo nZjre\ ihlje[gh [*evr Jeb[hd_ i_j_hoheh” _glgy g ~

ajZadZ hkdeevdb m ajZadZo jhajh[e_gbo nZjre\ \eA[m\Z}Ivi
\ml]e_\h"Zfb

>hkee"" _gh sKfé&an dhgljhevghfm ajZzadm mljHfgZIykmoh€] C
j_gh\bgb Z m gZie\nZ[jbdB|d\WgdfgghZyrm ] @ gz ] kmoh€
j_ghgbd fhehphjimah\Wh ] @ gZ ] kmoh€ j_qgh\bgb fheh
dZ[ZgdhVh]lh ] ® gZ ] kmoh€ j_gh\bgb az I+}€ ° | ff& jAImjb
dhgljhevghfm ajZzadm mljbfmlgky] kmdh& j_gh\bgb Z m gZie\n
fhehgdghjd\yghlh nAjrm ] @ gZ ] kmoh€ j_qgh\bJBj[ fiheth\dgh

] @ gZ ] kmoh€ j_gh\bgliZ[Zhgehdglh ] & gZ ] kmoh€ j_gh\bgt
azZ ls}€ "~ | _fi_jZImjb >hc¥_ghZ sregvdeklv g_azZf_jazZxqh€ \h”b
mljbfm}livky az |_fi_jzZImjpK 1Z kdez"Z} gZ ] JIGkmoh€
j_gh\bgb sh ~ha\hey} j_dEdbgr@dAZélng |_fi_jZImj ey r\b~dh]h
aZfhjh"m\Zggy

<bkgh\dMH[% jmglh\Zgh [|_fi_jZImjm aZfhjh mhXgggglhbehqgg
nzjre\ fK >h\_~ gh fh eblskfygy aZfhjh'ngjelijb
|_fi_jZImje fK sh } ghjfzlb\ghx |I_fi_jZImjhx ijhfbkeh\bo fhjh
dzf_j

Dexqh\e keh¥4dr gZi*\nZ[jbdZl azZfhjh ' m\Zggy al[_j*]lZggy
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| _jki_dIb\b \bdhjbklZggy ih\Zdolm\g\hogqh\byRFDUGLD IFXFFLQLL
< ney h[jh[db h\hge\

L lygZ IbjhDjbklbgz ; j 1h}ZZgZ = cog<egddhj KIZ[gedh\
+GZpehgZevgbc mge\_jkbl | oZjgh\bo | _ogheh]ec Db€\
tl1gklbIml fedjh[eheh]¢€ ¢« \ejmkheh]+€ bd{Z8gdfZ€gb DbE€

<klmi<b\qzZeb \bdhjbklzggy ihdloghdhj_qhl\bglRFDUGLD
YDFFLREA Kk Ney ijhrh\" _ggy |_jfegm a[_je]Zggy h\hqge\
FZl_jeZesbf_Ih"bHjl]Zg*gqge h\hqe 1Zde yd I|hfZlb h]ejdb 1Z
h[jh[eyeb jhagbgzZfb I:J sh yll\hfOHEEQ <L a dhgp_gljZpe}x
Z[h ] e Fedjh[eheh]eqgbc ZgZee+a ijh\h”*beb ~h ihqgzZldm
Hpegdm ydhkle h\hge\ ijh\h*beb \eamZevgh ijhly]hf |_jfegm a[_|j
J_amevihigh\hj_gdyameviZlib gZrbo “hkee<b_gnv_dh8¥gXlv
aZklhkm\zZggy [*hkmjnZdlZglIm vyl DKb@ L Da iMAP¥IEYL Qilj b
jhkle gz ijhfbkeh\bo \e”oh”Zo “ey_jifjlgyh\'alagylZggy h\hqge\
J_amevlZlb \eamZevgbo kihkl_j_~_gv Z IZdh" fedjh[sheh]eqg-"
shh[jh[dZ h\hqge\ jhagbgzfb I:J m dhgp_lgkZpr&€EZ _n_dlb\gerhx
ihje\gygh a fbllyf €0 \h*"hx AZ]ZevgZ deevdekly]jble\htkeygbo [
h[jh[db h\hqge*\ jhagbdZfYDFEQLQIA agbabeZkv inZ+ jZae\
\eMih\e~rgh IThc gZk yd iekey fblly \h~"hx aZzZ]ZevgZ deevdeklyv
agbabezZkv elr_ gmZab ;meh ihdZazZgh sh h\hge yde fbeb I
ikm\Zebky r\bgds_ Ie sh b[mgh[esghaqbgzZfb 1:J l_j_\zZ]zfb
\bdhjbklZzggy [- hkmjnZdIZgIm hegy\ h]fjA[dbsh\ \egnilih” [
aZklhkh\Zgbc \ gb qg<as dhgp_gljZpe+€h aikrjghlgity \e~"hfbfb a

el _jZImjb fedjh[gbfb 1:J 1Z \eg fh _ [mlIb \bjh[e_gbc ijb
ijhfbkeh\bo \«Aoh”+\ sh agb m} \Zjl+klv ch]h \bjh[gbpI\Z
<bkgh\dbhkmjnZdlZgfDFEDQL% fh'_ [mlb \bdhjbklZgbc "e\

N"ey h[jh[db h\hge\ a f_lhx ih~h\"_ggy | jf gm €0 a[_j*]Zggy
Dexqgh\e keh-\thmjnZdlLZRgﬂDUG DIVDFkLQILEfeg a[_j*lZggy
h\hqge

<ieb\ gZghgzklbghd gZ khev\_gldKOQRYWHHG MXRIEQ KN L L
& ORVW DEGEMWRE XMWOKFXP

K_jl*Kdjhpvdbc Khjdgend ExTbtZgdh
Hev]ZZkbexd <Ze_glbg I*”]hjkvd!
lgklbIml fedjh[*heh]«€ ¢ \¢jmkheh]+€ G:G MdjZ€gb Db#€\

<kIlmiA\Z Zxgb gZ lgZghqzklbgdb GQ \bdhjbklh\imxlvky
ijbjh~hx Zdlmzevgbhf aZebrz}Ivky iblZggy aZklhkm\Zggy
kijh_dlh\Zgbo ex"bghx GQ ”"ey hljbfZggy [Z Zgh]h [+heh]*qg
_n_dlsm]Zemas+ [*hl_ogheh]s€ GQ fh mlv \by\blklyoyfr gblZ e+a:
ijhp_ke\ 1Zd < ijhl_dlhjzfibkfdjkinj[_glZfb Ihdkbggbo f_I|Z[hes
ijh\ergbdzfb « f_~eZlhjZfb kb]JgZevgbfb fhe_dmeZzZfb lhsh
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FZl _jeZeb « f_kib\lpZeb \ieb\ gzZgthdZ&thdkb” b aZecaZ p_jex
kjs[eZz ahehlzZz 1Z ]Z"heegex gZ [*hkbgl a [midglem\boéZzfZfb
[ZdI_jJKORVWBHHGMXREQKNLEE DFHWREXIWYXO4L FXP

J_amevlzlib[lh\hj_ggkbgl_a hkgh\gbo ijh~mdljf\ gl;Z2pe€
Zp_lhgmlZzghem =+ _I1Zghem afegx\Z\ky ijb gZy\ghkle GQ
dmevib\m\Zggy <klZgh\le_gHKOGRVWEHGMKHREQRNLLKSQ
ijblgegm\Zeb kbgl_a [mlIZhtedtdhglijrédg¥g: ijb \bdhjbklZgges GQ h
kje[ez "ey kbgl_amrlafidgghBmHWREXINAQO LF XPkihkl_je]Zeb
l_g”™_gpjx "h a[eevr_ggy \boh”m fmiZehmndlragljhes< ~h
] e * ] e ijb dhgp_gljZpeyo BQ"ih\e~gh

OZzZjzdl_j afeg aZe_"Z\ \¢" Ibim GQ 1Z €QzZdhgpilhpfiZpv§e |-
dhgp_gljZp*€ \b\g_gbo GQ Z 1Zdh" \bkehle g+ ijbims_ggy
f_oZgeafel "e€ GQ gZnjhp &kIZp»€ <b\g_gh j_]Jmexxgbc ihl_gp-*Z
dhhj*bgm\zZggy ijhp rke\M_plZpe€ <« kbgl_am “bjgbo dbkehl &
al[eevr_ggy NMbpmkévh\h]h ijh~mdIm

<bkgh\ddn_dIl "+€ GQ \dZam} gZ I_ sh kbgl_a hj]l]Zgeqgbo jhe
[mIbeh\bfb [ZdIl_jeyfb fZ} rlZfh\m Kki_pbneqggeklv 1Z \bagZqZz
jhklh\bfb ozZjzdl_jbklbdzfb Ze_ ¢ jh[hlhx kZfbo n_jf_glgbo kbk
jhkIm [Zdl_jec

Dexgh\e kephXdl_je€ &ORVWULGLXP [eh[@AlZghe gZghgZklk

<ieb\ jh[hgh]lh Ibkdm gZ hiej rZjm dhgp_gljZpecgh€ iheyjba
a\hjhighfm hkfhke

K_j]J*c =mee}gdh HdkZgZ E_s
GZpehgZevgbc | _ogeqgbc dig€ghk®DHEMKvdbc iheel _o0geqc
egklblml ¢«f ge 1]hjy Kedhjkvdh]h® Db€\ MdjZ€gZ

<klmijh\_"~_gh _dki_jbf_glZevgm i_j_\ejdm Jeihl_ab sh”h ee«g:
hihjm rZjm dhgp_gljZpecgh€ iheyjbazZpe€ \er Ibkdm 1Z
]**jh~"bgzZfeqgbo mfly\gmZpvhdh hihjm

FZl_jeZeb « f_bhite+s~"_ggy ijh\h~"bebky a \bdhjbklZggyf dh
"hkimigbo f_f[jZggbo fh"mee\ Ibdimfejk)&ggy ijh mdlib\ghkle
ijh\h~bebky ~ey ag_khe_ _gh€ \h~b azZ]ZdydgWc EhEZdhklrey
jhagbge\ 1D&O \bfegx\Zggy \bljzZl \bdhjbklh\m\zZ\ky h[f}fgbc
dhgp_gljZpe+€ \bfejx\Zebky dhg”mdIlhf_Iljbggbf f_Ih"hf

J_amevlzZlb « h[]h\Hiejglayf[jZgb i« gzZzk a\hjhlgh]l]h hkfhkm ag
\h~b g_ afegx\Z\ky a Ibkdhf \ mfh\Zo _dkbejbf_glmfe "hje\gx}

N

Hiej rZjm dhgp_gljZpecgh€5ibayhkdZp € f ~h #
f ae a[eevr_ggyf jh[hgh]lh Ibkdm \e~ FIZ "h f [Z \e~
"h % f ae ajhklzggyf dhgp_gljZp+€ jhareex\ZghtH jhagbg!

~h f] "fAjhklZggebgbsba Ibkdhf \eA"[m\Z}Ivky aZ eegecgbf azd
malh” " m}lvky a jZger_ him[eedh\Zgbfb j_amevlIZIZfb ~ey ijhp_
Djef Ihlh \ jhaley"m\Zghfm "eZiZahge Ibkde\ _dkihg_gpecgZz
digp_gljZpecgh€ iheyjbazZpe+€ \¢” Ibkdm fh _ [mlb Zijhdkbfh\ZgZ
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a dh_nepe}glhf dhj_eype€ ihgz~" Lhfm ijbims_ggy sh”h e
hihjm rZjm dhgp_gljZpecgh€ iheyjbazZpe€ \e¢~ Ibkdm } h[% jmg
jhaih\kx”"_g_ gx ighipjhlgh]h hkfhkm ~ey \dZaZgbo mfh\

AjhklZggy hihjm rzZjm dhgp_gljZpecgh€ iheyjbaZpe+€ a- ¢
h[mfhle_g_ [eevrbfb agZqg_ggyfb ihlhdm j_qgh\bgb q_j_a f_f[j
agZq_ggyfb dhZrgkhelr*Zqe ijb \bsbo agZqgq_ggyo jh[hgh]h
jhaley”m\zZgec kbkl _ fe LZde j_amevlZlb ma]lh”""mxlvky a
dhgp_gljZpecgh€ iheyjbazp-£€

<bkgh\dbhkes""m\ZgZ ]eihl_az i*"I\_jr*" m}lvky 7ey a\hjhlgh
jhaley"m\zZghfm ~eZiZahge afegb jh[hgh]h Ibkdm 1kgm} dhj_e
dhgpljZpecgh€ iheyjbazZpe+€ « eg”n_dkhf dhgp_gljZpecgh€ iheyjbe

Dexgh\e kehkZhk hiej iheyjbazZpey ihled Ibkd

Kihke[ I_jfhf_ljbggh]lh \bagZqg_ggy |_iehneabggbo ozZjzdl_jl
|_jfheZ[sevgbo fZl_jeZe-\

Hev]Z FZamj gdh Eeeey OZjq _gdtv HéljhkDhejh3amj gd
GZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec Db€

<kImiljh\_~ gh ZgZee<lbgges ~hkes”"" ogiglye Xtmkh\\bRgZq ggy
| iehneabggbo \eZklb\hkl ¢ kdezZz"dBobfdhfmdlegdhkf ijh mdle\
i_j jh[gh€ ]Zferhax ia”~\bs ggy Ihqgghkle \bfejx\Zgv

FZI jeZeb =« f IHkKBh\Z ~"hkee”""m\Zgboz ijbjéEz e\ dljbqgge
i _j_IVhjx\Zqge | _fi_jZImjb 1Z | _iemhJd]eMhicrhe " gh€ klegdb >ey

i*"\bs ggy Ihgghkle \bfejx\Zggy | iehneabggbo o04jzdl_jbk
\bdhjbklZgh Hgadslbggbc f Ih” ]jZ"mx\Zggy ijbezZ”"e\
J ameviZlb <« h[]lh\leggy¥b\qg ggy | _iehneabggbo o0Zjzdl_

| jfhezZ[eevgbo fZIl jeZees\ gZc[eevr ijbrZIlge | iehf ljbgge aZkh]
\bagZq gg¥Zxldeafhijmh”~rblb "hkeo ijlgggZy\ghkle Z[h \e~kmlghk
fZl jeZee nZah\bo i j I\hj gv chlh kdeZ~h\bo L _iehf Ijbqge a
azZkgh\Zge gZ \bfejx\Zgge |I fi jZImjb | ieh\bo ihlhde\ yde ijh
jeagbo I ieh\bo mfh\ L _ieh\se e dljbqgezZl@e--\gt-|jifjtfp |jdbg gbjo »

fZl _jeZeZo \bagZgZxlv g _klZ[eevgeklv nmgdpe€ i j_I\hj_g
egkljmf _glZevgm 1ihob[dm Lhfm [eevreklv f Ih”e\ \bagZq_g
0Zjzdl jbklbd fzZl jeZee\ i j "[ZgZxlv ihi_j ~ge “hkee”*b a _1Zel

aZ \e"hfbdBEjzdl jbklbdzZfb ydbo h[gbkexxlv f Ijheh]leqge 0Z]j
ijbkljhx KZzZf_ \bdhjbklZggy |IZehggbo fZIl jeZes\ } hkgh\gbf
f ITh~re\ GZ hkgh\e jhdjZampgpVh ZgZeesam | _ieh\h]h 1Z }fgekgl
kbkl fb ijbkajZcahd jhajh[egmthihjlh gh\bc kihke[ aZ ydbf | _iehn
0ZjzZdl jbklbdb fZl jeZem 1Z f ljheh]egges 0ZjZdl jbklibdb ijbklj
dhfie_dke + h”ghgzZkgh azZ j_amevlZlZfbajZalkzfpbflgdmdba
"hkee""m\Zghlh fZl jeZem

<bkgh\h#i*ghgzZkg_  hljbfZggw-€gnhhfZzagZzg ggy | iehneabq
0ZjzZdl jbklbd fZl jeZem e+ f ljheh]eqgbo oZjzd1Zjbklbd
afhlim*\bsblb IThggeklv \bagZg ggy | iehneabggbo o0zZjzdl_jbklbd

Dexgh\e kehtWmdlb | _iehh[feg 0ZjZdl_jbklbdb f _Iljheh]ey
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<ieb\'Bn_j gped¢gjfeqgh€ h[jh[db gZ oZjgh\e ijh*mldbbdZgylyge md
dhg\_dIb\lghfhjz~eZpecgbf kmreggyf

Ex~fbeZ Klj_evqgq_gdh 1]hj >m[dh\_pvdbc 1\Z
GZpehgZevgbc mge\_jkbl_I| oZjgh\bo I_ogheh]ec Db€
<klmiJhaley”~Z}Ilvky \ieb\ ~bd_fegokh€gh[jh[db gZ ijh~mdlb
y[emd a jeagbf \feklhf pmdje\ m gZie\nZ[jbdZIZo
FZI_jeZeld_Ih~"bFZI_jeZehf ~ey kmreggy h[jZgh y[emdZ khjl
> eer_k2 AjZadb kmr_gbo y[emd kg_de\ « pmdZle\ ZgZeeam\Ze
oefeqgh 74 Abn_Hjl gipeggh l[e~"lhlh\e_qg- gZi*\nZ[jbdZzZIb ki
dhg\_dlbhgjfhjz~reZpecgbf kihkh[hf ijb |_fi_jZImje 1_iehghkey
r\brdhkle jmom |_iehghkey f k iblhfhfm gZ\Zgé&dqlyge
hijhfeg_ggy |_jfhjZ”reZpecgbo L?G»Nm’ ghkll«ragghAlglh L?Gm
d<I f
J_amevlZh]h\hj_gdg¥Z hkgh\e djb\bo kmreggy r\b~rdeklv \b‘
\heh]b \eA[m\Zehkv ijyfh ijhihjpecgh a[eevr_ggx dhgp_gljZp-€ |
QZk kmreggy ijhA"mdle\ aZe_ "blv \eM \fekimgKimmadbd[jbdEFHEg KJ

Ney kmr_gbo y[emd kdezZ”Zeb Ney kg _de\ <bljZdbrey pjiecEZ |\
Ney kmr_gbo y[empmk@lde\klZghdeihlw”gh d<I 1h"* gz
d] \boe*gh€ kbjh\bgb 1Z F>" d] \biZj_gh€ZH&h]b Ki

aZe_"gefgbf [*evrZ dhgp_gljZpey pmdjm \ gZis\nZ[jbdZle Ibf [-€
"ey \b"Ze ggy \heh]b a fZIl _jeZem

GZij_"klz\e_gbo ~_jb\zZInjjhyiZlpe\izgge y[emd \ h[eg&ls 7
kihkl_je]ZezZkv \ljZPZ fZklydZ kmijh\h*"" m\ZRIZk¥*qgbf iedhf gZ
aZe_"ghkle '7$ Py \ljzZIZ fZkb ih\fyaZgZ a \biZjh\m\Zggyf \he
I_fi_jZlmjb ~h I’K \ ajZadm ihgbgZeZ \+*"[m\Zlbkv ~_kljmdpe-y |
kg _dm \ h[eZkl+R&7 fZkZ \ljZqZeZkv ¢gZ ydZ kmijh\h~ "km\ZeZ
_g”™hl_jfeqgbf iedhf gZ aZe_"ghkle '7$ |Ijb ajhklZggefIKfi_jZImj
ajZadm ihgzez \eA"[m\ZIbky ~_kljmdpey GZ]je\Zggy fmdZle\
ijba\h~"beh ~h \ljZIb"PZkb ga _g~hl_jfeqgbf iedhf gZ aZe_"ghkle
Ijb ajhklzZzgg«jlZImjb *h L fK \ ajZzadm ihqZeZ \«~[m\Zlbky "~_kljn

<bkgh\d®Z hkgh\pb\Zlh]jZzf qZkh\bo aZe_"ghkl_c 7 L= >L

jhajZzoh\zZgh i _j ™ dkihg_gpecgiey rkddlhgb & y[e mpdn diggl sthe \
klZgh\blv Z 1Zdh® sx ZldIb\Zpe+€ ( "~ey kmr_gbopnyd&ird kg _
* 1Z d>" flm&eih\+~gh

Dexgh\e kewipf@mdh kg_d pmdzZl [eZgrm\Zggy kmreggy

s

HjlZgeaZpecges aZkZ”b kI\hj_ggy *ggh\Zpecgh€ nmgdpehgZevgh:
ienijb}fkIN\Zfb Jeb[hdh€ i_j_jh4dte hikjwadh]h
=jb]hjec DZe_ kgideec EntemdZ F_evgbgmd
Xjec >h\]Z§¥jeZg FZee<d-
t<eggbpvdbc gZpehgZevgbc Z]jZjgbc nMid)\Z§lgld _ | <eggl
tMge\_jkbl_I Ydh[Z 1ZjZ"bavdhélvdhlkivelbc |hevsZ
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<klmiMdjz€gkvde ijhfbkeh\e ie”ijb}fklI\Z sh a”eckgxxlv Jeb[h
]hjed \hehkvdh]h fzxlv agzZqgbc _dkihjlgbc MNIMkgplgz&lv H g
f_lh~"bggbo gZijZpx\Zgv “ey jhajh[epggkrgjghdagpsm} ihl_gpeZe

FZI_jeZeb <lhfb <bdhjbklzZzgh ie”0e® ~h ZgZeeam ie"dh
fzjd _Ibg]lh\bc nmgdpehgiZbapglkgbc i**oh”b LZdh® aZklhkh
nmg”rZf_glZevge <gl_j\ x a _dki_jlzfb ijhZgZeesah\Zgh j_ame
"hkee~" _gv \bimkdm 1Z j_ZeeaZpe€ egghaypdghightphd pecEp - :
ijh\h~"bezZzky gZ hkgh\e f_Ih~*heh]«€ jha]hjlZggy nmgdpec ydhkle

J_amevlZlb « h[]hVhjameylZlb "hke+~"_ggy "_fhgkljmxlv I_ s
aZemqZ}lvky *“h ijhp_km ~b\_jkbnedZp¢BE\R]hlhblgldhmhEzZcdhhj_gagy
eggh\Zpec flerdkk a Jeb[hdh€ i_j_rhhet Knhdkhg\mjxy~jh JThjeom
\hehkvdh]h ey dhg”bl_jkvdh€ ijhfbkeh\hkle [Z Jh"m\Zggy I\Z
oZjgh\m heex |I_ogegqgm [Z fZdmo sh fh _ i_j_jh[eylbkv m o.
\bdhjbklh\m\ZIbkv “~ey JhhpbZddgdelmordb Ve~ \bjh[gbpl\Z fh mlv
_n_dlb\gh i_j_jh[e_g* gZ [*hiZeb\h DjsfZINhdhkvehih ]hjeo
WZ Zxlvky ijh~mdlhf ierdhfie_dkm 1gre ihoe"Zhapividall a ]
"hkee” " mxlvky M jha\bldm i«*dhfie_dkm ZhlZdh _ ji&i_dHjphbkd hkl
Zdp_g!l jh[blvky gZ dhg”bl_jkvd_ y”*jh 1Z ]hjeoh\m heex A jha
[mMmAmlv kI\hjx\ZIlbkv eggh\Zpecge ihoe”ge ijh*mdlb reyohf "hkes’
jha\bldm Zevl_jgzZlb\gbo kihkh[e\ \bdhjbklZggy aZebrde\ m fejm

Peggeklv j_ameviZle\ "hke+s~"_ggy 1Z \bdhgZggy jhajh[hd ih¢
\bdhjbklzggy hljbfZzgbo fl Ihjthidldlrggbo \bkgh\de\ jedhf_g~Z
iheh _gv Z]jZjgbfb 1Z oZjgh\bfb i*”?ijb}fkI\Zfb "~ey \bjer_ggy &
aZ[_ai_qg_ggy dhgdmj_ddbkiijtrfipbghki\Z 1Z ch]h ijh*mdpe€ \ m
\bkhdh€ ~bgzZfedb ~eeh\h]h k_j_"~h\bsZ a mjZom\Zggyf kbkl_fghb
i*"ijb}fkIN\Z \ hebghhhfm ierdhfie_dke

<bkgh\dAZzZijhihgh\Zgh fh"_ev eZgpx]Z KklI\hj_ggy \Zjlhkle ij
Jhjed\heh#falh 1Z | _ogheh]ey \bjh[gbpl\Z gh\bo ijh"mdle\
Dexgh\e kehdgh\Zpe€ ijhfbkeh\eklv fZjd_Ibg] ]hjeo \hehkvdbc

Eblh\kvdbc jbghd fhjd\b \bjh[gbpl\h ah\gergy Ihjle\ey IZ afe

G_ee Xjd_gZebfeljehk 1ZiZjZk
tEblh\kvdbc egklbIml€z]jZhghfedb <eevgxk EbI\Z
tMge\_jkbl_I OZji_jz :~ZfkZ Rjhirbj <_ebdh[jblZgey

<klmiljhzZzgzZeesahkBgmZpex gZ jbgdm fhjd\lh]EPinbfeggb
ZljZjgh]h \bjh[gbpI\Z kljmdImjb ah\gergvh€ Ihj]e\es IZm\_jlbdZe
eZgpx dm ihklZZh jhdb

FZIl_jeZebf_Ih"bM "~hkee~"_ggyo \bdhjbklZges f_Ih”"b ihje\gye
liZnegghlh ZgZeeam hkgh\gbo ihdZagbdes\ \bjh[gbplI\Z fhjd\b -
Ihjle\ee yde KkibjzZxlvky gZ \lhjbgge "Zge > _iZjlzZzf_glm klZ
>hkee""_§gpbdZevgh€ i_j_medgmegdm ihklZ\hd \bjhs_gh€ \ E
fhjd\b %jmgim}livky gZ "Zgbo >I ©P _glj keevkvdh]hkih”"Zjkvdh€
[tag_km? Gz~Zgh j_amevlZlb I_kim gZ klZpehgZjgeklv dhegl
ijbgbggekllvklm gZ _4 jkekxf

J_amevigiplh\hj_gdyamevlZlb "hkee”"_ggy k\erqZlv sh aZz
i_jehMmEDbI\e kdhjhlbebky h[ky]b \bjh[gbplI\Z fhjd\b Ihke\ge ieh
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ihee\ kdhjhlbebky a ~h Ibk 1Z Z \jh Zc af_grb\ky [sevr g
afegb nhifh\e_ge* Ijb\Zebfb g_kijbyleb\bfb ih]Jhrgbfb mfh\zZfb 1Z
efihjl ~h Jh&m€mk\hx qg_jlkmnjbgbgbahelg\ kljmdImje _dkihjlm 12z
ih]ejr_ggy "h[jh[mIm k_eyg

gZeesa peg n_tfihjatje[gh€ Ihjle\ee ihdZaz\ ihjy*hd e<gl_]jZ
<by\eh&ljmdIimjgbc jhajb\ m d\elge jhdm ydbc [m\ \dexqg_
nedlb\gZ afeggZ L=jklg?qglle gZ dhegl_JjZpex i*"\_jrb\ gZy\gekl
fe' pegZfb \ ~h\]lhkljhdh\ec i_jki_dIb\e L_kI =j_g~ _j gZ ijbq
gZy\geklv ijbgbgghirh \aXfyhaa”je[gbo ~h n_jf jkvdbo peg Ihab
g_l1Zlb\ge rhdb peg i_j_"Zxlvky \e” jha”je[gh€ Ihj]le\ee "h n_jf
egl_gkb\geklix sh k\e~rgblv ijh kbf_ljbggm ih\_7~egdm peg

<bkgh\dbhke+s""_ggy ihdZaZeh sh Ijb\Zee+ g_kijbylEb\e ih]h
aZlhjhgz gz <fihjl [meb \Z eb\bfb nzZdlhjzZfb sh \bagZgbet
eblh\kvdhfm jbgdm fhjd\b \jhdZo:gZe+a \_jlbdZevgh€ i_j_"Zq-
k\erqblv sh jha”je[ge pegb fh ' mlv fZIb \ieb\ gZ nhjfm\Zggy p-g

Dexqh\e kelkeZvkvd_ ]Jhkih*ZjdA\h I[fEgkfekey pegb eZgpx'|
ihklzgzZzggy Ihjle\ey
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, QVWUXFWRWBOQVKR UV

'HDU FROOHDJXHV

7KH (GLWRULDO %BBUGRRBIL¥FBEOHQWLILF
SSNUDLQRRGRXUQDO
LQYLWHWXEXOLFDWLRQ RIHRXOWWVHDUFK

5HTXLUHPRI QWO WH[WV

/IDQJIXPUHIOLVK

6L]H Rl WKH BUWDBBW LQ OLFURVRIW :RUG DQG HD
ILOHQDPH H[WHQVLRQ GRF

7LPHV 1HZ 5RPDQ IRQ@HVLOQWHUYDOV RDBPLQV RQ ERYV

7TKH VWUXFWXUH RI WKH DUWLFOH

7TKH WIWKAGHHDRIWLFOH

$XWKRUV IXO0O QDPH DQG VXUQDPH

L, QVWLWXWLRQ KIKWHBHHOQRNY ZIRG N

$EVWUDRWSDIH7/KH VWUXFWXUH RI WKH DEVWUDFW VKR

RI WKH DUWLFOH ,QWURGXFWLRQ 0DWRQ LR R FIDXW LPRHQV K
H\ZRUGV

7KH PDLQ ERG\ RI WKH DUWLFOH VKRXOG FRQWDLQ WK
,QWURGXFWLRQ
ODWHULDOV DQG PHWKRGYV
5HVXOWYV DRG GLVFXVVL
&RQFOXVLRQ
SHIHUHQFHYV
.l \RX QHHG \RX FDQ DGROLYRBHK MK BP LW\gWR YEESDUW\
7KH WPIRWLRQ DERXW WKH DXWKRU 1DPH VXUQDPH VFI
DQG FRQWDFW SKRQH QXPEHU

$00 ILIXUHV VKRXOG EH PDGH LQ JUDSKLF HGLWRU Wtk
7TKH EDFNJURXQG RI WKH JUDSKY DQG FKDUWY WKRXOG

ILJXUH HOHPHQW VLG @ B D F NURRSO RWH [ W

JLIXUHV DQG (;&(/ IRUPDW ILOHV ZLWEKRIXD®WHKWE) DGGL!
VHSDUDWH ILOHYV

3KRWRY DHIFRERMWQGHG WR EH XVHG DV JUDSKLFDO PDW
'HEVLWSINRIDLQLDQ JRRKWWSEDOoXIM KR XD

(PDLO IRU DOO VXEPLVVLRQXI MG® RIMWW DU X T X
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RZgh\ges dhe_]b

J AZdpecgZ dhe_]ey gZmdh\h]h i_j8iNWbG b RID\D YREIT <R X U C
aZijhrm}k<h im[esdZp+€ j_ameviZle\ gZmdh\bo ~hkes""

<bfh]b ~h hnhjfe_ggy klZl_c

Fh\z klztZgleesckvdZz

FegefZevilhly] klZleklhjeghthjfZlm :[_a \jZom\Zggy ZghlZp-c
kibkdm ee«l_jZImjb

KIZlly \bdhgm}lvky \ I_dklh\hfm j_~Zdhje OLFRORNGRRW :RU

>ey \keo _e_f_gle\ klZFMIERAHMWIIHZ S5RPEQ -+gl_je

<ke ihey klhitbdbkf

KijmdImjz klZIle
M>D
GZa\zZ klzZlle
\lhjb klzdif§y 1Z ijea\bs_ ih\geklx ijbdez”~ >_gbk Ha_jygdh
MkEZgh\Z \ ydec \bdhgzZgZ jh[hlZ
ghlzpdyhYWadh¥WdjmdIimjzZz ZghlzZpe«£€
<klImiz jy~db
FZI_jeZeb IZ f_Ih*"b ~h jy~rde\
J_amevlzZlb 1Z h[l]h\hj_ggy i\ klhjegdb
<bkgh\db jy~db
Dexgh\e keli\Kee\ Ze_ g_ keh\hkihemqg_gv

Imgdibt \bdhgZlb Zglesckndh&xEgkvdhx fh\Zfb

Hkgh\gbc |I_dkl klzlle Fz} \dexqZlb 1Zde h[h\fyadh\e jha”eeb
x  <klmi

FZI_jeZeb 1Z f_Ih"Db

J_amevlZlb I1Z h[]h\hj_ggy

<bkgh\db

Eel_jZImjZ

AZ g_h[os~ghkle fh gZ "h~Z\ZIb +gre jha*eebhdZjehlma[b\ZIb €0 gZ

X X X X

‘\lhjkvdz ~h\ly¢d¥bs_ «ffy 1Z ih [Zlvdh\e \g_gbc kimiegv |1Z |
jh[hlb _e_dljhggz z~j_kzZ Z[h I_e_nhg
Dhglzdlge *"Zge Z\IhjZz ~h ydh]lh aZ g_h[oe”*ghkle [m"_ a\_jlzZ

Jbkmgdb \bdhgmxlvky ydekgjibkmgdyhdzZzgijbcfzxlvky Jhafej |_dkl
jbkmgdZo ih\bgkig\[malhejgbf |_dkim WNHAIh]jZnfh€ g2 bdhjbklh\m\ZIb
ebr_ azZ €0 agZqgh€ gZmdh\h€ pegghkle

Nhg ljZnede\ "s&ZijjZf[eebc Dheej _e_f_gle\ jbkmgdmzgehgdrE keldZ
g_ kejbc

Jbkmgdb IZ ]jZnedb (;&(/ a ]jZnedZfb ~h~Zldh\h ih~*Zxlvky \ hdj_fbo

Kdhjhg_g+ gZa\b neabqgbo \_ebgbg \ |I_dkle IZ gZ ]jZnedZo ihag
eel_jzZfb \enrih\e~rgh ~h kbkl_fb K1

< kibkdm ee«l_jZImjb ih\bgg2giehfy&1Zllbs 1Z fhgh]jZn+€ yde him[eed}
ickey jhdm
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ljZ\beZ hnhjfe_ggy kibkdm e<l_jZImjb

< BNUDLIRPERXUQYPO® aZ hkgh\m az]zZevghijbcgyl_ \ k\e]le
hnhjfe_ggy kibkdm eel_jZImjb atDUNDRKBg "EZjlfmglb ihkbeZggy
jha*yglvkebr_ dhfzfb

IhkbeZggy gZ klzZllx

\lhjb = : jed \b"Zggy GZa\Z klZlle GZa\Z "mjgZem dm
ghf_j klhjegdb

lgepeZeb ibrmlvky iekey ijea\bsZz

<ke _e_f_glb ihkbeZggy jha”“eeyxlvky dhfzZfb

ljbdez”

3RSRYLFL & *LWLQ / &SIOHYBPRVHULIDWLRQ RI ZDOQXYV

JUHHQ KXVN H[WUDFW REWDLQHG E\ VXSHWRRPULWLEG RO F

JRRG DQG 3DFNDJLQJ 6FLHQFH 7HFKQ@ISTXH DQG 7HFKQ

IhkbeZggy gZ dgb]m
‘\Ihjb jedGZa\zZ dgblb dmjkb\hf <b”rZ\gbpl\h Feklh
lgepeZeb ibrmlvky iekey ijea\bsZz
<ke _e_f_glb ihkbeZggy jha”“eeyxlvky dhfzZfb
ljbdez”

"HQ&KLQJ <DQJ+DQGERRN RI |0XLGIDPLWILEKQ HD @ B/AMOOR\G
'"HNNHU 1HZ <RUN

IhkbeZggy gZ _ebdljhgoijk

<bdhgm}lvky ZgZeh]eqgh ihkbeZggx gZ dgb]lm Z[h klZIlIx lek
ijh im[eedZpex ibrmIVADKEODEO HI Davn}ivky e dljhggZ Z~j_kZ
ljbde D"
6YLWRYL QDXNRYRPHMNWIW EKQH ED]\
KWWS ZzZz QDOLURDWRRG@XEIHVY VFRSXV DVS]
&KHXQJ 7 :RUOG V PRVW G H% HEFWRHOL OCBDUELOHN VD W
KWWS WUDYHO FQQ FRP H[PRRANMWIERAR¥MIULQN ZRUC

Kibkhd ee«l_jZImjb hnhjfex}lvky ebr_ eZlbgbp_x ?e_f_glb kib
I1Z jhkeckvdhx fh\hx ihlje[gh I|jZgkeel_jm\ZIlb >ey ljZgkeel_jZy
fhib \bdhjbklh\m}Ivky iZkihjlgbc klzg"rZ4klZg@azZjhike<kvdhgbo
klzg~rzjlzo \bldhpbxIvky kbf\heb ebr_ Zgleeckvdh]h ZenZ\eIm
Zihkljhne\ 1Z «g

Ajmqgge kZclb ~ey ljZzgkeel_jZp<-£€

A mdjZ€gkvdhEW WD DRRKOOCBWVVSRUW

A jhkeckvdh€KMWW 3V UDQNIEMR R Q @&/

>h~ZlIdh\Z egnhjfZpey 1Z ijbdeZ” hnhjggeZ gdickl Z11e
KWWS XIM KR XD

KIZlly gZ~"kbeZzZ}lvky aZ _e_dljhggIhBAXI1 WP HWD XD
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M>D
SNUDLQLDQ )RRG inHEWPDOhjblegZevge gZmdh\e KklZIle
ih\erhfe_ggy hley”h\e klZlle gh\bgb IZ h]ey~b e«l_jZImjb

L fZIlbdZ im[e+dEZWUDLQLDQ )RRG -RXUQDO

O0Zjgh\Z «g° ljhp_kb 1Z hl[ez

OZjghoZfey GZghl_ogheh]«£€

Fedjh[eheh]ey ?dhghfedZ I1Z mijZ\eeggy
Neabgge \eZklb\hkle oZjghibldhvfZlbazZpey ijhp_ke\

ijhrmdle\ MiZzdh\dZ ~ey oZjgh\bo ijh~Amdle\

Ydeklv 1Z [_ai_dZ oZjgh\bo ijhAmdle\

| _jehAbggeklv \boh"m " mlj§ Zjéned

J_amevlZlb "hkee""_gv ij_"klZ\e_ge* \ "'mjgZees ih\bgge [mlb
a\ yahd a oZjgh\hx gZmdhx <« ij_"klZ\eylb <gl_j_k "ey fe'gZ
kie\Ih\ZjbkI\Z

SNUDLQLDQ )RRG"-RXWRDIOy gZmdhf_Ijbggbfb [ZaZfb
,QGH[ &RSHUQLFXV
(%6 &2
*RRJOH 6FKRODU
B8OULFKV:HE
*OREDO ,PSDFW )DFWRU
2QO0LQH /LEUDU\ RI 8QLYHUVLW\ Rl 6RXWKHUQ 'HQPDUN
&$%, IXOO WH[W
'LUHFWRU\ Rl 5HVHDUFK -RXUQDOV ,QGH[LQJ '5-,
8QLYHUVDO ,PSDFW )DFWRU
'LUAWRU\ RI 2SHQ $FFHVV VFKRODUO\ 5HVRXUFHV 528"
(XURSHDQ 5HIHUHQFH ,QGH[ IRU WKH +XP,BQ@U/8EHY DQG W
'LUHFWRU\ Rl 2SHQ $FFHVV -RXUQDOV '2%-
,QIR%DVH ,QGH]
&KHPLFDO $EVWBRXAV¥WY 68 BHULFES$6
(PHUJERJIUVHV &LWDWRQ ,QGH]

J_p_gaey jmdhibkmzkl{4¢leeb ij_~klZ\e_ge* ey ingMuDM\ZQDPY \
JRRG -RXUQDB "Ylv ©lhM\ecg_ keei_ j_p_gam\Zggy? "\hfzZ \q_gbft
j_"Zdpecghx dhe_]*}x h”bg é de€ ghlijbddsh aZze_"gbc mq_gbc

Alhjkvd_ ijZYbhlhjb klIZl_c ]ZjZzglmxlv sh jh[hlZ g_ } ydjpnor_ggyf
Z\lhjkvdbo ijz\ 1Z \eArdh”h\mxlv \b”~Z\px ihjmr_ggy "Zgh€ 1ZjzZ
fZl_jeZeb } ijZ\h\hx \eZkgek8NUVUDNQpP @® JRRGAsRXIJ QDO]h”"_gh
*gr_

lheelbdZ Zdz~_feqgh€l ~lbdiry ©8NUDLQLDQ )RRG -RXUQDC
ijZ\bezfb zZzdz”~_feqgh€ _Ibdb \bdez”~_gbo \ jh[hle OLIJXHO 5RLJ
SODJLDUBOY®JIJVBOLVP DQG RWKHU TXHVIXILREHHDEQ HH WKILW DQ JZ
J_"Zdpey ijhihgm} zZ\lhjzf klZI_c « j_p_ga_glzf ijyfh kee"m\ZIlb pvl
mgbdgmlb ihfbehd m gZmdh\lec e«l_jZImje

R - - 1Z ogrzZz dhjbkgZ egnhjfZpey jhafes_ge gZ |
KWWS XIM KR XD

FFFSBNUDLQLDQ )RRG -RXXRDPK ,VVXHF



SNUDLQLDQ JRRGQDO

ﬂ - -
=heh\gbc j_"Zdlhj

<Ze jec FZ§dl _oggZmd ighhpehgZevgbc mge\_jkbl | oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Qe _dgb ' gZjh~rgih€Zdpecgh€ dhe ]<€

<Ze jec Fbjhgdmd og gZmdGEmnhgZevgbc mgAjghkbdol o
I_ogheh]ec MdjzZz€gZz

<edlhj KlZ[gediAg” |_og gZ@&dpe-hlgZevgbc mge\_jkbl_| oZjgh\bc
I_ogheh]ec Mdjz€gZz

<ejlegey XjHg*jg}lijhnceevgxkvdbc mge\_jkbl_|I EbI\Z

<heh”bfbj 1\Zgh\ ijhn >_j Z\gbc mge\_jkbl_I 1h\b KR:

<eZnefej =jm”"2¢ghl_og gZmd;}ghmkvdbc ~_j Z\gbc Z]jZjgbc
I_ogeqgbc mge\_jkbl_lI

Chjrzgdz Kl_nzZ)ghh\&h\re\kvdbc mge\_jkbl_| 1Zekec Oee_g~Zjkde
DjeklegZ Ihiht™jg ~hpL_ogeqgbc mge\_jkbl_| Fhe~h\b

Fzjd Rzfpytyj "hpQhjghfhjkvdZ ZkhpeZpey a 0Zjgh\h€ gZmdb 1Z
Jmfmgey

E_e«\_ev® Q@klfipeZpey ©Fe"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
IZkdZev >xiWhMge\_jkbl_I| Deh” ;_jgZ]NjEgpey

K_feo HleMjkijhn Mge\_jkbl_| ?hgbg@j_

Khgy :fZj~g ijhn Mge\_jkbl_| ©RI_nZg q_e FZj_2 KmqgqZ\Z Jm/
Kl_nzZg KlI_nzgh\ijhnMge\_jkbl_I| oZjgh\bo |I_ogheh]ec ;he]Zjey
L lygZ Ibjhy [+he gZmdGigpnhgZevgbc mge\_jkbl_| oZjgh\bo
I_ogheh]ec Mdjz€gZz

LhfzZr; jgzZl 4y ijhnS pbgkvdbc mge\ _jkbl I IlhevsZ

Xeey >ayav@ihoef gZmd1lgkgbkml aZz]lZevgh€ [Z g_hj]J]Zgeqgh€ o°
< 1 <_jgZ~kvdh]h G:G MdjzZ€ghb

Xjec ;eeZy9j S_pbgkvdbc mge\_jkbl_I IlhevsZz

Qe _gb j "Zdpecgh€ dhe _]-€

:gZlhedkZc]zghy _dhg gZmdlgkhmiml kbkl_fgbo “hkees~ _gv \ :|
G:G ;}eZjmke

<Ze_jec Fbjhgdimd_og 9gZmdGipmnhgZevgbc mge\_jkbl_I| o0Zjgh\b
| _oghehWdjz€gZz

<edlhj KlZ[gediAg” |_og gZ@&dpe-hlg@Zevgbc mge\_jkbl_| oZjgh\bc
I_ogheh]ec Mdjz€gZz

<e¢jlegey XjHg*jg}lijhnceevgxkvdbc mge\_jkbl_|I EbI\Z

<heh”bfbj Dh\[Ak4_og gZmdGZmnhgZevgbc mge\_jkbl_| oZjgh\k
| _oghehWdjz€gZz

<heh”bfbj 1\ZghVjhn >_j Z\gbc mge\_jkbl_I 1h\b KR:

FFBNUDLQLDQ )RRG -RXXRDPIK ,VVKIHF



<eZ"+fxjm~Zghy |I_og gZmd;}ghmkvdbc ~_j Z\gbc Z]jZjgbc
I_ogeqgbc mge\_jkbl_lI

=ZebgZ KefZdj*glZz og gZmdGiZmnrhgZevgbc mge\_jkbl_| oZjgh\bo
I_ogheh]ec Mdjz€gZz

Chjrzgdz Kl_nzZ)ghh&h\re\kvdbc mge\_jkbl_| 1Zekec;lOelZjgyZjkde
DjeklegZ Ihiht™jg “"hpL_ogeqgbc mge\_jkbl_| Fhe~h\b

EZA"Z R_jedgYyjg _dhg gZmd ifhAp«ihgdZevgbc mge\_jkbl_| oZjgh\b
I_ogheh]ec Mdjz€gZz

Fzjd Rzfpytyy ~h@hjghfhjkvdZ ZkhpeZpey a 0Zjgh\h€ gZmdb 1Z
Jmingey

Fbdhez Kbq_\k#pgdbcdhg gZmdlgkhmml ijh*h\hevgboGj:imjke\
MdjZ€ghb

E_e«\_ev™ Q@klfipeZpey ©F«"gZjh"gZ ]ZjfhgeaZpecgZ *gep+Zlb\z?
He dkzg”j R_\gtjgdhog gZmd GidpmhgZevgbc mge\_jkbl | oZjgh\
|_oghehWdjz€gZz

He gZ =jZ[h\RydZX og gZmdGimnhgZevgbc mge\_ jkbl | oZjgh\bc
I_ogheh]ec Mdjz€gZz

He_9gZ >jzZ]%g_dhg gZmdG4ZdpringZevgbc mge\_jkbl_| oZjgh\bo
|_ogheh]Mdjz€gZz

Hev]Z Jb[ad&Zg” | _og gdmpgghthewixc gZpehgZevgbc I _ogeqgbc
mge\j_kbl_| «f_ge 1\ZgZ Imexy MdjzZ€gZz

IZkdZev >xivhMge\_jkbl_| Deh” ;_jgZNjEghegy

K_feo HleMjkijhn Mge\_jkbl_| ?]_ Lmj_qqbgz

Khgy :fZj~g ijhn Mge\_jkbl_| ©RlI_nZg q_e FZj_2 KmqgqzZ\Z Jmf
Klzgdz >ZfyghpZijhn JIJmk_gkvdbc mge\_jkbl_| ©:g]lJe_e DZgq_\?
JZaljZ™ ;helZjey

Kl_nzg KI_nzgh\ijhnMge\_jkbl_I| oZjgh\bo |I_ogheh]ec ;he]Zjey
Lzfzjz ;_j_aydidh dhg gZmdG4dphrmgZevgbc mge\_jkbl_I oZjgh\bc
| _oghehWdjz€gZz

L lygZ Ibjhy [+he gZmdGigpnhgZevgbc mge\_jkbl_I| oZjgh\bo
I_ogheh]ec MdjzZz€gZz

Lhfzr ; jgzh ijhnsS pbgkvdbc mge\ _jkbl I IlhevsZ

Xeey >ayavQihoef gZmd1lgkgbkml aZz]lZevgh€ [Z g_hj]J]Zgeqgh€ o°
< 1 gZfrkvdh]lh G:G Mdjz€ghb

Xjec ;eeZy9j S_pbgkvdbc mge\_jkbl_I IlhevsZz

He dkec =mYegn\er"Zevgbc k_dj_12Z] dzZg™ dZpghgZewdbéhp
mge\_jkbl_|I ozZjgh\bo | _ogheh]ec MdjzZ€gZz
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GZmdhh~rZggy

SNUDLQRR®XUQDO

OSROXPRHVYXH Lhf <

leAi Ah Ajmdm | Nhjfzl [

H[le\b” Zjd Mf ~jmd Zjd

=ZjgeInMjlZPHV 1HZ SRAB®O® @nk_lgbc
Gzdez”ijbf <b”r g

GMOL Pb€\me <heh”bfbjkvdZz

K\erhpl\h ijh A _j7Z\gm j_}kljZpex
Ajmdh\Zghlh aZkh[m fZkh\h€ egnhjfZp-€
D< + J
\brZg [_j_agy jhdm



